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A previous communication described the application of thin-layer chromatography 
with a binder, using Silica Gel G as adsorbent, to the separation of da-3-ketosteroids 
of the pregnane series 31. At that time only a small number of reactions was employed 
for the detection of the spots following chromatography, e.g. the formation of iso- 
nicotinic acid hydrazones, the reduction of phosphotungstomolybdic acid and the 
anisaldehyde-sulphuric acid reaction. 

The application to thin-layer chromatography of reactions for a&unsaturated 
ketosteroids, reducing steroids, ketonic steroids, as well as structural reactions for 
the side-chain of pregnane steroids and unspecific general reactions, for steroids, is 
reported in this paper. 

Materials 
EXPERIMENTAL 

Rea,aeNts. In addition to the substances indicated in previous papers31,32,3*, the 
following reagents were used. 

Phosphomolybdic acid (No. 532)) triphenyltetrazolium chloride (No. S3So), 
potassium permanganate (No. 5083), ammonium acetate (No. errs), 2,4-pentanedione 
(No. gGoo), sodium nitroprusside (No. 6540), mercury (II) iodide (No. 4420)) ferric 
ammonium sulphate (No. 37g2), ammonium molybdate (No. rrS2) and phenyl- 
hydrazine hydrochloride (No. 7253) were obtained from Merck A.G., Darmstadt, 
Germany. 

Sodium arsenate, silver nitrate and potassium periodate were purchased from 
May & Baker, England. 

Chloroform was from Al3 Kebo; it was purified by fractionation. 
Steroids. The systematic names, trivial names, abbreviations and sources of the 

thirty-seven &-3-keto-C ,,-steroids used throughout this investigation have been 
previously indicatedsl. One or more hydroxy-, keto- or aldehyde-groups are indicated 
in the abbreviation by -02, -one or -al respectively and I? denotes $re,aHafze. Each 
systematic name can easily be derived from its abbreviation, for instance: pregna- 
4,6-diene-3,2o-dione from Pi, 0 3,20 one (6-dehydro-progesterone). For the formation 
of trivial names the steroids were regarded as derivatives of the following compounds: 
jwogesterolze (pregn-4-ene-3,2o-dione) , cortexotie (2r-hydrosypregn-4-ene-3,2o-dione), 
ReichsteiN’s compozcmd “9’ (q,cc,zr-dihydroxypregn-4-ene-3,2o-dione), corticosteroae 
(rq3,2r-dihydroxypregn-4-ene-3,2o-dione), cortisol (rq5,r7cc,zI-trihydroxypregn-4- 
ene-3,2o-dione) and cortisorte (r7ar,zr-dihydroxypregn-4-ene-3,Ir,zo-tri~ne). , 
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The source and systematic names of other steroids-oestrogens and androgens- 
cited in this work, have been indicated in previous papers33#33. 

ULtraviolet Zam$. The lamp used (1 = 254 mp) was model PL 360 NN/r5/44 
from Quartzlampen GmbH, Hanau, Main, Germany. 

Coloz~rs. The colours developed were recorded as previously describeda”. 

METRODS AND RESULTS 

A. Detection of +unsatztrated ketosteroids 

(r) Absoqbtio~z in zdtraviolet light. The a&unsaturated ketosteroids were detected by 
their absorption at 240 rnp after spraying with a dilute ethanolic solution of fluo- 
rescein for Contras@. This method of detection is not specific since many other steroids 
absorb in this region (see e.g. refs. 16, 17). 

Direct observation at 240 rnp without fluorescein spraying is impossible because 
of the very strong absorption of Silica Gel G at this wavelength. Steroids of the 
pregnane series may be recovered from the plate by elution with chloroform since 
fluorescein does not react with these steroids. 

(2) Isonicotinic acid hydrazones. The isonicotinic acid hydrazones of a&unsatura- 
ted lcetosteroids were obtained by spraying with isonicotinic acid hydrazine as 
described in a previous paper 31. This reaction permits differentiation between d*-3- 
lceto-, d4,O-3-1<&0-, 4184, or dl-3-keto-steroids. The presence of a d”,O-dien-3-one 
configuration, such as that of 6-dehydroprogesterone or zo-hydroxypregna-4,6-dien- 
3-one is shown by an immediate greenish yellow colour (sensitivity I: pg), which can be 
differentiated from the less sensitive (4-5 pg) pale yellow colour produced by 4”-3- 
ketosteroids. 

(3) Bodansky-Kollonitsclz’s reaction ‘. This reaction with +phenylenediamine and 
phthalic acid, which was carried out as previously described31, also allows differen- 
tiation between a da-3-keto- and a d4p o-3-l<eto-configuration. 

All the .44-3-ketosteroids tested revealed a yellow-olive to yellow-brown colour 
while 6-dehydroprogesterone and zoj&hydroxypregna-4,6-dien-3-one gave a yellow- 
orange to orange-brown colour. The sensitivity of the reaction is 2 to 3 pg. This 
reaction seems to be specific for a&unsaturated ketones. 

Especially noteworthy is the fact that aldosterone gives an initial grey-brown 
colour which changes to purple as heating is continued. None of the other pregnane 
steroids tested gave these colours. 

(4) Formation of mcomplexes with tetralzitronzetlzarte03, 40. The reaction was carried 
out as described by LISBOA AND DICZFAIXJSY~~. The d4-3-keto- and &s-3-keto- 
steroids of the pregnane series give a pale lemon colour of low sensitivity (IO-rg pg). 
The reaction is, however, more sensitive for steroids with a benzenoid configuration, 
such as phenolic oestrogens, an olive-yellow colour being obtained. 

(5) Osmate esters. These esters wel;e obtained by exposure of the steroid to osmium 
tetroside vapour& 36 in sealed tanks. A positive reaction is indicated by the formation 
of a black colour. Isolated double bonds such as occur in pregna-4,x7-dien-3-one, 
x6-dehydroprogesterone, x6-dehydrqpregnenolone* and androst-z-ene-7,x7-dione 
give a positive reaction after 5 to 3:o min exposure to the vapours. The other d+keto- 

* For a generous supply of I 6-dehydroprcgncnolone (38-hydroxyprcgna-5,I 6-dien-ao-one) the 
author is indebted to Dr. 0. A. DE BRUIN, N.V. l?mLIrs-Duphar, Weesp, The Netherlands. 
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and dd$fi-3-keto-steroids tested, which contained no isolated double bonds, gave a 
positive reaction only after 30 to 150 min esposure. 

(6) Sodisbf?z hydroxidelO OY tert.-bzbtalzolic sodizmz bzbtoxide2. It. was impossible to 
employ these reactions on plates since no fluorescence developed. 

B. Redzutio9z reactiom 

(I) PhoQhonzoZybdic acid reagentZO. The plates were sprayed with a IO yO ethanolic 
solution of phosphomolybdic acid and heated to go” for r5 min. The molybdenum 
blue colour obtained with this reagent is observed with z pg of steroid. Reichstein’s 
compounds ‘%” and “e$i-E” and the zo-dehydro substance “S” gave a blue-violet 
colour, possibly because of a side-reaction with the phosphoric acid released by the 
heating of phosphomolybdic acid. 

(2) Phos$hotz+gstonzoZy&dic acid reage9zt?4. This reagent was used as previously 
described by LISBOA 31. It is less sensitive than that described above, requiring 5 fig 
of steroids. 

