
QrjANTITIES OF DI- 
BY HIGH-PRESSURE 

SUMMARY 

The foilowing high-pressure liquid cbromatographic (HPLC) separations are 
described: (I) isocratic separation of digoxin and its metabofites, (2) isocratic sepa- 
ration of digitoti znci its metabolites, (3) gndient eMion separation of digoxin, 
digitoxin and their metaboIitesf and (4) gradient ektion separation of gitoxin from 
digoxirr and its mefabotites. These methods utiEze a multi-wavefength =Jv detector 
set at 220 am and a reversed-phase co1nm.n wfth various mixtures of acetonit&e and 
xater as the mabile phase. The feasibiEty of using these HPLC methods as qualitative 
and quantitative techniques for digitalis grycosides is discussed. 

Digoxti and digitoxin (Fig. Ej are steroid glycosides which are widely used in 
the treztme=t of congestive heart failure. Ntrmerous studies have shown that these 
&cosides are metabolized by stepwise cleavage of the three digitoxase sugars 

attached at the C-3 atom of the steroid zlucleus LZ The metabolic products formed . 
by this cleavage process are aff czdioactive metabolites2 and ia some czses these 
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~etaboiites; These methods indnde paper chromat~flph~~*~, cofum~~ chromate- 
~raphyg~'*, thin4ayer chromatography" and gas-liquid chromatography (GL(?f3. 

%I~ofthese are less than ide2al becanse they are time consnming and quantitatian is 
diEccit rmkss ~~diaactive Cornpow& ace rrsed. In recent ye2rs high-pressure liquid 
cbromato~pb~~PL~~h2semerged 2sapoweLTti anafyti~ftooi.HPLChasbeen 
employed snccessfuliy with ntrmerous steroids and moderate success has been 
achieved in separ2tizzg digitoxigenin 2nd its glycosidesi4. 

The present sttzdy was undert2ken to develop a rapid, reproducibi_e metbzod 
forseparatingard&al;titatingdigoxin, dig&o& 2nd tReirmetabo~t~.~~ssignifi~nt 
2ppEication of&ese HPLC techniques may invoke the detection of impurities in 
c&ital preparation of digo_tin 2nd digitotin. Since &oxin (Fig. 1) is a m2jor 

carrtatinant ofdigoxin, 2 method to sepa_!xte 2nd quant&te these two drugs wcufd 
also be useftr!. The use Of MPLC to pErform such an assay is also discussed in the 
present paper: 

The hi_&-pressure liquid 4-zomaio,wph used in these stidies was a Waters 
Assoc. (Milford, M2sss., U.S.A.) Model Z&Z compfere with accessories fOr gradient 
elution thromato_~phy. Samples were introduced on to the column through a 
W2xeFS Assoc. U6K Septrrm!eSs injec3x.A Beckman Mode1 25 recording uitravio& 
(UV) spectrophotometer was equipped with an 1%,uZ Bow celE supplied by Waters 
Assoc.~ecoirunn~~dt~ou~outwasayBond2p2kC~~ prepackedcofumn(W2ters 
Assoc.). This is a reversed-phase column @cm x 4 mm I.D.) containing I&pm 
porous silica particles eovalently Iinked with aliphatic hydrocarbon groups. 

The czrdiac &cosides were purchased from Boetrringer ttiannhelm wew 
‘fork, N-Y., ~_S.A.). _k&~~itrik disti.Bed in glass was obtain& from Burdi& and 
.kxks~rz @fusskega&l, Mich., U.S.A.). These highly petrified solvents coatain no 
preservatives andare thus ideai forusewitb UT! detectors. 

Separate stock so%.xioas ofeach cardiac glycosidc or 2gIyconc w&e aicf&y 
prepared by weighing the compound an a C&n efectrabakuxe and dSssoIving it in 
95% ethanoi. A XHQ.I syringe was used to make aif injections oz to the column. 
Whenever possibfe, injection voh_zmes of 50-75 ,cd were used to minim&e emors ia 
the injectiOn pzxedure. Solve&s were prepared immedi2teIy befare'use. Degassing 
cf:hesolven~rrllxtr?resw2snOtne~essat-~evenwhen~adiemefutiOnswe~e perfOrm&. 

OpeEdingCOnditiO~Ofthe ctrdma~o~aphvan'edsomewhatdependingripot 



:he separ2tioa to be performed. The specifid conditions for each separation are 
xesented ~@h the chromatograms- Since the apparatus used in these studies utilizes 
L constint EOF syskm, the operating pressure is a function ofthe solvent composition 
ind of the ff OIV-EI~~- The pressures in the chromatograms iIIustrated 3ere were ih the 
.age of 2oOU4OW p.S.i. 

