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SUMMARY

A specific assay for therapy control purposes and the toxicolegy of digitoxin is described.
Digitoxin is isolated from serum (2 ml) by means of a single extraction with chloroform.
Part of the organic phase is evaporated to dryness at 40° in a stream of dry air and the resi-
due is dissolved in a small volume of chlorofarm. Conventionsl thin-layer chromatography
{TLC} is used for the seperation of digitoxin and its metaholites and digoxin. Fluorescence
of the spots can be generated by treatment with hydrogen chloride vapaur under the
influence of a quartz-hslogen lamp. Interpolation between two reference standards gives the
concentration in the sample. Linearity is observed hetween 2 and 20 ng. Extensive recavery
studies in the therapeutic range of 10—50 ng/nl have heen performed. The results showed an
overall recovery of $9.1% with a standard deviation of 11.2%. The sensitivity is 1—2 ng of
digitoxin when standards are applied on a conventionsl TLC plate with a small diameter.
The time needed for one analysis is about 4% b, the real time of analysis being 2% h; in serial
studies, 20—24 determinations could be made daily. Whereas in the descriptions of mest
methods it is not mentioned whether digitoxin metabalites are co-determined, the present
assay separates the digitoxin completely from the other compounds in serum, snd thus
enshies the tatal fate of digitoxin in relation to the clinical effect to be studied more specifi-
cafly than by radioimmuncassay. :

INTRODUCTION - o
‘Digitoxin is prescribed in cases of cardiac failure and has a notably small
therapeutic index. Although nowadays digoxin is used more frequently than
digitoxin, it is still not certain which of these drugs is the most useful. In dis-
cussing this point [1, 21, the differencss in the pharmgcotherapeutic properties
of digitoxin and digoxin become important in three main areas: protein bind-
ing {3}, biological half life and interactions with other drugs {4} . Digoxin seems
- to-be preferred in cases of heart insufficiency alone, while digitoxin is suitable
in‘cases of heait insufficiency combined with renal insufficiency [3]. To solve




such problems, it is essential that further research into the biological half-lives,
interactions with other drugs and the protein binding of these two important
d:ugs should be carried out.

o beinmaded that s very sensitive; accurate; specific; rapid; cheap
the clinical pharmacist with a chalienging analytical problem. Various proce-
dures for the determination of digifoxin published during the past 10 yeass are
mostly very time consuming or not specific enough [5—10]. Smith [11] devel-
oped a radioimmunoassay (RIA) method that is very sensitive, accurate, simple
and requires only 1 h, but there are disadvantages related to digitoxin metabo-
listn [12] and to the fact that patients with maintenance dosages of digoxin
give false-positive values corresponding to levels of digitoxin of 1—2 ng/ml in
serum. Another disadvantage is that laboratories which lack radiochemical
equipment cannot use this procedure. Therefore, in order to eliminate these
disadvantages, we decided to develop a new method [13—15], based on a fluo-
ridensitometric approach as already applied to kinidine [16] and to amitrinty-
Mﬁm&il’l 1. The conventional TLC method has been cgmpded
with the RIA method and the results are discussed.

EXPERIMENTAL

In establishing this method for the determination of digitoxin we tried fo
optimize important factors such as the thin-layer materisl, the sample applica-
tion procedure, the use of one-dimensional or multi-dimensional development
and the purity of the reagents. In this method, the ratio of digitoxin to inter-
fering substances must be relatively high because of the low therapeutic blood
level of digitoxin.

The method involves a single exfraction of digitoxin from serum, concentra-
tion of the exfract followed by thin-layer chromatography, a fluorigenic reac-
tion with an aecidie vapour and artificial light, quantitative measurement of the
fluorescence of digitoxin with a densitometer and calculation of the amount in
an unknown sample by interpolation from a calibration graph.

Apparatus and reagents . .

The TLC plates were Kieselgel 60 DC-Fertigplatten of dm:ensmns 20 X 20
cm (E. Merck, Darmstadt, G.F.R.). A 10- and a 25-u1 Hamilton syringe (with a
PTFE-coated plunger and a PTFE gasket tip) with a Hamilton repeating dispens-
er were used. A Desaga chromatography tank, a Vortex-Genie Vibromixzer, a
GLC-2 centrifuge with a maximum speed of 4955 g, a Bolex Lite 2M guartz-
halogen lamp (1000 W) and a Vitatron TLD-100 densitometer were used.

