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Abstract

Topological indices of 13 flavonoids were calculated to represent the molecular structures. The electrophoretic mobilities
(m ) of the flavonoids were obtained to represent the migration in capillary zone electrophoresis (CZE). Then multiple lineare

regression techniques were used to establish the models for predicting the mobilities by means of the topological indices. 23
models of two-indices were generated with similar statistical results (R$0.93, n513, relative standard error#10%). Each

m nmodel developed was based on a molecular connectivity index ( x ) and the other electrotopological state index (S ). Thet i
m n m n

x and S involved in models can reasonably explain the m . Thus, the results demonstrate that x and S can successfullyt i e t i

be used to develop models of structure–mobility of flavonoids in CZE. The structural factors affecting observed and
predicted m were discussed.  1998 Elsevier Science B.V.e

Keywords: Topological indices; Electrotopological indices; Connectivity indices; Structure–mobility correlation; Flavonoids

1. Introduction the structures of molecules with their physical,
chemical or biological properties [7–9].

Topological indices are numerical descriptors of Quantitative structure–retention relationships
molecule structures based on certain topological (QSRRs) have extensively been studied to explain
features of their hydrogen-suppressed graphs [1–3]. separation mechanisms, predict retention behaviours
The most widely used topological indices are molec- and characterise the physicochemical properties of

´ular connectivity indices introduced by Randic [4] solutes in thin-layer chromatography (TLC) [10], gas
and developed extensively by Kier and Hall [5]. The chromatography (GC) [11] and high-performance
molecular connectivity indices can encode the struc- liquid chromatography (HPLC) [7,12]. Capillary
tural features such as size, branching, unsaturation, electrophoresis (CE) including capillary zone elec-
heteroatom content and cyclicity. Recently Kier and trophoresis (CZE) and micellar electrokinetic capil-
Hall [6] also introduced an atom-level index called lary chromatography (MEKC) has potential in struc-
the electrotopological state index (S ), which encodes ture–property studies because they offer some simi-i

the combination of electronic, topological and val- lar advantages to chromatography for physico-chemi-
ence state information. These topological indices cal characterisation of molecules [13]. In addition,
have been used widely and successfully to correlate CE as a complementary technique to HPLC has

demonstrated some advantages over HPLC, e.g.,
high separation efficiency and high power of res-

*Corresponding author. olution. Therefore, it is important to carry out QSRR
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studies in CE. There have been some reports on behaviour in CZE can be predicted by means of the
QSRR studies in CE [13–15] but the QSRR study of topological indices.
flavonoids has not yet been undertaken. The aim of the present study was to develop

CE has relatively widely been applied to separate correlations between the migration in CZE and
flavonoids [16–22]. The effects of molecular struc- topological indices of flavonoids; and try to predict
tures of some flavonoids on electrophoretic mobility the migration of flavonoids.
have been investigated [23]. In CZE, the migration
behaviour of monohydroxyl substituted flavonoid
isomers can be predicted as a function of their pKa 2. Experimental
values [24], but the pK values of most flavonoidsa

are unknown [18]. In addition, the investigated
flavonoids differ in the degree and pattern of hy- 2.1. Chemicals, apparatus and CE procedures
droxylation and glycosylation. Thus it is difficult to
predict the migration of flavonoids. Topological Chemicals and most of the investigated flavonoids
indices of flavonoids can be calculated from two- are as described earlier [17,18]. In addition,
dimensional molecular structures. If the relationships avicularin and vitexin were from Sigma (St. Louis,
between the topological indices and migration of MO, USA). Structures of the flavonoids are shown in
flavonoids are reliably and reasonably established by Fig. 1.
multiple linear regression techniques, the migration The separation was performed on a Hewlett-Pac-

Fig. 1. Structures of the investigated flavonoids.
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kard Chemstation 3D CE equipped with a HP diode adjusted to 10.5, 10.0, 9.5, 9.0 and 8.5 at 258C to
array detection (DAD) system and an air cooling obtain solutions of different pH. The pH of the
system for the capillary cassette (Hewlett-Packard, buffers was adjusted with a Jenway 3030 pH meter
Avondale, PA, USA). The dimensions of fused-silica connected to a Jenway electrode (Jenway, Felsted,
capillary (Composite Metal Services, Worcestershire, UK) containing 4 M KCl in saturated AgCl. The
UK) were 58 cm (50 cm effective length)30.050 electrode system was calibrated with potassium
mm I.D.30.360 mm O.D. The running voltage was hydrogenphthalate (pH 4.00) and borate–sodium
kept at 20 kV, detection was at 254 nm and all hydroxide solutions (pH 11.00). A water system
experiments were carried out at 258C. The buffer from Gelman Sciences (Ann Arbor, MI, USA) was
solutions containing 20, 25, 30, 40 or 50 mM used for ion-exchange of the distilled water.
disodium tetraborate decahydrate (borate) were pre- The relative standard errors of migration times
pared and adjusted to pH 10.5 each at 258C. The pH (t ) of flavonoids from four replicates under eachm

