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bstract

A micellar electrokinetic chromatography (MEKC) method has been developed for the quantitative analysis of five flavonoids: luteolin 7-O-
lucoside (LG), 2′,4′-dihydroxy-dihydrochalcone (DD), 2′,4′-dihydroxy-chalcone (DC), 7-hydroxy-flavanone (HF) and quercetin 3-O-galactoside
QG) in Ixeridium gracile with UV detection at 275 nm. The applied voltage was 25 kV and the capillary temperature was kept constant at 25 ◦C.
he effects of buffer pH, the concentration of electrolyte and organic modifier on migration behavior were studied. Optimum separation condition
as achieved with 15 mM borate, 30 mM sodium dodecyl sulfate (SDS) and 10% (v/v) ethanol at pH 10.5. Regression equations showed good
inear relationships (correlation coefficients: 0.9984, 0.9991, 0.9994, 0.9995 and 0.9997) between the peak area of each compound and their
oncentrations. The relative standard deviations (R.S.D.) of the migration time and peak area were less 1.67 and 3.53% (intra-day), and 1.82 and
.73% (inter-day), respectively, under the optimum separation conditions. The contents of the five active compounds in I. gracile were determined
ith satisfactory repeatability and recovery.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Natural medicines have been used to treat human diseases in
astern Asia for centuries. However, a great number of medic-

nal plants show complicated profiles of constituents, so work
n the quality control and quantitative analysis of active com-
onents in traditional and herbal medicines has great impor-
ance.

Ixeridium gracile (DC) Shih (Compositae family) is a tra-
itional Tibetan herbal grown only in Sitsang region and it is
elieved to help patients affected by hyperplasia of mammary
land, appendicitis, celiac abscess and hepatitisand phthisis [1].
p to now, few articles have been reported about its components.
ur laboratory first carried out the systemic phytochemical
nvestigation of I. gracile, and five active constituents: luteolin
-O-glucoside (LG), 2′,4′-dihydroxy-dihydrochalcone (DD),
′,4′-dihydroxy-chalcone (DC), 7-hydroxy-flavanone (HF) and
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uercetin 3-O-galactoside (QG) have been isolated from the
xtract of I. gracile and their molecular structures were elu-
idated by the 1H, 13C NMR and MS data (molecular structures
re shown in Fig. 1) [2].

Flavonoids represent a highly diverse class of secondary
lant metabolites with about 9000 structures which have been
dentified up to now. These compounds are abundant in fruits,
egetables and medicinal plants. They can be divided into
ve subclasses: flavonols, flavones, flavans, chalcones and
avonones [3,4].

Flavonoids have been reported to have anti-inflammatory
5,6], antineoplastic [7], anti-oxidant [8–10], antiviral [11] and
nticarcinogenic [12] activity. Analytical methods of flavonoids
escribed in the literatures are mainly based on thin-layer chro-
atography (TLC) [13,14], gas chromatography (GC) [15], and

iquid chromatography (LC) [16–19]. None of these methods
s entirely adequate because of their more or less shortcomings

uch as: long analysis time, large amounts of organic reagent,
imited resolution or low sensitivity. CE has been applied widely
wing to its minimal sample volume requirement, short analy-
is time and high separation efficiency. During the past years,
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Fig. 1. Molecular structures of LG, HF, DD, DC and QG.

E has been applied for the determination of flavonoids in the
xtracts of medicinal plants due to their extensive pharmacolog-
cal activities [20–27]. To the best of our knowledge, there are no
eports on the separation and determination of LG, HF, DD, DC
nd QG in I. gracile. In this paper, we first developed an MEKC
ethod for the simultaneous determination of LG, HF, DD, DC

nd QG in the extract of I. gracile. The optimum conditions for
he analytical method were investigated for the best resolution
nd highest detection sensitivity.