Chloroform (speciroscopic quality) and hydrachloric acid (pro analysi;
minimum concentration 37%) were obtained from Merck. Methana! {minimum
99.5%), ethanol (99.5%) and_ acetone (99.5%) were abtained from J.T. Baker
Chemicals (Deventer, The Netherlands); digitoxin, Ph. Ned.* Ed. VI or Merck;
digitoxigenin bisdigitoxoside, - digitoxigenin - monad:gmoxesxde, digitoxlgenm
and  digitoxin, Boehringer (Mennheim, G.F.R.); digexin; Ph. Ned. Ed. VH or_ .
Merck; digoxigenin. bisdigitoxoside, digoxigenin monodigitoxosxde and dxgoxr.—«_-
genin, Boehnnger. The stock soluticn of digitoxin was. ; imgl
- 10.000 mg of digitoxin in 100 mlofchlomfom,andwassta:edmamfngem :

'~tar. Standard solutions- of 1 and 2 nglgl o£ digitoxmmehlamfamx we:eused.

*Pﬁnm&copoe:a Nea!sndics.




Extraction - ' o
A 2-ml volume of serum is shaken for 2 min with 8 ml of chlorofo"m ina 10
ml glass-stoppe:ed cenfrifuge tube in a Vibromixer and the mixture is centri-
*fﬁgédfﬁ?iﬁ%miﬂ at 1417 Z: ~Then 7 ml of the supernatant are trafsierred
_tapered base of volume 0.2mh

e

passage of dried compressed air for 20—30 min to avoid adsorption. The resi-
“due is dissolved in 200 ul of chloroform by mixing vigorously again for 2 min
fo maintain high accuracy for digitoxin at the low concentrations involved.

Chromatographry

With a 25-u1 Hamilton syringe (right-angled), volumesof x; =20 ul,x; =40 ul
and x; = 50 ul of the unknown solution (x} and volumes of b; = 20 rl, b, = 40
¢l and by = 50 ul of serum blanks are applied on a thin-layer plate, together
with 4 ng (5,), 9 ng (S:), 7 ng (S;), 14 ng (S:), 5 ng (Ss) and 15 ng (Ss) of
standard solutions of digitoxin using a 10-gl Hamilton syringe. The sequence
of application is S; b .%;,S23;83,0;,.,%3,8:5S55,b3,%x3,S¢ . This is a large number

—of standards, which may be decreased by duplicate spotting of a few standards,

so that on.one plate more unknown samples can be examiNed bDecause Ul Lo

linearity and reproducibility of the method (see Repraducibility of the method).
The centres of the spots are 1.5 cm apart and 1.8 cm from the edge of the plate.

_Before it was decided which solvent to use, at least 10 solvent systems were
tested, because of the need to effect a separation from both metabolites and in-
terfering substances in serum, and also to take account of the study of Zullich et
al. [18] on the metabolism of digitoxin in rats. The eluent selected was chloro-
form—methanol—acetone—water (64:6:28:2), the development being carried
out without a saturated tank with an elution time of about 20 min. The elution
distance is 10 ecm and the plate is dried directly with a warm hair drier to avoid
sideways diffusion.

Fluorigenic reaction and deteciion

The determination of digitoxin and digoxin in biological material is not
passible because of the lack of sensitivity of the fluorescent product being
formed by a number of reagents. Only Seipel et al. [19} and Van Oostveen [20]
have determined digitoxin in serum and digexin in urine, respectively, with a¢

. TLC method using fluoridensitometry. The fluorescence was generated by a
chioramine—trichloroacetic acid spray reagent. Other workers [21—26] have
performed spectrofiuorimetric determinations on pharmaceutical preparations.
Some other spray reagents [27] and solvents for TLC mentioned in the litera-
ture lack stability and sensitivity, while Hoeke and Exler [28] and Frijns [23,
24] generated fluorescence by treatment with hydroger chloride vapour under
the influence of heat and artificial light, respectively. There was a low sensifivi-
ty of detection limit and the fluocrescence colours were not reported. -

As. hydmgen chloride vapour gives a better gensitivity than other reagents
and a resgent in the form of a vapour gives 2 homogeneous partition over the
entire pIaﬁe we develcped & more sensitive and less time-consuming modified

-assay. An increase in fluorescence infensify can be obtained by covering the
ehmmategzam vn& 2 non-volatile fluid flim sucgw
Ed VII} , o



