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Improvement of reproducibility in capillary electrophoretic
characterization of rhubarb by normalization of migration time
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Abstract The principle of the normalization of migration time and its application on the tradi-
tional Chinese medicine TCM analysis by capillary electrophoresis CE are presented. It is
the core of the normalization of migration time that the fluctuation of apparent migration veloci-
ty for each component at different runs is attributed to the difference of electroosmotic flow ve-
locity. To transform migration time ¢ to normalized migration time one peak or two peaks in
the original electropherogram are selected as internal peak. The normalization of migration time
is therefore classified into two types based on the number of selected internal peaks one-peak
and two-peak approaches. The migration times processed by one-peak normalization and by
two-peak normalization are conducted by the following equations respectively i, ; =1/

1/t ;= 1/ bge ; =1/ liga and (", ; =1/ 1/ ¢ ;- 1/t
1/ tgaena j =1/ bgaena 1+ 72 where ¢ ;and ¢ ;are the normalized migration times ob-
tained by one-peak and two-peak approaches in the jth run for component ¢ respectively ¢
and ¢

-/ tistdl 1 +

J

i
sa ; are the migration times in the jth run for component ¢ and the selected internal

standard in the sample respectively ¢ ,, ;and {,, , are the migration times for the first

peak selected as internal peak in the jth run and the first run respectively t and

istd end j
lid ena 1 are the migration times for the last peak selected as internal peak in the jth run and
the first run respectively. One of the commonly used traditional Chinese medicines TCM
rhubarb was chosen as a model to verify the advantage of migration time normalizations in im-
proving reproducibility of CE. Both of the experiments the five parallel micellar electrokinetic

chromatography for rhubarb extract and the capillary zone electrophoresis for the samples pre-
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pared by mixing rhubarb extract with various solutions
RSD t/t,,, and RSD ¢t . The RSDs ¢"
raphy were in the range of 0. 07% - 0. 58%

showed RSD t" < RSD t' <
of the five parallel micellar electrokinetic chromatog-

and the RSDs t” of the capillary zone electrophore-
sis were in the range of 0.31% - 0.57%. The results showed that the qualitative precision im-
provements for rhubarb characterized with CE can be carried out by the normalization of migra-
tion time. The normalization of migration time will be gained much more attention to TCM

characterized by CE due to its simplicity and reliability.
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Fig. 1 Typical electropherogram of rhubarb by
tf 1 ? micellar electrokinetic chromatography
9 1 ] t; j Background electrolyte solution 15 mmol/L borate +30 mmol/L

SDS +10% v/v ethanol pH9.5 capillary 60.2 cm x75 pmi. d.
with the effective length of 50 cm detection wavelength 254 nm
temperature 25 C applied voltage 25 kV.

Peaks 4. aloe-emodin 5. rhein 6. chrysophanol.
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Table 1 Migration times ¢ one-peak normalized migration times ¢’ two-peak normalized migration times t”
migration time ratios t/t,, and their relative standard deviations RSD ¢ RSD t' RSD "

RSD t/t, 4 for seven peaks in five parallel micellar electrokinetic chromatography of rhubarb

Peak No. t t
in Fig. 1 t,/min {,/min {;/min {,/min ¢;/min  RSD ¢ /% t{/min  ¢;/min ¢;/min ¢;/min  ¢;/min  RSD ¢’ /%
1 5.92 5.93 5.92 5.90 5.95 0.31 5.92 5.92 5.92 5.92 5.92 0.00
2 6.78 6.79 6.76 6.75 6.80 0.31 6.78 6.78 6.67 6.78 6.76 0.16
3 8.04 8.06 8.01 8.02 8.10 0.44 8.04 8.04 8.01 8.06 8.04 0.22
4 9.20 9.22 9.12 9.12 9.21 0.54 9.20 9.20 9.12 9.17 9.14 0.39
5 10. 86 10. 89 10.75 10.76 10. 89 0. 64 10. 86 10. 86 10.75 10.83 10.79 0.44
6 14.15 14.24 13.90 13.94 14.16 1.06 14.15 14.18 13.90 14.05 13.99 0.82
7 14.92 15.04 14. 67 14.72 14.95 1.06 14.92 14.97 14. 67 14. 84 14.76 0.81
Peak No. Z U/ tista
in Fig. 1 t//min  ¢J/min ¢;/min ¢;/min ¢{/min RSD ¢’ /% Vtga 1 Visa 2 Vilsa 3 Vilisa 4 Vilga s RSD t/tigq /%
1 5.92 5.93 5.94 5.93 5.93 0.12 1.00 1.00 1.00 1.00 1.00 0.00
2 6.78 6.78 6.79 6.78 6.78 0.07 1.15 1.15 1.14 1.14 1.14 0.48
3 8.04 8.05 8.05 8.07 8.07 0.17 1.36 1.36 1.35 1.36 1.36 0.33
4 9.20 9.21 9.17 9.18 9.17 0.20 1.55 1.55 1.54 1.55 1.55 0.29
5 10. 86 10. 86 10. 82 10. 84 10.83 0.16 1.83 1.84 1.82 1.82 1.83 0.46
6 14.15 14.22 14.01 14.09 14.06 0.58 2.39 2.40 2.35 2.36 2.38 0.87
7 14.92 15.01 14.79 14.88 14.84 0.56 2.52 2.52 2.48 2.49 2.51 0.95
Subscripts 1 2 3 4 and 5 refer to the five parallel experiments.
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Fig. 2 a Original electropherograms b electropherograms processed by one-peak normalization of migration
times peak 1 as internal peak and c¢ electropherograms processed by two-peak normalization of migra-
tion times peak 1 and peak 7 as internal peaks for rhuarb in different matrices
[ . background electrolyte solution 15 mmol/L borate pH 9.6 adjusted by 1 mol/L NaOH -water-rhuarb extract 1:1:2 v/v/v
II. methanol-water-rhuarb extract 1:1:2 v/v/v 1. methanol-rhuarb extract 1:1 v/v  [V. water-rhuarb extract 1:1 v/v
V. 100 mmol/L NaCl-rhuarb extract 1:1 v/v  VI. 50 mmol/L NaCl-rhuarb extract 1:1 v/v .
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Fig. 3 Histograms of RSD ¢t RSD t' for different peaks selected as internal peaks and RSD t” for
peaks 1 and 7 selected as internal peaks for seven peaks in Fig. 2
The peaks marked with = are the internal peaks.
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