
IV. A Iv%ETHOD FOR THIN-LAYER CHROMATOGRAPHIC SEPARATION 
AND DETERII~~_4TION OF DIGfI%XIN AN3 CARDEOACTTTVE METAB- 
OLITES EN HUMAN BLOOD AND UEU-NE 

A tbirr-Iayer chromatographic method for the separation of digitoxln and its 
cadioactive metabolites in one system is described. &e-coated silica gel plates im- 
pregnated with I5 “/;; forma~ide solution in acetone were developed twice in the same 
direction (running distance I8 cm) with etby1 methyl ketone-xylene (50:50) 2s solvent. 
The system showed no border-zone effects, and the reproducibility was good. Samples 
(5 ml) of serum or urine were extracted with dichloromethane, the extracts were evap- 
orated, the residues were dissolved in 70 % ethacol, the ethanol solutions were washed 
tv.-&e w&h light petroleum and then evaporated, and the residues were dissolved in 

chloroform-methsmol for application to the thin-l2yer pIates. After development, the 
metabolltes were scraped from the plates and analyzed by means of a modified 
rubidium-86 method. The recovery for the whole procedure ~2s 59O/,, and the 
sensitivity of the method permitted the determinatiolz of dawn to 0.5 ng per spot. The 
method will facilitate the study of digitoxin metabolism in patients undergoing treat- 
ment with the drug. 

In order to study digitoxin metabofism in man, 2 method is required for the 
separation 2nd determination of digitoxin 2nd irs cardioactive metaboiites; some of 
the eight cardioactive substances have been separated, but not in 2 single systeml-lQ. 
The aim of &e work described here wzs to sep2r2te digitoxin and its Feven cardio- 
active met2boIites, in one thin-layer chromatography (TLC) system, by 2 method 
suf&ientiy sensitive to permit the determin2tion of nstnogram amourzts of met2boIites 
in samples from patierrts 2nd to possess adequate accu~2cy. 

A number of different types of pkte were tried: silica gel according to Stahl 



The fdllowing sofvent systems were tested : chloroform-pyrfdine; cyclohexane- 
aceione-acetic acid; ethyl methy ketone-xyfene; ethyl acetate-methanol-water; 
chloroform-methanol-aster; ethyf methyl ketone-chforofobrm-formamide; and 1,2- 
dicl~oroerhane-methanol-w~ter’~_ 

Ascendln~-solvent impregnation with iOx, I5 7; GC 20% fGm2aide so!uEion 

in acetonei was rrsed for many systems. The plates were impregnated overnight in 
sea!ed g&s j.zrs, and the test substances were applied directly after removal of the 
plates from the jars. 

The fo!lowing standard substances were generously srtpplied by Baehriinger 
(Mannheim, G.F.R.): digitoSn @T-3), digitoxigenin bisdigitoxoside (DT-2), digi- 
toxigerin monodigitoxoside @T-l), digitoxfgenin (DT-O), epi-di&oxigenin (Epi-DT- 
01, digoxin @G-3), digoxigenin bisdigitoxoside (DS-2), digoxigetin monodigitoxo- 
sib? (DG-I), digoxigenin (DG-0) azd epi-digoxige-nin (Epi-DG-Of_ The abbreviations 
shova in parentheses will be used in the t e:t, DT signifying digitoxin sod DG digotin, 
and the arabic Eumbers giving the number of sugar molecules. 

Detection reagent 
Concentrated srrlphuric acid in ethano1 (I :3} was choser~ for this purpose. 

Five mii:ilitres of serum or urine from patients nndergoirrg treatment with 
di$oxin were &&en wiA& 15 ml of dichlorome’&ane (Merck) for 10 tin; titer sepz- 
ration of the phases by centrif&ation, EO ml of the dichforomethane extract were 
evaporated to dryness at 50” OR 2 water baL -‘h, t&en 3 ml of 70% ethaool were added 
to the residue 2nd the solution was washed twice with 0.7-ml portions of light pe- 
troleirm (b-p. 4060°) ~AEE~~EP,; bDH, Poole, Great BritGir). A portion (2.5 ml) of the 
ethanol extract was subsequently transferred to g!ass-stoppered conid tubes and 

evaporated OR 2 water bath at 50”, in a stream of&. The dried extra&z were dissolved 
iZ25@ Of&~GrOfG~-rrie~hanol(50:5~?, and 15 yl of this soMion were applied to the 
thin-layer plates. ‘I%e standards were applied in 5,ug zmorrnts at both edges of each 
plate, with 6 or 7 sampfer in between. The R, values of the s-da.& were the szme 
whether the compounds were added to serum, urine or ethanol; a stock sohztioo COD- 
twining afl the metaboIites dissolved in pure ethanol was therefore used as standard. 