‘To obtain optimal fluorescence, the TLC plate is placed in a tank saturated
with hydrochloric acid for at least 1 b, in the shsense of daylight, and is sub-
sequently irradiated with artificial light (quartz-halogen lamp) for 12—13 min,
This process converts digitoxin and digoxin and their metabolites into fluores-
cent compounds. Under UV light, an orange-yellow fluorescence is observed;
after removing the acid from the plate by placing it in a drying oven for 1—2
min, the fluorescence appeared to be light yellow. This fluorescence is stable
for days, provided that the plate is kept in the dark. ; ‘

The spots are quantified by measuring the fluorescence directly with a Vita-
tron TLD-100 densitometer. The operating conditions are as follows: light
source, mercury lamp; mode, In II (+); level, f; coarse zero, 7; damping, 2; span,
10; excitation filter, 365 nm; emission filter, 536 nm (optimum for digitoxin
and metabolites); disphragm, 1.0; swing, 2; scanning speed, 1 cm/min; paper
speed, 0.5 cm/min; integrator, 8.

RESULTS AND DISCUSSION
Linearity ‘

It appeared that there was a linear relationship between the amount of digi-
toxin a-pplied to the plate up to 20 ng and the comresponding fluorescence of
the digitoxin derivative (integrated peak arez) (Figs. 1 and 2). The numbers at
the top of the pezks (integrated peak area) in Fig. 1 represent the fluorescence
of the spots on the TLC plate. Digitoxin is spotted in duplicate in multiples of 2

. ng. The spots are scanned on their Rp values, because a calibration graph is used,
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Fig. 1. Densitogram of different amounte of pure digitazin. . .
Fig. 2. Calfbration graphs for digitaxin (220 ng)- -~




the shape of the spots (signal to noise ratio) and time saving. The calibration
graph (Fig. 2) of digitoxin is constructed from the average value of the dupli-
cate determinations from the densitogram of different amounts of pure digi-
toxin in Fig. 1.

To confirm these resuifs, a numhber of duplicate determinations were carried
out on solutions containing 2, 4, 8, 12:and 16 ng of the drug. After statistical
analysis of the results [29], it appeared that the deviation from linearity was
not statistically significant at a threshold value of 5%.

Caleulation of digitoxin in an unknown sample

Fig. 3 shows a densitogram for the determination of digitoxin in an unknown
sample. The unknown x is spofted in amounts of 20, 40 and 50 gl; blanks of
the same amounts are run at the same time to give another impression of the
sensitivity, accuracy and precision of the method. The calibration graph from
which the digitoxin in the unknown sample is determined by interpolation
(Fig. 4) shows again the goad linear relationship. From the average value of the
number of pulses of the unknown sample of digitoxin (x,, ¥, and x;) minus
the avarage value (b,, b; and b;) of the serum blank, the amount in nanograms
can be calculated directly from the calibration graph. It may be also sufficient
o make the calculation from ane or two reference standards (see Reproduczbzl-
ity of the method), depending on the purpose.
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Fig. 3 Dens:togrum to show the determination of an unknown sample, x. The integrated
value for e.a.ch spot is given zt the tap of the curve.

Fig. 4. Calibration graph for the determinstion of the digitoxin in the unknowu sample from

- Fig. 3.

Sgecsﬁctty of the metfwé

" _The separation of digitcxin and its main metaholites and digoxin was carried
out with the above solvent system. The dihydro products, with much lower
;-'fhxoremce mﬁensiﬁa and which rarely oo'ur as metabolites, were not used.



TABLEL
kR VALUES OF DIGITOXIN, ITS MAIN METABOLITES AND DIGOXIN

- Stationary phase: Kieselgel 60 {Merck, Fertigplatten). Solvent system: chloroform—meth-
anoi—acetone—water (64:6:28:2). Running distance, 10 cm; environment, unsaturated;
fluorigenie reaction, 756 min under influence of HCI vapour in the dark and 12 min with both
HCI vapour and axtlﬁcul Light.

Substanee . : : RRp value
Digitoxin 35
Digitoxigenin hizdigitoxoside 32
Digitoxigenin mcnodigitoxoside 44
Digitoxigenin 56
Digitonin Crigin
Digoxin 24

In Table I, it is shown that digitoxin is well separated from its main metab-
olite digitoxigenin bisdigitoxoside, other metabolites and digoxin.

