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restricted to less polar compounds, and the same limitation may also apply to the 
other TLC techniques for separating AL5a pairs. Reversed-phase TLC, by its nature, 
is only applicable to non-polar compounds, and a mixture of tomatidine and. A”- 

tomatidenol could not be resolved on silver nitrate-impregnated plates, even by 
continuous developmenF. 
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Response of steroids to sulfuric acid in thin-layer chromatography 

Thin-layer chromatography is by now one of the most important analytical 
methr .s in the steroid field and a sizeable literature on this subject is now available’. 
Ofmthe many detecting reagents in the literature sulfuric acid occupies a special place, 
because it reacts with all steroids to give colored and/or fluorescent zones and, after 
charring, permanent black-on-white chromatograms suitable for photographic or 
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TABLE I 

SULFURIC ACID REACTION OB STEROIDS 

Abbreviations: BE = blue; l3K = black; EN = brown; BT = bright; DIG: = dark; DL = dull; 
ED = etncrsld; GN = green; GY = grey ; LC = lilac; LT = light; OE = orange; l?E = pale; 
PI< = pink; PU = purple; RD = red; VU = very; Y W = ye!!ow. 

Colov in dayliglbt Colov in U.V. 

Min. Inil,ial coFo?* Final colov 

Cl, stevozds 

d1*“*G(10)-Estratrien-3-ol 
rlq-Estrcnc-3,17-dione 
d4-Estren-1 7@-ol-3-one 
n”(lO)-Estren- I 7/hol-3-one 
Estronc 
Equilin 
Equilenin 
Estracliol-r7p 
Estradiol-171x 
d1*3*fi(10)-Estratrienc-3,1Ga-diol 
,41~3~~(10)~~-Estratetraene-3,~7~-diol 
dr~a~~(10)~o~s-Estrapentaene-3,17c+diol 
d1*3*‘(10)-Estratriene-3,~7@-diol-16-one 
Estriol 
16-Epicstriol 

C,, stevozds I 

gee-Androstan-1 ?-one 
fja-Androstan- 17#h01 
ga-hndrostan-3a-01 
~c+Anclrostan-3j9-ol 
S/3-Androstan-17/3-ol-s-one 
Androstorone 
ga-Androstan-3,9-ol- I G-one 
fll-5a-hndrostcn-17/?-ol-3-one 
Al*“-Androstadien-17/Sol-3-one 
Testosterone 
Dehydroepiandrostcrone 
ga-Androstane-3,1&dione 
ga-Anclrostanc-3, I 7-dione 
g/%Androstanc-3, I 7-dione 
n l-Androstcnc-3, I 7-dione 
,SAndrostene-3,17-dione 
d4-Androstene-3,16-dione 
Al*“-Anclrostadiene-3,17-dione 
ga-Androstane-g,!?, 16/3-diol 
As’-Androstene-3/3,16&diol 
ga-Androstanc-3a, I e//3-diol 
ga-Rndrostanc-3/3,17B-diol 
ne-Androstene-3/3,17/Sdiol 
da-Androstene-3P, 17&diol 
dG-Androstene-3/3,17c+diol 
Aa-Androsten-1 ~/Sol-3,17-dione 
&-Androstene-11a,17wdiol-3-one 
d G-Androstenc-3/3,17/?-diol- I G-one 

ga-Androstane-3, I I, 174rione 
,!I”-Androstene-3,11,1f-trione 

I .oo YW DL-Y W 
1.50 GN GY-BN 
1.75 GY-GN BN 
I .oo YW OE 
I*25 OE BT-OE 
0.50 YW RD-OE 
0.50 PE-Y W BN 
I .oo PE-OE OE 
0.50 PI< BT-PI< 
I .oo PE-PI< OE-PI< 
0.25 BT-GN-Y W OE 
I.50 PE-OE RD 
1.50 OE OE 
I.75 PE-PI< PIG 
I.50 PE-OE OE 

3.00 
1.00 

o-75 
1.50 
1.75 
2;50 
I*50 

1.00 

2.00 

I,00 

0.50 
3.00 
2,25 

Z.gO’ 