. Experimental

.1. Apparatus and conditions

A Beckman PACE/MDQ capillary electrophoresis instru-
ent equipped with an on-column diode-array detection (DAD)

Beckman coulter, Fullerton, CA, USA) was used with a soft-
are of 32 Karat system and version 5.0 (Beckman coulter,
ullerton, CA, USA) for data acquisition and evaluation. Sam-
les were injected by applying a pressure of 0.5 psi for 8 s. A
oltage of 25 kV was applied during all separations, with a con-
tant temperature of 25 ◦C. The detection wavelength was set at
75 nm. An ultrasonic bath Model SB5200 (Branson, Shanghai
hina) was used to degas the buffer. PB-10 pH meter (Beijing
artorius Instrument & System Engineering Co., Ltd.) was used

o adjust the BGE solution to the desired pH value with 0.1 M

aOH or 0.1 M HCl. Uncoated fused-silica capillaries (Yong-
ian Optical Fiber Factory, Hebei, China) with an inner diameter
f 75 �m and a total length of 70.5 cm (effective length of 60 cm)
ere used.
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p
w
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Before use, the capillary was rinsed with 0.1 M NaOH for
5 min, then with deionized water for 10 min; it was then condi-
ioned with running electrolyte for 4 min. Between the two runs,
he capillary was rinsed as follows: 2 min with 0.1 M sodium
ydroxide, 2 min with deionized water and 2 min with running
uffer.

.2. Reagents and materials

Standards, luteolin 7-O-glucoside, 2′,4′-dihydroxy-dihydro-
halcone, 2′,4′-dihydroxy-chalcone, 7-hydroxy-flavanone and
uercetin 3-O-galactoside were separated in our own laboratory
2].

The fresh air-dried material of I. gracile was bought from
ibetan Hospital of Qinghai province, China.

The optimal buffer was composed of 15 mM sodium tetrab-
rate, 30 mM SDS and 10% (v/v) ethanol at pH 10.5 and all
hemicals were analytical grade and purchased from Beijing
hemical Reagents Plant (Beijing, China). Deionized water was
sed throughout.

.3. Sample preparation

Standard stock solutions of five flavonoids at concentration of
.5 mg/ml were prepared by dissolving about 2.5 mg of standard
n methanol in a 5 ml volumetric flask, and various concen-
rations of the sample solutions were prepared by appropriate
ilution from the stock solution when needed.

1.0 g dried powder of the whole plant of I. gracile was
ccurately weighed and added into a 50 ml flask together with
0.00 ml 85% (v/v) methanol. Then the flask was weighed and
xtracted with an ultrasonic bath for 20 min, then put still 10 min
nd the above procedure was repeated four times. After that 85%
v/v) methanol was added to the primary weight. The extracts
ere filtered through a filter paper and a 0.45 �m syringe filter

nd injected directly after degassed by ultrasonication.

. Results and discussion

.1. Effect of buffer pH

Buffer pH is a very important parameter for its effect on
eta potential (�), the electroosmotic flow (EOF), as well as the
verall charge of all the analytes, which affect the migration
ime and the separation of the analytes. So a series of buffers
ith pH ranging from 8.5 to 10.5 was investigated. At pH 8.5
o peaks has been detected within 15 min. Fig. 2 shows the
nfluence of buffer pH on separation from 9.0 to 10.5. It can be
een that DD, DC and QG could not be baseline separated, and
he peak shape of LG was poor at pH 9.0. With the buffer pH
ncreasing, the resolution and the migration time of all flavonoids
ere increased, and the peak shapes became better. Although all
ompounds were baseline separated at pH 9.5, when extract of
. gracile was introduced into the capillary, DD and QG were
oorly separated from other unknown compounds. So pH 10.5
as selected for further experiments.
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Fig. 2. Effect of buffer pH on the migration time. (1) LG; (2) HF; (3) DD; (4) DC;
(
(
2

3

s
o
r
e
1
w
s
o
i
W
n
1
s

F
(
(

F
D
(

3

v
t
S
a
t
w
t
t
f

t
w
e
t

5) QG. Electrophoretic conditions: 15 mM borate, 30 mM SDS, 10% ethanol
v/v); applied voltage, 25 kV; temperature, 25 ◦C; UV detection wavelength,
75 nm.