Each coLmpound was chromacographed separately to determine purity and 
etention times; P eak heights and retention times for each comporrnd were determined 
my zveragiing the vafues obtained from four separate chromatograma These values 
vere also used to determine the repeatability of the retention times and peak heights 
.'OF ezch compound. Cafibration curves (peak heights versxs mass) were-constructed 
-&ng the averaged peak height values from f5ur chromatograms. 

RESULTS 

Isocratic systems using mixtures of acetonitrile and water were developed for 

2 



443 
M.c.c2srLE 

+&e separation of digctxio, its his- and monodigiitoxosides, znd digosigenin (Fig. 2) 
ad for the separation of rflgitoxin, its bfs- and mc>xzdi&oxosides, and digitotigenin 
(Fig. 3). In addition, 8 grzdieent elation system for the sepzation of all eight of these 
compounds is shown in Fig. 4. The isocrati c systems 8re incfuded here since milny 
fzbomtories us&g EEPLC may not have capabilities for generating gradients. Wit& 
some HPLC systems (such iis the IVaters Assoc. zpparztus used in these studies) gra- 
dients m2~' be genemted using an external gradient mixer 2nd 2 single pump. HOW- 

ever, with such 2x1 external system good repeztzblfi~ of rereention times and peak 
he&E&s ma_v ke difficult to achieve. 

In the systems described ir; Figs. 2 and 4, gitotin co-chromatog~~phs w&J 
digox& bisdigitososide. Since @toxin is often a major impni-ity of digoxin, 2 system 
to separate these comipounds worrld also be nsefirl. Again a gradient elution system 
was necessary as shown in Fig. 5. 

The retention times for the various compour;ds are shdwz in T&fe I for both 
the isocratic and the gmdieE;t etaion systems. The retention &es in the &St coIum.rx 
we_% obt;rlned with the isocr~tic systems illustfzted in Figs. 2 and 3. me second 
~~fr;n~ -shows +&e retention times when & eight compoz=ds were separated by 
gradieirt elation. The m&mum detectibte amount oft~ch compound is &o indicated 
in T&e f. The miz&rzum detect&e amount Is usually dehed s tfie amount of a 
CompoUId ‘xfiich #* pEXhCe 2 pC2k twice the size of the deflections caused by tie 
noise of the de:emP. As before, tie i&t, colnm repBefits da& obtained from ~SO- 
CEtkS~st=IIS(FigS. 2and3jandthe SecondCotumGfrluStta:CSr~~itsf~~m2~dient 
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Fig. 3. Separation of digox& digitoxin and their met&o&s by _mdient elufion cbromarograp~y. 
Conditions were identic& to those in Fig. 2 with the following exceptions: the mobile phase cmxisted 
of a !imxr gadient of 25% acetor&iIe ir, water to 40% acetoaitie k water at 5%/r&; the flow- 
mate *KS 2.2 m&r&. Peak identities: E = solvent peak; 2 = digoxigenin; 3 = digoxigenin mono- 
dkitoxaside; 4 = digoxigenin bisdi&oxoside; 5 = d&tin; 6 = di&oxigetin; 7 = digtoxigeenin 
monadigitoxoside; 8 = digitoxigenin bisdigitoxoside; 9 = dig&ox&. 

chtiion system (Fig. L .). These are the minimum amotmts which can be detected with 
’ ff menuation of &Of a_u.f.s. At attenuations in the range of 0.01 to 0.1. a.u.f.s., a 
.asefiue drift of approximately 10-20 ok occurs when a gradient system is used. 

The importance of using a detector which can record at 220 nm is illustrated 
1 Fig. 2. These two chromatograms were obtained by making successive determi- 

I hxts viit’n aII conditions identical except the wavelength setting of the detector. 
: s sea in the figure, the sensitivity is approximately 40 times greater for these 
: xoids at 220 nm than at 254 nm. 

Calibration curves for aIt eight compounds are shown in Figs. 6 and 7. Peak 
f :ights were measur& for vatious amounts of eac’n compound using the isocratic 
5 stems discussed previously (F&s_ 2 and 3). The peak heights represented in Figs. 6 
2 Id 7 were obtained nstig: a range of 0.5 to 4.0 nmoles of each compound and an 
2. mzuation of 0.1 z.u.~.s. 

