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Ascending one-dimensional thin-layer chromatography (TLC) on silica gel 
layers has been widely employed for the separation of heart glycosides and cardeno- 
lides using either a single development1*Z or multiple runs3t4. 

During our study on the metabolism of digitoxin in rats5, we used TLC for 
the separation and quantitation of the products formed by the cleavage of the three 
sugar moieties or by metabolism of the aglycone itself. Neither the data reported by 
Nover and co-workers1*z on normal ascending TLC nor the use of multiple develop- 
ments were adequate for solving our particular problem. Therefore, we have devel- 
oped a series of systems that have been used satisfactorily in normal and over-run 
TLC for the separation of cardenolides from their heart glycosides as well as for 
resolving cardenolides hydroxylated at different positions of the steroid skeleton, 
including 3-epimeric doublets. 

EXPERIMENTAL 

Reagents 
All the chemicals used were of reagent grade and were purchased from E. 

Merck (Darmstadt, G.F.R.), if not otherwise stated. The cardenolides and heart 
glycosides were obtained from E. Merck or Roehringer (Mannheim, G.F.R.) or were 
kindly provided by Dr. H. Ishii (Japan) and Prof. Ch. Tamm (Switzerland), as indi- 
cated in Table 1. 

For ascending TLC, coated 0.25mm thick silica gel G layers from E. Merck 
(20 x 20 cm) were used. In normal TLC, the solvent was allowed to ascend 16 cm 
from the starting line, which was 2.5 cm above the edge of the plate. 

Over-run TLC was carried out in closed tanks after complete saturation. This 
procedure was employed in order to obtain continuous development over a period 
of several hours. The layer for over-run TLC was prepared in two different ways: 
(a) at the top of the plate, a 4-cm wide zone was additionally covered with a shrrry 
--__.- -_ 

l Taken in part from a dissertation by Gunter Ziillich in partial fulfilment of the requirements 
for the M.D. degree, Medical School, University of Hamburg. 
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prepared by shaking 12 g of silica gel G-calcium sulphate (70:30) with 20 ml of 
methanol-water (I :I); the plate was dried at room-temperature overnight; (b) a 
20 x 3.5-cm metal container (Fig. 1) with an angle of 45” was fixed at the upper part 
of the layer and filled with S-10 g of dry silica gel G. The latter procedure can also 
be used for self-prepared layers. 

Solver~t s~~sfe~ns. Fourteen solvent systems were used : (I) chloroform-acetone- 
methanol (56:36:7): (II) chloroform-acetone-methanol (55:35: IO); (IIJ) chloroform- 
acetone-methanol (40 :50: 10); (IV) chloroform-acetone (65:35); (V) diethyl ether- 
methanol (9O:lO); (Vl) ethyl acetate (water-saturated); (V11)6 chloroform-isopropanol 
(9O:lO): (VII) chloroform-ethanol (9O:lO); (IX) chloroform-methanol (92:8); (X)7 
pyridine-chloroform (I :6); (Xl) toluene-methanol (80:20); (XII) cyclohexane- 
acetone-glacial acetic acid (49:49:2); (XIII) ethyl acetate-n-hexane-glacial acetic 
acid (80 : 10 : IO) : (XIV)” ethyl acetate (water-saturated)-n-hexane-glacial acetic acid- 
ethanol (72: 13.5: 10:4.5); (XV) as XIV, but the ethyl acetate was not water-saturated; 
(XVI) as XIII, but the ethyl acetate was saturated with water. 

Defeclion of the spots. The spots (5-15 lug) were made visible by the Ekkert 
reaction9. The plates were dried and sprayed with 0.5% anisaldehyde in acetic 
acid-sulphuric acid (98:2). The colours obtained by heating at 100” for 6-10 min 
are summarized in Table 1. 

RESULTS AND DISCUSSION 

Table I summarizes the mobility values (hRF) on silica gel G obtained for 
S@ardenolides and heart glycosides of the digitoxigenin, digoxigenin and gitoxigenin 
series by ascending TLC using the fourteen solvent systems. 

Fig. 1, Metal container (20 x 3.5 cm) attached to the top of the plate during irrigation of the layer 
by the continuous ,development procedure. This container is filled with 8-10 g of dry silica gel G. 
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A series of systems (lV, V, VI and XIII) was used for the separation of digitoxin 
from its main metabolites (digitoxigenin bisdigitoxoside, digitoxigenin monodigitoxo- 
side and digitoxigenin). Similarly, the heart glycosides from the digoxigenin series 
(digoxigenin mono-, di-, tri- and tetradigitoxiside) can be separated in several systems, 
especially system XIV, developed by Lisboa ‘*lO*rl for the separation of polar steroids 
of the C18, Cl9 and CZl series. A good separation could also be achieved for the 
cardiac steroids of the gitoxigenin series in systems IV, V, X, X11 and XIV. 

