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The separation of steroids which differ by only a double bond has proven
difficult in many instances. Examples of such steroidal pairs are Sa-androstenediol-
Sa-androstanediol** and dehydroepiandrosterone-5a-dihydrotestosterone. These ste-
roids resist separation by conventional thin-layer chromatography (TLC) and usually
only differ in Ry value by approximately 0.05!.2. Several derivatization procedures
are available which take advantage of the presence of a double bond in only one of
each pair of steroids. These methods include epoxide formation® and hydroxylation*.
In addition, n-complex formation can be achieved on silver nitrate impregnated silica
gel plates® resulting in a retardation of steroids containing a double bond.

This paper reports the separation of the steroidal pairs 5a-androstenediol-
Sa-androstanediol and dehydroepiandrosterone—5a-dihydrotestosterone by conven-
tional TLC after addition of bromine across the double bond whilst on the TLC
plate.

MATERIALS AND METHODS

Water was glass-distilled. All organic solvents were distilled before use. Silica
gel DG was from Riedel-de-Haén (Sellze, Hannover, F.R.G.). Sulphuric acid (sp. gr.
1.84 g/cm®) was Analytical Grade. Steroids and miscellaneous chemicals were ob-
tained from Sigma (St. Louis, MO, U.S.A)).

The preparation and running of TLC plates was as previously described®. Sil-
ver nitrate impregnated plates were prepared by adding 30 g of silica gel to 60 ml of
a solution of silver nitrate in water (10%, w/v) to form a slurry and plates were
poured as described. These plates were stored in the dark.

Epoxidation of steroids was performed using m-chloroperbenzoic acid as de-
scribed by Azarnoff and Tucker®. Hydroxylation of steroids with alkaline potassium
permanganate was performed by the method of Bush®. Bromination of steroids was

* Present address: Daniel J. O’Shannessy, Section on Myelin and Brain Development, NINCDS,
Park Building Room 425, National Institutes of Health, Bethesda, MD 20205, U.S.A.

** The following trivial names are used in this text: Sa-androstenediol = S5ax-androstene-38,178-
diol; 5a-androstanediol = Sa-androstane-3a, 178-diol; dehydroepiandrosterone = 3f-hydroxy-5-andros-
ten-3-one; Sa-dihydrotestosterone = 178-hydroxy-Sa-androstan-3-one.
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performed by a modification of the method of Cargill” as follows. A 2% (v/v) bro-
mine solution was prepared in absolute methanol. After application of steroids (10
ul of a 1 mg/ml ethyl acetate solution) to the TLC plates, 10 ul of the bromine
solution was applied to the same origin and the solvent and excess bromine were
allowed to evaporate.

Visualization of steroids was achieved by spraying the plates with a freshly
prepared mixture of ethanol-sulphuric acid (1:1) and heating at 110°C for 10-20 min.

RESULTS AND DISCUSSION

The data presented in Table I is typical of the separations achievable for 5a-
androstenediol-5a-androstanediol and dehydroepiandrosterone-5a-dihydrotestoster-
one in conventional one-dimensional TLC on silica gel. The best separation of 5a-
androstenediol and Sa-androstanediol was only about 0.03 Ry values (systems IX
and X, Table I). Dehydroepiandrosterone and 5a-dihydrotestosterone were separable
by approximately 0.08 Rf values in solvent system II of Table I. However, it can be
seen from these data and that of Heftmann' and LisboaZ, that the separations achiev-
able for these steroids are unsatisfactory for identification purposes.

Derivatization of steroids by epoxide formation or hydroxylation are lengthy
procedures and require subsequent purification of steroidal derivatives. Whilst these
procedures proved effective for the separation of the steroidal pairs S5a-
androstenediol-5a-androstanediol and dehydroepiandrosterone-5a-dihydrotestoster-
one (data not shown), they are inappropriate for small quantities of steroids due to
procedural loses.

Silver nitrate impregnated silica gel plates were found to be more effective for
the separation of these steroidal pairs (Table II) than conventional TLC. The sepa-
ration of the diols was about twice that obtainable on silica gel with a difference in

TABLE 1

CONVENTIONAL TLC OF 52z-ANDROSTENEDIOL, 5a-ANDROSTANEDIOL, DEHYDRO-
EPIANDROSTERONE AND 52-DIHYDROTESTOSTERONE

10 ug of each steroid (prepared in ethyl acetate) was added to a separate origin. Ascending chromatograms
were developed for sufficient time for the front to move approximately 12 cm. Steroids were visualized by
spraying the plates with ethanol-sulphuric acid (1:1) and heating at 110°C for 10-20 min. The solvent
systems were, by volume: I, benzene-ethanol (9:1); II, benzene-ethanol (14:1); III, benzene-ethyl acetate
(2:1); IV, diethyl ether-benzene (2:1); V, benzene-toluene-methanol (9:1:1); VI, hexane-ethyl acetate (1:1);
VII, dichloromethane-acetone (4:1); VIII, benzene-diethyl ether (2:1); IX, chloroform-methanol (98:2);
X, dichloromethane-ethyl acetate~methanol (85:15:1).

