
P_4RTITfON HIGH-PRESSURE LIQUID-CKRO_MA-fOGRAPHIC SYSTEMS 
FOR THE SEPAR4TION OF DIGITALIS GLYCOSIDES OF THE CARDE- 
NOLIDE GROU? 

Sever& multi-component ilquid-fiqtid systems have &en investigated on sitica 
gef SE-60 supports of partide size 10 ,um. By using two solvent systems, it wzs possible 
to separate 14 digit&is glycasides, rzznging from geenins of relatively low pokzrity to 
the higUy paler dezetyl-fanatosides. Sofvents with good ultraviolet tnnspzrency at 
220 urn (2max. for the butenolide ring) were chosen in order to improve the sensitivity 
of detection. The technique should z&o permit the determination of by-produc% and 
degradation products of these drug substznces. Detection limits are as low as IS ng 
for z 5~1 Injection, and separation times vary between 4 and 20 min. The reproduc- 
SbiIity of the retention times and the basefine separations attzinabfe make the 
systems suitable for quantitative work. 

Tlzis paticufzr group of c-zxdiac glycosides is af pharmacerrticai importance. 
An&%i& me’thods currently In routine use are based on t&n-Iayer chromatogr~phic 
proceduresl, and studies &ed ont with es--Iiqrrid chrom2togr2phy~-3 after deriv- 
atization with different types of silylation reageots have met with ozly limited success. 
High-presswe liquid chromatography (KPLC) has for some years &awn its value in 
pharmaceutic& analysis for compormds of few vapow pressure and/or poor thermal 
stability; &so, its reproducibility makes it a valuable too1 for routine quantitative 
analysis. 

Little hzs yet been published on the HPLC separation of cardenoiides”. In 
work carried out by ow group5 aver the Izsst two years, use Jxzs bzeen made of chloro- 

* To whom cornspondencz should be addressed. 



form-methaua1 raixtures and silica gel supports for this purpose. This procedure is 
s~tisfacto-ry for the analysis of these drug substafrces in many dosage forms, but it is 
not ve,q4 sensitive, as these mixtures absorb stror@y at wavelengths shorter than 
24Q nm, and the absorption ma.ximcm of the compounds (brrtenolide ring) is around 
220 nm. 

En the work described here, we attempted to latroduce nulti-component sys- 
:ems with good titraviole~ (Uv) transpareocy around 228 nm; wit& the resulting gain 
in sensitivity, it w%s hoped to use KPLC also for determining by-products and de_-- 
dT;iorr components I&Z phzmaceuticA dowse farms. 

The cardiac fycosides (Table r) were obtzined from Sandoz (Basei, SwZtzer- 
land). The &romato_er@ic solve&s (Table II) were of adyticaf grade from Fluka 
(3uchs, SwitzerIaod) and Merck (Bmnstacit, G.F.R.). The HPLC adsorbent Li- 
Chrasorb SZ-60 of particle size 1Opnr (Merck) vms used. 

Digiitoxigenin 
Ci&otigeain 

Al1 chromato_pqhic separations carried out aEz z Hewlett-Packard 
liquid chroma:o~lzph (Made1 lOI A), wi& a UV detector (monccbromator H-P 
Model DSF LtlCXQ. Separations were e&cted on stainless-steel colamns of 25 m x 
3.0 mm X.D., packed by the equal-demity procedure dsscrlbcd earIieP. For injection, 
!%~~I syrirzges (SGE) were xxed &I conjunction with the Hewletz-Packard iEjector or a 
septum-injection device. 
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RESULTS AhTD DISXJSSLON 

From Fig. i it can be seen that, for example, digoxigetin and gitoxigenin differ 
only by the position of one hy&oxyE group; the same is true for gitcxin and digoxin 
and for lanatosides 3 and C (see also Table I). The major separation problem is there- 
fore exonntered with these pairs. 
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Fig_ 1. Geoed stmcturz of the aglycooe cement of the digitalis glyaxides. 

