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SUMMARY 

The programmed multiple development thin-layer chromatography (PMD- 
TLC) technique was compared with the conventional chromatographic technique on 
both normal and HPTLC plates. The potency of this high-performance TLC is 
illustrated and discussed by means of the data obtained with the determination of 
digitoxin in human serum. 

Improvement of the efficiency of TLC, resulting in a better resolution and 
sensitivity with PIMD-TLC using HPTLC plates, makes this high-performance TLC 
technique comparable to high-performance liquid chromatography. 

This TLC approach might lead to a sensitive, rapid, selective and simple assay 
for routine serial analyses and, because of its specificity and flexibility, it may facihtate 
drug interaction studies. 

INTRODUCTION 

In the development of potent drugs, the intluence of substances in biological 
fluids that interfere in quantitative analysis is increasing, especially as drugs become 
more structurally related to naturally occurring substances. Because of the variations 
in drug treatment, metabolism and interactions in patients, there is a considerable 
demand for the development of improved separation methods together with optimal 
detection and data handling systems for increasing the sensitivity, specificity and 
precision. As detection at nanosam levels and below becomes even more important, 
there are a few separation and detection systems that will become the methods of 
choice, e.g., radioimmunoassay, gas-liquid chromatography, higS-performance liquid 
chromatography (HPLC), gas chromatography-mass spectrometry and fluorodensi- 
tometr$*, because of their sensitivity. 

Programmed multiple development (PMD) has been used in order to improve 
the simplicity, sensitivity and precision in TLC. PMD is an automatic, cyclic method 
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for a new type of multiple development in TLC. To a certain extent the resolution of 
PMD cbromatograms does not indicate either spot size or overloading, and auxiliary 
techniques are therefore used to enhance the sensitivitya*4. 

PMD in combination with high-performance thin-layer chromatography 
(HPTLC) material5 further improves the quantitative TLC determination of drugs 
at nanogram levels, and at the microgram level the serum can be applied directly to 
the plate6. Some practical aspects of improving TLC densitometry have been dis- 
cussed earlie@. As PMD-TLC results in the narrowing of spots perpendicular to 
direction of development, a better signal-to-noise ratio is obtained. This periodic 
re-concentration of sample components gives a greater resolution than can be ob- 
tamed with a single elution and enhanced sensitivity in the subsequent fluoro- 
densitometry’**. 

To test the possibilities of the PMD-TLC method more extensively, we 
analysed digitoxin in human serum at the therapeutic level of 25 ng/ml. 

EXPERIMENTAL 

To improve the TLC method for digitoxin and to develop it for digoxin and 
possibly other structurally and non-structurally related glycosidesg we studied the 
possibilities of PMD using micro-HPTLC plates. 

Plate development with PMD was carried out with a Regis Model 2000 pro- 
grammer and a Model 222 developer. The fluorescence of the spots was measured 
with a Vitatron TLD-100 densitometer or a Zeiss chromatogram spectrophotometer 
(KM,) and Spectra-Physics autolab System I computing integrator. 

The TLC plates were silica gel 60 plates on glass (dimensions 20 x 20 cm) and 
HPTLC-60 plates on glass and aluminium (sprayed black at the reverse side for better 
heat absorption) (dimensions 10 x 10 cm) (E. Merck, Darmstadt, G.F.R.). A lo- 
and a 25~1 Hamilton syringe (with a PTFE-coated plunger and a PTFE gasket tip) 
were used. A Desaga chromatography tank, a Vortex-Genie Vibromixer, a GLC-2 
centrifuge with a maximum of 4955 g and a Bolex Lite 2M quartz-halogen lamp 
(1000 W) were used. 

Preparation of hydrogen chloride ryapour 
Sulphuric acid (technical quality) was added slowly to sodium chloride 

(technical quality) in a 2-l flask. Subsequently the hydrogen chloride vapour obtained 
was Ied into a closed tank of dimensions 5 x 10 x 20 cm (Desaga) containing 
silica gel 60plates, while a constant pressure was maintained with a connected 
sulphuric acid wash-bottle. 

Reagents and chemicals 
Chloroform (spectroscopic quality), acetonitrile (p-a.) and toluene (p-a.) were 

obtained from Merck. Methanol (minimum purity 99.5%), ethanol (99.5%) and 
acetone (99.5%) were obtained from J. T. Baker (Deventer, The Netherlands); 
digitoxin, Pharmacopoeia Neerlandica Ed. VII or from Merck; digitoxigenin bis- 
digitoxoside, digitoxigenin monodigitoxoside, digitoxigenin and digitoxin from Boeh- 
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Fig. 8. Computer output of the integrated peak area of the standards (S) and the unknowns X, and 
XZ. 

resolution more quickly than with material of the normal particle size, but it should 
be noted that for an optimal effect spots have to be applied in nanolitre volumes, 
which is difficult to achieve with extracts from biological material. 

The PMD technique on HPTLC material offers the advantage of ‘larger 
application volumes coupled with the higher resolution given by the high-performance 
material. PMD-TLC, in comparison with conventional TLC, in separations from 
interfering substances, gives less streaking and a lower background, resulting in 
clearer results on the TLC plate. This improvement of the reproducibility and accuracy 
with this HPTLC method can be enhanced by scanning with the chromatogram 
spectrophotometer in the double-beam mode. 

As the determination of digoxin has to be carried out in serum (1-2 ng/ml), 

,A 

Fig. 9. Separation of d@toxin (A) after application of two different serum extracts of concentrations 
50 and 100 r&ml. 
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a’t least 2-4 ml of serum is required. Although the PMD technique permits enhance- 
ment of the signal-to-noise ratio, it will be necessary to purify the extract. 

Using an external standard or, even better, an internal standard, serial analyses 
can be performed, while improvement of the fluorescence could simplify this HPTLC 
method even more. It is probably better to wash the TLC plate first and, from ex- 
perience, it appeared that this is successful, especiahy with lower detection areas, as 
the first necessary “clean-up”. For additional information, see the discussion regarding 
earlier investigations with quantitative TLC determinationGo. 

Using the PMD-TLC method as a HPTLC technique, it depends on the 
physico-chemical properties of the substances concerned whether aluminium or glass 
pIates should be used. In fact, the use of nitrogen gas for solvent removal is recom- 
mended as not heating the plate avoids decomposition. However, the combination of 
heat and nitrogen gas may lead to new possibilities for overcoming viscosity problems 
.with solvent systems, especially when analysing extracts from biological material. This 
PMD-TLC method using HPTLC material on glass plates with a nitrogen flow cell 
appears to be a high-performance technique comparable to HPLC. 
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