Compound R*

I n m 14 vV Vi vir vl IxX X

5a-Androstenediol 037 026 038 061 023 057 067 023 034 0.26
Se-Androstanediol 039 027 039 063 024 05 069 024 037 023

Dehydroepiandrosterone 043 047 057 079 036 0.73 088 033 072 0.51
5a-Dihydrotestosterone 045 055 059 084 038 076 090 036 0.79 0.55

* Values represent the means of triplicate determinations.
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TABLE 11

SEPARATION OF 52-ANDROSTENEDIOL, 5x-ANDROSTANEDIOL, DEHYDROEPIANDROS-
TERONE AND 5¢-DIHYDROTESTOSTERONE ON SILVER NITRATE IMPREGNATED SILICA
GEL PLATES

Silver nitrate impregnated silica gel plates were prepared and ascending chromatograms run as described.

Compound R
I v vV 1 4/1}

Sa-Androstenediol 025 026 047 057
Sa-Androstanediol 032 032 054 063

Dehydroepiandrosterone 044 041 062 072
Sa-Dihydrotestosterone 052 052 073 0381

* The solvent systems used correspond to those described in the legend to Table 1. Ry values
represent the means of triplicate determinations.

Ry values of about 0.07 units. Dehydroepiandrosterone and Sa-dihydrotestosterone
were separated by about 0.11 Ry values in two of the solvent systems used (systems
IV and V). It was apparent that regardless of the solvent system, separation of these
steroidal pairs was superior on silver nitrate impregnated silica gel plates. However,
since silver nitrate quenches radioactivity?, the usefulness of silver nitrate impreg-

TABLE III

SEPARATION OF 52-ANDROSTENEDIOL, 52-ANDROSTANEDIOL, DEHYDROEPIANDROS-
TERONE AND 5¢-DIHYDROTESTOSTERONE BY TLC AFTER BROMINATION OF THE STE-
ROIDS ON THE PLATES

10 ug of each steroid was spotted onto a separate origin. The solvent was allowed to evaporate, 10 ul of
a 2% (v/v) bromine solution in methanol was added and the solvent and excess bromine were allowed to
evaporate. Ascending chromatograms were run and steroids were visualized as described.

Compounds Re*
¥/ mar w viiIT X

5a-Androstenediol 0.26 029 048 022 021
Sa-Androstanediol 0.29 029 050 024 0.21
5a-Androstenediol and bromine 0.31 040 059 031 030

. . 0.26 029 051 024 0.21
Both diols and bromine 030 040 059 031 030
Dehydroepiandrosterone 0.40 043 065 034 045
Sa-Dihydrotestosterone 0.43 045 0.70 036 045
Dehydroepiandrosterone and bromine 0.55 063 081 056 0.64

0.45 044 0.70 037 048

Both steroncs and bromine 059 063 08 052 066

* Solvent systems were those described in the legend to Table I. Ry values represent the means of
triplicate determinations.
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nated plates is restricted to non-radioactive steroids or high levels of radioactivity.
These criteria are commonly not achievable in investigations of steroid metabolism.

Table III shows the separations obtained using the method described for the
addition of bromine across the double bond. Using this procedure Sz-androstenediol
and Sx-androstanediol could be separated with an Ry difference of 0.11 (system III,
Table III), superior to any of the other methods described. Similarly, dehydroepian-
drosterone and Sa-dihydrotestosterone were separable by approximately 0.2 Ry val-
ues in solvent systems III and IX.

The reaction of bromine with the steroids is rapid and efficient since only one
spot was visualized after derivatization. The specificity of the reaction for steroids
containing a double bond allows the separation of a mixture of steroids such as those
described (see Table III). In addition, this methodology has proven effective in in-
vestigations of androgen metabolism by various cell cultures®.

In conclusion, the method described appears to be highly efficient for the sep-
aration of steroidal pairs which differ only by the presence or absence of a double
bond. The method is simple and rapid and does not require lengthy manipulations
as is necessary for other derivatization procedures.

ACKNOWLEDGEMENT
The author wishes to thank Professor A. G. C. Renwick for helpful discussions.

REFERENCES

1 E. Heftmann, Chromatography of Steroids, (J. Chromatogr. Library Vol. 8), Elsevier, Amsterdam,
Oxford, New York, 1976, pp. 88-89.

2 B. P. Lisboa, in R. B. Clayton (Editor), Methods Enzymol., 15 (1969) 3-158.

3 D. L. Azarnoff and D. R. Tucker, Biochim. Biophys. Acta, 70 (1963) 589.

4 1.E. Bush, in R. K. Callow, P. N. Campbell, S. P. Datta and L. L. Engel (Editors), The Chromatography
of Steroids, (Int. Series of Monographs on Pure and Applied Biology, Vol. 2), Pergamon Press, Oxford,
1961, p. 371.

5 L. J. Morris, in A. T. James and L. J. Morris (Editors), New Biochemical Separations, Van Nostrand,
Princeton, NJ, 1964, p. 296.

6 A. G. C. Renwick, S. M. Pound and D. J. O’Shannessy, J. Chromatogr., 256 (1983) 375.

7 D. L. Cargill, Analyst (London), 87 (1962) 865.

8 D. J. O’Shannessy, unpublished resuits.



