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THE ESTIMATION OF SERUM DIGOXIN B Y  COMBINED HPLC 
SEPARATION A N D  RADIOIMMUNOLOGICAL ASSAY 

J.C.K. Loo,  I.J. McGilveray and N. Jordan 
Drug Research Laboratories, 

Hea l th  Pro tec t ion  Branch, 
Ottawa, Ontario, Canada, K 1 A  OL2 

ABSTRACT 

A specif ic method for the  quant i tat ion o f  digoxin in serum has been 
developed and applied to  determinat ion o f  drug concentrat ions i n  serum 
from digi ta l ized patients. One ml o f  the supernatant f r o m  aceton i t r i le  
denatured serum, subsequently di luted w i t h  water, was chromatographed 
on a reversed phase H P L C  column. The eluent corresponding to  the 
retent ion t i m e  of digoxin was col lected and analysed using a commerc ia l  
radioimmunoassay kit. The recovery a t  3ng/ml was 96.1 3.0%. Endo- 
genous substances, drugs and metabol i tes o f  digoxin do no t  in te r fe re  w i t h  
the method. The mean value o f  the samples est imated by the present 
method was 84% of those determined by d i rec t  R.I.A. 

INTRODUCTION 

The studies of  Gault  et. al. (1) and those o f  the present authors (2) 

have demonstrated the possibi l i ty o f  degradation of o ra l l y  administered 

- -  

digoxin by acid hydrolysis in the stomach pr io r  to  absorption. D igox i -  

genin, a rnajor degradation product, possessinq re la t i ve ly  l i t t l e  cardiac 

ac t iv i t y ,  was shown t o  be rapidly absorbed a f t e r  o ra l  administrat ion. In 

addition, several radioimmunoassays (R.I.A.) f o r  serum digoxin do not  

distinguish between digoxin and digoxigenin as antisera f rom these k i t s  

cross reac t  s igni f icant ly w i t h  digoxigenin (2). 
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880 1.00, MC CILVERAY, AND JORDAN 

Xesolut ion o f  digoxin f rom i t s  metabol i tes by HPLC fol lowed by R I A  

determinat ion (HPLC-RIA) demonstrated tha t  the i n tac t  drug as we l l  as 

i t s  metaboli tes was present in serum obtained f r o m  digi ta l ized pat ients 

w i t h  gastr ic hyperacidi ty (3). Recent ly,  Gibson g. &. demonstrated by  

using a s imi lar  technique, t ha t  R.I.A. overestimates the amount o f  

digoxin in plasma o f  renal  fa i lure pat ients (4).  

The assays mentioned above (2-4), though accurate and specific, 

were tedious and no t  readi ly adaptable fo r  rout ine mon i to r ing  o f  serum 

sarnples f rom digi ta l ized patients. 

The object o f  the present study was t o  develop a rap id  method fo r  

the specif ic determinat ion o f  digoxin in serum. 

MATERIALS 

Keagents 
3 Digoxin 12a- H was obtained f r o m  New England Nuclear (Lachine, 

OuCbec, Canada). The Digoxin 1251 solid phase k i t s  were purchased f r o m  

Cl in ica l  Assays, a division o f  Travenol Labs Inc. (Cambridge, Mass., 

U.S.A.). E t h y l  alcohol was obtained f rom Consolidated Alcohols L t d  

(Toronto, Canada) and redist i l led pr ior  t o  use. H P L C  grade aceton i t r i le  

was purchased f r o m  Fisher Sc ien t i f i c  (Ottawa, Canada). 

Appara t 11s 

Samples were centr i fuged in a Sorval l  RC 2 8  cent r i fuge (Newtown, 

Cunn., U.S.A.). A constant volume high performance l iquid chroma- 

tograph f rom Waters (Mil ford, Mass., U.S.A.) containing a Model 6000A 

pump, a U 6K in jector ( f i t t ed  w i t h  a 2.6 ml loop) and a model 440 detector 
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SERUM DIGOXIN 88 1 

set a t  254 nm, was used. A reverse phase column, (ODs Spherisorb 5 p ,  

3.2 x 250 mm; A l tex ,  Berkeley, Cal., U.S.A.) was used. 

