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Chromatography in a thin layer of adsorbent is widely used for the analysis of steroid compounds both in the 
laboratory and in c l in ica l  prac t ice  [1 -3 ] .  The method of chromatography on microplates  with a bound layer  of  ad-  
sorbent developed by Peifer in 1962 has speeded up analysis st i l l  more and has made it s impler  and more economical  
[4]. This method has made it possible to operate  with small  amounts of substance ( 0 . 1 - 1  7) which is par t icular ly  i m -  
portant in the analysis of b iological  mater ia ls  and the study of enzymat ic  processes. 

We have used Russian si l ica gel of types KSK and KSM to prepare microplates  by Pellet 's  method and have used 
it for the chromatographic analysis of sterols, bi le  acids, and other steroid compounds. 

A solution of iodine in potassium iodide,  Lugors reagent [5 -7 ] ,  was used to detect  the steroids. When 0 . 1 5 - 1  7 
of  the substance was deposited on a p la te ,  wel l -def ined  spots were obtained (see table) .  

The umal  solvent systems were used for chromatography.  The layer of  s i l ica  gel  ( 1 . 8 - 2  m g / e m  z) on the plates  
was ex t remely  strong and withstood spraying with various reagents.  A t ime  of 10-15 rain was required for the solvent to 
t ravel  from the start to the front (60-65  ram) on these plates .  This method can be used to detect  and separate-a number 
of  substancm. However, no connection between the structure of the steroids and their colorat ion on t rea tment  with 
Lugol's reagent  is found. Thus, of the 11 steroids investigated at a concentrat ion of 0 .4  7, only choles t -4-enone ,  
choles t -g-enone ,  and choles t -anone gave a yellow colorat ion.  The other steroids were uncolored even at a concent ra-  
t ion of 0.8 y. 

A major i ty  of  the acids invest igated formed whitish spots and only chol ic  acid and its methyl  ester gave blue 
spots. The esters of the other acids were colored yel low.  The method described permits  several  substances of s imi lar  
mobi l i t ies  to be separated.  Thus, 1 le t -  and 16a-hydroxyprogesterones are colored blue and 15c~-hydroxyprogesterone 
yel low. 

As in paper chromatography,  t rea tment  of the spots with ether enhances the sensit ivity of  the react ion.  Good 
results are also obtained by spraying the spots with a solution of vani l l in  in sulfuric acid  [8] and with a solution of  
2, 4-dini t rophenylhydrazine .  The method of determining the A ~- and 41 '  4-3-keto groupings by t rea tment  with a solu- 
t ion of isonicotinic acid hydrazide (INAH) proposed by Smith and Foe11 [9] can also be used with s i l ica  gel micropla tes .  
For example ,  on being sprayed with a weak solution of INAH androstenedione gives a yel low coloration after 5 -10  rain, 
and andros ta -1 ,4 -d iened ione  in a concentrat ion of  0.8 g shows up 1 - 1 .  fi hr after spraying with a concentrated solution 
of  INAH and in a concentrat ion of 0 . 1 5 - 0 . 3  7 only after 10-15 hr. 

w e  have used the method of chromatographing steroids on microplates  that has been described above for moni tor-  
ing the coupe  of microb io log ica l  conversions of steroid compounds and chemica l  react ions.  

Experimental  

Preparat ion of the  s i l ica  gel .  Granulated s i l ica  gel of  type KSK or KSM previously ground in a coffee mi l l  was 
'-placed in a glass column, washed with concentrated hydrochloric acid  until  the  react ion for iron was negat ive ,  then 
.With tap water to neutral i ty ,  with dist i l led water unti l  the react ion for chlorine ion was negat ive  and, f inal ly,  with 
r~ethanol.  The s i l ica  gel was dried in air and ground for 1 - 1 . 5  hr in a bal l  mi l l ,  the fraction with grain d imemiom 
less than 30 g being taken and dried for 48 hr at 120" C. 

Preparation of the plates .  A mixture of 30 g of s i l ica  gel,  1.5 g of dry sieved (through a 250-mesh sieve) m e d i -  
c inal  gypsum, and 160 ml of chloroform was stirred vigorously with a magnet ic  stirrer for 30-40  rain until  a uniform 
suspension had been formed. A dry p la te  (microscope slide 2.6 x 7 .6  cm) that had been washed with chromic acid  
mixture  was immersed in the suspension and immed ia t e ly  withdrawn, the  excess of  suspension being allowed to drain 
off, and after the evaporat ion of  the chloroform the s i l ica  gel was removed from one of the sides of  the p la te .  The 
plates can be used without addi t ional  ac t iva t ion .  On storage in a dry p lace  protected from dust, they do not require 
ac t iva t ion  for several  months. 