(3) Arse!nomolybdic acid reagelzt. This reagent, which was used for corticosteroids 
by SCNWAI<Zs4, was prepared according to NELSON d*. The sprayed plates were heated 
for 5 to I0 min at .IooO. The steroid is visualized as a blue spot on a yellow-green 
background. This is the most sensitive of the three molybdic acid reagents and as 
little as 0.5 pg of cc&unsaturated steroids could be detected. 

(4 Triphe?zyZtetrazoZi~~ reactiort. This reaction, whereby a red forrnazan is 
formed, was carried out as described by SNULL et aZ. s5. Triphenyltetrazolium allows 
differentiation between a&unsaturated lcetosteroids and cc,@-ketolic steroids ; the 
latter form a red formazan within 5 min at room teperature, with a sensitivity of 2 pg. 

(5) AZkali9ze $otassiunz ~ermanga9zate reagent. The reaction was carried out as 
described for paper chromatography by BURTON et aLD. After spraying with a 0.2 yO 
solution of potassium permanganate in 5 o/o sodium carbonate, all the a*-3-ketoste- 
roids tested immediately developed an olive-yellow colour on a violet background. 
When left overnight at room temperature following spraying, the steroids appeared 
as olive spots on a pale yellow background. This reaction is sensitive enough to detect 
2 pg of steroid. 

(6) Redztction of~-a9nLi9zo_diethy,yla9z~~~~e sz~@haw dioxide. Plates were sprayed with 
a 0.5 O/~ $-amino-diethylaniline sulphur dioxide in 5 o/o sodium bicarbonate solution 
and allowed to stand at room temperature overnight. 

r7ac,21-Dihydroxy-zo-ketosteroids without a hydroxyl group at CIO, such as 
compound “S”, cortisol and e;bi-cortisol, give a red-orange colour with a sensitivity 
between 2 and 5 b&g. 164e-Hydroxycortisol, r6cc-hydroxy-compound “S”, 160~ 
hydroxycortisone and the lcetolic steroids, however, give an orange or yellow-orange 
colour. x7,20,21-Trihydroxy and 2x-desoxy-d*-3-keto-steroids do not reveal any 
colour even at 15-20 pg’ levels. Some oestrogenic steroids give a positive reaction : 

r6-keto-oestrone gives an orange colour almost immediately, while IG-ketolic oestro- 
gens show the same colour after standing overnight. 

(7) Redz&ion offerricyanide 60. The plates were sprayed With a solution of 0.x O/O 
potassium ferricyanide in 0.25 % sodium carbonate and heated for 30 min at So”. 
After cooling, the plates were sprayed with a 0.2 oh solution of ferric ammonium 
sulphate, to each IOO ml of which 5 ml of concentrated (85 o/o> phosphoric acid had 
been added. The Prussian blue colour of ferric ferrocyanide appears, immediately 
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or after a few minutes. The sensitivity of this reaction is between 2 and 5 pg. 
This reaction is stronger with the r7,21-dihydroxy-zo-keto- and 20,2x-ketolic 

steroids; r7-hydrosy-C,,- steroids reduce more strongly than I7-deoxy-C,,-steroids. 
All other dQ+ketosteroids require at least 5 pg for detection. 

(8) Dragendorf reactiovz 4D. The plates were sprayed with the reagent as modified by 
LISBOA~". Using this modified reagent, less than I ,ug of d”-3-ketosteroid gives an 
orange colour on a yellow background. The latter turns to grey-lilac giving an even 
greater contrast. This reaction, however, is not specific. 

(9) Redzhion of Tollens reagetit. The reaction was carried out as described for 
paper chromatography by ZAFFARONI et al. 05. The reduction of ammoniacal silver 
nitrate’requires more than IO pg of an c+ketolic steroid. The reduction of Nessler’s . . . . 
reagenP requires even larger quantities than the above reduction and thus is not 
considered suitable for use on chromatoplates. 

C. KeEo9zic reactions 

(I) Reaction of GomalL and MacDonaZd?l. The plates were sprayed with a 1:o yO (v/v) 
ethanolic solution of hydrochloric acid containing 0.x o/o 2,4-dinitrophenylhydrazine. 
The colour develops immediately upon spraying and its intensity may be enhanced by 
heating at 60” for a few minutes. 

Steroids with only a D-3-keto group react to give an orange-red colour, e.g. 
pregn-4-en-s-one, pregna-4,17(2o)-dien-z-one, 2op-hydrosypregna-4,6-dien-s-one, 
20@- and 2oa-hydroxypregn-4-en-S-one. If a zo-keto group is present, an orange yellow 
colour appears, e .g. progesterone, r7c+hydroxyprogesterone, Ir-ketoprogesterone, 6- 
and x6-dehydroprogesterone. A 17~~ ,2r-dihydrosy-zo-ketosteroid reacts more strongly 
than a zo,ar-ketol; cortisol, cortisone, compound “S”, r6a-hydroxy-compound “S”, 
IGo&ydroxy-cortisone and r6cc-hydroxy-cortisol give an orange colour, while corti- 
costerone, efii-corticosterone, cortexone and aldosterone give a yellow colour. This 
reaction allows detection of 2 pg of the steroid. 

The sensitivity can be increased, as suggested by STUPNICICI AND STUPNICICA~~ 

by using successively a solution of 0.1 y. potassium permanganate in I: yO aqueous 
carbonate and an 0.2 y. aqueous solution of ascorbic acid. If this method is applied 
the sensitivity of the reaction is increased, but the differentiation noted above is no 
longer possible. 

(2) The i?immermann renction. This reaction for ketonic steroids with an ortlzo 
unsubstituted methylene group, was carried out as previously described33. Plates were 
sprayed with a solution containing equal parts of a 2 y. alcoholic nz-dinitrobenzene 
and a x.25 N alcoholic potassium hydroxide solution (carbonate free) and dried unter 
a hot air stream or in a ventilated oven at 40”. 

l?ive non-polar steroids with a D-g-keto-group gave a blue-violet colour with 
this reagent. Progesterone and other zo-keto- 2x-deoxysteroids, e.g. IG-dehydropro- 
gesterone, rr-ketoprogesterone and r7a-hydrosyprogesterone react with a blue-grey 
colour, while ketolic and dihydrosy-ketolic steroids give a pink colour. By means of 
this reaction 2 to 3 pug of cortexone could be detected. 

The GORNALL AND ZIMMERMANN reactions 21’0a were found to take place in much 
the same manner on chromatoplates as on paper chromatogramslO. The GORNALL 

reaction shows greater sensitivity with polar steroids, while the ZIMMERM~NN reaction 
is found to be more sensitive with the less polar 3ketosteroids. 
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D. Side-chain reactions 

(I) r7,mDihydroxy- zo-ketqsteroids. These steroids can be detected by 
SILBER reactionso, using phenylhydrazine-sulphuric acid reagent as 

the PORTER- 
described by 

SILBER AND PORTERS’. After spraying, the plates may be observed after one hour if 
left at room temperature, or in a few minutes if heated to Go”. 17,2x-Dihydroxy-ao- 
ketosteroids give a dihydrazone as the end product with an Em,, at about 400 m,u. 
However, 21-aldo-zo-ketosteroidsS8, 21-hydroxy-2o-keto-r6-dehydropregnene- and 
16,21-dihydrox5 r-2o-ketopregnane-steroids 37 also give a positive reaction. 