Mobi le Phase 

The mobi le phase, 3.3% e thy l  alcohol, 25% aceton i t r i le  in water  

(v/v)  was prepared fresh daily. A f low ra te  o f  60 ml/hr was used. 

METHOD 

To 1.0 ml o f  serum in a glass cu l tu re  tube was added 1.5 ml o f  

acetonitr i le. A f t e r  vortexing br ief ly,  the sample was incubated f o r  f i ve  

minutes a t  4OC and centr i fuged fo r  f i f t een  minutes a t  4OC. The 

supernatant was decanted in to  a glass cul ture tube t o  wh ich  1.0 ml of 

water  was added. Fol lowing centr i fugat ion fo r  f i f t een  minutes a t  4OC, 

the supernatant was pipetted o f f .  A 1.0 ml al iquot of supernatant was 

added to  1.8 ml o f  water, in jected d i rec t l y  in to  a 2.6 ml loop in jec to r  and 

chromatographed. The retent ion t ime  o f  digoxin was established dai ly by 

in ject ion and stepwise col lect ion o f  nanogram quanti t ies o f  digoxin spiked 

w i t h  t r i t i a ted  digoxin. The eluent corresponding to  the retent ion volume 

o f  digoxin was col lected (1.5 ml). The dr ied  residue was reconst i tuted 

w i t h  one ml o f  k i t  buf fer.  A 250 al iquot was evaluated in dupl icate by 

using a 1251 digoxin radioimmuno-assay kit. Overnight storage o f  samples 

in sealed ampules, e i ther a f t e r  precipi tat ion or a f te r  H P L C  col lect ion, has 

been shown to cause no change in results. 

RESULTS 

The present chromatographic system readily separates digoxin and 

i t s  metaboli tes as we l l  as potent ia l ly  in te r fe r ing  compounds. The 
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\. i 

0 7 4 6 8 1 0  
MINUTES 

TIGCJRE 1. HPLC OF DIGOXIN: 1: DIGOXIGENIN; 2:  DIGOXIGENIN 
M 0 NOD1 G I  T 0 X (3 SIDE ; 3: DI GO X I G E NI N R I SDI GI T 0 X 0 - 
S l O t ;  4: DIGOXIN 

re ten t ion  t i m e s  a r e  given in Table  1. Figure I i l lus t ra tes  a chrorna togram 

o f  microgram quant i t ies  of  digoxin and its rnetabol i tes .  

Standard s e r u m  digoxin solut ions w e r e  spiked with t r i t i a t e d  digoxin 

and used t o  assess t h e  recovery  and ef f ic iency  of  t h e  method.  T h e  

precipi ta t ion stop was fourid t o  yield a 95.3% recovery  (C.V. = 1.0% f o r  n 

= 10). Table  I1 indicates  t h e  reproducibility o f  t h e  column col lect ion.  T h e  
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SERUM D I G O X I N  883 

TABLE 1 

Retent ion  Times of  Digoxin, Metabol i tes and Compounds of Interest. 

Compound 

Digoxigenin 
Digoxigenin-monodigi toxoside 
Prednisolone 
Digoxigenin-bisdigitoxide 
Digox in  
Spi rono lac tone 
Canrenone 
*Di hydrodigoxin 

Reten t ion  T ime  

4.9 min 
5.4 min 
6.1 rnin 
6.8 min 
8.6 rnin 

18.3 min 
21.0 min 

= 9.6 min 

* Es t imated by column col lect ion, fo l lowed by use o f  an anisaldehyde 
spray a f t e r  thin layer chromatography. 

col lect ion t ime  (8.0-9.5 rnin) was established by a radioact ive t racer  

which was chromatographed a t  the onset as w e l l  as in between several 

inject ions to  ensure tha t  the retent ion t i rne remains constant during the 

course o f  a day. 