values of the buffers containing 20 mM borate were condition were less 1%. In CZE, the electrophoretic

Table 1
Partial topological indices of 13 flavonoids

1 2No Topological indices
0 1 2 3 4 5 6 4
x x x x x x x xp / c

1 41.455 27.051 25.298 22.686 17.732 14.514 11.533 12.357
2 42.325 27.462 25.815 23.198 18.093 14.768 11.675 12.912
3 35.024 22.763 21.224 18.940 14.861 12.131 9.560 10.329
4 27.723 18.065 16.633 14.670 11.663 9.529 7.414 7.730
5 31.162 20.425 19.126 17.342 13.840 10.844 8.236 9.426
6 27.016 17.527 16.464 14.254 11.426 9.227 7.370 7.661
7 23.154 15.189 14.366 12.697 10.255 7.979 6.036 6.817
8 17.430 11.439 10.527 9.031 7.960 5.907 4.568 4.523
9 25.602 16.582 15.431 14.119 11.421 9.007 7.058 7.967

10 23.154 15.206 14.301 12.660 10.347 8.284 6.318 6.721
11 23.317 15.078 14.628 12.882 10.330 8.145 6.269 7.346
12 22.447 14.706 13.960 12.354 10.212 7.921 6.065 6.700
13 15.146 9.952 9.628 7.923 6.827 5.166 3.972 4.057

6 0 n 1 n 5 n 4 n
x x x x x S S Sch p p p / c C19 C69 O1

1 0.320 31.315 18.158 4.675 4.002 0.239 1.537 6.458
2 0.310 32.185 18.608 4.818 4.260 0.238 1.539 6.472
3 0.265 26.587 15.238 3.828 3.350 0.302 1.569 6.349
4 0.219 20.990 11.865 2.923 2.455 0.371 1.590 6.022
5 0.270 22.073 13.017 3.196 2.787 0.163 1.217 5.822
6 0.219 20.835 11.718 2.868 2.497 0.393 1.619 6.146
7 0.225 16.321 9.497 2.271 1.931 0.448 1.513 5.839
8 0.167 12.861 6.895 1.595 1.256 0.371 1.590 6.022
9 0.204 18.022 10.178 2.495 2.188 0.066 1.078 5.681

10 0.230 16.620 9.825 2.719 2.173 0.065 1.238 5.473
11 0.214 16.537 9.496 2.315 2.068 0.064 1.078 5.681
12 0.169 15.667 9.052 2.112 1.846 0.068 1.076 5.655
13 0.179 10.569 5.977 1.359 1.065 0.060 1.238 5.473
1 For the explanation of Nos. 1–13, see Fig. 1.
2 0–6The definitions of topological indices: molecular connectivity indices: x : the simple connectivity indices from zero- to the sixth-order.
0,1,5 n 6 4 4 n

x : the zero-, first- and fifth-order valence level connectivity indices. x : the sixth-order chain connectivity index. x , x : thep ch p / c p / c

fourth-order path /cluster simple or valence level connectivity indices.
Electrotopological state indices S : S , : S for the C19, 69 positions. S : S for the O1 position.i C19 69 i O1 i
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mobility m of a solute is calculated from the covariates accounted for by the model, (2) standarde

experimental result as follows: errors and relative standard errors, (3) the F ratio, an
indicator of statistical credibility and fit of the

m 5 (1 /t ) 2 (1 /t ) L L /V (1)s df ge m 0 det tot models to the calculated values, (4) the number of
indices included in the model and (5) multicol-where L is effective capillary length (to thedet linearity problems. The next step involved testing thedetector), L is total capillary length (cm), V istot candidate models for outliers. Outliers can exertapplied voltage and t is migration time of a neutral0 undue influence on the regression function, skewingmarker. The t was measured by injecting methanol.0 the actual equation as it attempts to model the data.The other procedures of CE are as described earlier
In a final step the stability and robustness of the[17,18].
model were evaluated by internal validation. The
method omits one compound from the data set at a