The entire group of ryac,zr-dihydroxy-zo-ketosteroids tested give a positive 
PORTER-SCLBER reaction with a sensitivity of 1 pg, with the exception of r6c+hydroxy- 
cortisol, I&c-hydroxycortisone and I&-hydroxy-compound ‘5”. These exceptions are 
in agreement with the observation of BERNSTEIN .~ND SILBERS on the reactivity of 
triamcinolone and may perhaps be explained by the fact that these compounds are 
unable to form the IG-dehydro-derivative which is an intermediate in the formation 
of the PORTER-SILBER chromogens”. 

Steroids such as corticosterone, e$i-corticosterone, cortexone, aldosterone, 
Ig-hydroxycortexone and others that do not possess the dihydroxylcetone structure, 
and the above I&hydroxysteroids give a very weak positive reaction following pro- 
longed heating. This reaction, which was described for corticosterone and rr-dehydro- 
corticosterone on paper by NENER AND WE:TTSTEIN~~ is probably due to the formation 
of the 3-phenylhydrazone of the d*-3-keto-steroids, which shows an E,,,, between 
340 and 360 rnp60. 

IGa-Hydroxycortexone gave a negative reaction when the procedure was carried 
out as described above, but when observed again after several hours, the reaction 
had become positive. 

Steroids with a ao-hydroxy group may give a positive reaction if the plates are 
heated or observed after prolonged exposure at room temperature. The colour 
produced differs, however, from the typical PORTER-SILBER reactions as follows: 
2ooc- and 2o@hydroxy-pregn-4-en-3-ones : yellow-orange ; 2op-hydroxypregna-4,6- 
dien-3-one : brown-orange ; 2o-dihydro-compound ‘5” : olive ; Reichstein’s compound 
“E” : dark blue-grey ; Reichstein’s compound e$i-“I?’ : pale grey-violet ; and Reich- 
stein’s compound e$i-“U” : pale rose. The colours may result from a reaction between 
the steroid and the sulphuric acid of the reagent. 

(2) IpDeoxy-oc-ketol ic steroids. These steroids could be detected after oxidation 
to their corresponding glyoxals by means of cupric acetateso. 

The plates were sprayed with a 0.01 &! methanolic cupric acetate solution and 
left at room temperature overnight. Subsequently they were sprayed in the same 
manner as described for the PORTER-SILBER reaction above. 

Of the six rr/-deosy-cc-ketolic steroids tested in the course of this work, cortex- 
one, corticosterone and e$i-corticosterone give positive reactions which are as strong 
as those of r7a,2r-dihydroxy-2o-ketosteroids. rg-Hydroxycortexone, r6a-hydroxy- 
cortexone and aldosterone, however, give a very weak positive reaction. The colour 
appears almost immediately after spraying the plates. 

The reaction of LEWBART AND MATTOX~O appears to be a good method for the 
identification of corticosterone, e$i-corticosterone and cortexone on silica gel plates. 
Since the glyoxal derivatives of r7#2r-dihydroxy-zo-ketosteroids give an almost 
instantaneous PORTER-SILBER reaction (E max 425-450 mp), this oxidation method 
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may also be employed for the identification of these steroids as suggested by BIR- 
MINGHAM~. This is especially useful when r7,2r-dihydroxy-zo-keto- and r7-deoxy- 
2o,21-ketolic steroids are present together. ., 

(3) FormaZdehydoge&c steroids. These were detected by the method of SCI-IWARTZ~~ 
as described for paper chromatography by PAN r18. The plates were sprayed with a I o/0 
solution of potassium periodate in 70 o/o (v/v) ethanol, and after IO min at room 
temperature, were sprayed again before they were dry with a methanolic solution 
containing rg o/o ammonium acetate, I o/o acetic acid and I o/o 2,+pentanedione. 
After rg to 20 min formaldehydogenic steroids show a yellow spot in daylight, 
yellow-green in U.V. light (252 rnp lamp). The sensitivity is to r-2 ,ug. Thirteen 
formaldehydogenic steroids with a zo,zr-ketolic, x7,20,21-trihydroxy- and 17,2x- 
dihydroxy-2o-keto-structure have been shown to be positive in the SCHWARTZ 
reaction with a sensitivity of 2 pg: corticosterone, e$i-corticosterone, cortisol, e$i- 
cortisol, r6c+hydroxycortisone, r6c+hydroxycortisol, r6cc-hydroxy-compound “S”, 
cortisone, Gee-hydroxycorticosterone, rr-dehydrocorticosterone, Reichstein’s com- 
pound “S”, cortexone and r6c+hydroxycortexone. No zo,zr-glycol-steroid was, 
however, tested. In U.V. light the yellow-green colour permits the detection of less 
than f pg. 

Various non-formaldehydogenic steroids with 2o-hydroxy-zr-deoxy- and zo-keto- 
zr-deoxy-structure were negative in this test. 

(4) 2r-Deoxy- zo-ketosteroids. These were revealed in situ by the nitroprusside 
reaction of FEIGL~~ for methyl ketones as applied to steroid methyl ketones by PAN”‘, 

This method ‘is suitable for thin-layer chromatography when the plates are 
protected by a filter-paper (Whatman No. 2) prior to the,application of the methanolic, 
nitroprusside paste reagent. 

Amounts of 5 to 6 peg of zr-deoxy-zo-ketosteroids, such as progesterone, 6- 
dehydro-, r7c+hydroxy-, 6@-hydroxy-, rra-hydroxy- and I@-hydroxyprogesterone 
give a bright violet spot after 60 min at room temperature. This can be observed 
on the uncovered surface of the plate. r6-Dehydroprogesterone and the sr-hydroxy- 
steroids proved to be negative in this reaction. 

(5) VanniUi~+aos~horic acid reagertt 13. This reagent was used for the identification 
of q+zydroxy-zo-keto-2z-deoxysteroids as suggested by MCALEER AND I<OZLOWSKI~. 
The plates were sprayed with a 2 y. solution of vanillin in phosphoric acid (85 %) and 
then heated for 20 min at go-95”. A bright orange colour indicates the presence of 
the above steroids. 

The results of the application of the CHABROL reaction to d+keto-C,,-steroids 
on thin-layer chromatograms are summarized in Table I. Some steroids develop a 
colour after rg min heating at g5-100’. 

Using I pg amounts, pregna-q,r7(2o)-dien+one, 2op-hydroxypregna-4,6-dien- 
s-one, 2oc(- and 2o/Lhydroxypregn-+en+one give a lilac-grey colour, zo-dihydro- 
compound “$5” and Reichstein’s compound e;bi-“E” a violet-grey, Rejchstein’s 
compound “E” a pale violet-blue and Reichstein’s compound “U” a carmine-brown 
colour. 

In I pg amounts _r7c+hydroxy- and rr@,17adihydroxyprogesterone develop the 
characteristic orange colour described for r7a-hydroxy-zo-keto-zr-deoxysteroids, 
while r7a-hydroxyprogesterone could be detected in 0.5 pg amounts. 

