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Evaluation of several solvent systems in the thin-layer chromategraphic 
separation of cardiotonic aglycones and glycosides from cholesterol, phyto- 
sterols and their esters 

Twenty-seven solvent mixtures were investigated and appear to give a 
good separation of fourteen cardiotonic steroids from cholesterol. The results are 
equally applicable to the separation of cardiac steroids from phytosterols and their 
esters. The RI,- values of phytosterols are frequently close to the Rp value of choles- 
terolr+2. Moreover, with these solvent systems a better resolution is obtained for 
each cardenolide and aglycone. 

Thin-layer clzronzatografdy. Kieselgel F284 (Merck) 20 x 20 cm glass plates 
are heated at IIOO for 60 min. After spotting 2 ~1 of sample, as described previouslys, 
the plates are developed in closed cham.bcrs (22 x 22 x 12 cm) with the solvent 
mixtures indicated in Table I. The plates, after development, are dried in the atmo- 

TABLE I 

SOLVENTS FOR SEPARATION OF AGLYCONES AND CARDENOLIDES l3Y TLC 

SpiliWS Migva lion Ref. 

Symbol Conbponents PvopoYtiolt 
(r&cm path) 
tirnc (wi*r) 
at so0 

II 
III 
IV 

;I 
VII 
vrrr 
IX 
x 
Xl 
xIr 
xm 
XIV 

Gr 
XVII 
xvrn 
SIS . 

z-E* 
XXII 
SST.11 
XXIV 
XXV 

XXVI’ 
XXVII 

Chloroform-acetone 
Chloroform-methanol 
Ethyl acetate-pyriclinc-water 
Ethyl acctatc-chloroform-methanol 
C,hloroform-pyriclinc-water 
Dichloromcthanc-methanol-water 
Bcnzcnc-methanol-water 
Bcnzcne-isopropanol 
Chloroform-ethanol 
Chloroform-methanol-water 
Hoxanc-clicthyl ether-acetic acid (ac. ac.) 
Iicxanc-clicthyl ether-ac. ac. 
Hcsane-clicthyl other-ac. ac. 
Bcnzcne-ethanol 
Bcnzcnc-ethanol 
Ethyl methyl lcctonc-toluonc-water-acac.-methanol 
Ethyl acctatc-chloroform 
Methyl ethyl ketone-tolucnc 
Chloroform-ethanol-)z-butanol 
Toluenc-n-butanol-ethyl acctatc 
Methyl ethyl kctonc-ethyl acetate-ethanol-acetone 
n-Butanol-tolueno 
n-Butanol-ethanol 
n-Butanol-ethanol 
Chloroform-cyclohexane-methanol-cliethylamine 

g :10 
97:3 
5:1:4 
80: 10:10 

50:10:40 
11:4:5 
2:2:1 
b+ :I 
go:10 
go:10:0,25 
50:50: I 
30:70:1 
ro:go:1 
.#0:10 

7:3 
40:5:3:1:2,5 
g:1 
go:20 * 
2:1:1 
2:0.3:1 
40:40:1:1 

ii; 

5;: 10 :30:10 

90 
90 

120 
120 

130 
90 

120 
IIS 
105 
100 
105 
120 
90 
90 

I20 
120 
120 
90 

ISO 
90 

100 
180 
220 
220 
IGO 

Chloroform-acac.-mcthanol 85:2 :13 IS0 

Chloroform-cyclohcxane-clicthylaminc 5:4:r 120 

%I7 
3 

; 

z 
8 
9 

IO 
II 
12 
I2 
I2 
IO 
I3 
I4 
I4 
I4 
18 
18 
18 
18 
18 
18 
This 
paper 
=5 
IG 
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‘FABLE II 
Rp, &holn OF CARDIAC STEROIDS AND DETECTION 

Kiesclgel F,,, ( Merck) layer solvent, bcnzcno-ethanol (7 : 3). 

MO. Aglycones Cavdenolides -0ses 
subslitarlcd i?t C-3 

-R 
substita4tel 
in C-r0 

G Digosigcnin’J 
7 Digosigenin 
L3 Digoxigenin 

9 
IO 
II 

I2 

13 
I4 

Digitosigcninb 
Digitoxigenin 
Gitosigcninb 
Gitosigcnin 
Olcanclrigcnin 

G-Strophanthiclin 
I<-Strophanthiclinb 
I<-Strophanthiclin 

Ii-Strophanthiclin 
I<-Strophanthiclin 
I<-Strophanthiclin 

- 
Digitosinb 
- 
Gitosinb 
Olcanclrinb 

- 
Digosinb 
Lnnatosiclc Cb 

G-Strophantinb 
- 
I<-Strophanthin-c$ 
(cymarin) 
Convallatosin~ 
I<-Strophanthin-/P 
I<-Strophanthosicleb 
(strophanthin) 

