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STEROIDS

CCXI. CENTRIFUGALLY ACCELERATED
PAPER PARTITION CHROMATOGRAPHY OF STEROIDS*
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Syntex Reseavch Laboratovies, Mexico City (Mexico)

" (Received April 6th, 1962)

The analysis of steroids by paper partition chromatography? has made possible the
study of a variety of problems related to their biosynthesis and metabolism. This has
been true not only in biochemical studies but also in organic synthesis?. Normally the
development of a chromatogram in which the solvent travels 30 cm from the line of
sample application takes 2 h or more. In reaction rate studies which require many
consecutive analyses the time factor can be important. Recently, the advent of
centrifugally accelerated paper chromatography* presented a possibility for making
this technique even more useful by reducing the time for analysis from hours to
minutes. The following is a study of the variables in the centnfugally accelerated
partition chromatography of steroids on paper.

EXPERIMENTAL AND RESULTS
Apparatus ‘ ‘

The a.ppara.tus (Fig. 1) consists of two 1o in. ‘aluminium pie plates, B and G, between
which is held the impregnated chromatographlc paper C. The lower plate, G, is

I‘lg I. A: Screw to hold covers together. B: Upper plate. C: Paper. D: Solvent apphcator E:
+ Corlk liner ‘to hold applicator. F: Flange to hold cork liner. G: Lower plate. H: TPaper liner. J:
« . Brass rod support. K: Motor and shaft assembly L: Variac to control motor velocity.

' * This work was supported by National Instltutes of I-Ica.lth ‘contract No. SA-43 -PH 2448.
‘For Part CCX of this series see ref. 1. = -
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attached to the motor shaft- and centered by means of a threaded % in, brass rod J
‘which supports the center of the paper. This support has a raised point which pierces,’
. the center of the paper disc. A Whatman No. 3 MM liner, covers the inside bottom of’
the lower plate and is held in place by J. The liner is wet with the mobile phase before
_ the start of a run. The upper plate, B, has a 1 in. hole in- the center. A flange, F, 1.25'in;

“high is centered over the hole, and has a cork, E, witha hole for the solvent apphcator,
D. The whole assembly is held together by means. of four screws, A, evenly spaced
‘around the perimeter of the plates The speed of the motor is controlled by variac, L.

- The volatile solvents used in steroid chromatography requne that a closed system
be used. In addition, paper wet with the stationary phase is not strong enough to be.
supported only at the center while it is being accelerated centnfugally Even if sup-
~ ported with pins® it does not suspend at the velocity used in this work and therefore.

‘it must be held around the edge ‘The apparatus descnbed meets both of these re-:-?,

’ qulrements

S olvent ap plzcatzon

The solvent is apphed to the center of the paper dlSC by means of a paper w1ck 1ns1de
a 6 mm internal diameter glass tube 9-cm high with a4 cm high X 13 mm 1nterna1
diameter reservoir at the top. An' 1ndented r1dge about an inch above the lower end
prevents the wick from receding completely into- the glass tube. The tube is long
_enough that the wick can be centered on the point of. support J before the upper lid is.
lowered so that theé solvent is apphed ‘exactly to the center.of the paper disc. The wick "
‘is made by tightly rolling a one inch width of washed Whatman No. ‘T paper around
a wooden cotton applicator st1ck The stick is recessed to allow for the pomt on

support J- ¥

- The veloc1ty of the solvent, passmg through the w1ck 1s regulated by the amount

of paper that is used for the wick. Flow rates of 1 ml/mm were used in th15 work The.
‘wick'is cahbrated by placmg 6 ml of hexane saturated w1th formarmde in the apphca—.‘_:
‘tor and measurmg the time requ1red for a given volume to pass through. Five to six:

ml of solvent was - apphed to the paper disc. Due to the effect of centnfugal veloc1ty |
most determmatmns requ1red 10 to 15 min to apply this amount.
: This method of solvent apphcatmn was adopted because of the deﬁcultles en
'countered in using cap1llar1es After each run, the wick is cleaned of stat1onary phas
by applymg vacuum at the upper end of the tube and placmg the wick in some metha
nol, then drying by pulling the wick out of the solvent and allowing air to pass’ throug .
with vacuum applled Once a chk is prepared 1t is good for a large number of de
' termmatmns ‘ : : S

,Pa,per prepamtzon ami sam;ble ap;blwatzon : , ‘ e
. The Whatman No. 1 paper discs were 27 cm in d1ameter with the center marked -anc
“a circle 1nscr1bed of 2 cm radius for sample appl1cat1ons Four holes were punched
"whlch corresponded to the screws, A. The discs were 1mpregnated with the stat1ona
phase in the normal manner? and the samples’ apphed to the inscribed circle as: spot
or arcs. It was found that the: mode .of sample - apphcatlon was very. 1mportant I
]samples ‘were apphed dissolved. in" ‘methanol-chloroform 1:1"there was" extensi
'streaklng and talhng 1n the resultmg chromatograms It was necessary to d1ssolve th
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steroids in chloroform saturated with formamide* if formamide was the stationary
i phase or benzene if propylene glycol was used. In general 10 to 20 ug of each steroid
%, was applied. No deleterious effect was found in using quantities up to 100 ug.

