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Abstract

Four flavonoids (rutin, hyperoside, quercitrin and quercetinflimstuynia cordata Thunb. andSaururus chinensis (Lour.) Bail. were
determined by capillary electrophoresis with wall-jet amperometric detection. The working electrode wasra 8@bneter carbon disc
electrode and the detection potential was +0.95V (versus Ag/AgCl). Effects of several important factors, such as the running buffer and its
corresponding pH and concentration, separation voltage, injection time were investigated to acquire the optimum conditions for separation
of these four flavonoids. Baseline separation for the four flavonoids was obtained within 21 min in a 60 cm length capillary at a separation
voltage of 15kV with a 60 mmoL/L N#,0,—120 mmoL/L NaHPOQO, buffer (pH 8.8) as running buffer. The relationship between peak
currents and analyte concentrations was linear over about two orders of magnitude with detection limits (defined as S/N =3) ranging from
0.02 to 0.05.g/mL for all analytes. This method was applied for the determination of the above four flavonéidsdiriata Thunb. ands.
chinensis (Lour.) Bail. with simple extraction procedures, and the assay results were satisfactory.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction sis (CE) has been a useful tool for the analysis of bioactive
constituents in medicinal plants for its high separation effi-
Flavonoids, which exist abundantly in medicinal plants, ciency, minimal sample volume and rapid analysis. Until now,
exhibit a wide range of biological effects, such as anti- there are several reports on the determination of flavonoids
inflammatory, anti-tumor, anti-allergic, anti-virus, anti- in medicinal plants by CE with ultraviolet (UV) detection
bacteria and anti-oxidatiofil], so flavonoids are main [9-14]. However, on-line sample pre-treatment is some-
bioactive ingredients in medicinal plants and their anal- times required to pre-concentrate and separate minor or trace
ysis is of considerable interest. The main method used flavonoids from complex plant matrix due to the poor sen-
for the determination of flavonoids in medicinal plants is sitivity and selectivity of UV detectdi9]. Compared to UV
generally high-performance liquid chromatography (HPLC) detection, electrochemical detection (ED) provides high sen-
[2-8], but HPLC has some shortcomings, such as relatively sitivity and good selectivity for the electroactive substances
large consumption of materials, time-consuming sample pre-[15]. So CE—-ED has been employed for the determination of
treatment, etc., which limit its application in this area. As flavonoids in some medicinal plants6—20].
a newly arisen separation method, capillary electrophore-  Houttuynia cordata Thunb. and Saururus chinensis
(Lour.) Bail. are two medicinal plants of Saururaceae family.
* Corresponding author. Tel.: +86 591 87893315; fax: +86 591 83713866, Saururaceae plants have been used to clear heat, counteract
E-mail address: gnchen@fzu.edu.cn (G. Chen). toxins, evacuate pus, relieve stranguria and alleviate edema
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Fig. 1. The molecular structures of quercetin, hyperoside, rutin and
quercitrin.
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The borate—phosphate running buffer was prepared by mix-
ing NaB4Oy7 solution (concentrations ranging from 30 to
80 mmol/L) with NaHPO, solution (corresponding concen-
trations ranging from 60 to 160 mmol/L) and the pH value of
the running buffer was measured by a pH meter. Before use,
all solutions were filtered through a 0.g2n polypropylene
filter film.

2.2. Apparatus

A laboratory-built capillary electrophoresis system
equipped with wall-jet amperometric detector was used
in the experiment. The details of this system have been
described in the previous work26,27]. Separation capillary
was an untreated fused silica capillary with 60&r@5um
i.d. x 370pm o.d. (Hebei Yongnian Optic Fiber Factory,
China). The inlet end of the capillary was held at a posi-
tive potential and outlet end of capillary was kept at ground.
A £30KkV high-voltage dc power supply (Shanghai Institute
of Nuclear Research, China) provided a separation voltage
between the ends of the capillary. A pre-aligned electrochem-
ical cell, consisting of three-electrode (a 50 diameter
carbon disc working electrode, a platinum auxiliary electrode
and a Ag/AgCl reference electrode), was used in combina-
tionwith a BAS LC-4C amperometric detector (Bioanalytical

due to the presence of many bioactive ingredients, espe-System, West Lafayette, IN, USA). The electropherograms
cially flavonoids (such as rutin, hyperoside, quercitrin and were monitored using a Chromatogram workstation (Model
quercetin, and their molecular structures are shovignl) HW-2000, Qianpu Software company, Shanghai, China). A
[21], soitis necessary to develop asimple and reliable methodpHS-3C meter (Shanghai Dapu Instrument Company, Shang-
to determine the above four flavonoids for estimating the hai, China) was used to measure the pH value of the running
quality of the two medicinal plants. Pulse polarograf#8j, buffer. A CHI660 electrochemical system (CH instruments,

coulomb titration[23] and spectrophotometi24,25]have  Austin, TX, USA) was chosen to perform cyclic voltammo-
been used to determine the total amount of flavonoids in the grams.

above two medicinal plants. Quercetin and ruti§.inzinen-
sis (Lour.) Bail. have also been determined by HPLCwith UV 2.3 Sample solution preparation
detection[5]. In this paper, we developed a simple CE-ED
system to determine the above four flavonoid&irordata
Thunb. andS. chinensis (Lour.) Bail., and the assay results
were satisfactory.