- 
3-D-Digitososc 
- 
D-Digitosose 
L-Olcandrosc 

- 
u-Digitososc 
@-D-c;h.lCOSC 

D-Digitosose 
u-Acetylcligitosose 
I,-Rhamnosc 

D-Cymaroso 

L-Rhamnosc 
D-Cymaroso#l-~-Glucose 
D-Cymarosc 
/!?-D-Glwosc 
a-D-Gh~coso 

-CH, 
-CH, 
-CH, 
-CH, 
-CH, 

-CH, 
-CH, 
-CH, 

-CH ,OH 
-CI-IO 
-CHO 

-CHO 
-CHO 
-CHO 

a &ha1 = Rp value relntivc to cholesterol. 
1~ Compound tested. 

sphere, sprayed with a detection reagent - IOO g of fi-toluenesulphonic acid (PTSA) 
in I00 ml of water - and heated at 100~ for IO min (ref, 4). The spots are evaluated 
in visible light and in UV with a wavelength of 254 nm. 

Prc$aratiott of the samfiles. Four aglyconcs, digitoxigenin, gitoxigenin, digoxi- 
genin and I<-strophanthidin, and ten cardenolides, digitoxin, gitoxin, oleandrin, 
digoxin, lanatoside C, G-strophanthin, I<-strophanthin-a (cymarin), convallatoxin, 
I<-strophanthinj3, and I<-strophanthoside (strophanthin), were tested. The numerical 
arrangement of these cardiac steroids is indicated in Table II. 

The aglycones are dissolved in gg.S yO methanol, the glycosides in several meth- 
anol-water mixtures or in methanol-chloroform (so: so), and cholesterol is dissolved 
in chloroformG~~. 20 o/0 solutions of cardiac steroids are applied. 

Disczcssion 
The results discussed here are given in Tables III-V. The best separation of 

cardiac steroids from cholesterol, phytosterols and their esters can be obtained with 
system XV. System XXI separates substances 6, 2, and IO. Systems VIII, IX, X, 
and XIV provide a good separation of substances II, 7 and 2. Systems XII, XIII, 
XVII, XXI develop substances z and 5. With systems VII and XI all cardiac steroids 
remain at the origin and the Rp value of cholesterol is 0.24 and 0.37 respectively. 
Systems II, VI, VIII, IX, X, XII, XIII, XIV, XVII, XVIII, XX, and XXVII 
give good resolution of cardiac steroids and separate then from cholesterol and their 
esters. System XXV separates substance IL. With systems VIII, IX, X, XV, XVI, 
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I4 
I4 
14, IG 
14, IG 
14, IG 
sty1 
12, 14 
12, I$ 
12, 14 

0.66 

o.G2 
0.58 
0.52 
0.04 

0.68 0.75 
0.63 0.70 
@.2Q o-37 

5, 11, 14 o.oG 0.0s 
58 14 o.G9 0.77 
5, 14 0.54 O.G8 

5, 1-t 0.33 
51 14 0.23 
51 =4 0.05 

0.S3 
0.76 
0.71 
0.65 
O.SO 

0.49 
O.ZS 

0.07 

J*cllow-grcou 
wy 
green 
grcy-yellow 
grcy-pink 

yellow-brown 
pcy 
qcy-viol& 

yellow 
YCllOW 

grcy-brown 

yellow-green 
yellow-pcy 
grcy-pink 

yellow 
blue-pcy 
green 
firq 
grcy-green 

arcs 
grcy 
grcy 

yellow-pink 
yeHo\! 
grcy-blue 

YCllO\i 

brown 
grcy-brown 

green 
clmlc yellow 
blue 
white-blue 
blue-jirccn 

bright blue 
blue-grcy 
blue-brown 

yellow-pink 
pink 
pink-yellow 

pink-yellow 
oran&c-pink 
brown-pink 

bright-green 
dark yellow 
bright blue 
blue-grcy 
blue 

brighC blue 
blue-grcy 
blue-brown 

yellow-pink 
bright; pink 
pink-yellow 

and XXII an effective separation of substance 8 from 12 is achieved. Systems VIII, 
XIV, XV, XX, XXI, and XXVII clearly develop substances 5 and 7. Systems V, 
VIII, IX, X, XIV, XV, XVI, XVII, XXII, and XXIII achieve a good separation 
of substance II from KL 

PTSA, used for visualisation, permits a great sensitivity and prevent inter- 
ferences of other lipidic substances4. 