Reichstein’s compound “U”, rr&hydroxyprogesterone, corticosterone ‘and 68- 
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TABLE I 

APPLICATION OF CONCENTRATED PHOSPHORIC ACID AND VANILLIN-PHOSPNORIC ACID REAGI%NTS 

TO THE DETECTION OP TEIIRTY-SIX A”-3-ICETOPREGNANE-STEROIDS 

Amount of steroid: S-10 pug 

Steroid 
Cow. piros@horic nciJ (at least 8s %) Va,lillitr-~IlospLoricloric acid rcngcttts 

Daylight U.V. light rg tti in 30 rtrilr 

P” 3 one 
P4J7W) 3 one 
2oa 01 P4 3 one 
sop 01 P4 3 one 
208 01 P4s0 3 one 
17a,20~,21 01 P4 3 one 
I I@,s 7a,20/3,21 01 I?4 3 one 
IIa,I7a,20~,21 01 P” 3 one 
I 7a,20@,- -1 01 P4 3,11 one 
170(,20a,21 01 I?4 3,11 one 
P4 3,ao one 
P40a 3,20 one 
P4Ja 3,ao one 
6tS 01 I?4 3,20 oae 
IIj5 01 P4 3,0-o one 
IIa 01 P4 3,20 one 
I6a 01 P4 3,20 one 
17a 01 I?4 3,20 one 
21 01 P4 3,ao one 
I Ip, 17a 01 P4 3,20 one 
11@,21 01 P4 3,20 one 
Ira,?r 01 P* 3,ao one 
16a,zI 01 P4 3,ao one 
ITa, 01 P4 3,20 one 
r9,21 01 P4 3,20 one 
11fl,21 01 18 al P4 3,‘ao one 
6p,11@,21 01 P4 3,20 one 
IIjS,I7a,2I 01 P4 3,ao one 
IIa,Ipx,aI 01 P4 3,20 one 
16a,ITa,21 01 P4 3,20 one 
Ix@,r6a,zya,zr 01 P4 3,20 one 
P4 3,11,20 one 
21 01 P4 3,11,20 one 
Iya,2f 01 P4 3,11,20 one 
6p,I7a,zI 01 P4 3,11,20 one 
16a,I7a,21 01 P” 3,11,20 one 

ce. 
ce. 
cc. 
ce. 
p.gy.br. 
gr.gy. 
P*PU* 
- 
or.r.-or.br. 
- 
- 

- 
ce. 
- 
- 
p.br. 
ol.br. 
6h.y 
gy.br. 
- 
lc.re. 
lc.re. 

- 
- 

- 
- 
p.br. 
p.gy.br. 
- 
01. 

- 

ym 
- 
- 
y.or. 
- 
- 
- 
y.or. 
- 

- 
- 
- 
- 
- 
r. 
y.or. 

g.bu.gr. 
p.bu.gr. 
pk. 
pk. 
gh.bl. 
- 
- 
- 
p.bu.gr. 
- 

gh.y. 
p.or. 
- 

gh.y. 

- 
gy.lc. 
gy.lc. 
gy.lc. 
gy.lc. 
v*gy. 
b1.v. 
b1.v. 

%F’ * . 
- 
- 
- 
- 
p.or.r, 
- 
- 
or. 
- 

. 
Ef0r.r. 
- 

- 

P.PU, 
- 

P*PU* 

- 
- 
p.0l.y. 
- 
- 
- 
p.sm. 
- 

lc.gy. 
bh.lc. * 
bh.lc. * 
bh.lc. * 
bh.lc. * 
blch . 01. * 
pu.v.; 

pu .v. 

br. 
c.br. * 
bl.gy. 
p.0r.r. 
p.ol.gy, 
E;Y;P. 

. . 

%g”*br. ** 

zgy. 
or.bh. 
gy. br. 
y.br. 
gy. 
lc.gy. 
br.lc. 
p.gy.br. 

K 
gy.br. 

:z:o1. 
E;+br. 

br:ol. 
lc.re. 
Y. 

* Colour developed for I pug of steroid. 
- 

Abbreviations : 
bf. = buff C. = carmine m. = minium r. = red 
bh. = brownish = cream 01. = olive re. = rose 
bl. = blue &$t. s greenish or. = orange sm. = salmon 
br. = brown g=. = green P* = pale V. = violet 
bu. =I bluish 
bkh. = blackish F’ 

= grey pk. = pink Y* = yellow 
= lilac Pu. = purple 

hydroxycortisone also show this orange colour, but with a much lower sensitivity. 
Pregna-4,r7(zo)-dien-3-one and the three steroids with a go-hydroxy-zr-deoxy- 
structure tested, developed a yellow fluorescence under .U.V. light early on in this 
reaction. This disappeared on heating. 

The CHABROL reaction, described for steroids of the cholane series, is rcgardedls 2’ 
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as a specific reaction for cholic acid depending upon the concentration of phosphoric 

acid in the reagent. The specificity of this reaction. ior 7w-hydroxycholane-steroids 
was established by CI-~ABROL et al. 13, CBARONNAT AND GAUTRIER~* and H&JSSLER~~~ 23 
and-later confirmed by CERRI AND SPIALTINI~~; apocholic acid-a bile acid with an 
S(r&unsaturated bond-reacts as cholic acid 51. Later MCALE’ER AND KOZLOWSKI~~ 
described the reaction as specific for r7-hydroxy-zo-keto-+zr-deoxysteroids. 

In our experience, however, other C,, -deoxysteroids react with a sensitivity 
similar to the extremely sensitive orange colour noticed by MCAI;EER AND Koz- 
LOWSICI. They have, however, different absorption maxirna. Structurally different 
steroids react just as strongly, for example : 7cc-hydroxy-oestradiol (celadon-green), 
zo-dihydro-compound 5” (black-o1 ) we and x7/3-hydroxy-ga-androstane-3,@ione 
(yellow-orange). Since some steroids react with concentrated phosphoric acid, the 
colour reaction of a steroid with the vanillin-phosphoric acid reaction must be com- 
pared with that produced with phosphoric acid prior to eialuation. 

E. Nort-s$ecific reactions for steroids 

(I) Phos~%oric acid reactiost. The chromatoplates were sprayed with concentrated 
phosphoric acid (85 %) and heated at 90-95” for 15 min. Colours were observed in 
daylight and U.V. light. With many of the steroids studied here, concentrated 
phosphoric acid develops colours in daylight or in U.V. light, some of the reactions 
being quite specific. Reichstein’s compound 5” and r6c+hydroxycortexone, for ,. 
instance, appear as lilac-rose spots in daylight, which turfi to pink under U.V. light. 
The fluorescence in U.V. light of 20 steroids tested are indicated in Table I. 

* Dilute phosphoric acid solutiorP, concentrated phosphoric acid209 16 or so-called 
roe o/o phosphoric acid”5 are employed to’ detect steroids of the pregnane series. 
IIowever, for d4-3-keto-C,,-steroids this reaction is not as sensitive as for others, 
such as alcoholic pregnane-steroids, oestrogens, ds-3,8- or As-7ihydroxysteroids. 

(2) SzcZ~i&ric acid reactioln. This reaction was carried out as previously describedas. 
The colours developed are not specific, but in U.V. light some fluorescence can be . 

noted: red for cortexone and Reichstein’s compound “S”, orange for rg-hydroxy- 
and r7a,rgdihydroxycortexone, green for corticosferone, e$i-corticosterone, e$i- 
cortisol, pregna+,r7(2o)-dien-3-one, 2oa- and 2@-hydrosypregn-+en-3-one ; and 
yellow for zo/%hydroxypregna-4,6-dien-3-one and compounds “E” and epi-“E” 
of Reichstein. 