Recovery, dwing ~xtrrpeli5n md pzir~j?c~tfon 

Losses drrti~ng tfre different steps of the procedure, 2nd the t&al )<eld of the 
various czrddioactive met&of&es, were determined psrfiy by addition of PHJDT-3 



and partly by the modified rubidium-86 method6. Labelfed DT-3 was used to deter- 
mine the fesses in the two washes with light petroleum, the t&urn being counted in 
a Packard Tri-Garb scintillatiou counter. lulhen using the rubidium-86 method for 
metabolites, samples were scraped from the plates, and I ml of physiologicaf satine 
was added to each sampIe before extraction with 3 mf of dichiorometbane; the ex- 
tracts were evaporated to dryness and incubated with a red-ce!l suspension and a 
rubidium-86 solution as described in detail elsewhere”; DT-3 zad its cardioactive 
metzbolites inhibit the uptake of rubidium by the red c&s. Standard cumes for the 
metabolites were prepared for each run by adding known concentrztions (5, 10, 20, 
30, 40, 50 and IO0 ng per ml) to I -ml samples of physiologic& saline in duplicate. 

Table I shows some results obtained by using pre-coated silica geel FX4 plates 
and three solverrt systems. Pre-saturation of the tank with filter paper reduced- the 
running distances a=d led to poorer discriminzdon between the stzndards than did 
chromatography without filter paper. Increasirrg the concentration of acetic acid from 
Z to 10% in the cycfahexane-acetone-acetic acid system increstsed the running dis- 
tances, whereas decreasing tire amount of cycfohexane and increasing the amount of 
acetone Ied to poorer discriminati?m. Fi g. I shows the best separation obtained with 
this system; IX-3 and DG-O were not separated and separation of DG-3 from DG-2 
WBS inadequae for our purpose. 

fncrezsing the concentration of chloroform reduced RF values when using 
chloroform-pyridine mixtures as solvents. Optimum separation within the DT and 

TLC ON PRE-C0ATED SILECA GEL PLATES Wi-FH THREE SOLVENT SYSTEMS 

RF v&~es refer to s&.ndards dissolved in pure et&no:. 

SokenZ sysr’em ad proporCiorzs Concenira;ion of formmzid.e RF due 
soiirrion iii acetone ccsed 
for zkpregtudon (%I DT4 DT-3 DG-0 !X_Y-3 

--___ 
~S’do~~~ne-a~tone-a~~c 

acid 
49:49:2 - 0.40’ 0.23* 0.26’ 0.16’ 
49:49:2 - 0.82 0.52 0.52 0.33 
45:45:IQ - G&GO 0.35’ 0.43’ 0.34’ 
l&80:4 - 0-n 0.65 0.60 0.59 
Chbroforn-pyridine 
SC:.5 - 0.86 0.27 0.43 G.13 
64:6 10 0.84 0.65 0.44 0.38 
Et&i methyl ketone-xytene- 
formzmide 
50:5G:G iG 0.55 0.28 0.27 0.22 
50:50:4 10 0.47 0.20 0.20 0.09 
50:50:4 t5 0.52 0.29 0.21 0.10 
SG:SG:4 20 0.54 0.33 0.19 G.09 
70:30:0 fG 0.72 0.53 0.50 0.36 

* DeveIopment in tank linwi with fiiter paper. 
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Fig. 1. TLC Oi D T -3 2nd related compounds on pre-coatzd silica gel piztes @krcCk); solvent system 
cpiohexane-ace;one-2ce:ic acid (49:49:2); front = 15 cm. 

DG groups was achieved with the 64:6 system, but the two groups were not separated; 
DT-3 and DG-1, and DT-2 and DG-0, bad identical RF values. Empre@atioE of the 
plates with formamide-acetone changed the RF vatues for metabolites containing 
sugar molecules, leading to separation between the DF and DG groups, but poor 
separation within the groups. The best res~tts were obtained with formamide-acetone 
impregx&xi pre-coated silica gel plates (Merck) using ethyl methyl ketone-xylene as 
developing solvent. Increasing the concentration of the ketone increased the RF 
values, but separation of the metabolit,_ it was poorer. Addition of forrrmticie to the 

solvent slightly decxased the running distances. krqxegnatlo~ of the plates with 

different concentrations of formamide (10, 15 and 20%) in acetone changed the sepa- 
ratiorr both within and between groups. With ZO0A formamide soWion in acetoile, the 
D’T and DG me’tibotites were not separated, whereas 20% formamide soWion in 
ac&one permitted separation of these meiabolites. fmpregation with E 5 7: formamide 
solution in acetone. and development with eth;-f methyl ketone-xyfene f50:50) using 
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Fig. 2. TLC of DT-3 2nd related compoucds on pre-cozted sifica gel plates (Merck) impregnated 
with 15% formamide soluticn in acetone; solvent system ethyi methyl ketone-xylene (SO:SO); front = 
I8 cm in ezxh of two developments. 

two rum in the same direction (runnin g distance IS cm) gave good separation of aI 
eight metabolites (see Fig. 2), and these conditions were selected for further study. 

