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ABSTRACT

Under each of 38 buffer conditions, six migration parameters
of 14 flavonoids were obtained in capillary zone electrophoresis
(CZE) and nine parameters in micellar electrokinetic capillary
chromatography (MEKC). A total of 183 structural descriptors
for each flavonoid were calculated to represent the molecular
structures in a quantitative way. The relationship between the
structural descriptors and the migration parameters of flavonoids
in CZE or MEKC were evaluated by cluster and factor analyses.
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Under all CZE conditions the apparent solute mobility (L)
was always the first variable to associate with all molecule-level
structural descriptors and the electrotopological state indices (Si)
of skeletal carbons. whereas the effective mobility (yte) was closer
to Si of oxygens on skeletons. On the other hand, in MEKC
retention factor or its logarithm did not depended more on the
structural descriptors than other migration parameters. This
indicated that the parameter did not represent the properties of
the flavonoids better than other parameters. Thus, the results
confirmed that hydrophobic interaction was not the only
underlying force that influenced the migration behaviour of the
flavonoids in MEKC.

INTRODUCTION

The Kovats retention index. logarithm of retention factor (k) and Ry
defined bv Bate-Smith and Westall, have been used to describe the
chromatographic behaviour of analytes in GC,' HPLC,” and TLC,’ respectively.
It is relatively well known that the retention is affected by the structural
properties of solutes in chromatography.

CE has developed into a powerful complementary technique to HPLC in
recent vears.* In capillary zone electrophoresis (CZE), the electrophoretic
mobilities (1) of a solute can simply be related to charge to mass ratio of the
solute and to the viscosity of the separation medium. Therefore, p. seems to
express the migration behaviour of solutes better than other migration
parameters. On the other hand, retention factor k, or logk,, has been accepted
to describe the migration behaviour of solutes in MEKC.°

However, in fact. various analytical migration parameters have widely
been used to describe the migration behaviour of analytes in CE: migration
times (t,,). apparent electrophoretic mobilities (j1,), p., ™ and k, logk, k. or
logk,,.*”'" Besides these, corrected migration times (At,,).'' relative migration
parameters (such as relative migration time, t,"),’>"® and migration indices''®
have also been used with a view to improving the repeatability of analysis. It
is important to know which of the parameters can best represent the properties
of analvtes. In order to find the ideal parameter, it is significant to establish the
refationship of the migration parameters with the structural descriptors of
analytes because the descriptors represent the structure of a particular
compound in a quantitative way. These structural descriptors have largely
been applied to the characterisation of chemical structures, as well as to
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structure-property and structure-activity correlations.'”” The information is

topological, geometric, electric and physical. The Wiener number, based on the
distance matrix of the molecule, was the first descriptor to have been applied.”’
The molecular connectivity indices, later introduced by Randic™ and developed
by Kier and Hall”, have commonly been used to encode these structural
features such as size. branching, unsaturation, heteroatom content, and
cyclicity. The electrotopological state indices (S;) are atom-level indices, which
encodes a combination of electronic, topological, and valence state
information.”**® There are also other molecular descriptors such as kappa
shape indices,”’ topological state indices, and information indices.

The relationship can be established by statistical methods such as cluster
or factor analysis. Cluster analysis is a multivariate procedure for natural
detecting groupings in data, based on the measurement of similarity of
variables. Factor analysis is a multivariate procedures for decomposing a
matrix. These analyses have been used to categorise 17 octadecylsilyl phases™
and evaluate the relationship between retention and structural descriptors of
retinoids.”

In recent studies, we have investigated the effect of electrolyte solutions
and instrumental parameters on the migration behaviour of flavonoids in
CE.">" The aim of the present study was to evaluate the relationship between
the structural descriptors and the migration parameters of 14 flavonoids in CZE
and MEKC by statistical analyses.

EXPERIMENTAL

Chemicals, Apparatus and Procedures of CE Experimental

Chemicals and most of the investigated flavonoids are as described
earlier.'>’® In addition, flavone, avicularin, and vitexin were from Sigma (St.
Louis, MO, USA). Structures of the flavonoids are shown in Figure 1.