Separations were attempted with the solvent systems In Tzbfe If; the compo- 
s&Ion of these mixtures comes close to the mixing gap (phase diagram). 

According to Hesse’, one can assume that a demixing effect t&es place OD- the 
surface of the adsorbent, the polar component being adsorbed on the active sites 
and the non-polar component acting as z mobile phase. The stability of the partition 
chromatographic environment thus created can be quite good. Et is for this reason 
that we classify the systems discussed in this paper as liquid-liquid (predominandy 
partition) systems. 

A detection wavelength of 215 f 10 nm has been used In this work. Retention 
datz ;Lre summarized in Table II and Fi g_ 2. Separation was achieved by varying the 
type 2nd concenrration of the alcohol component {see Tzbte IT). For it quantitative 
evaluation of peak areas? 2 resolution (R) of approximately 1.5 (baseline separation 
of gaussian pezks) is desirable; with peak height measurements, 811 R vaiue of I is 
sufficient. 

Separations of this quaIity can be achieved primarily with &rf.-bntaanol and 
n-pentanof; the other aicohols tested are too poIar. An increase in the concentration 
of acetonitrile by 50 % will result in a decrease in the retention time (tR) by 50 Ok, but 
also in a Eoss of resolution by 25 %_ The water conterit also exerts a strong influence 
OR rR_ Since water is the most polar component in our systems, it will be adsorbed 
and act as stationary phase. An increase in the concentration of the polar stationary 
phase would mean Iarger tR values; this Inked was observed (see Fig. 2). 

Act& sepazztions achieved by using the optimum soEvent systems for glyco- 
side groups of different polarities are shown in Figs. 3-5. The separations in all three 
examples are suEcient& good and reproducible to permit quantit&ive work. 

CUNCLUSIONS 

The systems proposed in this paper permit the separation of all the cardiac 
gfycusides investigated (Table f). By choosing soEven& with good L?Y transparency, 





Fig. 7. Capacity coefkients fk’} of I4 digitalis g&asides as a function of the solvent system used 
(for solvent-system abbreviations see Tabfe H). Peak numbers for the compounds investigated: 
I = digitaxigeenin; 2 = gitoxigenin; 3 = digoxigenin; 4 = digitoxin; 5 = gitoxin; 6 = digoxin: 
7 = digkatirq g E Iaoatoside A; 9 = hnatoside l3; 10 = lanatoside C; fl = Ianatoside D; It = 
dexetyi-lznatoside A; I3 = deacetyl-lanatoside B; 14 = dexetyI-Ianatoside C. 

Fig 3. Separation of digita% compomxk of lower polarity on a cohmn (25 cm X 3 mm I.D.> of 
LiCbmsorb S&J @parti& size ~O.un_). Mobile phase: n-~entacol-acetonitriie-izoactane-alar 
f175:60:62#:10); flow-rate, 1.3 mf/min; chiit speed, I cm/tin; detection. 220 nm; sample volume, 
5& For peak ident&ation see Fig. 2. 
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Fig. 4. Sepvztion of digiti’ 1s giycosides of me&urn pokrity. Mobile phase: ;ert.-butai;ol-acetonitrile 
-&Xxx--water (2G4:93:712:!Ci.l); fiow-rzxe, 2.2 ml/min; otkr conditions i?~ in Fig. 3. For peak 
icientika:ion see Fig 2. 

Fig_ 5. Sepzr&ion of digitalis glyc~side-s of high poltity. Conditions as in Fig. 4 except for chat 
spezA (0.3 cm/m&) and Zow--ate (2.8 mlI:min). For @ iden+Zc&on we Fig 2. 

it is possible to work close to the absorption maximum (220 nmj, and the corre- 
spmding gai n in ser?sitivity permits the determination of by-products and degrada- 
zion products of the drug substances. Detection Emits zt 2 signaf-to-noise r2tio of 
1: I are 15 ng for digitoxigenin znd 25 ng for digitoxia for a S-p1 injection. The sepa- 
ration times vary between 4 2nd 29 min, and the proposed systems arz suitabIe for 

quantirative evaluation of the components_ 
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