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SUMMARY 

Carbon skeleton chromatography of many anabolic and progestational steroid 
drugs and related compounds has been carried out following high-temperature catalytic 
reduction on a microgram scale. Steroids with the same carbon skeleton were reduced 
to products with the same relative retention times on gas chromatography. These 
‘parent steranes’ could generally be distinguished from the carbon skeletons of the 
naturally occurring steroids. About 5-20 o/o of the starting material could be recovered 
as steranes. Although the yield from any one compound was reproducible, the re- 
coveries were generally dependent on the position, nature and number of substituents 
in the starting material. Some applications of the present techniques to biological 
problems have been discussed. 

INTRODUCTION 

Chromatographic techniques have been extensively used for the tentative 
identification of microgram quantities of steroids. Paper chromatography has been 
developed by BUSH 1, EDWARDS AND TRAFFORD~ and others, gas-liquid chromato- 
graphy (GLC) by KNIGHTS AND THOMAS 3, VANDENHEUVEL AND HORNING~, HART- 

MAN AND WOTIZ~ and others. Thin-layer chromatography (TLC) has also been em- 
ployed, The contributions of the functional groups in some steroid drugs to chromato- 
graphic mobility on thin layers have been evaluated O. Using such techniques, the 
nature and position of functional groups on the steroid skeleton can generally be 
determined. However, the identification of the hydrocarbon skeleton has been difficult. 
The parent hydrocarbons of compounds simpler than steroids have already been 
identified by GLC after high-temperature catalytic reduction; this method can now 
be applied to steroids and sterols’. 

The present work describes the application of the technique of high-temperature 
catalytic reduction to steroid drugs and related compounds on a microgram scale. 
The reduction products of steroids with the same carbon skeleton have identical 
retention times. However, the different hydrocarbons produced in the present studies 
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30 I?. M. ADHIKARY, R. A. NARKNESS 

could be separated from each other by GLC. Since in most cases man does not degrade 
the carbon skeletons of the steroids 8-1o, this ‘label’ is retained by the metabolites of 
a steroid. The present technique thus offers a simple method for detection of the 
metabolites of the many steroid drugs which have different carbon skeletons from the 
natural products. 

Materials 
Reagents and solvents were of analytical grade where available. The steroids 

and sterols studied were pure as judged by TLC and in some cases also by GLC, escept 
where otherwise noted. The steroid drugs which have been studied are shown in 
Table I. This table contains the systematic names, the official names listed in the Sth 

TABLE I 

NAMES AND CARBON SKELETONS OF STIlROlD DRUGS 

Systematic name Oficial ?ZaPne Hydrocarbon siselclo~z 

Anabolic steroids 
17u-1Mctl1yl-17/3-hydrosyanclrost- 

1,4-dicn-3-one 
17u-Methyl-~ IP, x7P-dihydroxy-ga- 

fluoroandrost-4-en-3-one 
I 7a-Methyl-z-hydroxyrnethylcnc- 

I 7@-hydrosy-ga-androstan-3-one 
I 7a-Methyl+, I 7&dihydroxy- 

androstq-en-3-one 
I 7u-Methyl- I 7,%hydroxyandrost- 

q.-en-3-one 
~~-~Methyl-~7~-hydrosy-5u-anclrost- 

I-cn-3-one 
I7u-Etl~yl-17~-l1yclroxyocstr-4-cn- 

3-011c 
17u-Methyl-17/3-l1yclroxy-5u-anclro- 

stane-3,zc-pyrazole 

Progestational and related steroids 
I7a-Ethynyloestr-+ene-3P, 17Iy-cliol 
xc/u-Ethynylocstr-g(Io)-cn-17/Y-01- 
S-one 
r-/u-Ethynyl-17&hydroxyocstr-4- 