The separation was performed on a Hewlett-Packard Chemstation 3D CE
equipped with an HP diode-array detector (DAD) and an air cooling system for
the capillary cassette (Hewlett-Packard, Avondale, PA, USA). The running
voltage was kept at 20 kV, detection was at 254 nm, and all experiments were
carried out at 25°C.
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No Name Ry R, R, R4 Rs Rs

1 flavone H H H H H H

2 epimedin B OCH; O-tha-xyt O-gle H prenyl OH
3 epimedin C OCH; O-rha-tha O-glc H prenyl OH
4 icariin OCH; O-tha 0-gle H prenyl OH
5 icariin I OCH,3 O-rha OH H prenyl OH
6 luteolin-3°7-O-diglucoside OH H O-gle O-glc H OH
7 Iuteolin-7-O-glucoside OH H O-gle OH H OH
8 8-OCH;-isoquercitrin OH O-gle OH OH OCH; OH
9 vitexin OH H OH H C-glc OH
10 tricin OH H OH OCH; H(5-OCH;) OH
Il quercitrin OH O-tha OH OH H OH
12 avicularin OH Q-ara OH OH H OH
13 Ihuteolin OH H OH OH H OH
14 icariinI OCH, OH O-glc H prenyl OH

glc: glucose; tha: thamnose; xyl: xylose, ara: arabinose.

Figure 1. Structures of the investigated flavonoids.

The buffer solutions containing 20, 25, 30, 40, or 50 mM borate and 0 or
48 mM SDS were prepared and adjusted to pH 10.5 each, at 25°C for CZE and
MEKC. The pH values of the buffers containing 20 mM borate and 0 or 48
mM SDS were adjusted to 10.5. 10.0, 9.5, 9.0, and 8.0 at 25°C to obtain
solutions of different pH for CZE and MEKC. Similarly, $-cyclodextrin (CD)
was added to buffer solutions of 20 mM borate with 0 or 48 mM SDS to give
solutions containing 2.5, 5, 7.5, 10, or 15 mM for CZE-CD and MEKC-CD.
Again, the pH was adjusted to 10.5 at 25°C. Finally. 1,3-diaminopropane was
added to solutions of 20 mM borat¢ containing 5 mM B-CD to give solutions
containing 1, 2, 3. 4, 5, or 6 mM of 1,3-diaminopropane (Org) for CZE-CD-
Org. The pH was then adjusted to 10.5 at 25°C. A total of 38 buffer conditions
were obtained in different CE systems.
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The migration time of a neutral marker t, was experimentally measured
by injecting methanol, which is assumed not to interact with the micelles. The
migration time of micellar marker t,. was measured using anthracene as the
marker.® The other procedures of CE experimental are as described earlier.'>"

Calculation of Migration Parameters in CZE and MEKC
The migration times (t,) in this study were obtained from a single source
under similar experimental conditions. The relative standard errors of t,, from

4 replicates were less than 1%.

In CZE, the effective mobility of a solute is calculated from the
experimental results as follows:

He = [(V/16)~(1/tw)] (Laedro)/ V ey
where p. is the effective mobility, Ly, is effective capillary length (to the
detector) (cm), L, is total capillary length, and V is applied voltage. Similarly,
the electroosmotic flow and apparent mabilities, psor and p,, are calculated
using:

peoF = (Laedio)/(t0V) (2)

Ha = (Lgerlo)/ (tn V) 3)

In addition, the corrected migration time (At,) was calculated as t,-t,, the
relative migration time (t',) as t,/to, and the retention factor (k) as (t,~to)/to.

In MEKC, neutral molecules partition between two moving phases.

Terabe et al.® have derived the following equation for the retention factor of an
¢lectrically neutral solute:

km = (tm't())/{to[ 1 '(tm/tmc)]} (4)

As t;. becomes infinite (the micellar phase becomes stationary), the equation
reduces to the analogous for conventional chromatography.