The plate was left at room temperature for 30 min before the second developmenr, 

The efEect of formamide-acetone impregnation was to separate the hydroxylated 
metabolites (DG group) from the DT group and to give smaller and sharper spcts as 
itlustrated in Figs. 3a and 3b. 

The IiF values obtained with pre-coated plates showed better reproducibiiity 
than those obtained with laboratory-made silica gel or kieselguhr plates. On ceIMose 
layers, the substances tailed off and were not separated. Pre-coated silica gel plates 
gave smaller and sha_rper spots than did fast-running plates (see Figs. 3b and 3~): 
Impregnation had the same effect. 

Defectiorr reagerlt 
Detectiorz was satisfactory when 2O”/d. sziphuric acid sot&ion in ethanol was 

used, with subsequent heating to 128”. The edges of the plates with the standards 
welt cut off with a glass-cutter, then sprayed and heated; this was done because DT-3 
and its cardioactive metabolites tose their blolo,oical activiry when heated above Xl”, 
and qnantifation wi&& the rubidium-S6 method depends on this activity. 



The epimerized derivatives of DT-0 and DG-O have RF values between those 
of DT-O and DT-f and between those of DG-0 and D&f, respectively (Fig. 2). 

The system that gave the best separation of alI eight -metabolites, pre-coated 
silica gel plates impregzted wirh 15 y< formamide soktion in acetone 2nd ethyl 
methy! ketone-xylene as solvent, gave good reproducibility, there being no border- 
zo3e efkt (Fig_ 2). The reproduci’oility was calculated for thirteen difierent piates 
wkere stindards were edded to serum, urine or ethanol; the foHowlng running dis- 
tances were Found (mea= valtre, irk cm, with SD in parentheses}: DT-O, 12.29 (0.34); 
DT-I, 10.22 (0.44); D-I’-2, 9.12 (0.51); DT-3, 8.04 (0.56); DG-O, 5.81 (0.26); DG-1, 
4.L.3 (0.18); DG-2, 3.54 (0.19); DG-3, 2.96 (0.25). When the value obtained for DT-3 
wzs chosen 2s reference, the folollowi n,o RY values were ca!culated: DT-O, I.53 (0.08) ; 



(Cotztinued OIL p_ 94) 

D-F-l, 1.26 (0.04); D-F-2, 2.14 (0.02); DG-0, 0.73 (0.03); DG-1, 0.55 (0.02); DG-2, 
0.47 (0.02); DG-3, 0.37 (0.03). 

Two mhtures of standards were subjected to chromatography, the first con- 
raining DT-Q, DT-2, DG-U and DG-2, and the second containing D-F-1, DT-3, DG-1 
and DG-3; the mixtures were applied in spots containing 25 ng of each metabolite. 
In order to determine the extent of tailing between the spots, adsorbent was scraped 
from the p&e betwen the spots and extracted. With very compact spots, the expected 
value woufd be zero, but with less sharply defined zones one would expect to find some 
of the activity fmm the metabotites above and below the spots. The following resutts 
(ng) were obtained with the rubidium-86 method as the mean of ten parzIIe1 deter- 
minations: DT5,0.9; DT-I, 0.0; DT-2,O.l; DT-3,0.6; DG-O, 0.3; DG-I, 0.1; DG-2, 
E-2; DG-3, 0.0. 



Fig. 3. TLC of DT-3 2nd related compounds on (2) prc-coatcd silicz geef-Kiese:guhr p&es (MeLxk), 
&E.t-rzzElin& impregzxated with 15% fo_xx&Cie soiution in acetone; soiuenr system as in Fig. 2; 
front = 1.5 cm. (b) Conditions 2s irr (2), but plzte oot impregnated. (c) Re-coated siiic2 gel @ares 
(Merck); solvent system e-&y1 m-u.> -AL 4 ketone-xy!eae (7033; front = IS cm. 