en-3-one 
17u-Ethynylocstra-1,3,5(1o)- 

triene-3, I 7P-diol 
17u-Ethynyl-3-mcthoxyoestra-I, 

3,5(X0)-trien-I7/3-01 
Gu-Methyl-17u-acetoxyprcgnq- 

enc-3,2o-dione 

G-Mcth yl- I 7u-acetoxypregna-4,6- 
dienc-3,2o-dione 

I&X-Methylpre~n-q.-enc-3,2o-clione 
G-Chloro-17u-acetoxypregna-$,6- 

dienc-3,2o-dione 

Mcthandrostenolonc 

Fluoxymestcronc 

Oxymcthoione 

Oxymcstcronc 

I7-Methyltestostcronc 

Methcnolonc 

Noretl~anclrolone 

Stanozolol 

Ethynodiol 

Norethynoclrcl 

Norethindronc 

Ethynyloestradiol 

Me&ran01 

Mcdroxyprogestcronc 
acetate 

Megesterol acetate 
IG-Mcthylprojiesteronc 

Chlormaclinone acetate 

17u-~Methylandrostanc 

I 7a-Methylanclrostane 

I 7u-Mcthylandrostane 

I 7u-Mcthylanclrostane 

I 7cL-Mcthylandrost~iIye 

rp-McthylandrostalIc 

I7a-Ethyl-r g-norandrostane 

17u-~Mctliylanclrostanc-3,2c- 
pyrazoliclinc 

~g-Norpregnanea 

Ig-NorprebJnanea 

Ig-Norpregnanea 

~g-NorpregnanetL 

~g-Norpre~nanc~ 

Gu-Methylprcgnane 

G-Methylpregnane 
rGa-Methylpregnane 

Pregnane 

(1 17u-side chain. 
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edition of the Merck Index, and the carbon skeleton upon which the drug is based. It 
should be noted that many drugs possess the same carbon skeleton, e.g. 17a-rnethyl- 
androstane for the anabolic stercids and Ig-norpregnane for the progestational agents. 
It is also of interest that only one of the 17 compounds listed, chlormadinone acetate, 
has the same carbon skeleton as naturally occurring steroids, in this example pregnane. 
Some compounds were obtained by chloroform extraction from tablets. The tablets 
were made into a suspension in z ml of distilled water and extracted with 5 vol. of 
chloroform. The estract was washed repeatedly with distilled water until clear, dried 
by filtration through a small quantity of anhydrous sodium sulphate, and evaporated 
to dryness. The extract was dissolved in absolute ethanol at a steroid concentration of 
approximately I mg/I ml. In such cases no precise quantitative results could be 
obtained; where relevant, this is noted. 

Nigh-tenzj5eralawe cataiytic rcdacction am? gas-liquid chromatografihy 
The steroids were subjected to high-temperature catalytic reduction by the 

method of ADHIKARY AND I~ARKNESS', in which samples in solution are injected into 
a stream of hydrogen flowing through a heated catalyst bed. The reduction products 
are then trapped. The apparatus consisted of a siliconised glass tube surrounded by a 
heated aluminium block. An injection head was fitted at one end and a narrow tube 
for trapping the reduction products at the other end. Using ice and water as a coolant 
about 77% of injected steranes could be recovered. The combination of r-3% w/w 
platinum on siliconised glass beads was found superior to a number of other metal 
catalysts and diatomaceous earth supports. The temperature for reduction was 
x70--200~ unless otherwise stated. It has been found that an increase in the quantity 
of platinum to 5 o/o was associated with an increase in the products with short retention 
times, possibly due to extensive hydrogenolysis. Therefore, the stated conditions 
should be adhered to as closely as possible. The apparatus, its method of use and its 
reliability have been described in detail;. 

The products of reduction were studied by GLC on columns coated with I o/o w/w 
SE-30 and with 1% w/w NGA. Since the hydrocarbon products were more volatile 
than steroids, heating of the samples on their stainless steel gauzes, before injection 
by the method of MENLNI AND NORYMBERSKI~~, caused significant losses ; these were 
reduced by placing insulation on the top of the flash heater. In a later modification, 
single solid samples were injected through a gas-tight chamber formed by two ‘Rotaflo’ 
stopcocks (Quickfit & Quartz Ltd., Great Britain) in series. The major products, 
generally two in number, have retention times and yields listed in the tables. Retention 
time data are given relative to So-androstane or So-cholestane. The coefficient of 
variation for a single relative retention time was about I o/0. Since the means quoted 
are generally from four or more determinations, errors would be correspondingly reduc- 
ed. For quantitation a minimum of three observations was used throughout the work. 