The calculation of p., M., Aty t,” and k values in MEKC is assumed to be
the same as that in CZE,
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Table 1
The Definition of Structural Descriptors

Molecule-Level Structural Descriptors

Molecular Connectivity Indices ™y,"

1% connectivity simple path indices X0 to X10

1% V- connectivity valence path indices XV0 to XVP10
Yehn: connectivity simple chain indices XCH3 to XCH10
3-10_ v

v’ connectivity valence chain indices XVCH3 to XVCHI10
= “xc/pc, 3 4x"c,rpct connectivity simple or valence cluster/path indices

3-10,

Shape Indices”’

'“x: Kappa simple indices K1 to K3: “*«,: Kappa alpha indices KO to K3
FW: molecular weights

NASC: the number of atoms of element carbon

ND1-3: number of vertices for which delta & =1-3

W: Wiener number.”' WT: total Wiener number, WP: Wiener's P number
PLATTF: Platt’s F number

Information Indices

SHIND: the Shannon index: IDG. [DWG: Bonchev-Trinajstic information
indices, NORMIDG, NORMIDWG: normalised Bonchev-Trinajstic
information indices

Graph Path Counts
NTPATH: total number of paths; NXP2-NXP10: counts of path subgraphs:
NXCH3-NXCH10: counts of chain subgraphs

Total Topological Indices

TESTS2: total electrotopological state index based on electrotopological state
indices; TOTOP: the total topological indices; SUMI: sum of the intrinsic state
value I, SUMDELTI: sum of delta-I values

Atom-Level Structural Descriptors™
S;: the electrotopological state index for atom i
Sr 216 Seiy 17200 the electrotopological state indices for atom C 2-16. O 1. 17-20
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Table 2

Representatives of Migration Parameters of 14 Flavonoids
Separated in CZE

Migration Parameters

CZE®
No®  t,(Min)  p,(10%cm®  -p(10%m’ k  At,(Min) t,’
Sec.*V Sec.*V
1 4.78 50.99 0.00 0.00 0.00 1.00
2 551 44.27 6.72 0.15 0.73 1.15
3 572 42.59 8.40 0.20 0.94 1.20
4 6.46 37.75 13.24 0.35 1.68 1.35
5 6.97 35.00 16.00 0.46 2.19 1.46
6 6.92 35.20 15.79 0.45 2.14 1.45
7 6.97 35.00 16.00 0.46 2.19 1.46
8 9.19 26.52 24.47 0.92 4.41 1.92
9 9.74 25.02 25.97 1.04 4.96 2.04
10 8.07 30.22 20.77 0.69 3.29 1.69
11 9.94 24.52 26.47 1.08 5.16 2.08
12 10.21 23.89 27.11 1.13 5.43 2.14
13 11.61 21.00 29.99 1.43 6.83 2.43
14 6.57 37.08 13.91 0.38 1.79 1.37

* The explanation of No. 1-14 sees Figure 1.
® Buffer conditions: borate 20mM at pH 10.5 (S0B20).

Structural Descriptor Generation

The molecular structures of the flavonoids were sketched as hydrogen-
suppressed diagrams and stored as connection tables. A total of 183 descriptors
for each flavonoid were calculated by the Molconn-X 1.0 software (Lowell H.
Hall, Hall Associates Consulting, Eastern Nazarene College, Quincy, MA,
USA) (Table 1).

Statistical Analysis

Excel v.5.1 and Systat 6.0 for Windows (Systat, Chicago, IL, USA) were used
as statistics programs. The satistical anlysis included cluster and factor
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Table 3

Representatives of Migration Parameters of 14 Flavonoids
Separated in CZE-CD and CZE-CD-Org

Migration Parameters
CZE’-CD (B-Cyclodextrin)®
No*  tu(Min)  p,(10%cm?)  -p(10°cm?) k  At,(Min)