(3) Liebermartlz-BzlrcharcZ reaction. This was carried out as described for paper 
chromatograms by NEHER AND WETTSTBIN 43. The grey-brown or brown colours 
developed after r5 min heating at 85-90” are not specific. Under U.V. light, the spots 
(~5-20 pg) develop the following fluorescence : blztish-green, for cortisone, IGa-hydroxy- 
cortisone, cortisol, r6cc-hydroxycortisol, epi-corticosterone, II-dchydrocorticosterone, 
aldosterone, r6cc-hydroxy-compound “S”, progesterone, 6-dehydro-, Ga-hydroxy-, 
I: ra-hydroxy- and r Gee-hydroxy-progesterone ; yellow-g?+ee+z OY greenish-yellow for 
compound “U” (Reichstein), efii-cortisol, XT-keto-progesterone, x6-dehydroprogeste- 
rone, Ig-hydroxy- and r7cc,rg-dihydroxy-cortexone; yellow for Reichstein’s compound 
e$i-“E”, cortexone. r6cc-hydroxycortexone, pregna-&r7(2o)-dii:n-3’one, 2o/3-hydroxy- 
pregna-4,6-dien-3-one and epimeric zo-hydroxypregn-4-c~:~..~~.~~~Il~~; yellow-brown or 
brown for corticosterone and 17whydroxyprogesterone, at’,:!. i:;*~~.,rzge for Reichstein’s 
compounds “E” and “S”. 
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TABLE II: 

COLOUR ‘RE.XCTIONS OF THIRTY-SEVEN d’t-3-ICETO-C 21-STEROIDS ON THIN-LAYRR CHROMATOGRAMS AFTER 
TREhThlEST \\‘ITII ~NISALDEHYDE-SULPHURIC ACID AND VANILLIN-SULPHURIC ACID RRAGENTS 

~\mouni: of steroid: 4-5 tcg. The colours developed at 95-100”. The time required for the colour to be ob- 
served for anisalclch~clc-sulphuric acid reagent is indicated in parentheses; whenever no time is noted for 

vanillin-sulphuric acid reagent this signifies I s-1 5 min. 

Stwoid 
Reagetrt 

‘Anisal~~JryrZc-slrl~krcric mid Va,rilti,l-srrlpWzcric mid 

1’4 oue 3 
p4PI7(“0) 3 OllC 

20@ 01 P4 3 one 
2otc 01 l?* 3 one 
2og 01 ptoO 
17~,20b,21 3>xie 1. 3 one 
11~,17a,20~,21 01 1’4 3 OllC 

11tc,17a,2op ,” I 01 1’4 3 oue 
I 7a,aot~,2 1 01 l? 3,~ 1 one 
170(,20/?,21 01 Pt 3,1r one * 
I?4 one 3,20 
l?41” one 3,20 

. 1?4*‘0 3,20 one 
$9 01 Pt 3,20 oue 
1 T@ 01 P4 3,20 one 
I IOC 01 P4 3,20 one 
IGX 01 P” 3,20 one 
17~ 01 I?” 3,20 one 
21 01 P4 3,20 one 
11@,17a 01 P4 3,20 one 
1rp,21 01 ID.1 3,20 one 
11cc,2I 01 Pr 3,20 one 

. IGa,az 01 I?4 one 3,20 
17~,21 01 P4 3,20 one 
ig,2t 01 l>” 3,20 one 
rrp,zt 01 1S al P4 3,20 one 
Gp,t.r/3,21 01 lD4 3,20 one 
1 xp,176L,21 01 P4 3,20 one 
1 Ta,i7a,aI 01 P4 3,ao one 
lGa,I7a,?r 01 P4 3.20 one 
17a,Ig,21 01 Pi 3,20 one 
~Gcc,II/~,~~~,zI 01 I?4 3,20 one 
P4 one 3,11,20 
210: 01 P4 3,11,3,0 one 
ITa, 01 P4 3,11,20 one 
Gp,17cc,21 01 I?4 3,11,20 one 
tGa,17a,21 01 P4 3,11,20 one 

. . 

y.or.(~o) - or.br.(~a-15) - cr.(~G-18) 
gy.lc. (I 2) - bh.v.(15) 
hf. (5-G) - dlc.v.bl. (I O-I 2) 
dk.v.bl. (IO-I 2) 
l>k.(IO-12) - or.br.(~G) (U.V. = or.) 
p.v.(~o-12) - gy.v.(16)* 
or.br. (5-G) - 6y.v. (I O-I 2) 
or.br.(g-G) - gy.v.(~o-12) 
p.sm. (5-G) - br.r.(Io-Ia) * 
sm. (5-G) - br.lc. (IO-12) 
y.(5-6) - y.br.(~o-12) - c.br.(18) 
sm. (5-6) - r.or. (12-15) (U.V. = or.) 
y.or.(5-G) - y.bh.(I2) - c.r. (16) 
or. (6) - r.br.(Io-12) (U.V. = y.) 
y.or.(~o-12) - or,br.(I6) (U.V. = y,) 
y.or.(Io-12) - c.br.(IG) (U.V. = y.) 
or. (5-G) - y.br.(12) - r.br.(I6) (U.V. I y.) 
y.or.(ro-12) - br.(12) - br.v.(I6) (U.V. I y.) 
gr.gy.(Io-12) - br.(16) 
y.br.(t2) 
bl.gy.(12) - r.br. (16) 
bl.gy.(ta) - bh.r. (I G) 
y.br.(Io-12) - r.br.(~G) 
lc.br.(la) 
01. (5-G) - s.bl. (I O-I 2) * 
sm. (5-G) - c.r.(Io-I2)* 
c.(5-6) - pu.(~o-12)* 
r.or.(~ c-12) - c.br.(~G) 
r.or.(i o-12) - br.lc.(IG) 
d1.y. (5-G) - Ol.(IO-12) - p.or.r.(16) (U.V. = y.) 
p.sm.&G) - br.r. (I O-I 2) * 
y.(5-G) -ol.y.(~o-12) - or.br.(16) (U.V. = y.) 
y.or.(?.o-12) - r.br.(rG) 
c.br. (I .I?) 
or. (5-t:! .-. c.r. (12) 
or.(5-(‘.,i;lk.re.lc. (10-12) 
r.or.(s5- i.)--or.br.(~o-12) -br,r.(I6) (U.V. = or.) 

.- ,.___ 

* Colour developed with 1.5-2 .o ,ug r ’ :!.roid 

Abbreviations : 

bf. = buff dark 
bg. = bright dull 
bh. = brownish rrreenish 
bl. = blue reen 

br. = brown ..-ey 

bu. = bluish .9C 

C. = carmine <ht 
Ce. = cream hre 

01. 
or. 

$. 
Pu. 
r . 
re. 
rh. 