.2. Effect of borate concentration

As the buffer concentration influences the viscosity of the
olution, the diffusion coefficient of analytes and the �-potential
f the inner surface of capillary tube as well, it affects both the
esolution and migration time of the analytes [28]. The influ-
nce of the sodium tetraborate concentration at the range of
0–30 mM on the separation of the five flavonoids was examined
ith 30 mM SDS and 10% ethanol (v/v) at pH 10.5. As Fig. 3

hows, with increasing buffer concentration, the migration times
f the five flavonoids and the resolutions of HF, DD, DC and HF
ncreased, but the resolution between LG and HF changed little.

hen buffer concentration increased to 15 mM, five compo-

ents could be separated completely from each other. Therefore,
5 mM borate was selected to keep separation efficiency and
horten analytical time.

ig. 3. Effect of borate concentration on the migration time. (�) LG; (�) HF;
�) DD; (×) DC; (�) QG. Electrophoretic conditions: 30 mM SDS, 10% ethanol
v/v); pH 10.5; other conditions as in Fig. 2.
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ig. 4. Effect of SDS concentration on the migration time. (�) LG; (�) HF; (�)
D; (×) DC; (�) QG. Electrophoretic conditions: 15 mM borate, 10% ethanol

v/v); pH 10.5; other conditions as in Fig. 2.

.3. Effect of SDS and organic modifier concentration

Effect of SDS concentration ranged from 0 to 40 mM was
erified (as shown in Fig. 4). With increasing SDS concentration,
he migration times and resolutions increased. Before adding
DS to the system, the peaks of HF and DD combined, and DC
nd QG had no signal. When the concentration of SDS increased
o 10 mM, LG and QG were separated, but HF, DD and DC
ere overlapped. When SDS concentration exceeded 30 mM,

he five compounds could be completely separated. Considering
he analysis time and resolution, 30 mM SDS was chosen for
urther experiments.

Organic modifiers were also employed to improve resolu-
ion and separation selection. Methanol, ethanol, acetonitrile
ere investigated and ethanol was selected. With the increase of

thanol concentration (0–15%), the analysis time increased and
he resolutions improved. Considering the migration time and
esolution, 10% (v/v) ethanol was appropriate.

.4. Linearity, reproducibility, LOD and LOQ

The limits of detection (LODs) (S/N = 3), the limits of
uantitation (LOQs) (S/N = 10), linear ranges and the linear rela-
ionships between the concentration of the five analytes and the
orrected peak area are shown in Table 1. The method was val-
dated for reproducibility of the migration time and the peak
rea of the standards. The relative standard deviations of the
igration time and the peak area of each of peak for six repli-

ate injections were 1.15–1.67 and 2.42–3.53% (intra-day), and
.41–1.82 and 2.96–3.73% (inter-day), respectively.

.5. Extraction of the analytes in I. gracile

According to the literature, an ultrasonic bath at room tem-
erature was a suitable extraction system for flavonoids [29,30].
o in our study, the ultrasonic bath extraction was chosen as
referred method. The influence of extraction solvents on the

xtraction of herbal plant samples was investigated. Pure and
queous methanol (85%, 60%) was employed as extraction solu-
ions in this study. Eighty five percent methanol was better for
ll the analytes exhibiting a significantly larger signal than those
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Table 1
Results of regression analysis on calibration, LOD and LOQ

Compounds Regression equation y = a + bxa Correlation coefficient Linear range (�g/ml) LODb (�g/ml) LOQb (�g/ml)

LG y = 603.79x − 5416.6 0.9984 4.3–448.3 3.0 9.2
HF y = 447.53x + 2409.7 0.9991 4.5–464.9 2.1 6.9
DD y = 307.24x + 1363.5 0.9994 5.0–608.5 1.5 5.0
DC y = 888.35x + 2044.9 0.9995 1.9–304.2 1.2 4.0
QG y = 1414.31x + 2826.2 0.9997 1.1–368.4 0.5 1.6

a y and x stand for the corrected peak area and the concentration (�g/ml) of the analytes, respectively.
b The LOD was defined as the concentration where the signal-to-noise ratio is 3 and the LOQ was defined as the concentration where the signal-to-noise ratio is

10.