The amounts of products were estimated by planimetry of the peak areas from 
the GLC tracings and expressed in terms of weight relative to the most closely related 
available pure sterane. For example, androstane was used as a stanclard for the methyl- 
or norandrostanes. The yields given in the tables are the amounts of major products 
expressed as a percentage of the starting material. The major product is identified 
in the tables by the letter “M” after its relative retention time; when the peak areas 
were approximately equal, no comment has been added. 
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32 I?. M. ADNIKARY, R. A. WARICNESS 

Evidence has already been presented by ADWIICARY AND HARKNESS that this 
method produces the parent sterane from a number of naturally occurring steroids and 
cholesterol. In order to simplify the description and discussion of the results, the 
reduction products with identical retention times derived from compounds with 
identical hydrocarbon skeletons are described as parent steranes. The use of the 
method does not, however, depend upon the correctness of this assumption, which 
seems justifiable from all the available evidence, but only upon the identical retention 
times. 

Th.in-layer chronaatography 
In order to check the identities of the products and provide evidence of any 

unreduced or partially reduced starting material, thin-layer chromatography on silica 
gel was performed. The Xp values of the androstanes, pregnanes and cholestanes were 
0.6 and 0.7 in cyclohexane and chloroform, respectively. Surprisingly, it was found 
that about 2-5 ,ug of sterane in a 0.7 cm diameter spot could be detected with 8% 
w/v phosphomolybdic acid in methanol acidified with a drop of cont. HCl. This reagent 
was more sensitive than iodine vapour or 5% w/v iodine solution in CHCI,. 

RELATIVE RETENTION TIMES AND YIELDS OF THE REDUCTION PRODUCTS OF STEROID DRUGS 

O$ciaZ name Meart 
yield 
(%I 

Retention times of products ,velative to ga- 
andvostans 

SE-30 cozuVan NGA coZw~n 

(A) Anabolic steroids 
IT-Methyltcstostcronc 20.0 
Mcthandrostcnolonc 
6@-Hydroxymethnndrostenolonc~ 

17.8 
cu. 15 

Oxymetholonea 12.5 
Oxymesteroneb co. 6.5 
Norethandrolone 168 
~Mcthenolone 4.8 
Stan020101 4.7 

(131 Pvopxtational awd related &voids 
Mestranol 8.5 
Ethynodiol 13.8 
Norethisteroneb ca. IO 
Ncrethynodrela 8.5 
Ethynyloestradiol 13.5 
IS-Hydroxypregnenolone 

hemiscetal 3.5 
Mcgcsterol acetate 9.5 
Mcdroxyprogestcrone acetate 11.25 
16-Methylprogesteronc 8.5 
Chlormadinone acetate 5-o 
Progesterone 15.2 
Prcgnenolone 13.6 
5a-Pregnsnc-3,2o-dione 
5/?-Pregnane-3,2o-dionc 

17.8 
19.2 

1.28 
1.28 
1.28 
1.28 
1.28 
1.46 MC 
I *49 
1.03c’ 

I.45 
I,45 
1.45 
1.45 M 
‘I.22 M 

I.19 

I.19 

I.19 

I.19 * 

I.19 

1.30 M 

1.31 
1.31 
1.31 
1.31 M 
1.31 M 
1.46 
1.48 
0.81’1 

I.41 I.55 1.34 I.53 1.60 
1.41 M I.55 1.34 M 1.53 
1.41 M I.55 I-34 M I.53 
1~41 M 1.55 I .34 M 1.53 1.60 
1.41 M I.55 I.34 M I.53 

2.50 M 
2.50 M 
2.48 
2.01 
2.01 

2.80 
2.80 
2.79 
2.27 
2.27 
2.27 
2.27 

1.40 
2.25 M 
2.25 M 
2.04 
1.86 
1.86 

1.56 M 
2.61 
2.61 
2134 
2.13 
2,13 
2.13 
2.13 

2.01 1.86 

a Impure. 
u Tablet. 
CM = major product. 
a Relative to 5a-cholestane. 
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GC OF PARENT WYDROCARBONS FROM STEROID DRUGS 33 

RESULTS 

Although there are a large number of steroids and sterols, these compounds are 
based upon a small number of parent hydrocarbons or steranes. This is true for natural- 
ly occurring compounds and even for the synthetic steroid drugs as shown in Table I. 
Thus reduction to the carbon skeleton is a simplification which has been achieved by 
the present method, The relative retention times of the reduction products of steroid 
drugs with the same carbon skeletons are, as predicted, identical. This is shown for 
the anabolic steroids by the results in Table II(A). 