I .oo 

I.50 

1.25 

I.75 
1.50 
0.50 
I.50 

2.00 

0.50 

0.50 
0.50 
o-75 
I.50 

0.50 

2.75 
1.00 

PE-GY 
LT-BN 
BE-GY 
GY-GN 
BT-Y W 
PE-YW 
GY-YW 
GY-GN 
PE-OE 
BE-GN 
BT-PI< 
PE-GY 
PE-GN 
GN 

BGZ-GN 
PE-GN 
PI< 
GY 
LT-PI< 
GY-GN 
GY 
GY-PIG. 
PI< 
PIG 
BE-GN 
BE-GN 
PK 
GY 
PE-GY 

GY 
DL-GY 
FE-GY 

fz-YW 

z 
GY-GN 
OE 
ED-GN 
PU 

2: 
GN 
GY-GN 
ED-GN 
GY 

:; 
BE-PU 
PU 
GY-RD 

K?U 
BE-PU 
BE 

%-PI< 

%GY 

BE 
LC 
BE 
BT-BE 
GN-BE 
GN-BE 
DL-RD 
GN-BE 
BT-GN 

ZF-GN 
DL-RD 
GN 
DL-RD 
DL-LC 

VY-PE-BE 
PE-BE 
VY-PE-BE 
VY-PE-BE 
PE-BE 
BE 

ZF-BE 
DL-OE 
BE 
ET-BE 
BT-BE 
DL-BE 
DL-GN 
DL-GN 
PE-BE 

:Ew 
PE-BE 
BE 
DL-RD 
DL-GY 
DL-BE 
BT-BE 

ZZ-GN 
GN 
GN-BE 
VY-PE-BE 
VP-PE-BE 

--- 

(continued on $9. 492) 
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TABLE I (mzlinuad) 

Compound Color in daylight COZOY in U.V. 

Min. Initial colov Final color 

C,, slreroids 
5a-Pregnan-3/3-01 
5B_Prcgnan-3a-01 
5a-Pregnan-3/3-ol-zo-one 
5a-Prcgnan-2o&ol-3-one 
5j3-Pregnan-3/3-01-2o-one 
dG-Pregnen-3@-ol-zo-one 
dl0-5/3-Pregnen-3~-01-2o-one 
d‘J0-Prcgnadien-3/3-ol-zo-ano 
d4-Pregnen-zooc-ol-3-one 
d%t?regnen-20&01-3-one 
50c-Pregnane-3,2o-dione 
5@-Pregnane-3,2o-dione 
Progesterone 
d4J%l?regnadiene-3,2o-dione 
5/3-Pregnane-3a,zowdiol 
5,6-Pregnane-3/3,2oa-diol 
5a-Pregnane-3@,2o/3-diol 

63 
5 -Pregnane-3,9,2o@-dial 

4-Pregnene-3@,zo&diol 
db-Pregnene-3/3,2op-diol 
5@-Pregnan-xza-ol-3,2o-dione 
d4-Pregnen-6,3-ol-3,2o-dionc 
da-Pregnen-r xec-ol-3,2o-dione 
d4-Pregnen-~5a-ol-3,2o-dione 
,44-Pregnen-I7a-ol-3,2o-dione 
Desoxycbrticosterone 
5a-Pregnane-3/3, I6a-diol-zo-one 
5/%Pregnane-3/?, I6a-diol-zo-one 
g@Pregnane-38, I 7a-diol-zq-one 
5/3-Pregnane-3,X1,20-trione 
d4-Prcgnene-3, x X,20-frione 
Co&icosterone 
z I-Dehydrocorticosterone 
I I-Desoxycortisol 
Cortisone 
Cortisol 

1.00 

1.50 
1.25 
2.00 
2.50 
o*75 
1.50 
0.75 
1.25 
1.00 
I.75 
2.50 
1.50 
I.75 
I.25 
1.50 
I,00 
=*75 
0.50 
0.75 
0.75 
2.50 
1.50 
1.50 
1.50 
o*75 
I,50 
1.50 
2.25 
I.25 
2.00 
1.00 
2.00 
I .oo 
2.50 
0.75 
I .oo 
1.50 
2.00 

5/?-Pregnane-I7a,zI-diol-3,2o-dione 
g&Pregnane-3a, I7,2oa,2~-tetrol-1 I-one 
5/3-Pregnane-3a,~7.2o~,2~-tetrol-II-one 
d4-Pregnene-~1/3,~7a,zr.-triol-3,zo-dione 0.50 
d~t4-Pregnadiene-17a,21-diol-3,11,2o-trione 1.50 
5fl-Pregnane-3cc, 1 I@, 1,7,2061,2 I-pent01 I ,oo 

