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SUMMARY 

The behaviour of six cardenolides 2nd eight cardiac glycosides related to digi- 
toxigenin durin.gcoIrrmn chromato=~phy on Sephadex LK-20 ge[ has been investi- 
gated. CompIete resohztion was obtained for mixtures of digito.tigeti, gitoxigenia 
and digoxigenin, but not for those of the 3-cpimeric cardenoIides. IL was possible to 
achieve a group separation of cardenolides and their gtycosides of the digitoxigenin 
series from those of the digo&genin of gitoxigmix se&s_ 

1~ a study of the metabolism of cardiac giycosides, the group separation of 
subbances with digerent aglycones, as gIycosides beIon_tig to the digitotigenin 
(38,t4~-dihydi-oxy-5~-?-carden-2C,22-oIide; DT) series from those with f2/?- OF 16$- 

hydroxyfation, became very important. Both chromato_~phy OQ formamide- 
impregaated papeP and multiple thin-layer chromatography (TLC)‘.’ have been 
used for such a group separation. 

In order to ~I&&Gzz losses resulting from elution steps, we attempted the use 
of column chromatography dn Sephadex IX-20 gel for the purification and prelimi- 
nary separation of cardiac gIycosides in biological material. This fzxtionation pro- 
cedure has been successfuEIy applied, with a high recovery rate. for the rapid sepa- 
ration of mixtures OF steroids into groups according to their substituen&V. 

The present paper deals with the behaviour of cardiac glycosider and aglycones 
related to DT on Sephadex LH-20 in a number of speciaIly developed systems. The 
biological appIic&os of t&s method in association with over-nia TLC9 for the 
separation aad iden@;_fication of digto.& (digitkgznin tridigitososide; DT-tris-S) 
metabolites ia rat bik will be described eIsewher@. 

v Taken h pm from a diction by G. i5Xch in pzrra! Mtilment of the requirements for 
be ?uT. D. degree, hkdica~ school, University of Hamburg. 
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being used for determining the radioactivity. The rest of each fraction was anaIysed 
by measurement of the corour deveIoped with nz-dinitrobemene*~. 

The b2kaviour of eigkt cardiac giycosides and siu cardenolides dtig ckro- 
matography on Sephadex was investigated in the folIowing solvent systems, the amount 
of Sepkadex LK-20 used being shown in patentkeses: 

S-I = toluene-ckloroform-methan& (82:10:8) (4 g); 
s-2 = toiuene-chloroform-me~anoi (84:10:6) (4 g); 
s-3 = toluene*hforoform-methanol (SO: 10: 10) (6 9); 
s-4= toluene-cyclokexane-ctrloroform-metkano~ (a:40: 10: 10) (4 g); 
s-j = as S-4, but using 7 g of Sepkadex (height of column: 21.5 cm); 
S-6 = cycfokexane-chloroform-methanol @O:iO:10) (4 g): 
S-7 = n-hexane-acetone-methanoI(70 :25 : 10) (4 g); 
S-8 = cyclohexane-chloroform-methanol(89:15:5) (4 g); 
s-9 = cyclokexane-chIoroForm-metkauol(80:10:5) (4 g). 

Radioactivity was measured by using a scintiltation spectrometer (kEod213375), 
vrith 10 ml of Insta-gel (Packard) as scintiltator liquid. 

In the experiment carried out with cardenolides in system S-5, in which 
Labzlted DT atid DT were ckromatograpkzd tog2tker with 200 k&g of GT, this 
substance was analysed by the nr-dinitrobenzene-pyridine reaction: To the dry 

sampies corresponding to 4.5 ml of each fraction were added 2 ml of a 0.5 ‘A solution 
of nt-dinitrobenzene in pyridine and 0.1 ml oFO.0 5 N sodium hydroxide. After skaking 
the mixture, the tub2 was left for I6 min at room temperature, then 0.05 ini of02 N 
boric acid solution in pyridiae were added: after 15 min, the absorbance was measured 
at 585 rim. 

RESULTS AND DISCUSSlON 
7 

Fig. I shows the separation of a mixture of DT (about 20 ng), DG (about 
40 ng) and GT (200 pg) on 7 g of Sepkadex U-I-20 in system S-5 (height of column 
21.5 cm). Under these conditions, it was possible to separate the three aglycones 
complelely. The r2solution of the last two agiycones was or+ partial when shorter 
coiumns were used (4 g of Sepkadex, system S-4, se2 Tab12 I). It skouId be pointed 
out that DG and GT have very similar polarities and are difficult to separate by 
T~C9.“.‘3 

Table I skows the kekaviour of the cardiac glycosids and czrdznolides in tk2 
solven; systems rested. From the data on the cohunn efiiuent summarized in tkis 
table, the foIIowing conc[usions can be drawn: 