Centrifugal acceleration

Contrary to what has been found for centrifugally accelerated adsorption chromatog-
- raphy® Rp values in accelerated partition chromatography of steroids are not in-

dependent of the velocity. At velocities above 200-250 r.p.m. the steroids did not

move from the line of application. This is probably because at high velocities the

solvent travels too fast to allow for partitioning to occur. The effect of centrifugal

acceleration is shown in Table I. :

In all subsequent work a velocity of 150 r.p.m. was used.

TABLE I

EFFECT OF CENTRIFUGAL FORCE ON [Rp-VALUES OF A MIXTURE OF
HYDROCORTISONE, CORTISONE AND II-DESOXY-I7-HYDROXYCORTICOSTERONE“

Velacity Hydrocortisone Cortisone rr-Desoxy-x7- Time

(r.pom.) hydroxycorticosterone (min)
o 0.43 0.81 1.0 40
I50 - 0.47 0.79 0.97 1o
300 o . o o . _ _I03

a Capillary flow 1 ml/min, Whatman No. 1 1mpregnatcd with formamide—methanol, 1:3, chlo-
roform satd. formamide.

Statwnary phase content of paper

The amount of stationary phase in the paper affected the appearance of the stermd spots.
When formamide—methanol or propylene glycol-methanol r:1 was used the steroid
spots had some tendency to streak and in some cases tailing occurred and no. sepa.ra.tmn
was apparent. If too little stationary phase was used (15%) the same effect occurred.
Therefore the paper discs were impregnated with methanol solution containing 25%
stationary phase. When run under these conditions, the steroid spots elongated

laterally but there was no tailing apparent.

RF values of stervotds . ‘
To eliminate the possibility of variations in Ry values due to a.ny number of factors,
it is best to run standards on the same disc of paper. Although the solvent front as-
- sumes an oval shape rather than a ‘circle® Ry measurements are still reliable. Thus,
when 4 samples of cortisone were run on the same disc, the Ry values obtained were
+0.73, 0.74,-0.75 and 0.75 even though the solvent front travelled anywhere from 70 to
77 mm from the line of sample application. In Table II are listed the results of some
steroids run separately and in mixtures. '
: Excess mobile phase can be applied to the paper to give the same effect as in
s regular descending partition chroma.tography where the mobile pha.se is allowed to
“run off the paper. The advantage in centrifugal chromatography is that the steroids

* Personal communication from Dr. J. oE FLings, Koninklijke Nederlandsche Gist- en Spiritus-
fabriek N.V., Delft, The Netherlands, to whom we offer our thanks.
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TABLE II

Rpr VALUES OF STEROIDS SEPARATELY AND iN MIXTURES

Conditions: 150 r.p.m.; stationary phase applied as 25 % in methanol; wick velocity 1 ml/min;»
5 to 6 ml applied.

4,@

5 , . Rp
Stationary Mobile Time qf run Mizture
phase phase (min) ¢ Separately = Mixture
Formamide Chloroform 10 Estriol o.Io 0.08
Estradiol o0.80 *0.74
Estrone , 0.97 0.95
Formamide - Chloroform I0 Hydrocortisone : 0.49 0.47
Cortisone 0.78 0.79
11-Desoxy-17-hydroxycorticosterone 0.97 0.97

do not leave the paper because the solvent evaporates where the paper extends beyond
the plates and the steroids travel only that far.

ACKNOWLEDGEMENTS

We wish to thank Dr. ALEJANDRO ZAFFARONI for helpful discussions and Dr. Orro
HALPERN for assistance in the design and construction of the apparatus.

SUMMARY

The apparatus and method for centrifugally accelerated partition chromatography of
steroids is described. It is shown that the centrifugal velocity must be relatively low
for separations to occur. The other factors studied were the mode of sample applica-
tion and the stationary phase content of the paper. Using the described procedure,
separations occur in 10-15 min. This makes it particularly suited to analyses which
require short development times such as in chemical or enzymic kinetic studies or to
determme the homogene1ty of fract1ons in column chromatography.

REFERENCES

1 P, CRABBE AND A. BoweRs, J. Org. Chem., (1962), in the press.
2 A. ZarFaronNI, R. B. BurroN aND E. H. KI:UTMANN J. Biol, Chem 177 (1949) 109.
3 A, ZAFFARONI, fecent Progr. Hormone Res., 8 (1953) 5I. '
4 H. J. McDonaLDp, E. W. BErRMES AND H. G. SHEPHERD, Natmwzss., 44 (1957 9.
5 H. J. McDonNaLD, L. P, RiBEIRO AND L. J. BaNAaszAKk, Anal. Chem., 31 (1959) 825.
¢ H. J. McDonaLp, L. V. McKENDELL AND E. W. BERMES, Jr., J. Chromalog., 1 (1958) 259.

J. Chromatog., 9 (1962) 195—198