Cardenolides 
Uzarigenin I .50 
Strophanthidin 0.50 
Digoxigenin 1.00 
Digitoxigenin I .oo 
Gitoxigonin 1.00 

Bile acids 
Cholanic acid 2.00 
Lithocholic acid 2.00 
Desoxycholic acid 1.50 

GY-BN 
GY-PK 
GY-PK 
PE-VW 
PE-PK 
PK 
PE-PK 
OE 
YW-PK 
PE-VW 
GY-YW 
PE-YW-GY 
GY-PK 
YW 
GY-PK 
PK 
PK 
PK 
PE-PK 
GY-PK 
GN 
PE-YE 
YW 
YW 
GY 
GN 
PK 
YW 
LT-PK 
PE-YW 
GY 
GN 
PE-YW 
PK 
VW 
0 E-PK 
YW 
GY-OE 
PE-GN-VW 

;z 
GY 

YW GN 
YW OE 
YW OE 
GN GN 
PE-YW RD-BN 

LT-GY GY DL-GN 
PE-PK GY-PK BE 
GN-YW YW GN-BE 

%GY 
GY-PK 

ZPK 
PK-PU 
PK 
BN 

:tk 
YW-GY 
GY 
GY 
LT-BN 
GY-PK 
GY-PK 
RD-BN 
RD 

:;-PU 
GY 
YW 
BN-RD 
OE 

ZZ-BE 

:: 
OE 
YW 

Z-GN 

p”; 
OE 

:“N 
OE 

zz 
BN 
GY-GN 

YW-BE 
VY-PE-BE 

?-F-BE 
PE-BE 
BE 
YW 
YW-GN 
BT-BE-GN 
BT-BE 
BT-BE 
PE-BE 
BE 

FCy-PE-BE 
VY-PE-BE 
DL-BE 
PE-BE 
PE-BE 
BT-BE 
OE 
BT-BE 
BE 
BT-BE 
BE 
DL-BE 
DL-OE 
YW-GN 
BT-LC 
BT-BE 

;:-GN 
BE 
RD 
BT-BE 
BT-GN 

FZ-BE 
BT-BE 
BT-GN-BE 
DL-BE 
PE-BE 

GN 
GN 
BT-BE 
BE 
BT-BE 

\ 
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TABLE I (contilzzted) 

Compoacnd Color in day&lit Color in U.V. 

Min. Initial color Final ~020~ 

Bile acids (continued) 

Chcnodesoxycholic acid 
poAI-Iesoxycholic acid 
Cholic acid 

Sterols 
A3JXholestadicnc 
5cc-Cholcstan-3-one s 

f 5 4-Cholcsten-3-one -Cholcstan-3-one 
A&-Cholesten-3-one 
All”-Cholestadien-3-one 
A49fl-Cholestadien-~-one 
3,5-Cyclocholestan-G-one 
3,5-Cyclocholestan-G/3-01 
5a-Cholcstan-3B_ol 
5/3-Cholestan-3a-ol 
5P-Cholestan-3/3-ol 
5a,Ga-Epoxycholestan-3pol 
Cholesterol 
A’-5a-Cholesden-3B_ol 
7-Dehyclrocl~olestero1 
Desmosterol 
5sc-Cholestan-3B_ol-G-one 
Ab-Cholesten-3B_ol-7-one 
A4-Cholestene-3,6-dione 
AG-Cholestene-3/3,4/3-diol 
Ergosterol 
Ass-Stigma&en-3p-ol 
p-Sitosterol 
Stigmasterol 
Lanosterol 
Dihyclrolanosterol 

Sapogenins 

Smilagecin 
Sarsasapogenin 
Tigogenin 
Neotigogenin 
Yamogenin 
Diosgenin 
Hecogenin 
Gentrogenin 
Kryptogcnin 

AlJzalodds 
Holaphyllamine hyclrochloride 
Holamine 
Holaphylline 
Solasodine 
Tomatidine 
AG-Tomaticlen-3/3-ol 
Solanidine 