2.2. Structure entry, storage and topological index
generation

Table 2
Pearson correlation matrix of topological indices

The molecular structures of the flavonoids were
0 1 2 3 4
x x x x xsketched as hydrogen-suppressed diagrams and

0
x 1.000stored as connection tables. Topological indices of

1
x 1.000 1.000the flavonoids were calculated by the Molconn-X 1.0 2
x 0.999 0.999 1.000software (Lowell H. Hall, Hall Associates Consult- 3
x 0.998 0.998 0.999 1.000

4ing, Eastern Nazarene College, Quincy, MA, USA). x 0.998 0.998 0.998 0.999 1.000
m n 5The molecular connectivity indices x include x 0.999 0.999 0.999 0.999 0.999t

6
x 0.999 0.998 0.998 0.997 0.996simple or valence connectivity indices from zero- to

40–10 0–10 n x 0.993 0.993 0.995 0.997 0.996p / ctenth-order x, x ; simple or valence cluster / 0 n
x 0.996 0.995 0.994 0.989 0.9893,4 3,4 npath connectivity indexes x , x ; the sixth- 1 nc / pc c / pc x 0.998 0.998 0.997 0.994 0.993p

5 norder chain simple or valence connectivity index x 0.992 0.992 0.991 0.988 0.987p6 6 n 4 nx , x [5]. The electrotopological state indices x 0.996 0.995 0.996 0.994 0.992p / cch ch
6
x 0.938 0.940 0.944 0.941 0.938(S ) of flavonoid skeletons include the S of carbons chi i

S 0.813 0.812 0.802 0.786 0.790O12–10, 19–69 (S ), S of oxygen 1 (S ) andC2–10, C19–69 i O1 S 0.379 0.380 0.361 0.334 0.334C69S of 4-O, 5-O, 7-O and 49-O (Fig. 1) [6]. Thei S 0.188 0.189 0.169 0.152 0.150C19topological indices involved in following regression
5 6 4 0 n 1 nmodels were listed in Table 1. The indices found to x x x x xp / c p

5
x 1.000have an inordinate number of zero values were

6
x 0.999 1.000withdrawn from consideration. 4
x 0.995 0.993 1.000p / c

0 n
x 0.993 0.996 0.981 1.000

1 n
x 0.996 0.997 0.986 0.998 1.0002.3. Statistical analysis p

5 n
x 0.992 0.993 0.980 0.992 0.996p

4 n
x 0.996 0.996 0.990 0.994 0.997p / cSystat 6.0 for Windows (Systat, Chicago, IL, 6
x 0.939 0.932 0.933 0.927 0.940chUSA) was used for statistical analysis. The statistical S 0.794 0.810 0.763 0.850 0.826O1

analysis included correlation and multivariate regres- S 0.350 0.368 0.284 0.444 0.415C69

S 0.157 0.166 0.112 0.238 0.211sion analyses. Correlation analysis is a multivariate C19

procedure for measuring the strength of association
5 n 4 n 6
x x x S Sp p / c ch O1 C69between variables. The Pearson correlation for the 5 n

x 1.000p
4 ncorrelation coefficients was applied. The regression x 0.997 1.000p / c
6analysis involved model validation. For this purpose, x 0.949 0.941 1.000ch

S 0.798 0.800 0.700 1.000in a first step, several criteria were taken into O1

S 0.402 0.376 0.357 0.765 1.000C69consideration: (1) the multiple correlation coefficient
S 0.179 0.169 0.156 0.60 0.896C19R, an indicator of the amount of variation in the
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time and regenerates the model coefficients. The troosmotic flow m , which is a major factor toEOF

migration parameters of the flavonoids that were left influence the repeatability of analysis in CZE.
out was then predicted.