(a) It is possible to separate cardenolid2s having different funcriona! groups. 
but not the epimeric pairs. DT, strophanthidin (5$-kydroxy-19-oxo=DT) agd DG 
(IL$%hydroxy-DT) are wetf resolved in system S-2, where= DT is separable .in a!! 
the systems from DG or GT (16-kydroxy=DT). In systems S-3 and S4, GT 1s 12% 
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Fig. 1. Gef cofunm cfwoiatogmphy of a mixntre of (2.) [G-JH]DT (about -5mXU cpm): (4 WW 
DG (&out 550,otxl cpn); and fb) 235~g of GT_ CoIum (2L.5 x I cm}. 7 g of Sephades LH-70; 
eluenl, toluen~~clohcxane-c~orofo~~et~o! (40:IO:f0:IO). Of es& 5-ml fKXXiOn, 0.5 ml 
w.Is usa3 for naurgment of&ioactWy; the rest was used for determining GT with m-dtiitroba- 
rrne-pyridine. 

polar than DG, and its resolution can oilry be ackieved in long cohxrnz~~~s, as indicated 
In Fig. 1. The pairs DT-epi-DT and DG-qi-DG (differing by epimerism at C-3) 
remain unresolved; identical bekaviour of epimeric compounds has also reported for 
steroids of the androstane (testosterone-epi-tetosteronef and oestfogen (oestrxIioI- 
17$-oestradIoL17nj series7sE. 

(b) As witk the cardenolide& a group separation of the cardiac &cosides can 
aiso be obtained OQ Sephadex. Tkis is possibie because the tiuencz of the carbo- 
hydrate pzrt of the cardiac giycoside is less pronounced tkan that of the functional 

TPLBLE I 

BEK4VIOUR OF C_ARDWC GLYCOSIDES AND CARDENO-UDES RELATED TO DEGI- 
TOXIGENIN DUFVNG COLC’K~ CHROMATQGRAPKY ON SEPHADEX LH-‘O 
Elucim volumes (in ml) a-e given for calu~ns of size 21.5 x 1.2 cm; &w-rare. 25 mI!h: volume of 
fixtions, 2 ml. 

ci&cosk?e Sok2rit system 
Or 

cur&r;0 fide S-1 s-z s-3 s-+ s-5 S-6 s-7 S-8 s-9 

DTdS-S IS- 30 1& 38 lS- 36 IS- 3S 32- 5s 5% 72 4% 66 7f5--130 m&i38 
DT_&_S _ _ _ _ _ -s- 66 3% 56 &&I20 9a-f20 
DT-mono-S 21 36 30- +t 26- G 2-I 23 :2- 62 - - - - 

DT 2O- 30 2% z 22- 3s 22-3s 36- 5s m-a 2&a5 48- 76 66- 96 
&pGDT - - D_ j6 22- 3s 31.58 - - - - 

S~OphiZit- 

thidirP 3% 52 52- 85 al- 62 - X-102 - 
GT-P&-S 44- 58 5% 23s 3&t%! a- 56 w-II0 - q q z 
GT-in&o-S Ss- 76 76--i% - - IOS--I.m - - - - 

GT - - d-& so a- 74 - 1 - F - DG-ris-s Is- ss - 52- s 56- s-t IEa-1Y IOS-I60 Alo-wO 3ofLe50 
DG--5I5-S 6%fof - 6s 94 72-t&5 12%1&a - - 2*352 
DG-zxxl0-s - - m-l10 m-f10 - 136-172 s--136 72-360 - 
DG - 96-151 66-i83 c&IO0 - I I Z-IS8 70-100 196-x0 180-x0 
+GDG - - 66- 96 6s tx Ixi-I?S - - - - 
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substifuents in the &ycone. It is possibIe ~3 achieve compiete sepamtion OF com- 
pounds of the IX series (DT aQd its giycosides DT-mono-S, DT-b&S and DT-t&S) 
from those Of the DG series (IIG aQd its glycosides DC&mono-S, DG-b&S and 
DG-triW Or GT CGC GT-mono-S and GT-&is-S). Separation between compounds 
of the DG- and GT-series is or& partia1, owing the incompiete resolution of DG- 

t&-S from GT-mono-S_ 
(c) IQ each grOUp Of glycosides the pofarity of the genin-tris-digitoxoside is 

1es.s than that of the genin-bis-digitoxoside, which is in turn iess than that of the 
genin-mono-digitoxoside for systems in which totrrene is the principal component. 
An inversion of this seqnence occurs for systems in which an aiiphatic hydrocarbon 
(cyclohexane or n-hexane) is the principat component. In this Iast group of solvent 
systems (S-6 to S-91, the a&cones are fess polar than the corresponding cardiac 
glycosides. 

For qualitative purposes, very good separation of substances btton_tig to the 
DT-, DG- and GT-classes was obtained on formamide-impregnated paper when 
chtoroform’, ethyl methyl ketone-?cyIene (I :I) (with 3 aA of formamide) or ethyl 
acetate-benzene-n-heptane (3 :2: 1) [with 0.6 % OF formamide-water (I : l)]j was used 
as mobile phase. Further, a group separation between substines of the DT- and 
DG-series was achieved on silica gel iayers by multipIe rwss in systems of the cyclo- 
hexane-acetone-acetic acid types*5J*. However, none of these methods is acceptable 
for quantitative work, for which a high yieId is necessary, particularly if the metab- 
elites to be isorated are present in very different amounts, e.g., in biological material. 

The ‘fractionation procedure described lnvotving gzl chromatography was 
useful for initial separation of the cardiac giycoside groups, the soups being further 
fractionated quantitatively by continuous TLC. 
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