Egy . 
%V8’ - dk.bl.gy. (I 5) 

p.L. (S-I 0) - v.gY.(15) 
gy.v.(5-6) - pu.v. 
dk.rh.lc. (5-G) - bh.v. 
dk.rh.lc. (5-G) - bh,v. 
;$[:-~j - ,“;;c* 

*- -*. 
or.y.(Io-12) - br.(15) . 
or.br. (15) 
or.(Io-12) - r.br.(I5) 
or.y. (5-6) - c.br. 
z;.;r(5-6) - c.br. 

y.ir.’ 
;rrr(5-6) - br.r.(12-15) 

. . 

tr.r. 
brr. 
y.br. 
r,br. 
pk(5-6) - br.lc. 
or.(5-G) - r.br. 
or.y. (5-G) - bg.v. * 
br.r. 
br.r. 
r.br. 
:kdr(5-6) - br.lc. 

* . 

FZ:r. 
br.r. 
sm.(5-G) - brlc. 
bhr. 

= olive 
= orange 
= pale 
= pink 
z ;zdple 

= rose 
= reddish 

sm. I salmon 
sY* = straw-yellow 
s.gr. = sea-green 
s.bl. = sea-blue 
V. = violet 
Y* = yellow 

J. Chromatog., 16 (1964) I 36-151 



CHARACTERIZATION OF d4-3-OxO-C,1-STEROIDS BY TLC I45 

(4) Antinzony trichzoride reactioti. This reaction was carried out as described in a 
previous paper”“. It is less sensitive for d*-3-keto-C ,,-steroids than for ds-3p-hydroxy- 
steroids or oestrogens, and for a large number of the steroids tested, 20 pg developed 
no colour whatsoever or only a non-specific grey or brownish one. 

There are, however, some esceptions: grey-lilac or pale violet spots (U.V. pale 
orange) are obtained with pregna-d.,-r7((zo)-dien-g-one, 2o&hydroxypregna-4,6-dien- 
3-one and epimeric zo-hydroxypregn-4-en-3-one ; and brownish red (U.V. red-orange) 
spots are noted with zo-dihydro-compound “S’ ’ and Reichstein’s compound “E”. 

(5) Sz~l~hzwic acid agzd aromatic aldelzydes. The sulphmic acid-aromatic aldehyde 
reaction was carried out as previously described 34. The results of the application of 
this reagent to thirty steroids utilising anisaldehyde, vanillin, benzaldehyde, sali- 
cylaldehyde and ;h-dimethylaminobenzaldehyde as the aromatic aldehyde are shown 
in Tables II and III. 

In this reaction, the colours developed are dependent upon temperature, time 
of heating and intensity of spraying. The described colours can be obtained only 
when the stated esperimental conditions are observed. The change of colours during 
and after heating make the use of standards for simultaneous reactions advisable. 
A freshly prepared I y. solution of the aromatic aldehyde gives the best results. If 
higher concentrations are used, a deep background coloration occurs, as described 
for paper chromatographyzO. 

Even though a direct relationship between the structure of the steroid and the 
colour obtained cannot be determined, many steroids with similar structural groups 
show similar colours. r6-Hydroxysteroids and many hydrosy-derivatives of pro- 
gesterone react with all the aldehydes tested, a yellow or yellow-brown colour being 
obtained. 

The Ir-ketosteroids tested, compound A, cortisone, Reichstein’s compounds “E” 
and e$i-“E” and rr-ketoprogesterone, appear as red or carmine spots with anisal- 
dehyde. 

The colours of aoa-hydroxy- and zo/3-hydroxy-prcgn-4-en-3-one and pregna- 
4,r7(ao)-dien-3-one are similar with the five aldehydes : blue-grey (vanillin) , violet 
(anisaldehyde) or carmine-brown (benzaldehyde, salicylaldehyde or @dimethyl- 
aminobenzaldehyde) . The colours developed with steroids containing a side-chain 
with the r7,2o,zI-trihydroxy-structure, such as Reichstein’s no-dihydro-substance “S” 
and Reichstein’s compounds “E” and e+“E” are also !ar in each of the, five 
reactions. 

The red colour developed with vanillin for 17a-hydroxy- and rr@,rya-dihydroxy- 
progesterone is typical, as is the pink colour, changing to brown-lilac, obtained for 
Ig-hydrosy- and qcc,rg-dihydroxy-deoxycorticosterone, with the same aldehyde. 
Just as typical is the green-grey colour which appears when deoxycorticosterone is 
treated with the anisaldehyde-sulphuric acid reagent. 

The three 6&hydroxysteroids tested, 6/?-hydroxyprogesterone, 6P-hydroxy- 
corticosterone and 6/3-hydroxycortisone, develop similar colours with each of the 
aldehydes employed. 

When ~dimethylaminobenzaldehyde is used as the aromatic aldehyde, the ma- 
jority of the progesterone and deoxycorticosterone hydroxy-derivatives develop a 
non-specific or a yellow-brown colour with a yellow or orange U.V. fluorescence. 
With fi-dimethylaminoben’zaldehyde I~CC-, IRK- and Ig-hydroxy-deosycorticosterones, 

J. Ci1Pomcltog., 1G (1gGq) x36-151 
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however, appear as yellow spots, and I64e-hydroxy-derivatives of Reichstein’s 
compound “S”, cortisone and cortisol as yellow-green spots. 

The sulphuric acid-aromatic acid reaction can be used to characterize pro- 
gesterone and 6-dehydroprogesterone, when anisaldehyde or benzaldehyde is em- 
ployed. In contradistinction to progesterone and x6-dehydroprogesterone, which 
give a feeble reaction with benzaldehyde, 6-dehydroprogesterone appears as a green- 
ish yellow spot, sea-green under U.V. light. When anisaldehyde is used, the red- 
orange spot with orange fluorescence from 6-dehydroprogesterone can also be differ- 
entiated from the yellow or yellow-orange spot of progesterone and x6-dehydro- 
progesterone. 

With the anisaldehyde-sulphuric acid reaction it was found best to observe the 
spots in daylight; on the other hand, very good fluorescent spots occurred when sali- 
cylaldehyde was employed as the aromatic aldehyde. 

(6) My1Cu.s reactiotz 41. The reaction with iodine-potassium iodide (Lug01 solution) 
was carried out according to BURTON et aZ. “: the plates were sprayed with a 0.3 o/o 
iodine solution in a 0.5 o/o aqueous solution of potassium iodide. After the original 
colour was observed the plates were resprayed with ethera*, which modifies the reac- 
tion of many steroids. 

TABLE IV 

RESULTS OF THE Al’PLICATION OF THE hlYLIUS REACTION (IODINE-POTASSIUM IODIDE) TO THIRTY-SEVEN 

d4-3-HETO-C,,-STBROIDs BEFORE (I) AND AFTER (II) ETHER TREATMENT _ 

Amount of steroid : S-IO pg 

Steroid I II Steroid I II 

‘P4 3 one 
p4J7(~0) 3 one 

20/? 01 PI 3 one 
aoa 01 PI 3 one 
20@ 01 P410 3 one 
17a, a~/?, - -1 01 P4 3 one 
IIjl;6;3:70~,20/? a1 01 P4 3 one 
1 Ia,x7a,zo@ 21 01 P4 3 one 
17a, 2016, _ -1 01 PI 3,x1 one 
17a,200c121 01 T” 3,11 one 
P1 3,20 one 
Pi80 3,20 one 
P4Jo 3,20 one 
6p 01 P4 3,20 one 
11/l 01 P4 3,ao one 
Ira 0l.P” 3,2,0 one 
1 Ga 01 P4 3,0-o one 
17a 01 I?” 3,20 one 
21 01 P4 3,20 one 

Y* 
Y- 

kOC. 
or. 
Y* 
- 
- 

Y* 
‘. 