Reproduc:bmty of the method

A volume of 20100 gl of digitozin was added to blank serum the mlxture
was shaken for 2 min in a Vibromizer. The serum was incubated for at least %
h. Table II summarizes the results of a series of recovery experiments in the
therapeutic range of 1G—50 ng/mi of digitoxin in serum and indicates tha
accuracy of the TLC method. In Fig. 5, the results of a recovery experiment
for digitoxin are shown in a densitogram. The unknown x was spotted in
a volume of 30 yl from the 200 ul of extract. The blank was also spotted in a
volume of 30 ul. After calculation, we obtained a recovery of 114% at the 20
ng/ml level, which is above the average found value. In the experiment shown
in Fig. 5, astanda:dofSngwasspottedsmhmes(n =6). These integrated
values mdlcate the precision of the method and how it is influenced by the
quantitative application, the chromatography and the fluorigenic reaction. The
average value was 313 counts with a standard deviation of 8.3 and a relative
standard deviation of 2.6%.

TABLE I
RECOVERY OF DIGITOXIN FROM SERUM ON CONSECUTIVE DAYS

Day Digitoxin serum concentration (ng/ml)*
10 20 - 30 40 50
1 121 114 100 87 94
2 113 a5 91 - @1
g6 _
3 80 105 94 93 84
4 118 .88 . .

®The oversil mcowery (n= 17) for digitoxm xs 99.1% mth 2 standaxd dewnatmn of 11 2%
~ with a range of 84-—121 ngfm.!. .
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Fig. 5. Densitogram showing the results of a recovery experiment for digitoxin. For details,
see text. '

It appeared that the quality of the Merck plates was not consistent and both
the reproducibility and the detection limit could be influenced to a large extent
in different charges. Therefore, control of the charge is necessary. The relative
standard deviation for 5 ng of digitoxin on one plate should not be more than
6%, when the detection limit is less thap 0.5 ng.

Al prevxous specific methads based upon chromatographic techmques are
time consuming. ANl other methods for use with biological material are based
on the affinity of digitoxin to biological receptors. Moreover, the specificity is
dependent on the quality of the biological system, which may be uncertain.
Our fluoridensitometric TLC method is principally suitable for determining
both gdigitoxin and digoxin in any bxologmel material, e.g., urine, faeces, heart
tissue and muscle tissue.

Although the recoveries and the other features outiined above were accept-
able, there were differences hetween the values obtained by fluoridensitometry
and by RIA The mults of bof.h methods apphed to 11 patients are shown in
’ Since- V’éhmger ami Rtetbmck E12} found that digitoxm is the main sub-
stance in the chioroform extract and ali values obtained by the RIA method are



TABLE m -

DETERMINATION CF SERUM LEVELS OF DIGITOXIN IN PATIENTS BY BOTH THE
RIA AND TLC METHODS

" Standard devintion 0.25 (n = 11); relative standard deviation of the mean ratio, Sy = 53%.

Patient ~ RIA method [11] TLC method 113] Ratio serum levels, TLC/RIA
1 33 11.9 0.36
2 48 141 0.29
3 49 16.7 : 0.34
4 56 20.1 0.34
5 25 213 0.85 =
6 25 2.2 0.09
7 62 249 0.40
8 17 5.7 0.34
9 10 9.5 0.95
10 33 18.6 0.56
11 17 10.9 0.64
Mean: 0.47

higher than those obtained by the TLC method (Table I1I), there must be a co-
determination of other substances in the radioimmunoassay. Further, it can be
concluded from the work of Vohringer and Rietbrock [12] that it is important
not to co-determine the main metabolites, because of changing of the ratio of
chloroform-soluble and -insoluble metabolites in the first 48 h from 8.4 to 3.3,
and because of the different half-lives of digoxin, digitoxin and their metab-
olites.

In the fluoridensitometric TLC method, there is no co-determination, and
therefere this method is specific and is not influenced by structurally related
compounds. The -difference between the values obtained by the two methods
(Table III) might be due to a lack of specificity in RIA or partly to a lack of
attzinment of equilibrium in the fluorimetric recovery experimeénts, although
our recovery was almost 100% with reasonable accuracy. Hence the efficiency
of recovery of the TLC method cannot be the reason for the difference in
serum levels or for the difference in the precisions.