’
m

Ll

Sec.*V Sec.*V
i 5.29 46.04 0.00 0.00 0.00 1.00
2 6.06 40.21 5.83 0.15 0.77 1.15
3 6.61 36.90 9.14 0.25 1.32 1.25
4 6.81 35.80 10.24 0.29 1.52 1.29
5 6.94 35.11 10.93 0.31 1.65 1.31
6 7.30 33.38 12.66 0.38 2.01 1.38
7 7.24 33.68 12.36 0.37 1.95 1.37
8 9.42 25.87 20.17 0.78 4.13 1.78
9 8.70 28.02 18.02 0.64 3.40 1.64
10 11.56 21.09 24.95 1.18 6.27 2.19
11 8.84 27.56 18.48 0.67 3.55 1.67
12 11.65 20.92 25.11 1.20 6.36 2.20
13 8.73 27.93 18.11 0.65 3.44 1.65
14 6.94 35.11 10.93 0.31 1.65 1.31
CZE-CD-Org (1,3-Diaminopropane)’
1 6.13 39.75 0.00 0.00 0.00 1.00
2 6.92 35.24 451 0.13 0.79 1.13
3 7.26 33.59 6.16 0.18 1.13 1.18
4 8.11 30.04 9.71 0.32 1.98 1.32
5 8.11 30.04 9.71 0.32 1.98 1.32
6 8.77 27.79 11.96 0.43 2.64 1.43
7 8.77 27.79 11.96 0.43 2.64 1.43
8 14.21 17.15 22.60 1.32 8.08 2.32
9 10.83 22.50 17.25 0.77 4.70 1.77
10 15.70 15.53 24.23 1.56 9.57 2.56
11 10.98 22.19 17.56 0.79 4.85 1.79
12 16.81 14.50 25.25 1.74 10.68 2.74
i3 10.61 22.98 16.77 0.73 4.48 1.73
14 8.11 30.04 9.71 0.32 1.98 1.32

* The explanation of No. 1-14 sees Figure 1. ® Buffer conditions: S0B20, CD
15mM. ° Buffer conditions: S0B20, CD SmM, Org 6mM.
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Table 4

Representatives of Migration Parameters of 14 Flavonoids
Separated in Different MEKC Systems

No* t,(Min)
1 20.72
2 19.60
3 19.60
4 19.60
5 17.84
6 7.39
7 7.45
8 9.10
9 9.99
10 11.69
11 10.16
12 10.80
13 11.90
14 17.84
1 35.00
2 30.36
3 3036
4 31.11
5 28.40
6 8.43
7 8.43
8 12.51
9 13.06
10 12.80
11 12.00
12 1398
13 1213
14 28.40

<

Ha

11.76
12.44
12.44
12.44
13.66
32.98
32.71
26.80
24.40
20.85
23.98
22.57
20.49
13.66

6.96
8.03
8.03
7.84
8.58
28.90
28.90
19.48
18.66
19.04
20.31
17.44
20.10
8.58

Migration Parameters
MEKC"

<

~He

38.23
37.55
37.55
37.55
36.33
17.01
17.28
23.19
25.59
29.14
26.01
27.42
29.50
36.33

37.56
36.49
36.49
36.68
35.94
15.62
15.62
25.04
25.86
25.48
2421
27.08
24.42
35.94

k

3.25
3.02
3.02
3.02
2.66
0.52
0.53
0.87
1.05
1.40
1.08
1.22
1.44
2.66

logk

0.51
0.48
0.48
0.48
0.43
-0.28
-0.28
-0.06
0.02
0.15
0.03
0.09
0.16
0.42

MEKC-CD*

5.39
4.55
4.55
4.68
4.19
0.54
0.54
1.29
1.39
1.34
1.19
1.55
1.21
4.19

0.73
0.66
0.66
0.67
0.62
-0.27
-0.27
0.11
0.14
0.13
0.08
0.19
0.08
0.62

At(Min)

15.84
14.72
14.72
14.72
12.96
251
2.57
4.22
5.11
6.81
5.28
592
7.02
13.00

29.53
24.89
24.89
25.63
22.93
2.96
2.96
7.04
7.59
7.33
6.52
8.50
6.65
22.93

t’