:. 
Y* 
y.or. 
y. : 

2. 
Ig.v.bl. 
0r.br.a 
Y* 

Y* 
Y* 

LOC. 
or. 
Y* 
Y* 
Y* 
3. 
ail 

Y* 
r.br. 
Y* 
Y. 
bl. 
br.oc. 
or. br. a 
br.oc. C 

r 1/3,r 7a 01 1’” 3,20 one 
11/3,21 01 I?” 3,20 one 
IIa,2r 01 P4 3,ao one 
x6a,zI 01 Pi 3,20 one 
ITa, 01 P4 3,20 one 
19,21 01 P4 3,20 one 
11p,21 01 18 al l?” 3,20 one 
$9,11j9,21 01 P4 3,20 one 
11/3,17a,21 01 P4 3,20 one 
11a,17a,or 01 P* 3,ao one 
IGa,I7a,aI 01 P* 3,20 one 
I7a,Ig,2I 01 PI 3,ao one 
II~,IGa,I7a,21 01 I?” 3,20 one 
Pi 3,11,20 one 
21 01 Pi 3.11,20 one 
xc/a,21 01 Pi 3,11,20 one 
68,17a,aI 01 P4 3,11,20 one 

16a,x7a,zI 01 PI 3,11,20 one 

- 

Y* 
b1.d 
lg.v.gY. 
Y* 
- 

Y* 

yy., 
Y* 
- 
- 
- 

Y* 
Y* 
bl. 
- 
-1 

- 

il’i. 
bl. 
or.br. 
p.y.br. 
Y. 

2. 
s* - 
3’. - 
r.br. 

G. 
- 
- 

a With 13 pg steroid : -blue. 
b Increased sensitivity. 

. 

c With 30 pug steroid: red-orange; 71’ _~g: blue. 
d After 3 min the blue colour disapp rs. 
a After longer spraying: yellow char” 3 to blue. 
f With.20 1~6 steroid: feeble blue; 30 i !;: blue. 

Abbreviations : 
bl. = blue br.oc. = brown ochre lg.v.bl. = 
or. = orange or.br. = orange brown p.y.br. = 
r.br. = red brown I?. = yc11o\v y.or. = 

J. Clcvonraiog., 16 

light violet blue 
pale Yellow brown 
yellow orange. 

(1964) 13G-151 
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The results of the application of this reaction to thirty-seven steroids are listed 
in Table IV. Some colours are not stable and the sensitivity varies from one steroid 
to another. The blue colour of e$i-corticosterone disappears in 5 min and the yellow 
colour obtained with cortisol may change into blue after prolonged spraying with 
Lugol’s solution without ether treatment. 

According to SZENT-GYGRGYI al the blue colour obtained with some steroids is due 
to a charge transfer, in which the complex (Is-), formed by the interaction of I, and 
ICI, is an electron donor, and the steroids act as acceptors. 

In this work a reaction is stated to be positive whenever a colour develops owing 
to the presence of a steroid. This is the same interpretation as used previously by 
KRITCWEVSKY AND CALVIN~~ and HORENSEE AND HtiTTENRAUCHa6, who did not re- 
strict the positive reaction to the classical blue colour obtained by MYLIUS~~ with 
cholic acid. 

The sensitivity of this method is in our hands not in complete agreement with 
results previously reported using paper chromatography. For instance r7c+hydrosy- 
progesterone was detectable on plates at the level of 15 pg, while ZAFFARONI AND 
BURTON~* and FUJISAICI et al.10 could detect a much smaller quantity on paper. On 
the other hand 8 pg of r6ce-hydroxyprogesterone could easily be spotted, although 
MC~LEER AND I<OZLOWSICI~~ could not detect less than r5 pg of. this substance on 
chromatograms. In general the use of ether does not increase the sensitivity of the 
colour reactions on plates, even for those steroids for which ether had been shown to be 
an important enhancing factor on paper. On a thin-layer, for example, 75 pug of 
cortesone are necessary to obtain a blue colour, following spraying with ether. 

The detection of cortisone on chromatoplates at the level of 15 PEcg confirms 
previous reports by ZAFFARONI eE aZ.06 and BASSIL AND BOSCOTT~. However, the use of 
iodine vapours20 is not recommended for plate chromatograms, in agreement with 
the results previously reported by MATHEWS et aZ.30. 

. 
DISCUSSION 

For the development of spots on paper chromatograms of d4-3-keto-C,,-steroids a 
large number of reactions has been available for a long time (see e.g. refs. 52,56 and+z). 

Some of the reactions presented here were especially developed for thin-layer 
chromatography, in order to increase the sensitivity or to make their application on 
chromatoplates possible. 

Many of these reactions have ,been previously applied for a small number of 
r14-3-lcetopregnane-steroids only, The extension of these reactions to a large number 
of steroids under similar conditions permits an adequate study of their specificity as 
well as their easy application for identification of steroids. 

Impurities sometimes make the application of a colour reaction on chromato- 
plates for the identification of steroids derived from biological extracts difficult. 

A suitable method for purification of the steroids before their identification by 
means of the colour reactions here proposed consists of elution of the area which 
includes the substance, followed by the microsublimation of the steroid according to 
the technique of BREUER AND KASSAU~. After sublimation and prior to identification, 
the steroid must be rechromatographed to prove that it has not changed during the 
operation. 
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The 22~ values in the eight solvent systems developed for d+keto-C,,-steroids, 
application df the functional and individual colour reactions here described 
the. formation of derivatives, such as hydrazones, acetates, x7-keto-Clo-steroids 
etiocholanic acids, also separable by thin-layer chromatography (unpublished 

results), constitute a good approach to steroid identification. 
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1 

SUMMARY ” 

The application of thirty-four reactions for the characterization of thirty-seven 
d+-keto-C&-steroids ilz sZ’EZG, on thin-layer chromatogr’ams, is described. 

The methods involve the detection of (a) =$-&saturated ketosteroids; (b) 
reducing corticosteroids; (c) kctonic steroids; (d) r7ti,zr-dihydroxy-so-ketosteroids; 
(e) x7-deoxy-cc-ketolic steroids ; (f) for_maldehydogenic steroids; (g) sr-deoxy-zo- 
ketosteroids; (11) x7-hydroxy-I:o-keto-21:-deoxysteroids and (i) individual steroids 
(no specific general reactions for steroids). 

The sensitivity, specificity, optimal conditions and as far as possible, the reaction 
mechanisms are discussed. In some cases a comparison is made between the results of 
paper and thin-layer chromatography. 

REFERENCES 

1 Y. ABE, J. Biochem. (Tokyo), 25 (1937) x81. 
a D. ABELSON AND I?. I<. B~~~~,Aflal.Chem., 28 (x956) 1~22. 
3 G. T. UASSI~. AND R. J. ‘BOSCOTT, Biochem. J., 48 (1~51) xlviii. 