The repeatabi&y of the peak heights and retention times for each compound 



Fig. 5. Sepuation of digoxin znd its metabolltes fron; .&oxh by gradient eIution chromatography_ 
Conditions were the same as in Fig. 4 u-ith the folkwiing exceptior?s: the mobiie p&se c~~~issted of 
a linear gradknt of ItHa,% water to 30% a.cetonitriIe Ln water at 5.67~1&Gn. Fe& identities: I = 
solvent peafi; 2 = digotige~; 3 = digoxigeti monodigiroxoside; 4 = digoxigenin bisdigitoxoside; 
5 = &0X&; 6 = d&&L 

Previous methods of sepzzting and quantiifzhg dl~otin, di@xk and their 

meiabolifes have involved time-consuming, often -very complicated proeduiti. In 
the present investigation &th HPLC, isolation of these compounds c2n be tic&m- 
pEs&ed rh Tess tlia~ 3G rz. tk ad~dSi&t, the data presented here also demonstrate that 
HPLC can be a- vduabie ana!$czl toof for quantitatiog these compounds_ When 
LET& in co&mc~6n with a UV detector, as little 2s 430 ~g of these compounds mn 

be qn2ntit2td. Tfre mi@murr; detectable amounts of t&es-e compou&s flable o-are 
a Emct~oon of the mode of separatiori (isocratic or gndiek elation) as well as rhe 

nok&zr tie&&t or”fhe conpound. I3 an isocratic system the compocmds 1=&&h &te 



,bmpaund R~fmtion times {mirr) Mkim~z detectable 
amormfs (n&j 5 

Isocratic GradienF’ isocratic Grndiem 
-_ 

~~gCOCigs.lk 2.8’ 4.0 4 IQ 
Xgoxin monodigitoxoside 3.S 5.c! S I3 
~Xgoxin bisdi.&oxoside 7.1 8.0 I6 LO 
3igoxin 13.2 IO.5 39 14 

Digitoxigeti 7.9” 14.8 9 4 
Digitoxin moilodigitoxoside 9.6 16.6 2s 8 
Digitordo bisdigitoxoside 14.4 f9.4 4s 10 
LligitoSl 23.0 21.5 76 11 

_. 
* Conditioti as shovn in Fig. 2. 

** Cooditions as shown in Fig. 3. 
=** Conditions as sho:vn In Fig. 4. 

5 Determined from peak heights which are at 1-t tuyice the ba.s&ne noise at an attenuation of 
0.01 a.u.Es. 

first have smaller elntion volomes and the peaks are thus sharper than those which 
elute Eater (Figs. 2 and 3). The later eluding compounds with their larger eluttion 
volumes and broader peaks are more dScn!t to quantitate by the peak height method. 
EEI. gradient elution chromatography this effect is tess pronounced since elution 
volumes are fairly constant &au&out the chramatogram (Fig. 4). The minimum 



d&e&&de amomts of these compounds are Aso related to the mo&uIar ~v&&~s. 
me rJc absorbance of these steroids is derived from the unsatur~iion in the k%tOne 
ring. me presence of the digitoxose sugars at the C-3 atom of the steroid nudeus 
adds considerably to tie moiecirIar wel&t but has no efkt on the W zbsorbn=. 
The a&xor~es &ES have greater absorbance per ng @I& not per runoIe> than do the 
&cos:des. 

‘fEls me&cd of zmtysis by HFLC sho:ild 3e appiitable tc the assay of clinical 
preparations of digitalis &cosides. fmpm-ities could be identified and quantitated 
rapid& and eEcientiy_ The application of *his method to clinicat and research sifrr- 
ations is less apparent. The trsual therrpeutic rangy for serum &go& concentrations 
is 0.7-I .S ng./mIL5, which is beyond the sensitivity oft& method of analysis. However, 
one of the great advantages of HfLC is that sampies can be recovered in their 
original state. Thus each of the eight compounds in the present studies can be cuIIecfed 
separately as t&y efufe from the colurmi. Once the compounds have been isolated 
they may +&en be subjected to qusurtitadan by other more sensitive methods, Fur 
exampie, if radioactive conzpounds are used, the glycaicies and their metabolites 
can be measured very accuately by ssintiElation counting; Another ppssibility would 
be to -combine the KETC system with t&e GLC fectique deuefaped by W~~SSXI 
eg QL~. These workers claim a seensitivi@ of 25 pg using an electron cczpture detector. 
However, thek met&ad reqdes separation of digoxin, d&&o& and tfieir metabolites 
by a sriies of t&n-fayer cbromatogra&.ic techtiqrres p&r to Qifz work-up for GLC. 
The _WLC method ouGined iz the present investigations wo&ct.appear to marked& 
shotieir acd simpZi_fy this type of assay. 

-EC May Z-So prove to be_ a valuabk te&Gqe for && q_ua~~~v~ an&y& 
&d&&a% @p?SifiCS. -Z CX&cnt %-Sotutio~ and rvafab&y of Ehs p&S h t& 



qsent studies indkate that HPLC could be used as a rapid means of ideAfling 
~mknawn.comp~u~ds suspected as being digitak glycosides. The selectivity of the 
x&.&S appears-to be SUch that this method of analysis could be extended to other 
-ardiac glycosides as weK 
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