3.2. Analysis of topological indices

Pearson correlation analysis indicated that the
3. Results and discussion

molecular connectivity indices were highly inter-
correlated with one another (correlation between the

3.1. Optimised separation of flavonoids by CZE indices r .0.90) (Table 2). Thus, only one of theij

connectivity indices could be chosen in two- or
After studies on the effects of borate concen- multiple-covariate models in order to avoid multicol-

trations and buffer pH, the optimised condition for linearities, which reduce the predictive capability of
separation of the flavonoids was obtained with 20 models and render them unstable.
mM borate solution at pH 10.5. The separated peaks
were identified through comparison of migration 3.3. Model establishment and validation
times, UV spectra as well as by spiking of individual
standards. The electrophoretic mobility m was used The relationships between the topological indicese

as the parameter to represent the migration of and m of the flavonoids were analysed by backwarde

flavonoids because it does not incorporate the elec- stepwise regression procedures. The regression

Table 3
Regression models of two covariates for 13 flavonoids in CZE

3Regression models (1–23) s of Relative s R F ratio rij
1 1 2

m (response variable)5(regression coefficient 16s )?covariate 11 estimate (%)e

(regression coefficient 26s)?covariate 21(constant6s)
1 n1 m 5(24.6162.86)?S 1(1.4760.11)? x 2(41.1461.33) 1.42 7 0.99 162.00 0.21e C19 p

12 m 5(25.4762.56)?S 1 (1.0760.07)? x 2(43.4261.32) 1.28 7 0.99 200.43 0.19e C19
03 m 5(25.5362.68)?S 1 (0.6960.05)? x 2(43.2561.37) 1.34 7 0.99 182.93 0.19e C19
54 m 5(26.7662.73)?S 1 (1.9560.14)? x 2(43.1961.40) 1.37 7 0.99 174.59 0.16e C19
45 m 5(28.5763.21)?S 1 (2.1260.18)? x 2(42.1061.59) 1.62 7 0.98 123.31 0.11e C19 p / c
5 n6 m 5(25.9763.20)?S 1 (5.3460.45)? x 2(39.7961.41) 1.60 7 0.98 126.12 0.18e C19 p
0 n7 m 5(23.5563.04)?S 1 (0.8760.07)? x 2(41.3761.42) 1.50 7 0.98 144.81 0.24e C19
1 n8 m 5(15.8963.09)?S 1 (1.2960.18)? x 2(55.5363.92) 2.16 10 0.97 67.19 0.42e C69 p
59 m 5(17.5162.81)?S 1 (1.6960.21)? x 2(58.9963.72) 2.02 10 0.97 77.53 0.35e C69
5 n10 m 5(16.4963.49)?S 1 (4.5960.73)? x 2(54.6564.45) 2.45 10 0.95 51.02 0.40e C69 p
011 m 5(16.7462.78)?S 1 (0.6160.07)? x 2(58.3763.63) 1.98 10 0.97 81.34 0.38e C69
112 m 5(16.6962.74)?S 1 (0.9460.11)? x 2(58.4763.57) 1.94 10 0.97 84.27 0.38e C69
0 n13 m 5(15.1463.23)?S 1 (0.7760.11)? x 2(55.0164.03) 2.22 10 0.96 63.28 0.44e C69

014 m 5(14.0464.14)?S 1(0.3060.17)? x 2(110.17620.88) 2.90 10 0.94 35.13 0.81e O1
115 m 5(13.9264.09)?S 1(0.4760.26)? x 2(109.68620.61) 2.87 10 0.94 35.81 0.81e O1
216 m 5(14.3864.05)?S 1(0.4760.28)? x 2(111.96620.45) 2.92 10 0.94 34.68 0.80e O1
317 m 5(14.6063.90)?S 1(0.4960.29)? x 2(112.71619.92) 2.90 10 0.94 35.00 0.79e O1
418 m 5(14.6263.95)?S 1(0.6760.41)? x 2(113.51619.86) 2.92 10 0.94 34.59 0.79e O1
519 m 5(14.6064.00)?S 1(0.7860.48)? x 2(112.76620.32) 2.93 10 0.93 34.39 0.79e O1
620 m 5(14.7164.23)?S 1(0.9260.62)? x 2(112.88621.53) 2.98 10 0.93 32.90 0.81e O1
421 m 5(15.5063.84)?S 1(0.7460.50)? x 2(116.67619.85) 2.99 10 0.93 32.76 0.76e O1 p / c
4 n22 m 5(14.8464.12)?S 1(2.2561.50)? x (112.34621.59) 2.97 10 0.93 33.12 0.80e O1 p / c

623 m 5(14.5263.00)?S 1(53.13621.32)? x 2(117.16614.83) 2.58 10 0.95 45.48 0.70e O1 ch

1 s: Standard error; s of estimate: square root of the residual mean square.
2 Relative s: (s of estimate) /(square root of the estimate mean square).
3 r : correlation between covariates (topological indices).ij
4 Definitions of the covariates see Table 1.
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models containing two indices were found to be
optimum since addition of more indices resulted in
only minor increase in R, coupled with little decrease
in the standard error. This also was within reasonable
limits to prevent overfitting of the data set due to the
relative small numbers of observance.

