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ABSTRACT 

Various aldoses were derivatized to their 3-methyl-1-phenyl-2-pyrazolin-5-one derivatives and 
analyzed by capillary zone electrophoresis as their borate complexes. All derivatives of aldopentoses and 
aldohexoses were completely separated from each other in I OOmM borate buffer (pH 9.5) and detected by U.V. 
absorption in the on-coIumn mode. This system also provided good separation of derivatives of homologous 
oligoglucans having various types of interglycosidic linkages. 

INTRODUCTION 

Gas-liquid chromatography (g.1.c.) has played an important role for carbo- 
hydrate analysis in the preceding decade, and it is still in use in some areas of the field; 
however, it has a shortcoming in that samples need to be converted to volatile deriv- 
atives prior to analysis. During the last decade g.1.c. has given way, in part, to 
high-performance liquid chromatography (h.p.l.c.), because various separation and 
detection modes have been introduced to allow direct, sensitive analysis of carbo- 
hydrates. However, this method is still not entirely satisfactory in covering the analysis 
of a wide range of homologues and isomers of carbohydrates. 

Under such circumstances, recent advances in high-performance capillary elec- 
trophoresis are quite attractive to carbohydrate researchers because of the high-resolu- 
tion separations and the reproducible on-column detection; however, there is a funda- 
mental problem in that the analytes must be ionic in order for the direct zone electropho- 
resis method to be employed. While the micellar electrokinetic chromatography mode 
can separate neutral compounds, the sample components must possess moderate 
hydrophobicity. Thus, carbohydrate compounds that have quite weak hydrophobicity 
cannot be analyzed by this separation mode. 

It has been well established that carbohydrates react readily with the borate ion to 
form anionic complexes, and we have utilized this reaction for analysis of mono- 
saccharides as their N-2-pyridylglycamine derivatives. The result was satisfactory, as 
almost all naturally occurring monosaccharides were well separated from each other 

* To whom correspondence should be addressed. 





CAPILLARY ZONE ELECTROPHORESIS 195 

RESULTS AND DISCUSSION 

Separation ofaldopentose and aldohexose MPP derivatives. - The mechanism of 
separation of MPP-aldoses is the same as that described previously for N-2-pyridylgly- 
camines’. When a sample was introduced into the tube from the anodic end, the 
component MPP-aldoses were converted in situ to anionic borate complexes and 
retarded by electrophoresis. At the same time there was a constant flow of carrier from 
anode to cathode, induced by electro-osmosis, which drove the MPP-aldoses to the 
detector. Separation was achieved by the degree of complexation and by the molecular 
size of the resulting complex. The column efficiency was quite high (e.g., theoretical 
plate height for MPP-xylose, 4.1 pm) because the velocity of electro-osmotic flow was 
uniform across the tube, i.e., the electro-osmotic flow was a plug flow, and also because 
the heat evolved during analysis was efficiently dissipated from the capillary wall. 

Since the apparent electrophoretic mobility &,) of every MPP-aldose as the 
borate complex is proportional to the mole fraction of the complexed aldose, and since 
the mole fraction increases with the pH and borate concentration (C) ofcarrier, pu,, gave 
ascending curves with pH and C in a similar fashion as that observed for N-2- 
pyridylglycamines’. The p,,pH as well as P~,C curves of MPP-aldopentoses were 
parallel and did not cross each other. Although both N-2-pyridylglycamines and 
MPP-aldoses have structures similar to 1 -substituted alditols, there was a slight differ- 
ence in ease of complexation between these two types of derivatives, presumably due to 
the participation of the substituent (MPP) group in complexation. Thus the optimum 
pH for the separation of MPP-aldoses (9.5) was slightly different from that for N-2- 
pyridylglycamines (10.5). Using IOOmM borate buffer (pH 9.5) as carrier, all MPP- 
aldopentoses in the D-series were completely separated from each other as shown in Fig. 
1. Amobarbital was used as an internal standard, since it migrated ahead of these 
aldopentose derivatives, well separated from the peaks of these derivatives. The ,uep 
value can be calculated from the equation, l.L( l/t,- l/t)/V (ref. 5) where 1, L, t,, t and V 
are respectively the effective length of the tube between the inlet and the detection slit, 
the whole length of the tube, the migration time of a neutral marker (methanol), the 
migration time of a MPP-aldose, and the applied voltage. The values obtained ( x 104, 
cm’s_‘.V’) for the authentic samples of xylose, arabinose, ribose and lyxose deriv- 
atives were 2.56,2.62,2.68, and 2.12, respectively. The peaks in Fig. 1 were assigned by 
comparing their pep values with those of the authentic samples. 

Separation of MPP-aldohexoses was also excellent, as all MPP-aldohexoses in the 
D-series were almost completely separated from each other under the same conditions as 
those for MPP-aldopentoses (Fig. 2). The migration order was glucose (2.62) > allose 
(2.67) > altrose (2.75) > mannose (2.78) > idose (2.86) > gulose (2.88) > talose (2.96) 
> galactose (2.98). The numbers ( x 104, cm’s’.V -‘) in parentheses are pUep values. 
Comparison of the pep values of MPP-aldohexoses with those of MPP-aldopentoses can 
predict that the peaks of a few species of pentose and hexose derivatives will overlap. 
Therefore, the present system should be further improved, based on optimization 
studies, if complete separation of all these derivatives is required. 
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Fig. 3. Analysis of MPP-derivatives of homologous oligoglucans by c.z.e. (a) Isomalto series; (b) laminara 
series; (C) cello series. The analytical conditions were the same as those in Fig. 1. 
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Fig. 4. Relationship between pep and d.p. for each series of oligoglucans. 0, isomalto series; n , laminara 
series; A, cello series. 




