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SUMMARY 

The possibility of using post-column derivatization techniques to improve the 
detection in high-performance liquid chromatography (HPLC) has been suggested 
before, but a serious limitation to the choice of the reactions is the kinetics, as slow 
reactions require longer reaction times and correspondingly larger reaction units 
(long spirais) with the associated problems such as a high pressure drop and loss of 
resolution. 

In this study it was attempted to overcome some of these drawbacks by 
applying the well known air segmentation principle used in connection with Auto- 
Analyzers_ The studies were carried out on cardiac glycosides which, upon reaction 
with concentrated hydrochloric acid, yield highly fluorescent products. As this 
reaction is kinetically slow, with at least a lo-min reaction time for a reasonable 
fluorescence yield, it served ideally for the investigation_ 

The optimal reaction conditions and the influence of solvents, reagent com- 
position, temperature and time on the kinetics and fluorescence yield were studied. 
With a lo-min reaction time the band broadening was only about 15 %. The repro- 
ducibility of the derivatization step is 1.2% (relative standard deviation, n = 10) 
and the improvement in the detection limit was at least lOO-fold in comparison with 
UV detection. For a non-retained glycoside the detection limit is 500 pg per inje’ction 
at a signal to noise ratio of 4 : 1 _ The technique was applied successfully to members 
of the C-group of cardiac glycosides (digoxin, digoxigenin, lanatoside C and desacetyl- 
lanatoside C), which were separated on a reversed phase HPLC system. Many of the 
concepts studied are of general validity for post-column reactions with relatively 
slow kinetics. 

INTRODUCXON 

The merits and problems of post-column derivatization in high-performance 
liquid chromatography (HPLC) have been discussed earlier1-3. Although the use of 
such reaction techniques after column chromatographic separation has been known 
for more than a decade with classical column techniques (e.g., amino acid analyzers), 
-- 
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little has appeared in relation to modem HPLC. One reason is the many technical 
problems such as the dead volume and mobile phase compatibility that still have to 
be solved. 

One of the earlier applications of the technique involving true HPLC was 
published by Muusze and Hubep on the oxidative fluorescence detection of thiori- 
dazine and its metabohtes. Simpler and equally rapid reactions have been adopted 
with the use of o-phthalaldehydes and Fluram for primary amino groups in amino 
acids. The limitations of these post-column techniques with regard to dead-volume 
problems (band broadening) in mixing and reaction units have been discussed in 
detail with the Fluram system applied to nonapeptides7y8. It was concluded that for 
reactions with relatively slow kinetics (reaction times of 5 min and longer) it would 
be advisable to adopt the air segmentation principle used conventionally in Auto- 
Analyzersl. The coupling of an AutoAnalyzer as a reaction detector system to a 
HPLC unit was described as early as 1973g, adapting the cerium(lV) - cerium(II1) 
system as a indirect fluorescence detection principle for oxidizable compounds such 
as phenols and polythionateGO. The coupling of a cholinesterase inhibition Auto- 
Analyzer to HPLC for the determination of carbamate and organophosphate pesti- 
cides was described by Ramsteiner and Hijrmann I1 All of these studies were carried _ 
out with earlier HPLC equipment and with ion-exchange or other chemically bonded 
supports of large particle size (35-50 !lrn) packed in l-m columns. With such a system 
the coupling with a first-generation AutoAnalyzer causes only minor additional band 
broadening as dead-volume problems are less serious. 

Moye and Wade” later studied the cholinesterase system in more detail and 
applied it to carbamates. They used modem HPLC equipment and supports and 
reported band broadening in the vicinity of 35% for total reaction times of about 
4 min. Obviously dead-volume problems in the reaction detector unit are dominant 
if such a loss in resolution is encountered. An improved situation was presented by 
Schwedt=, who discussed an ethanol-diamine reaction detector for the fluorescence 
detection of catecholamines. A band broadening of 30% was reported and reaction 
times of 10 min were used. Again IO-Ldrn particles (Nucleosil lo-SA and 10-C& were 
used in shorter columns, whereas the AutoAnalyzer equipment was of the earlier 
generation, using mixing spirals of 2.4 mm I.D. 

In this study, we attempted to pay more attention to band broadening for 
kinetically slow reactions and to miniaturize the reaction unit so that it would fit 
more appropriately to a modem HPLC unit (5-pm particles, lo- or 15-cm columns). 

The reaction of cardiac glycosides with concentrated hydrochloric acid to form 
highly fluorescent productsI was chosen as a model system. The cardiac glycosides 
of the cardenolide type (digitalis glycosides) possess only a relatively weak chromo- 
phore with ir,.,,,, at ca. 220 nm. Direct UV detection is possible and useful for certain 
analytical applications I5 but for real trace analysis, including biological samples, for 
by-products or metabolites better detection properties are needed. Nitrobenzoylation 
of these molecules has been shown to improve the detection limit@ but the sample 
preparation step and the need to’derivatize in an anhydrous environment impose 
some limitations on this method. It was therefore of interest to develop an alternative 
technique which modifies the glycosides only after the separation step and which 
permits adaptation of the already known separation systems and sample preparation 
techniques_ 
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Fig. 5. Comparison of the fluorescence signals obtained with and without air segmentation. Chro- 
matographic conditions as in Fig. 4. 

For the method at present it can be said that this detection mode is at least 
100 times more sensitive than UV detection without derivatizatioxP, while still 
maintaining the relative ease of sample preparation. The all-glass and polypropylene 
design of the reaction detector unit permits one to work with materials as corrosive 
as the concentrated hydrochloric acid used in this study. The adoption; of the instru- 
mentation uSed for non-segmented derivatization techniques7*8 would also be rather 
problematical from this point of view. 

The reproducibility of the technique is such that the method can be recom- 
mended as a truly quantitative approach to trace analytical problems. 

The knowledge gained in this study should be applicable to many other reaction 
systems and groups of compounds and it is hoped that it will generate more studies 
in this area. 
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