Four anabolic steroids with a IT-methylandrostane skeleton, methyltestoster- 
one, methandrostenolone, oxymetholone and oxymesterone, were reduced to products 
with the same retention times on SE-30 and on NGA coated columns (Fig. IA). A 
number of progestational steroids similarly showed reduction products with identical 
relative retention times. For example, three commonly used progestational agents 

B 

A 

I Start 

Fig. I. (A) Reduction products from 5 [cg methyltcstosterone, catalyst temperature ISO”, chro- 
matogrsphed on an SE-30 coated column at ISO'; 'attenuation x 500, The retention time of 
ga-androstane is indicated by a vertical line. (B) Reduction products from 5 ,xg cthynodiol, 
catalyst temperature 180’, chromatographed on an NGA coated column at 150~ ; attenuation x 
zoo. The retention time of So-androstane is indicated by a vertical Enc. 

with Ig-norpregnane skeletons, ethynodiol (Fig. rB), norethynodrel and norethis- 
terone, as well as the oestrogens mestranol and ethynyloestradiol, were reduced to 
products with identical retention times (Table II(B)). It should benoted that the product 
with a relative retention time of 1.60 on a NGA-coated column was detectable in all 
cases, but relatively large amounts were obtained only from mestranol and the impure 
norethynodrel, Although ethynyloestradiol was reduced completely to the expected 
products, the reduction products from oestradiol and oestrone sometimes included 
products with a retention time intermediate between the androstanes and pregnanes. 
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34 P. M. ADHIKARY, R. A. HARKNESS 

It seemed justifiable to conclude from this and other evidence that the aromatic A 
ring was more difficult to reduce than isolated double bonds; this is consistent with 
studies on some naphthalene derivatives by 13~~0~~12. 

Using the present method, products with the retention times of the parent 
steranes were always detectable and were generally the major products. The different 
steranes from the compounds studied were separated by GLC and these separations 
were in most cases good. Products which had different numbers of carbon atoms were 
clearly distinguished; as expected, the retention times were approximately linearly 
related to the carbon number”. High-temperature catalytic reduction was performed 
on steroids and sterols with from IS to 30 carbon atoms. Two major products which 
behaved like the parent hydrocarbons were obtained from a C,, compound, lanosterol, 
4u,4~,I4a-trimetl~ylcl~olesta-S,z4-dien-3P_ol. It should also be noted that different 
structures with the same number of carbon atoms were also separable. The IS-nor- 
androstanes were separated from the Ig-norandrostanes (Table III). rc/-Methyl- 

TABLE TII 

RELATIVB RETENTION T1lME.S AND YIELDS 01’ THE REDUCTION PRODUCTS OF c-18 AND c-19 HY- 

DROSYLATED AND NORSTEROIDS 

Meata 

yield 
(56) 

Retention times of @odwts veZativo to 
Sa-androstnne 

SE-30 colwnn NGA colman 

Ig-Nortcstosteronc 
Ig-I-lydroxyandrost-4-enc-3, I 7-dionc 
Ocstronc 
Oestradiol-I7p 
x5-Nordehydroepianclrosteronc 
IS-Ilyclroxytestostcronc 

0.6g 0.60 
z:; 0.6g 0.60 
6.2 0.69 0.60 
6.6 0.6g 0.60 

II.7 0.76 0.83 0.73 o.so 
2,s 0.76 o.s3 0.73 0.80 

androstanes were separable from x-methylandrostanes and 6-methylpregnanes from 
x6-methylpregnanes (Table II). 

The amount recovered as steranes varied with the structure of the starting 
material. Recoveries were reduced by extra substituents, for esample, hydroxyl 
groups. This is illustrated by the yield of ~0% from x7-methyltestosterone compared 
to 6.5 o/o from oxyrnesterone with an extra hydroxyl group at position 4. 