4.25
4.02
4.02
4.02
3.66
1.52
1.53
1.87
2.05
2.40
2.04
222
2.44
3.66

6.39
5.55
5.55
5.68
5.19
1.54
1.54
229
2.39
234
2.19
2.35
221
5.19

Km

8.80
7.49
7.49
7.49
5.82
0.67
0.68
1.20
1.51
2.17
1.57
1.81
226
5.82

633

logk,

0.94
0.87
0.87
0.87
0.77
-0.17
-0.17
0.08
0.18
0.34
0.20
0.26
0.35
0.77

* The explanation of No. 1-14 sees Figure 1. ° Buffer condition: SDS 48mM

and borate 20mM at pH10.5. ¢ Units are the same as in Table 2. ° Buffer

condition: SDS 48mM, borate 20mM and f-CD 15mM at pH 10.5.



11:21 24 January 2011

Downl oaded At:

634 LIANGET AL.

analyses. Cluster analysis was performed using single, complete, or ward
linkage with Pearson correlation or Euclidean distance. In the factor analysis,
the common factor model was selected and the matrix types of correlation with
Varimax rotation were used.

RESULTS

Under each of 38 buffer conditions, six migration parameters (ty,, ta. He.
Aty 1y, K) in CZE or nine (t,, . He Atm, tn, X, logk, kn,, logk,) in MEKC
were obtained. The CZE systems included the buffers with the different pH and
the different concentrations of borate (CZE), pB-cyclodextrin (CZE-CD) and 1.3~
diaminopropane (CZE-CD-Org). Similarly, the MEKC systems included the
buffers with the different pH and the different concentrations of borate (MEKC)
and PB-cyclodextrin (MEKC-CD). The representatives of migration parameters
from CZE. CZE-CD, CZE-CD-Org. MEKC, and MEKC-CD are listed in
Tables 2-4.

Most of the structural descriptors are molecule-level and the
clectrotopological state indices (S;) are atom-level. The representatives from
different kinds of structural descriptors are compiled in Table 5.

The relationships between the structural descriptors and the migration
parameters in CZE or in MEKC were evaluated by cluster analysis. We tested
single. complete. and ward linkages with the Pearson and Euclidean distances.
We selected Pearson correlations as the basis for similarity or dissimilarity
among migration parameters and structural descriptors because the structure of
the cluster was influenced by the scales of the variables when using Euclidean
distances; but Pcarson correlation standardise cach variable and thus force the
weights to be equal. Results were similar in single and complete linkages with
the Pcarson correlation.

Firstly. the relationships between the migration parameters in CZE and
the structural descriptors were evaluated by cluster analysis. The data set of
migration parameters in CZE and molecule-level descriptors was mainly
clustered into: 1 molecule-level descriptors. 2 the migration parameters p, and
3 the other migration data (t,, p, Aty 1, k).

Most of the molecule-level descriptors are bulky topological indices,
which were correlated with each other. Figure 2 shows that under all CZE
conditions. p, is always the first migration parameter to associate with all these
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Table 5

Representatives of Structural Descriptors of 14 Flavonoeids

No* FwW SHIND
1 222.243 1.160
2 808.785 1.724
3 822.812 1.743
4 676.669 1.644
5 514.528 1.519
6 610.524 1.633
7 448.382 1.505
8 494.408 1.544
S 446.410 1.468
10 330.293 1.280
11 448382 1.505
12 434355 1.491
13 286.240 1.322
14 530.527 1.532

No* NORMIDG TESTS2
1 6.870 14.242
2 10.429 129370
3 10.479  136.628
4 9.932 79.683
5 9.178 40.769
6 9.357 71.410
7 8.709 33.991
8 9.023 50.654
9 8.736 27.401
10 7.893 11.163
11 8.663 40.708
12 7.493 37.577
13 9.243 9.759
14 7.399 43.141

ND2

11
17
16
14
11
13
10
9
10
8
8
9
7
12

w

500
13024
13628
8181
4030
6968
2997
3364
2794
1282
2677
2474
896
4454

[J

X

11.665
41.455
42.325
35.024
27.016
31.162
23.154
25.602
23.154
17.430
23.317
22.447
15.146
27.723

Scs

1.539
-0.561
-0.563
-0.487
-0.397

1.046

1.156
-0.552

1.158
-0.700
-0.552
-0.548

1.158
-0.700

® The explanation of No. 1-14 sees Figure 1.
® The explanation of the structural descriptors sees Table 1.