Chromatography.  A Petri dish with a ground cover was used as the chamber .  Solutions of the steroids in ch loro-  
form (0 .5  mg /ml )  were deposited by means of a ca l ibra ted  micropipe t .  
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R s Values of some Steroid Compounds on Microplates with a Fixed Layer of KSK Sil ica Gel 
(Visual izat ion with Lugol's Reagent) 

No. 

4 
5 
6 
7 
8 
9 

10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 

21 

22 
23 
24 

25 
26 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

47 
48 

Cholesterol 
B-Sitosterol 
Stigmasterol  
Ergosterol 
Lanosterol 
Cholesterol  ace ta te  
B-Sitosterol ace ta te  
B-Sitosterol benzoate  
C h o l e s t - 5 - e n - 3 - o n e  
Cho le s t -4 - en -3 -one  
Cholestanone 
Acids 

Cholic  acid  

Compound 
Solvent system 

and R s 

R s referred to cholesterol 

1.0 

1.0 
1.08 
0.92 
1.52 

1 2.48 
2.48 
2 .64 
2.12 
1.48 
2.16 

0.13 

I~ + KI" 

Minimum cone . ,  7 

0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0 .4  
0.4 
0 .4  

0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 

Deoxycholic  acid 0. 
Ursodeoxychoiic acid  0, 
Hyodeoxycholic  acid 
Chenodeoxychol ic  acid  
Lithocholic acid  
Dehydrocholic acid  
3B- Hydroxychol -5-enoic  acid  
38- Hydroxyet i -5-  enoic acid  

Methyl e the r -ac id  (salt) 

Methyl  chola te  I 
Methyl deoxychola te  
Methyl hyodeoxychola te  
Methyl l i thochola te  ~ 3 
Methyl dehydrocholate  
Methyl 2•-hydroxyeti-5 - enoate 

Acids 
SS-Aceto xychol-5 - enoic acid  
SB-Acetoxy-bis -norchol -5  - enoic ac id  
3B-Acetoxy-5 a -b i s -no rcho lan ic  ac id  

38-Acetoxy-5  a -  e t ianic  ac id  
Methyl c h o l e s t - 5 - e n - 2 7 - o a t e  
(24 -26 ) -Lac tone  of 3~-ace toxycho l -5 -eno ic  acid 
Dehydroepiandrosterone 
Andros t -4 -ene-8 ,  17-dione 
Androst- 1 , 4 -  d iene - 3, 17 - dione 
19-Norandros t -4-ene-S ,  l q - d i o n e  
19 -Norandrost-  4, 9 (10) -di  ene -  3, 17 - dione 
Androsta-  4, 6 - diene - 3, 17 -dio  ne 4 
T estosterone 
19-Nortestosterone 
17t3- Hydroxy-19-norandrosta-4 ,  9 (10) -d ien-  8-one 
17B-Hydroxyandrost-5 (10 ) -en -  3-one 
17 B-Hydroxyandrosta-4,  6 - d i e n - 3 - o n e  
Dihydroxytestosterone 
2-Methyldihydrotes tosterone 
6fl-Hydroxytestosterone 
Testosterone propionate  
Dehydroepiandrosterone ace ta t e  

36 
38 

0.20 
2 O. 36 

0.84 
0.60 
0.82 
0.80 

0.09 
0.46 
0.22 
0.91 
0.72 
0.90 

1.08 
1.16 
1.12 
1.16 
1.50 
0.72 
0.55 
0.43 
0, 25 
0,40 
O. SO 
0.51 
0.30 
9.23 

0.18 
0.48 

O. 28 
0.50 
0.75 
0.11 
1.01 
I. 09 

0.15 
0.15 
0.15 
O. 15 
0.15 
0.15 

0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0 .4  
0 .4  
0 .4  
0.15 
0.15 
0.15 
0.15 
0.15 

0.15 
0.15 

0.15 

0.15 
0.8 
0.8 
0 .4  
0 .4  

Color 

W. 

Y. 

B. 

B. 

,Y. 