1.25 
1 .oo 
I .50 

0.25 

3.00 

2.25 2.25 

oe7.5 
2.00 

2.00 

1.00 

1.25 
2.00 
1.75 
1.75 
1.00 
1.00 
1.00 
0.00 
0.50 
2.25 
1.00 
0.50 
1.25 
0.00 
0.75 
1.25 
0.50 
0.50 
I.75 

I.25 
o-75 
I .oo 
1.25 
o-75 
1.50 
I .oo 
o-75 
0.50 

2.00 

I.75 
1.50 
0.75 
0.50 
0.50 
0.50 

PK PE-PK 
GY-PK GY 
PE-GN-YW YW 

PK DK-PK 
PE-YW 
LT-BN 
PE-YW 
PE-Y W 
GY-PK 
PK 
PE-YW 

LT-BN 
LT-BN 
GY 
PK 
BN 
PK-OE 
YW 
BN-RD 
BN 
PK-GY 
LT-BN 

PRUD 
GY 

z; 
YW-GN 
GY 
OE-RD 
EN 
BK 
BN 
PU 
GY 
BN 
PK-BN, 

PE-GY-PK 
GY-PK 
DL-YW 
GY-PK 
YW 
GY-GN 
PK 
PE-YW-GN 
GY 
PE-OE 
GN 
YW 
GY 
GY-PK 
PK 
YW 
GY-PI< 

YW 
YW 
PE-PK 
PK 
PK 
OE 
PE-YW 
PK 
DK-PM 

PE-Y W 
PE-PK 
PE-OE 
PK 
PK 
PK 
DK-PK 

OE 

;; 
OE 
GY 

zk 
RD 
DK-BN 

YW-GY 
LT-BR 
LT-BN 

z 
PU 
RD 

BE 
BE 
BE 

GN 
BE 
PE-BE 
BE 
BE 
DL-RD 
BE 
PE-BE 
OE 
BK 
VU-PE-BE 
BK 
GN-BE 
DL-BE 
YW-BE 
BE 
DK-BN 
BE 
DL-GN 
BE 
DL-GN 
GN 
DL-BE 
DL-RD 
DK-BN 
GN-BE 
PE-DL-RD 

GN-BE 
GN-BE 
BE 
PE-BE 
BE 
BT-BE 
BT-BE 
BE 
BT-BE 

VY-PE-BE 
DL-RD 

z: 
BT-BE 

ZF-BE 
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other forms of documentation and quantitation. Althougll all steroids respond to 
this reagent, it i.s nevertheless highly selective and even minor structural alterations 
in steroids may produce distinct changes in the color or fluorescence response. A 
further advantage of the sulfuric acid reaction is that it is very sensitive, and the 
detection of a spot containing as little as 0.01 pg of many steroids in thin-layer 
chromatograms usually offers no difficulty. 

The sulfuric acid test has been known and used in steroid analysis long before 
the advent of thin-layer chromatography, but the high sensitivity resulting from the 
concentration of steroids on the surface of fine granules of an inert, white adsorbent 
such as silica gel has added considerably to the value of the test. In the preparation of 
the reagent various authors have recommended various concentrations of sulfuric 
acid in water or alcohol and a variety of additives. Since the active ingredient in 
most cases is probably concentrated sulfuric acid, we prefer to spray the thin-layer 
plates with sulfuric acid-water (I : I, w/w) and then heat them on a hot plate in a dark 
hood. 

The purpose of the present communication is to summarize our observations on 
the response of 141 representatives of the various classes of steroids to the sulfuric 
acid rea.gent. The results are listed in Table I. The spot tests were carried out as 
I ollows. 

The steroids were dissolved in dichloromethane and 4 pg of each compound 
was spotted on a Silica Gel G layer, 250 p thick. The spot area was approximately 
20 sq. mm in each case. The plates were sprayed with 50 yO sulfuric acid and heated 
on a hot plate at a surface temperature of 7s”. The time required for the initial 
appearance of a color reaction, the initial color in daylight, the color after heating 
for IO, min, and the color in long-wave (366 mp) U.V. light were recorded. 

The sensitivity of the sulfuric acid reaction was determined for 34 representative 
samples. Various amounts of each were spotted on Silica Gel G plates, 250 p thick, 
and the plates were developed with dichloromethane or mixtures of dichloromethane 
and acetone so that the compounds travelled a distance of approximately 5 cm. 
The plates were then air-dried, sprayed with 50 yO sulfuric acid, heated on the hot 
plate at a surface temperature of 225”, and viewed in long-wave U.V. light. In all 
cases the lower limit of detection was between 0.01 and 0.05 fig. 
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