The position of a methyl group could have an important effect on the yield. The 
recovery of steranes from x7-methyltestosterone was similar to that from testosterone 
whereas from methenolone with a r-methyl group only 4.5% was recovered. In this 
compound the I-methyl group may sterically hinder the reduction of the double bond 
at C-I ; this double bond was readily reduced when relatively unhindered as in methan- 
drostenolone (Table II). 

Using the present method, various groups could be reduced or removed from the 
carbon skeleton. Hydrosyl or ketone groups were readily reduced; fluoro and chloro 
substituents, at C-g and C-6 respectively, could be removed, although fluoxymesterone 
only yielded small amounts of IT-methylandrostanes, about 3% of the starting 
material, with significant quantities of other products with shorter retention times 
which were the major products. However, it must be emphasised that r7-methyl- 
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androstanes were produced from fluoxymcsterone as from the other anabolic steroids 
with a I7-methylandrostane skeleton (Table II(A)). The carboxyl group in the bile 
acids was reduced in low yield. Reduction products with relative retention times 
identical with those of 5cc-cholane were always detected after reduction of bile acids. 
However, it was expected from the work of BEROZA 12 that the major products would 
have lost the C-24 carbon atom. Ester and ether linkages were readily split. Double 
bonds at various positions, I, 3, 5 and ~(10) were readily reduced. After reduction of 
hydroxyl groups at various positions, the parent hydrocarbon was always detectable: 
steroids with hydroxyl groups at positions I, z,3,4,6,7, II, 12,15,16,17, IS, Ig and 21 
were successfully reduced. The position of the hydrosyl groups dicl not generally 
affect the production of a single major product corresponding to the parent hydrocar- 
bon except where the hydroxyl group was in a terminal position, for example, C-IS, 
C-19 or C-21. 

L I L 
Start 

Pig. 2. (A) Reduction products from 5 /lg IGu-hyclroxydehydrocpianrlrostcronc, catalyst tcm- 
perature 2000, chromatojiraphccl on an NGA coated column at 150~; attenuation x IOO. The 
retention time of get-anclrostanc is indicated by a vertical line. (B) Reduction proclucts from 
I0 jig cortisol. catalyst temperature Igo”, chromato@xphecl on an SE-30 coatecl column at 160~; 
attenuation x IOO. ‘l’hc retention time of ga-anclrostane is indicated by a vertical line. 

The IS- and Ig-hydroxysteroids were reduced, as predicted from the work of 
BEROzA12 and that of THOMPSON et ai.13 on simpler compounds, largely to corresponding 

IS- or Ig-norsteroids with smaller amounts of the parent hydrocarbons. The 2-hydroxy- 
metliylene group was removed from oxymetholone. 

In the compounds with adjacent hydroxyl and ketone groups at C-16 and C-17, 
the parent hydrocarbons were the major products; in addition, two other products 
with short retention times were regularly produced, possibly by hydrogenolysis13 
(Fig. 2A and Table IV). These two products could be more easily lost during solvent 
evaporation than the parent steranes. This pattern of products proved useful in the 
identification of x6,!?-hydroxydehydroepiandrosterone from infant urinel*. 

Reduction of the corticosteroids, cortisol, corticosterone and deoxycorticoste- 
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TABLE IV 

RELATIVE RETENTION TIMES AND YIELDS OF THE REDUCTION PRODUCTS FROM 16,17-DLOXYANDROST- 
ANE DERIVATIVES . - . ._. 

Compound Mean Retention times of products 
yield of relative to Sa-androstane 
Sa- and 
S/3-andro- 

(NGA column) 

stanes (%) 

