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Introduction

Digitalis glycosides are the classic drugs for the treatment of
congestive heart failure. Of these, digoxin is one of the most
prescribed cardiac glycosides. Although digoxin has been used for
more than 200 years for the therapy of heart failure, it is still not
possible to prepare digoxin synthetically. Digoxin is extracted from
the leaves and seeds of the Digitalis lanata (foxglove).

Digoxin has a narrow therapeutic range of 0.5 to 2.0 ng/mL.
Determination of digoxin in human serum is commonly performed
by immunoassays (RIA, FPIA, ELISA) based on their sensitivity, speed
and low costs; but these assays lack specificity. Quantification can
also be performed by HPLC with UV or fluorescence detection.
Each of these technigues, however, has drawbacks. Due to the low
extinction coefficient, UV detection without derivatization is not
sensitive enough. For fluorescence detection, pre- or postcolumn
derivatization is also required. In most of these cases, sample
preparation is carried out off line with solid-phase extraction.

This application note describes a method for quantification of
digoxin using liquid chromatography/mass spectrometry (LC-MS)
with integrated on-line sample preparation that avoids the
derivatization required by other HPLC methods.

Experimental

The system was comprised of an Agilent 1100 Series binary pump,
vacuum degasser, autosampler, thermostatted column
compartment with a column switching valve, diode-array detector,
and LC/MSD mass spectrometer. The LC/MSD was equipped with
electrospray (ESI) and atmospheric pressure chemical ionization
(APClI) ion sources. Complete system control and data evaluation
was done on the Agilent ChemStation for LC-MS.

The integrated sample preparation was done on a precolumn
packed with LiChrospher ADS RP4, a restricted-access material
(RAM). This material combines a hydrophilic external surface (diol
groups) and a hydrophobic internal surface (butyl groups) with a
defined pore size. Matrix proteins from the sample are not able to
enter the pores (size exclusion) and are not well retained by the
external surface of the column material.

With the column switching valve in position 1, the matrix
proteins eluted to waste while the analyte accumulated on the
precolumn. After the matrix proteins were washed away, the valve
and mobile phase were switched. Backflushing the precolumn with
mobile phase B (higher content of organic solvent) transferred the
analyte to the analytical column. Because the resulting transfer

Figure 1: Mass spectra of digoxin acquired using atmospheric pressure chemical ionization.
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volume was much smaller than the injection volume, this had the
effect of concentrating the analyte.

The separation of digoxin and its metabolites was done by
isocratic elution on a Hypersil SAS column (5 pm, 125 mm X
3 mm) with a mixture of sodium citrate (1 mM):methanol:ethanol:
isopropanol (50:46:3:1 (v/v)). Due to their small molar absorption
at UV wavelengths less than 220 nm, direct detection of the
digoxin and its metabolites without derivatization was only
possible with MS detection.

Figure 2: Mass spectra from electrospray ionization of

digoxin using (a) 1 mM ammonium acetate buffer and
(b) 1 mM sodium citrate buffer.
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Results and Discussion

Both APCI and electrospray were used to analyse digoxin. Using
APCI, the intensity of the protonated molecule (m/z 780) was low
and a high degree of fragmentation was observed (See Figure 1).
Successive losses of digitoxose mole- cules (A = m/z 130) resulted
in a series of characteristic, evenly spaced mass peaks.

Electrospray ionization with T mM ammonium acetate in the
mobile phase yielded neither the protonated molecule nor the
ammonium adduct but instead showed a sodium adduct
[digoxin+Na ]* at m/z 803.5 (see Figure 2). This was likely due to
trace levels of sodium present from leaching of glass vials or
bottles or from impurities in the mobile phase. Substituting 1 mM
sodium citrate for the ammonium acetate enhanced the formation
of the stable sodium adduct and did not significantly affect the
chromatography. Using the stable sodium adduct, selected ion
monitoring was used to detect digoxin with a very high degree of
sensitivity.

A limit of quantification (LOQ) of 0.5 ng digoxin per mL of
human serum (c.v. 2.8%) was determined by injecting 100 pL of
spiked human serum without any sample preparation except
centrifugation (Figure 3).This corresponds to the detection of
0.05 ng digoxin absolute on column.
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Figure 3: Chromatogram of digoxin in human serum at the limit of quantification.
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