.4 I-i. S. .I~ENNIZT, Proc. Sot. Exptl.BioZ. Med., 42 (1939) 768. 
5 S. BERNSTIXN AND R. W. SILBER, in discussion to S. BERNSTEIN, Rece+zE P~ogr. Hormone Res., 
14 (1958) T. 

a M. I<. BIRMINGNAM,N~~W~, 184 (1959) B.A. 67. 
' A.-BODANSKY AND J. KOLLONITSCN, Natwe, 175 (1955) 729. 
8 M. BRIWXR AND E. I$ASSAU, Acfa Erzdocrinol., Szrp$l., 51 (1960) 1113. 
8 R.B.BuRToN, A;ZAPFANONT AND'E.H.I<EUTMANN, J.BioZ.Chem., 188 (1951) 763, 
10 I. E. BUSH, The Chromatography ofSteroids, Pergamon Press, Oxford, Ig6r. 
I1 V. CERNY, 3rd. Con.. Inst. Ghem., 

LiSfy; 47 (x953) 7i8. 
Prague, Dec. 21si, 1951, quoted by 2. PROCNAZICA, Chewz. 

12 0. CERRI AND A. SPIALTINI,BO~~.C~~~WZ. Farm.;96 (1957) 193. 

J. Chroma fog., 16(x964) 136-151 



CI-IARACTERIZATION 01: d4+OXO-C,,-STEROIDS BY TLC Is= 

12 E=. CHABROL,R.CHARONNAT,J.COTTETAND P.B~0~~z:,Compt.Rend.Soc.Biol.,115 (1934) 534. 
14 R. CNARONNA~' AND B. GAUTHIER, Compt. Rend., 223 (1946) Ioog. 
16 R. I. Cox, Natwe, 181 (1958) 638. 
1* H. DANNENBERG, Abhandl. Preuss. Akad. Wiss., Math.-NatuYw. Kl., 21 (1939) 3. 
1' L. DORFMAN, CJbem. Rev., 53 (1953) 47. 
18 F. FEIGL, Spot Tests in Organic Analysis, 5th Ed., Elsevier, Amsterdam, 1g36. 
19. M. FUJISAICI, Y. ARAI, T. RON AND M. ITOEI, Folia Endocrinol. Japan., 2g (1953). 14s. 
QO S. GOLDBERG AND M. FINKELSTEIN, Bz~Z2.Res. Council Israel, A5 (1956) 310. 
21 A. G. GORNALL AND M. P.MACDONALD, J.Biol.CJ~em., 20x (1953) 279. 
22 E. P. I-I-Ib;USSLER, %. P?lysio~. Chem., 290 (1952) 155. 
23 E. I?. HXUSSLER, Z. Plzysiol. Chem., 291 (1952) 168. 
24 R. D. H. HEARD AND H. SOBEL, J. BioZ. Chem., 1G5 (1946) 657. 
26 F. HOIIENSEE AND R. H~TTENRAUCEI, Z. Physiol. Cl&em., 310 (x958) 19. 
20 S. KATZ, AYCJL Biochem. Biophys., 91 (1960) 54. 
17 S. KAWAGUC~II, J. Bz’ocJbem. (Tokyo), 28 (1938) 445. 
28 D. KRITCHEVSICY AND M. CALVIN, J. Am. Cl&em. Sot., 72 (1950) 4330. 
ZIJ D. KRITCIIEVSICY AND M. R. KIRK, ArcJt. Bioclzem. Biop1&ys., 35 (1952) 346 
33 M. L. LEWBART ANDV. R. MATTOS,~~~~Z.C&~., 33 (1961) 559. 
31 IS. P. LISBOA, Acta E&ocrinol., 43 (1963) 47. 
33 B. l?. LISBOA, J. Chromatog., 13 (x964) 391. 
33 B. P. LISBOA AND E. DICZFALUSY, Acta Endoc&noi’., 40 (1962) 60. 
34 B. I?. LISBOA AND E. DICZFALUSY, Acta Endocrinol., 43 (1963) 545. 
36 J. M. MANARO AND -4. 2~~~~~~0~1c~,Endoc~inoZogy, 48 (1951) 114. 
30 J. S.MATTHEWS,V. A. L. PIZRIXDA AND I?. A. AGUILERA, J. Chyomatog., g (1962) 331. 
37 V. 1~. RIATToX, IX L. MAS‘ON AND A. ALBERT, PYOC. Mayo Clinic, 28 (1953) 569. 
38 W. J, MCALEER AND M. A. KO~LOWSICI, ArcJz. BiocJrem. B‘iopJqs., 62 (1956) 196. 
30 W. J. MCALEER AND M. A. KO~LOWSICI, AY&. BiocJhem. Biophys., 66 (1957) 125. 
40 C. MONDER AND A. WNITE, Endocrinology, 68 (1961) 159. 
41 F. MYLIUS, Z. PJ&ysiol. Chem., I I (1887) 306. 
42 I”\. NEHER, J. Chromatog., I (1958) 205. 
43 R. NIZ:HER AND .4. WETTSTEIN, He&. CJrim. Acta, 34 (rg5I) 2275. 
44 N. NELSON,J. Biol. Chem., 153 (1944) 375. 
45W. J. NO~AC~INSKI AND I?. R. STEYERMARK, Ca?%. J. Biocltem. PJLysioZ., 34 (1956) 592. 
40 I. OSTROMISSLIZNSICY, J. Xuss. Ploys. Cl&em. SOL, 12 (Igog) 731. 
47 S, C. PAN, J. Chro,matog., 8 (1962) 449. 
48 S, C. PAN, J. Clz~~ornatog., g (1962) 81. 
4D V. PELCOVA, unpublished results, quoted by, 0. SIBLfKOVA, M. CERNA AND I. M. WAIS, Cesk. 

FnmL. ) II (1962) 1S7. 
60 C. C. PORTER AND 1~. I-I. SILBER, J. Biol. Chem., 1s5 (1950) 201. 
61 E. L. PRATT AND I-I. B. CORBITT, Anal. Chem., 24 (1952) 1665. 
62 L. RI. RIXNIZICIZ, Anal. CJLem., 28 (1956) 1553. 
63 D. P. SCHWARTZ, Anal. Chem., 30 (1958) 1855. 
64 V. SCII~ARZ, Nuture, 169 (1952) 506. 
66 G. RI. SWULL. J. L. SARDINAS AND R. C. NUBIZL, AYCJL Biocltem. BiopJ&ys., 37 (1952) 186. 
60 0. SrBLfIiovA ANIJ I. M. HAIS, Cesk. Farm., 7 (1958) 1. 
67 R. I-1. SILBER AND C, C. PORTER, J. Biol.CJ~em., 210 (1954) 923. 
6.3 R. 1-I. SILBIZR AND C. C. PORTER, MeCJLods Biochem. AnaG., 4 (1957) 139. 
60 N. R. STEPHENSON, Cax. J. Biocirem. Pltysiol., 37 (1959) 391. 
00 R. STUPNICKI AND E. STUPNICKA, J. CJrronzatog.,,.g (Ig62}.235. 
01 -4.. SZBNT-GY~RGYI, Life Sciences, (I 963) I I 2. 
02 A. WALSER AND H. P. SCIILUNICE, Experi;entia, 15 (1959) 71. 
03 A. WIXRNBR, Ber., 42 (rgog) 4324. 
04 A. ZAP~ARONI AND R. B. BUXTON; J. Biol. Chem., 193 (1951) 749. 
136 A. ZAPPARONI, R. 13, BURTON AND E. I-I. KEUTMANN, Science, III (1950) 6. 
a0 W. z. ZIMhlERMANN, z. PJ~ysiol. CJrem., 233 (1935) 257. 

J. Chromatog., 16 (1964) 136-151 