*x

4.478
14.514
14.768
12.131
9.227
10.844
7.979
9.007
8.284
5.907
8.145
7.921
5.166
9.529

SC4

-0.009
-0.958
-0.959
-0.887
-0.785
-0.683
-0.596
-0.907
-0.489
-0.868
-0.907
-0.904
-0.489
-0.868

SXP

1.260
4.675
43818
3.828
2.868
3.196
2271
2.495
2.719
1.595
2.315
2.112
1.359
2923

Scs

1.835
1.054
1.055
1.083
1.054
1.035
0.957
0.920
1.047
0.280
0.920
0918
1.047
0.280

[3
Xch

0.241
0.320
0.310
0.265
0.219
0.270
0.225
0.204
0.230
0.167
0.214
0.169
0.179
0.219

S’

1.861
-0.160
-0.160
-0.115
-0.253
-0.174
-0.446
-0.386
-0.242
1.113
-0.386
-0.385
-0.242
1.113

K

12.055
46.502
47.478
39.213
29.970
34.338
25.104
28.019
25.104
18.781
25.104
24.135
15.879
30.947

S(‘ll

0.912
0.239
0.238
0.302
0.393
1.163
0.448
0.066
0.065
0.371
0.064
0.068
0.060
0.371

lKa

9.996
43.449
44.423
36.314
27.270
31.668
22.637
25.462
22.676
16.467
22.637
21.673
13.625
28.204

Sc1z

1.924
1.537
1.539
1.569
1.619
1.217
1.513
1.078
1.238
1.590
1.078
1.076
1.238
1.590

635

Scis

1.921
1.566
1.567
1.595
1.640
1.176
1.397
1.132
1.259
1.624
1.132
1.130
-0.353
1.624

descriptors. In the set of the migration data and the atom-level descriptors,
Figure 3 shows i, was closer to the electrotopological state indices S; of carbons
2-16 (Sc¢2.16) (Figure 1). indicating that the p, depended more strongly upon the
Sc 216 than any other migration parameters.

Then, the relationships between the structural descriptors and the
migration parameters in MEKC were evaluated. In the cluster analysis, k, logk,
kn or logk,, did not stand out from the other parameters (ty. pe, Aty. 1) in
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Figure 2. Cluster tree of molecule-level structural descriptors and migration
parameters in CZE. The explanation of the molecule-level structural descriptors sees
Table 1. Migration parameters obtained under different buffer conditions in CZE:
S0B20, SOB50 — SDS 0, borate 20 or 50 mM at pH 10.5; SOP8 — borate 20 mM at pH
8, SOC15—Dborate 20 mM, B-CD 15 mM at pH 10.5; SOC5A6 — borate 20 mM, B-CD
5 mM, 1,3-diaminopropanc 6 mM at pH 10.5.
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Figure 3. Cluster tree of electrotopological state indices Sc 115, o1, 1720 and migration
parameters in CZE. The explanation of the atom-level structural descriptors sees Table
1. The explanation of buffer conditions sees Figure 2.
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Figure 4. Cluster trec of molecule-level structural descriptors and migration
parameters in MEKC. The explanation of the molecule-level structural descriptors sees
Table 1. Migration parameters obtained under different buffer conditions in MEKC:
SP8 — borate 20 mM, SDS 48 mM at pH 8.0, SC15 — borate 20 mM, SDS 48 mM, B-
CD 15 mM at pl 10.5; SB20 — borate 20 mM, SDS 48 mM at pH 10.5.
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relating to molecule- or atom-level descriptors (Figure 4). In order to confirm
the results we undertook factor analysis. Factor analysis was performed on a
correlation matrix including structural descriptors and migration parameters,
with individual descriptors and migration parameters in CZE or MEKC
expressed as a percentage of all variables.