The separation of the glycoside pair digoxin-gitoxin in system XI (/tRF values 
32 and 39) deserves particular mention; these substances could not be separated in 
the systems proposed by Nover et al.’ and Sjijholm’ or those of Bulger et ~1.~ using 
four developments in cyclohexane-acetone-acetic acid (65 :33 :2). 

An inversion in the polarity was observed during the chromatography of the 
monodigitoxosides of gitoxigenin and digoxigenin : in systems III and IV, but not 
in XI, the gitoxigenin derivative was more polar than that of digoxigenin. These 
systems can be combined in a two-dimensional TLC technique in order to achieve a 
better separation of the two compounds. 

Since the work of Repke and Samuelsr*~‘” on the conversion of 3@-hydroxy- 
cardiotonic steroids into their 3cr-epimers in rat liver, the separation of 3-epimeric 
cardenolides has been of great importance. The epimeric pair digitoxigenin-@-digi- 
toxigenin and digoxigenin-epi-digoxigenin can be separated on silica gel layers in 
several systems, particularly X, XII and XIV. Epimeric cardenolides of the So-series 
(uzarigenin-c~i-uzarigenin) have already been separated by Tschesche et CJ/.‘~ on silica 
gel layers developed in ethyl acetate (system X). 

Over-run TLC in the systems XII and XV (Fig. 2) improved the separation 
of the pair digoxigenin (f)-epi-digoxigenin (Ii). Over-run TLC in these systems did 
not improve the separation of the pair digitoxigenin-@-digitoxigenin compared with 
normal development. This could be explained by a migration distance for these com- 
pounds about or greater than 7 cm (/rRF greater than 44) during normal development; 
our experience indicates that an over-run technique should be used only for the sepa- 
ration of compounds with /tRF values lower than 35 in normal developments with 
the same system. 

The data in Table 1 indicate that complete separation of the monohydroxylated 
derivatives of digitoxigenin was achieved in system VIII. The sequence of polarity 
obtained in this system, 1 ICC > 12p > 5p > 16p > 1 j3, is similar to that reported by 
Nover et ~1.‘~ on silica gel G layers for a series of solvent systems. Periplogenin, a 
metabolite of digitoxigenin in the rabbit liver’j, can be separated from sarmentogenin 
in systems XL and XII, whereas the optimal separation of lp- and 7@-hydroxydigi- 
toxigenins was achieved in system V or VII. 

Periplogenin and gitoxigenin, both tentatively identified as polar metabolites 
of digitoxigenin in the rat’“, can be separated in several solvent systems. Periplogenin 
is more polar than gitoxigenin in systems lV, VII, VIII and XIV, and less polar in 
systems XI and X11. Finally, gitoxigenin and digoxigenin are well separated using 
system XI. 

The systems described in this paper have been used in our laboratories in 
normal and over-run procedures to investigate the metabolites of rH]digitoxin in 
rats, and to detect cardenolides and cardiac glycosides in fractions collected in 
Sephadex gel column chromatography”. 
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Fig. 2. Examples of the separation of cardiac steroids by over-run TLC in solvent systems XII. XV 
and XVI. In each case the mobility values obtained by continuous development were compared with 
those obtained under normal conditions (l&cm front). The mobilities of the following authentic 
heart glycosides and cardenolides are shown: (a) digitoxigenin (DT); (b) cpi-DT; (c) lb&formyloxy- 
DT; (d) DT bisdigitoxoside: (e) gitoxigenin: (f) digoxigenin (DG); (g) S&oI-19-oxo-DT: (h) epi-DG: 
(i) DC bisdigitoxoside; (j) S&19-dial-DT: (k) DG tetradigitoxosidc; (I) Ileo-digoxin; (m) gitoxin; 
(n) DG trisdigitoxoside: (0) DT trisdigitoxoside: (p) DG monodigitoxoside; (q) gitoxigenin mono- 
digitoxoside. Solvent systems: XI1 = cyclohexane-acetone-glacial acetic acid (49:49:2) (over-run: 
2 h): XV = ethyl acetate-rt-hexane-glacial acetic acid-ethanol (72:13.5:10:4.5) (over-run: 2.5 h): 
XVI = ethyl acetate (water-saturated)-n-hexane-glacial acetic acid (8O:lO:lO) (over-run: 3 h). For 
further details, see text. 
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