The recovery dwhg the complete extraction, purifkation and chromatqgztphy 
procedure was tested by adding known amounts of st2nd2rds (50, 100, and 250 ng) 
to 5 mi of sxum or wine 2nd’ determining each metaboiite by the rubidium-86 
method. Recovery from urine ~2s slightly higher than that from serum owing to the 
fact that extra&on of IX-3 from urine with dichloromethane was complete, whereas 
the extent of extraction from serum was only 93.5 oA (ref. Id). There were- 5x0 systematic 
di%erences in recovery between the various metabolites, 2nd recovery ~‘2s the s2me for 
the dieerent concent,rations studied. When 230 ng per sample was added, the mean yield 
for 211 the met2boEites w%s 49.5 ng; comp!ete recovery zccordlng to standardization of 
the method by taking aliqnots from the different sofvent phases should have yielded 
84 ng, so thzt the actuzl recove_ry vi2s 59 *A. Ten samples of the eight substznccs in 
2 mixture were 2ppIied dire&y to thin-layer pktes. After separation, the met2boIites 



were scraped from the plates and subsequently determined by the rubidium-86 
method. This part of the procedure accounted for 36.5 oA of the reduction in recovery’. 
The ioss during the washes with fight petrofeirm was small (0.40/, of the added [‘El]- 
DT-3 during the two washes). 

DISCUSSEON 

A variety of solvent systems for the paper chromatography and TLC of cardiac 
g&cosides has been described in the literatureI”. Separation of DT-3 from its cardio- 
active metibolftes in a single system has hitherto not beerr described, a&bough separa- 
tion of the substances in two systems presents r?o diEcuEties. Impregnated systems 
could be used to separate the DT from the DG group, and subsequent separation 
within the gronps could be achieved with rrnimpregnated systems. In order to attain 

the highest possible accuracy, the search for a system that allowed separation of all 
eight substances was undertaken. The system described here gave very good repro- 
ducibility and no border-zone effect (this was importail& because the small amor_mts 
of metabofites ir?. samples from patients coufd not be located by using any detection 
reagent). The zones had to be scraped from the plates according to the facation of 
standards (which were cut oE in strips by a @ass-cutter and heated to 1200). The ex- 
traction and purification procedure wits standardized as f= as possible to increase the 
accuracy by taking equal aiiquots from various sa!vent phases. With the accuracy ob- 
tained (see Table If), ten paraifel determinations on samples from patienis should 
give reliabfe resufts. With DT-3 IeveIs in serum or urine between 10 and 20 ng/ml, a 
50-ml would be adequate for metaboflte analysis. 

STANDARD DEVlATION OF PARALLEL SEPARATIONS OF SERUM SAMPLES AT DIF- 
FERENT DRUG CONCENFRATiONS 
- 
Xirmber of sawples Conrentrarion range &fear; coixentrorion Standard deviarion Coeficieni of 

(Hg:nzIj (EgJtt;i) (WiinO variatiori (9;) 

9 O-5 3.27 I.39 0.425 
10 5-10 7.50 1.33 0.177 
IO m-20 13.35 AS5 0.370 
$0 x-30 25.65 4.50 0.179 
10 30-m 35.60 9.36 0.252 

Since development of the proposed method, another method for the separation 
of D-F-3, DG-3 and their active metabolites has been pabiished. Watson and 
KaImarP combined paper-chromatographic separation of the DT and DG groups 
with TLC for separation within the groups (four or five developmer,ts in the same 
direction were necessary for satisfactory separation). HeptaSuorubut;ryl derivatives 
of the different metabolites were prepared and quantitatively determined by gas- 
liquid chromatography *’ The extraction and prrrificatioE procedure involved two . 
extractions, four washes and passage over a silica gel column with subsequent elution 
before paper chromatography. The accuracy and total recovery of the method was 
not stated, but the sensitivity was very good, allowing measrrrement of down to 25 pg. 



96 L. 

When comparing the metihods, ‘&ree factors an of prime impor&wx: the sen- 
si-;ivity, the zciccuracy and tbz :Ime needed for the whale pracedure. The present method 
is sensitize, ftirijr acctxzte and h.zs refativeIy few steps; the method of W&son znd 
co-work&s has better sensitivity, brat it is mare time-consuming and the accuracy was 
EC& s&&e& 

The present work cleariy demonstrates tie problems involved in the sepamtion 
cf DT-3 from its czrdiaactive meQ5alites (see Figs. I ~2nd 3). Et is necessary to run 
81 &e me&.E;oIites zs standards to show that they zre separated. In some ezrlfer 
stitdies of DT-3 met&Alsm, alI the standard substances have not been available to the 
Investi@or: interpretitian of results may tbs be very dZf&xlt. 
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