In general, the results of the factor analysis were consistent with those of
the cluster analysis. The first two factors obtained without or with Varimax
rotation explained over 85% of the variance. The factor patterns were similar
in the two analyses with and without rotation. In the data set of descriptors and
migration parameters in CZE, the Factor 1 and 2 loading plot shows that p,
and the structural descriptors, both with positive loadings, do not form distinct
clusters, whereas the descriptors and other parameters (tm, Me, Atm, tm oI k)
with negative loadings form two very distinct clusters. (Figure 5). This further
indicated that i, was closer to the descriptors than t,, p, Aty, t,” or k. On the
other hand, in the data set of descriptors and migration parameters in MEKC,
the factor analysis showed no obvious difference between retention factor k, or
its logarithm and t.,, p.. At,, t,’, k or logk in relation to structural descriptors.

DISCUSSION

In CZE, although we had expected that p. were more related to the
structure descriptors than other parameters, the results indicated that p, had
closer distance to all molecular-level descriptors and all Sc 5.6 atom-level
descriptors than any other parameters. The molecule-level descriptors mainly
encode the size and complexity and bonding of the molecules. The
electrotopological state indices S; for an atom encodes information about both
the topological environment of that atom and the electronic interactions it has
with all other atoms in the molecule. The Sc ,.1¢ represented the properties of
flavonoid skeletons.

Separation in CZE is achieved via the distinct migration velocities of
analytes under the influence of an electric field. The migration velocity (v) of a
given analyte is essentially the combined net effect of yt. and pgor, which is
given by

V= (ue + MEOF ) (V/Ltot) = Ha (V/Ltot) (5)

In our study, total capillary length and applied voltage are constant.
Thus, velocity of an analyte as a function of its structure depends upon its p,.
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Figure 5. Factor loading plot of molecule-level structural descriptors and migration
parameters in CZE. The structural descriptors and migration parameters obtained under
different buffer conditions are the same as in Figure 2.

In MEKC, it is generally accepted that the migration is based on the
hvdrophobicity of solutes. Hydrophobicity is most often described by the
retention factor or its logarithm.5 Thus k, logk. k,, or logk,, had been expected
to represent the property and migration of the flavonoids better than any other
parameters. However, in the statistical analyses. k. logk. k,, or logk,, did not
stand out from the other parameters (1, ., Aty 1) in relating to molecule- or
atom-level structural indices. This is due probably to the fact that the equation
derived ki, (see equation 4) in MEKC is limited to neutral solutes and the
calculation is biased by the uncertainties in the true ionic electrophoretic
mobility.*’"  Flavonoids with hydroxyl substitution are weak acids and their
apparent charge depends on their pK, values. The pK, values were thought to
vary between 7.3 and 12.5 due to the presence of phenoxyls, but only several
pK, values out of over 4000 flavonoids from plant resources have been
determined.”> At pH > pK, + 2. all analytes will be ionised. and the effective
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clectrophoretic mobility will be equal to the actual tonic mobility. Under our
conditions, especially in higher pH buffers, most of the phenoxyl groups of the
flavonoids were ionised. Furthermore, as seen in Tables 1 and 2, analytes 6
and 7 had almost no hydrophobic interaction with the micelle and hydrophobic
interaction of the analytes 8-13 with the micelle was not predominant either.
Thus, the results suggested that hydrophobic interaction was not the only
underlying force that influences the migration behaviour of flavonoids in
MEKC.> In addition to hydrophobicity, the migration behaviour of
flavonoids also depended upon p. and pgor.

CONCLUSION

In CZE systems including CZE-CD, CZE-CD-Org, the migration
parameter p, depended the most strongly on the molecule-level structural
descriptors among the six migration parameters, indicating that p, best
represents the structural properties of the flavonoids in CZE. In MEKC,
retention factor or its logarithm did not depend more strongly on the structural
descriptors than other migration parameters, indicating it did not better
represent the properties of the flavonoids. The migration behaviour of the
flavonoids with hydroxyl substitution depended upon . and pgor in addition to
hydrophobicity. None of the selected nine migration parameters could perfectly
represent the migration of the charged and uncharged flavonoids in MEKC.
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