W. 

m 

Y. 
B. 

B. 

¥ .  
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Continued 

No. 

49 
50 
5] 
52 
52 
54 
55 
56 
57 
58 
59 
60 
61 
62 
6,q 

64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
q4 
75 
76 
'77 
18 
"/9 
80 
81 
82 
8,t 

Es~one 

Compound 

Estradiol 
Estrone methyl ether 
Reichstein's substance S 
Acetate of Reichstein's substance S 
Corticosterone 
Cortisone 
Hydrocortisone 
Epihydrocortisone 
Prednisone 
Prednisolone 
~ ,  l la-Dihydroxypregn-4-ene-.q,  20-dione 
~18, 14a-Dihydroxypregn-4-ene-,q, 20-dione 
] 1 a ,  17 a ,  20B-Trihydroxypregn-4-ene-3, 20-dione 
17 a,  208, 21-Trihydroxypregn-4-en-3-one 

I Solvent 
and R s ~ m u m  cone , ,  ~ ! Color . 

R s referred to cholesterol 

1.09 
0.70 
1.25 
0.73 
1.00 
0.58 
0.58 
0.42 
0.25 

5 0.42 
O. 44 
O. 39 
0.42 
O. 14 
0.21 

R s referred to l l a -hyd roxy  progesterone 

Progesterone 2.2 
1 l a -  Hydroxyprogesterone 1.00 
15 a -  tlydroxyprogesterone 1.00 
16 a -  Hydroxyprogesterone 1.00 
17 a -  Hydroxyprogesterone 2.00 
208- Hydroxypregn-4-en- 3-one I. 96 
3S-Hydroxypregn-5-en-20-one 1.80 
Deoxycorticosterone 1.73 
1 tS-Hydroxyprogesterone 1.58 
6 -Oxoprogesterone 2.00 
11 -Oxoprogesterone 6 2. O0 
3~3- Hydroxy- 16 a.  17 a-epoxypregn-5 - en-20-one 1.64 
t i a -  Hydro xy- 16 a ,  17 a - epo xypregnene - 3, 20- dione 1.34 
1 la-Hydroxyprogesterone acetate 2.00 
17 a-Hydroxyprogesterone acetate 2.40 
313- Hydroxypregn-5- en-20-one acetate 2.60 
Deoxycorticosterone acetate 2,20 
SB-Hydroxypregna-5, 16-dien-20-one 2.25 
Hydroxy-16 a -  17 a-epoxypregnenone acetate 2.60 
16 a,  lq a -  Epoxy-20-ethylenedioxy- 3/3-hydroxypregn- 

5-ene 2.11 

0.15 W. 
0.8 
0.15 
0,15 

Y. 
0.15 
0.15 
0.15 B. 
0.15 
0.8 

0.15 
Y. 

0.15 
0.15 
0.15 
0.15 W. 
0.15 Y. 

0.4 Y. 
0.15 B. 
0.15 Y. 
0.15 B. 
0.15 DG 
0.15 } 
0.4 
0.15 ,Y. 
0.8 
0.8 
0.8 
0.8  
0 .8  
0 .8  Y. 
0.4 Y. 
0.4 
0.15 } 
0.15 
0.15 Y. 

O. 15 

Note: Solvent systems: 1) hexane-ethyl  acetate (4:1); 2) the same (1:8); 3) the same (1:2)t 4) the same (2:1); 
5) Benzene-ace tone(2 :1) ;  6) the same (1:3) .  Colors: Y-ye l low,  B-blue ,  DG-dark  gray, W -  whitish or uncolored 
(detected by spraying with H~SO4 followed by heating). 

Samples 46 and 60 were kindly supplied by Dr. O. Hanc (Prague), 61 by Dr. A. Schubert (lena), 66 by Dr. B. 
Camerino (Milan), 19, 20, and 27-32 by Dr. A Hora(Prague), 44 and 45 by L. N. Volovel'skii (Institute of  Endo- 
crinology, Khar'kov), and 36-38.  42, and 43 by K. K. Pivnitskii (Institute of the Chemistry of  Natural Compounds, 
Moscow). 

Summary 

1. A method for chromatographing steroids on microplates with silica gel of types KSK and KSM has been 
developed, 

2. The possibility of using a solution of iodine in potassium iodide to detect steroid compounds has been demon- 
strated and the sensitivity of  this reaction has been determined. 
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