Any lack of specificity in the RIA method might be due to the co-determi-
nation of interfering substances such as metabolites of digitoxin, structurally
related drugs and their metabolites and other structurally related substances.
When the values obtained by the RIA and TLC methods do not bear a2 constant
ratio to each other or there is an average ratio with a small standard devistion,
while both methods have good precision, it can be conciuded that the extent
of the lack of speclﬁclty of the RIA method wili be expr&ssed by the standarﬂ
deviation of the ratio of the serum leve!s obtained in me two methods.

CONCLUSION

A TLC method that is not tao time consa@ning, noﬁ too expenszve, wrthgood
accuracy and precision and specific and sensitive for the defermination of digi-
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toxin in the serum of patients in the therapeutic and toxic range of 10-—60
ng/ml has been developed.

Improvements may come from investigating not only the samplo pzeparatmn’

and the use of programmed multiple development [14, 15, 30, 31] and of high-
performance TLC material [14, 15, 32], but also a better densitometric inte-
gration system. The result could be a fluoridensitometric TLC method that has
advantages over RIA. As the fluerigenic reaction of digoxin and methyldigoxin
surpasses even that of digitoxin, it seems possible that digoxin (lower thera-
peutic level 1—2 ng/ml) could likewise be assayed by fluoridensitometry.

REFERENCES

PN DH U O -

J.E. Doherty, Circulation, 47 (1973} 212.

D.S. Lukss, Circulation, 47 (1973) 214.

K. Rasmussen, L. Jervell, K. Storstein and K. Gjerdrum, Clin. Pharmacol. Ther., 13
(1972) 6.

H.M. Solomon and W.B. Abrams, Amer. Heart J., 83 (1972) 277.

D.S. Lukas and R.E. Patarson, J. Clin. Invest., 45 (1366) 782.

J M. Lowenstein and EM. Corrill, J. Lab. Clin. Med., 67 (1966) 1048.

G.M. Burnett and R.L. Conklin, J. Lab. Clin. Med., 71 (1968) 1040.

G.C. Oliver, Jr., BM. Parker, D.L. Brasfield and C W. Parker, J. Clin. I'nvest., 47 (1968)
1035.

K. Gjerdum, Acta Med. Scand., 187 (1970) 371.

G. Brooker and R.W. Jelliffe, Circulation, 45 (1972) 20.

T.W. Smith, J. Pharmacol. Exp. Ther., 175 (1970) 352.

H.E. Vohringer and N. Rietbrock, Clin. Pharmacol. Ther., 16 (1974) 796.

D.B. Faher, A. de Kok and U.A.Th. Brinkman, in E. Reid (Editor), New Devclopments
ir Biochemistry, Vol. 5, p. 247.

D.B. Faber and J. Koster, (1976) to he published.

D.B. Faber and A. de Kok, 17th Federal Meeting of Medical-Biolagical Societies, Amster-
dam, The Netherlands, April 1976.

C. Mulder and D.B. Faber, Pharm. Weekbl, 108 (1973) 289.

D.B. Faber, C. Mulder and W.A. Man in 't Veld, J. Chromatogr., 100 (1974) 55,

G. Ziillich, W. Braun and B.P. Lishoa, J. CRromatogr., 103 (1975) 396.

H. Seipel, E.F. Hueber, E. Deutsch, U. Lutz, M. Wichtl and K. Jentzsch, Klin. Wocken-
schr., 46 (1968) 1257.

J.J.J. van Qastveen, Pharm. Weekbl., 111 (1972) 21.

D. Wells, B. Katzung and F.H. Meyers, J. Pharm. Pharmacol., 13 (1961) 389.

LM, Jakovlievie, Anal Chem., 35 (1863) 1513.

J.M.G J. Frijns, Pharm. Weekbl, 105 (1970) 209.

J.M.G.J. Frijns, Pharm. Weekbl, 106 (1971) 9.

D.V. Naik, J.S. Groover and S.G. Schulman, 4Anal Chim. Acta, 74 (1975) 29.

A_Z. Britten and E. Njau, Angl. Chim. Actz, 76 (1975) 409.

R.W. Jelliffe, J. Chromatogr., 27 (1867) 172.

M. Hoeke and Th.J.H. Exler, Plrarm. Weekbl, 104 (18693) 877

D.B. Faber, J. Chromatogr., 74 (1972) 85. :

J.A. Perry, T.H. Jupille and L.J. Glunz, Anagl Chem., 47 (1375) 65A

J.A. Perry, T.H. Jupille and A. Curtice, Separ. Sci., 10 (1875) 571.

J. Ripphahn and H. Halpaap, J. Chromatogr., 112 (1975) 81. .