In order to avoid the possibility of chance correla-
tion, 23 two-covariate models with similar statistical
results were selected (Table 3). The coefficients are
reported with their 95% confidence intervals. In the
internal model validation, the results showed that no
one compound exerted undue influence on any of the
models. Each of these two-covariate models included

m none molecule connectivity index x and the othert

electrotopological state index S . The predictions fori

models 1 and 2 are shown in Figs. 2 and 3. For the
two models, in no case was there a residual greater
than twice the standard error (Table 4). The plots of

Fig. 3. Plot of predicted electrophoretic mobility m versuseresiduals versus predicted m are shown in Figs. 4e
observed m for model 2 (see Table 3) (s: standard error ofeand 5.
estimate).

3.4. Explanation of the correlation
simply be expressed in terms of its radius r, the

Each of the two-covariate models related m of a charge on the molecule q and the viscosity of thee
m nflavonoid to a linear combination of one x and the separation medium h, as follows:t

other S . In CZE, m of a given analyte can mosti e

m 5 q /6prh (2)e

Fig. 2. Plot of predicted electrophoretic mobility m versuse

observed m for model 1 (see Table 3) (s: standard error of Fig. 4. Plot of residuals against predicted m for model 1e e

estimate). (residuals5observed m 2predicted m ).e e
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Table 4
Observed electrophoretic mobility m and predicted me e

1Name Observed m Predicted m Residuals Predicted m Residualse e e

from model 1 from model 1 from model 2 from model 2

Epimedin B (1) 26.72 28.56 1.84 28.45 1.73
Epimedin C (2) 28.40 27.92 20.48 28.04 20.36
Icariin (3) 213.24 211.30 21.94 211.43 21.81
Icariin I (4) 213.91 214.56 0.65 214.69 0.78
Luteolin-397-O-diglucoside (5) 215.79 217.99 2.20 217.46 1.67
Icariin II (6) 216.00 214.24 21.76 214.70 21.30
Luteolin-7-O-glucoside (7) 216.00 216.15 0.15 215.80 20.21
Tricin (8) 220.77 221.87 1.10 221.76 0.99
8-OCH -isoquercitrin (9) 224.47 224.55 0.08 224.04 20.433

Vitexin (10) 225.97 225.09 20.88 225.53 20.44
Quercitrin (11) 226.47 225.60 20.87 225.69 20.78
Avicularin (12) 227.11 226.15 20.96 225.99 21.12
Luteolin (13) 229.99 230.87 0.88 231.27 1.28
1 Residuals5observed m 2predicted m .e e

1 nFrom this equation it is evident that small, highly deduce that the higher x values of flavonoids (i.e.,p

charged species have high mobilities whereas large, the larger the size of the flavonoids), the lower the
1 nminimally charged species have low mobilities. We mobility’s of the flavonoids. In addition, x can alsop

selected model 1 (Table 3) as an example to explain reflect the molecular polarity. According to Kier and
the correlation. The model involved the connectivity Hall [5], the index reflecting polarity may be written:

1 nindex x and the electrotopological state index S .p C19 1 1 n 1 1 n1 n Polarity 5 ( x 2 x ) 2 x 5 2 x (3)x can encode molecular size, degree of branching, p pp

molecular volume, surface area, topology of unsatu-
ration and heteroatoms [5]. From the model we can The polarity of molecule is inversely related to

1 n 1 n
x . The higher x , the lower the polarity and thep p

lower the m of flavonoids.e

Furthermore, the m of the flavonoids decreasede

with increasing in S according to the model. TheC19

S analysis considers those atoms common to alli

molecules in a series of flavonoids to represent the
atomic level. The S for an atom i encodes in-i

formation about both the topological environment
and the electronic interactions of the atom with all
other atoms in the molecule. The topological rela-
tionship is based on the graph distance to every other
atom, which is related to the molecular size and
shape [6,25,26]. The electronic aspect of the atom is
based on its intrinsic state plus perturbation due to
intrinsic state differences between it and other atoms
in the molecule [6,25,26]. Thus, the S value alsoi

expresses the electronegativity difference between
the atom and the other atoms in the molecule, which
is related to the molecular polarity. So far, we can

1 nconclude that the topological indices x and SFig. 5. Plot of residuals against predicted m for model 2 p ie