I: Ga-H.ydroxyclehydrocpianclrosLoronc 5.5 0.88 I .oo hl 

o-33 0.34 
rG/3-Hydroxyclel~yclrocpianclrostcrone~ 6.5 0.85 x.00 M 

o-33 0.34 M 
3/3, x Ga- I 7P-Trihyclroxyandrost-5-cne 5.7 0.88 1.00 M 

o-33 0.34 
.#, I 7/3-Dihydroxyandrost-s-en-1 G-one 6.0 0.88 1.00 M 

o-33 0.34 

rone, with highly oxygenated side chains produced about 1-3% of the parent pregnanes 
and about s-Io~/~ as androstanes. However, peak areas of about 34-95 o/o of the major 
peak area appeared as products with retention times relative to So-androstane of 1.40 
and 1.56. In contrast to the products from the majority of steroids and sterols, there 
was a complex pattern of reduction products from corticosteroids (Fig. zl3). The yield 
of reduction products from the corticosteroids was more variable than from compounds 
like progesterone and the r7-oxosteroids ; the coefficient of variation for a single 
observation was about 5-100/~ for r7-oxosteroids in contrast to 30-50~/~ for corti- 
costeroids. However, the major reduction products were generally the androstanes 
and the parent hydrocarbon could always be detected. 

The main reduction products of the heterocyclic anabolic steroid stanozolol had 
a retention time somewhat similar to that of cholestane (Table IIA) ; this product did 
not correspond to a methylandrostane. Although BEROZA~~ found that high-tempera- 
ture catalytic reduction removed amino groups, THOMSON et aZ.13 found that high 
temperatures and a special catalyst were necessary to remove nitrogen from the 
carbazole ring. It, therefore, seems probable that the pyrazole ring in stanozolol was 
reduced to pyrazolidine and retained as part of the skeleton. 

DISCUSSION 

Using the present technique, crude fractions can be shown to contain steroids. 
Thus at a very early stage in work on the isolation and identification of unknown 
natural products evidence of a sterane hydrocarbon skeleton can _be obtained. It is 
difficult to assess the importance of this from the literature because mistakes are 
rarely acknowledged ; although caffeine’has been recognised as a source of confusion16. 
Carbon skeleton chromatography can be supplemented by existing microchemical 
identification of functional groups to suggest a limited number of possible structures 
and thus ease the problem of selection of compounds for more detailed comparison. 
These possibilities can then be investigated by other methods, generally using highly 
purified samples, 
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The simplicity of the present technique has been compared and contrasted to 
the more complex processes of pyrolysis and mass spectrometry’0. The chromato- 
graphic pattern ofthe reduction products was generally simple and often characteristic 
of the starting material. For example, the ratio of the ga :5/3 steranes was affected by 
the C-4 or C-5 position of a double bond in naturally occurring compounds7. However, 
in thd present studies some rg-nor compounds gave predominantly one product 
(Table III). The more detailed interpretation of patterns of products from mixtures 
may be difficult. For example, a mixture of an androstane derivative with small 
quantities of a compound with a stable pregnane skeleton would give a somewhat 
similar pattern of reduction products to an unstable corticosteroid, that is, androstanes 
with small amounts of pregnanes. 

The hydrocarbon skeletons of many steroids are not broken down in marFXO. 
Although 0-methylation is a significant pathway of drug catabolism17 it is quanti- 
tatively unimportant for steroids. In addition methoxy groups are removed by the 
present method, as are additional hydroxyl groups. The metabolites of a steroid drug 
should, therefore, be reduced, by the present method, to the same products as the 
steroid drug itself (see G/3-hydroxymethandrostenolone in Table II(A)). The steranes 
produced are not difficult to separate (Table II), and even better results have been 
obtained on columns coated with OV-17. Thus many steroid drugs and their metab- 
olites, with carbon skeletons which do not occur in nature, should be detectable. 
Many steroid drugs possess the same carbon skeleton: for example, the metabolites 
of several different anabolic steroids would all be reduced to x7-methylandrostanes. 
The data presented in this paper should thus simplify the detection of these drugs. 

The stability of the carbon skeleton will be important in determining the sensi- 
tivity of the method. However, even the highly unstable corticosteroids yield about I y0 
as parent pregnanes. Since the flame ionisation detector is highly sensitive and the 
losses of hydrocarbons even on present columns are small, corticosteroids should be 
detected in quantities down to IO ,uug; correspondingly smaller amounts of more stable 
steroids should be detectable. Thus normal therapeutic quantities of some steroid 
drugs can be administered and the metabolites detected, incontrast to the large doses 
previously necessary 1aJO. The metabolism of normal therapeutic quantities of some 
steroid drugs can be studied without the difficulties of obtaining pure radioactively 
labelled compounds and the potential dangers of their use in manaO. 
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