TABLE 2 

Reproducibi l i ty  o f  Co lumn Co l lec t ion  -- - 
3 Sample YO of  H Digox in  Co l lec ted  

in 1.5 ml eluant 

79.2 
85.2 
80.2 
81.6 
75.4 
82.6 - 

Mean = 80.7 
% C.V. = 4.1 
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TABLE 3 

Est imat ion o f  D igox in  f rom Serum (3ng/ml) (n = 0) 

Sample 

1 
2 
3 
4 
5 
6 
7 

ng/ml  est imated 

3.00 
3.00 
2.85 
2.85 
2.89 
2.91 
2.70 

8 2.78 

YO Recovery 

100.0 
100 .o 
95 .o 
95 .O 
96.3 
97.0 
92.7 
92.7 - 

Mean = 96.1% 
Yo C.V. = 3.0 

-- 

The concentrat ion of digoxin i s  est irnated by the fol lowing equation: 

D igox in  (ng/ml o f  serum) = 100 R 
PXC 

where R = D igox in  est imated by R I A  k i t  (ng/ml) 

P = Percentage ex t rac t ion  f r o m  serum fol lowing denaturation 

C = Percentage recovered f r o m  column 

3 B o t h  P and C are determined dai ly using H digoxin. 

The precision and accuracy were determined by the repeated assay 

of a 3 ng/rnl digoxin serum solution. The results are shown in Table 3. 

The method was applied in the analysis o f  digoxin serum concen- 

t ra t ion  o f  d ig i ta l ized patients. Table 4 summarizes the results obtained 

by using HPLC-R.I.A. and by d i rec t  R.I.A. It is noted tha t  the l a t t e r  

method overestimates the digoxin plasma concentrat ions in these 

pat i cn  ts .  
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TABLE 4 

Digoxin Concentration ng/ml 

Patient RIA H.P.L.C. - R.1.A. HPLC Digoxin 

Serum RIA Digoxin 
~~~ 

1 1.2 0.64 0.53 
2 1.2 1.17 0.98 
3 1.7 1.26 0.74 
4 2.1 1.6 0.76 
5 1.9 2.0 1.05 
6 1.7 1.48 0.87 
7 2.8 2.23 0.80 
8 2.5 2.20 0.88 
9 4.3 4.0 0.93 

10 1.4 1.12 0.80 
11 1.8 1.75 0.97 
12 1.2 0.9 0.75 
13 1 .3  1.24 0.95 
14  3.0 2.4 0.80 

Mean ? SD 2.01 f 0.89 1.71 +- 0.84 0.84 k 0.13 

DISCUSSION 

Gibson 4. (4), using a combined HPLC-RIA technique, examined 

the plasma of 9 digitalized patients requiring maintenance renal dialysis 

and reported that the ratio, (digoxin estimated by HPLC-RIA/digoxin 

estimated by RIA), was 0.83 ? 0.12 (range 0.58 to 0.94). I n  the present 

study using 14 digitalized patients o f  unknown renal status, we obtained, 

surprisingly, a similar rat io o f  0.84 2 0.12 (range 0.53 to 1.05). The 

combined forward phase HPLC/RIA methods employed by Gibson g. g. 
and others (2,3) require tedious extraction techniques and a radioactive 

internal standard. 
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The present method involves the d i rec t  chrornatography o f  d i lu ted  

acetoni t r i le denatured plasrna on n reversed phase colurnn using a t race  

enrichment technique developed by F r e i  g g. ( 5 )  and thus el iminates the  

ex t rac t ion  step. The precision (C.V. < 4%) of  the in ject ion and col lect ion 

st q) aoliieved by crrlployiilg a f u l l  capacity constant volume loop tech- 

nique obviates the need for an internal  standard and thus fu r ther  

siir iplif ies the assay. 

About 1 5  t.o 20 assays can be  performed per day by one technic ian 

a i i c i  thus the procedure can conveniently be applied to  the c l in ica l  

monitor ing o f  diqoxin plasma concentrat ion in digi ta l ized patients. 
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