TABLE 111 

RF VALUES OB THE lZBFEIWCI3 COMPOUND CHOLESTEROL IN SOLVENT SYSTEMS r-xxvrI (Cf. 

TABLE I) 

SolVE?tt 
systent 

Rp valw Sotvelrt 
syslcrrr 

Rp value 

II 0.598 
0.7G 

III 0.875 
IV 0,so 
V 0.978 
VI 0.78 
VII 0.24 
VIII 0.75 
IX o.S45 

s 0,762 
SI o-37 
SIX 00Gxog 
SIT1 0.85 
XIV o.so 
XV 0.835 
SW 0.945 
XVII OlS55 
SVIIL 0.89 

SI‘S 
ss 
ssr 
ssrr 
SSITI 
SSIV 
SSV 
SXVI 
SSVII 

O-94.5 
0.736 
o.G7 
0.93 
0.93 
0.909 
o*g16 

0.93 . 
0.81 
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TABLE IV 

Rchol VALUE FOR CARDIAC STEROIDS z-14 (cf. TABLE IL) IN SOLVENT SYSTEMS I-XXVII (cj', TABLE I) 

RC~ol Solved system 

I II III rv v VI VII VIII IX x XI XII XIII 

0.00 

I3 

3 

0.10 

; 

8 

10 

13.6 

3 

II 

0.20 

I 6 

0.30 

0.40 

- . . 

13 
4 

2 

6 
IO 

3 

13 

8 

3 
10 

8 II 
6 

3 
12 I3 

8 

12 

I2 

II 

IT 

IO 

6 

4 

7 

7 

7 
3 

I 

0.50 
IO 

5 4 

5 

I 

5 

I 
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v xv XVI XVII XVIII XIX xx xxr XXId XXIU XXIV xxv XXVI XXVII 

12 

7 
13 

I4 =4 
9 

I3 
8 

14 
4 

7 
I2 4 

4 

9% 6 
y’* I4 

7 
2 13 

2 

II II 

9 8 
9 

II 

IO 

13 G 

_ 3 

13 

10 

IO 
2 

12 

6 

3 

9 

C.-S 

9 4 

7 

2 
10 

J3 
3 

14 6 

12 

II 

3 

a 
I3 

8 

8 

7 

II 

5 

(Conlhued on 2% 284) 
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TABLE IV (continued) 

RcI,,,~ Solvtml system 

I II III IV v VI VII VIII IX x XI XII XI 

0330 

0.70 

0,80 

0,go 

5 

ii 
II 

3 

2 

6 

3 
IO 

II 
IO 

4 

2 

G 
I 

II 

3 

I 

I2 

5 
5 

5 

I 

5 

2 

I 

5 

7 

1.10 
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IV xv XVI XVII XVIII XIX xx XXI XXII XXIII XXIV xxv XXVI XXVJI 

II 12 I) I 

..' I. ,, 

I2 

2 

a 

I.2 

I 

13 
4 

4 

% 
II 

7 
3 I 

5 

IO 

I 

5 
22 

8 
6 

IO 
4 

G 
2 

IO 

II 

2 

IO 

3 
II 5 

37 5 

I 

4 

7 7 
10 

II 

IO 

7 

3 

II 

JO 9 I 

; 12 I3 11 

g.3 6 8, 2 IO 

5 3, 4 5 
I 1, 2 

; 

II 

4 

2 

I 

IO 

3 

2 

5 

I 

I 

5 
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TABLE V 
AGLYCONES AND CARDENOLIDES I-14(cf. TABLE II) RELIA~NING~TTBE ORIGININSOLVBNTSYSTEMS 

(I-;~)s=vII Cf. *rhBLl% I) 

. 

Sir 
VIII 
IS 
s 

ssv 
SSVI 
SSVIL 

2, 4, 5, 7, 8, 9, 10, 11, 121 131 1-t 
4, s, 9, 12, 14 
9 
- 

9, 131 IS 
7, 8. 91 121 14 
I, 2, 3, 4, 5. 6, 7, 5, 9, 10, 11, 12, 13, I4 
91 14 
9. I4 
9, 14 
I, 2, 3, 4, 5, 6 7, 8, 9, 10, 11, 12, 13, 14 
2, 4, 6, 5, 10, Ix, 12, 13, 14 
2, 4, 7, 8, 9, 12, I3 
9, I4 
- 

4, 8, 9. 14 
9, IS 
- 
5, 9, 12, 13, 14 
8, 9, 12, 131 1.1 
IS 

- 
- 

I4 
8, 9, 12, 13, 14 
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