(residuals5observed m 2predicted m ). could explain m of the flavonoids in CZE.e e e



240 H.-R. Liang et al. / J. Chromatogr. A 798 (1998) 233 –242

3.5. Structural factors affecting the observed and increases as it reacts with borate to form a borate–
predicted m anionic complex. The magnitude of the borate com-e

plexation depended on the number of boration sites
As seen in Table 4, the predicted m for epimedin in sugar and aglycone moieties and consequently one

B (1) and C (2) are inverted by both models the sugar configuration. The occurrence of cis-di
compared with the observed m . A similar inversion hydroxyl vicinal groups in sugars lead to form thee

occurs between luteolin-39,7-O-diglucoside (5) and stable complex with borate and consequently high
icariin II (6). Additionally the predicted m values m .e e

inverted for luteolin-39,7-O-diglucoside (5) and The factors affecting observed m were shown ine

luteolin-7-O-glucoside (7). In order to explain the Table 5. From that, we can deduce that the observed
discrepancies generated by the models, the structural m can reasonably be explained by the above struc-e

factors affecting observed and predicted m were tural factors. In addition, the observed m weree e

analyzed. compared with those of published studies [23,24]. In
According to the molecular structures of flavo- general, the results are consistent with each other.

noids, the structural factors affecting observed m are Table 6 shows how the two indices involved ine

(1) molecular size, (2) ionization degree of hydroxyl model 1 affected the predicted m , respectively. Ine

groups and (3) the complexation of flavonoids with the case of epimedin B and C, this discrepancy can
borate buffer ion [23]. The ionization degree of be explained by the fact the indices do not contain
hydroxyl groups is related to the number and posi- the information about whether the flavonoids can
tion of the free hydroxyl groups on the flavonoid form the stable complex with borate. In the other two

1 nskeleton. In the alkaline borate buffer, the m of each cases, the influences of x are consistent with thee p

flavonoid increases with ionization of the hydroxyl effects of molecular structures. The discrepancies
group located on the flavonoid skeleton. The pK of were generated by the influences of S . Thisa C19

1 nphenoxyl groups located at different positions of indicated that molecular connectivity index x p

flavonoid skeletons varies from 7.3 to 12.5 [18]. The better represented the structural properties of flavo-
complexation of flavonoids with borate ion is related noids than S .i
to the number, type and position of attached sugar Despite the discrepancies, in no case was there a
units, and to the presence of vicinal hydroxyl groups residual greater than twice the standard error (Table
on the flavonoid skeletons. The m of each flavonoid 4). Except the discrepancies, all other predicted me e

Table 5
Structural factors affecting the observed me

Compound Structural factors Observed me

Molecular mass (M ) Number and Occurrencer

position of OH of cis-1,2-diols

Epimedin B (1) 808.8 5-OH 1 rha (1), 1 xyl (2) 1,2
Epimedin C (2) 822.8 5-OH 2 rha (11) Dual effect

1 2 31 m .2 m 1 m 52 m 1 m ,2 m complexatione e e e e e

effect.M effectr

Luteolin-39,7-O-diglucoside (5) 610.5 49-OH (pK 8.3–9.5) 2 glc (2) 5,6a

Icariin II (6) 514.5 7-OH (pK 7.3–8.2) 1 rha (1)a
1 2 35 m ,6 m 5 m ,6 m 5 m ,6 me e e e e e

Luteolin-39,7-O-diglucoside (5) 610.5 49-OH glc (2) 5,7
Luteolin-7-O-glucoside (7) 448.4 39,49-di-OH 39,49-di-OH (1)

1 2 35 m ,7 m 5 m ,7 m 5 m ,7 me e e e e e

1 The m of compounds (No.) were estimated according to M .e r
2 The m of compounds (No.) were estimated according to number and position of OH.e
3 The m of compounds (No.) were estimated according to occurrence of cis-1,2 diols.e
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Table 6
Structural descriptors in model 1

Compound Structural descriptors Predicted m (model 1)e

1 n
x influence S influencep C19

Epimedin B (1) 1,2
1 2Epimedin C (2) 1 m .2 m 1 m ,2 m Dual effecte e e e

1 n
x influence.S influencep C19

Luteolin-39,7-O-diglucoside (5) 5.6
Dual effect

1 2 1 nIcariin II (6) 5 m ,6 m 5 m .6 m S influence. x influencee e e e C19 p

Luteolin-39,7-O-diglucoside (5) 5.7
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