Table 2
Recoveries of five flavonoids (R.S.D., n = 3)

Compound Original amount (mg) Added amount (mg) Found amount (mg) Recovery (%) R.S.D. (%)

LG 2.78 1.52 1.48 97.4 2.5
HF 0.52 0.49 0.50 102.0 3.9
DD 0.24 0.56
DC 0.65 0.77
QG 0.10 0.21

Fig. 5. Chromatograms of the five flavonoids mixture (A) and extract of the
Ixeridium gracile (B). (1) LG; (2) HF; (3) DD; (4) DC; (5) QG. Electrophoretic
conditions: pH 10.5, other conditions as in Fig. 2.
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0.55 98.2 4.2
0.74 96.1 2.8
0.22 104.8 3.6

xtracted by the other. The result of the recovery test also demon-
trated that the extraction method was adequate and appropriate
or the analysis.

.6. Application and recovery

The extracted solution of I. gracile was injected directly
fter appropriate dilution and separated under the proposed
ethod. Fig. 5 illustrates the typical electropherograms of the
ve standards and 85% methanol extract from I. gracile. The
ve flavonoids and other unknown constituents were separated
ithin 12 min. The contents of LG, HF, DD, DC and QG in I.
racile were 2.32 ± 0.03, 0.43 ± 0.02, 0.20 ± 0.01, 0.54 ± 0.03
nd 0.08 ± 0.02 mg/g (mean ± S.D., n = 3), respectively.

Recovery and reproducibility experiments were also con-
ucted to evaluate the precision and accuracy of the method.
ccurate amounts of LG, HF, DD, DC and QG were added to

he diluted extract of I. gracile, and three duplicate injections
ere performed. The results are shown in Table 2. The results

ndicate that this method is accurate, sensitive and reproducible,
roviding a useful quantitative method for the analysis of active
ngredients in I. gracile.

. Conclusion

In this paper, a sensitive MEKC method has been firstly devel-
ped for simultaneous analysis of LG, HF, DD, DC and QG in
. gracile. The reproducibility of quantitative analysis is satis-
actory. This work shows that MEKC is a suitable and powerful
echnique to study flavonoid compounds in the complex extract
f the medicinal plants.
cknowledgements
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[3] S. Martens, A. Mithöfer, Phytochemistry 66 (2005) 2399–2407.
[4] H.M. Merken, G.R. Beecher, J. Chromatogr. A 897 (2000) 177–184.
[5] M.E. Crespo, J. Galvez, T. Cruz, M.A. Ocete, A. Zarzuelo, Planta Med. 65

(1999) 651–653.
[6] P. Laupattarakasem, P.J. Houghton, J.R.S. Hoult, Planta Med. 70 (2004)

496–501.
[7] J.W. Jian, Q.X. Xiao, Phytomedicine Effective Component Book, People’s

Hygiene Press, Beijing, 1986, pp. 56.
[8] C.-Q. Fan, J.-M. Yue, Bioorg. Med. Chem. 11 (2003) 703–708.
[9] J. Vaya, S. Mahmood, A. Goldblum, M. Aviram, N. Volkova, A. Shaalan,

R. Musa, S. Tamir, Phytochemistry 62 (2003) 89–99.
10] H. Wang, G.H. Cao, R.L. Prior, J. Agric. Food Chem. 45 (1997) 304–309.

11] D. Arthan, J. Svasti, P. Kittakoop, D. Pittayakhachonwut, M. Tanticharoen,

Y. Thebtaranonth, Phytochemistry 59 (2002) 459–463.
12] T. Tanaka, H. Makita, K. Kawabata, H. Mori, M. Kakumoto, K. Satoh,

Carcinogenesis 18 (1997) 957–965.
13] Ž. Maleš, M. Medić-Šarić, J. Pharm. Biomed. Anal. 24 (2001) 353–359.

[
[
[

Biomedical Analysis 45 (2007) 742–746
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