After being air-dried and crushed into powder, 0.5g of
the accurately weighed medicinal plant sample (stems or
leaves ofS. chinensis (Lour.) Bail. andH. cordata Thunb.)
was extracted with 2 20mL ethanol by sonication for
30min. The extracts were combined and concentrated to
about 3.5 mL at 50—68C, and then diluted to 4.0 mL with
ethanol. The extract was six-fold diluted with a 60 mmaol/L
NapB407—120 mmol/L NaHPO, (pH 8.8) running buffer
just prior to its analysis. Peak identification was performed

Rutin, hyperoside, quercitrin and quercetin were obtained by standard addition methods.
from Chinese Chemical and Biological Drugs Institute (Bei-
jing, China),H. cordata Thunb. and. chinensis (Lour.) Bail.
were purchased from Laoyaogong Drugstore, Fuzhou, Fujian
Province, China. All agueous solutions were made upindou-  The carbon disc working electrode was successively pol-
bly distilled water. Other chemicals were of analytical grade. ished with sand emery paper and rinsed with doubly distilled

Standard stock solutions of the four flavonoids at con- water. CE was performed at the separation voltage of 15kV
centration of 1.00« 10° pg/mL were prepared in ethanol using a 60 mmol/L NgB;O7—120 mmol/L NahPQ, (pH
and diluted to the desired concentration with the running 8.8) running buffer. The potential applied to the working elec-
buffer just prior to use. All standard solutions were kept trode was +0.95V (versus Ag/AgCl). Sample was injected
in a refrigerator and were stable for at least 2 months. electrokinetically at 15kV for 10s.

2. Experimental

2.1. Chemicals

2.4. Procedures
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Fig. 2. Cyclic voltammograms of the four analytes in a 60 mmol/L
NayB407-120 mmol/L NaHPO, solution (pH 8.8). Working electrode:
glassy carbon electrode; auxiliary electrode: platinum wire; reference elec-
trode: Ag/AgCI; scan rate: 100 mV/s. (1) Blank solution; (2) @dgImL
hyperoside; (3) 20.8g/mL rutin; (4) 14.8.g/mL quercitrin; (5) 9.9.g/mL
quercetin.

3. Results and discussion
3.1. Electrochemistry

The electrochemical behavior of the four analytes
at the glassy carbon electrode (GCE) in a 60 mmol/L
NaxB40O7—-120 mmol/L NaHPO, (pH 8.8) running buffer
was investigated by using cyclic voltammetry. As shown
in Fig. 2, in the potential range 0200 to +600mV,
quercetin and its glucosides hyperoside, rutin and quercitrin

produce an obvious anodic peak, respectively, due to the

oxidation of the two catechol hydroxyl groups of ana-
lytes. It should be noted that quercetin exhibits a quasi-
reversible electrode reaction whereas rutin, hyperoside an
quercitrin show an almost reversible electrode process,
respectively. This phenomenon maybe attributed to that
the presence of the hydrophilic carbohydrate group in
flavonoid glycoside would inhibit the adsorption of the oxi-

dation products at the GCE. Thus, the four analytes are
electroactive and can be determined by electrochemical
detection.

3.2. Hydrodynamic voltammetry

In order to select an optimum detection potential, a hydro-
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Fig. 3. Hydrodynamic voltammograms of the four analytes. Fused-
silica capillary: 60cmx 25um i.d.x 370um o.d.; working electrode:
500um diameter carbon disc electrode; running buffer: 60 mmol/L
NapB407-120 mmol/L NaHPO, (pH 8.8); separation voltage: 15kV; elec-
trokinetic injection: 10 s (at 15kV).

3.3. Selection of the running buffer

Since borate can chelate with flavonoids to form more
soluble complex anions, borate buffer @#a0O;—H3BO3)
was first selected as running buffer to separate the four
flavonoids. However, the baseline separation of the ana-
lytes was still difficult to achieve by adjusting the pH and
concentration of the simple borate running buffer. In order
to improve the resolution, another two buffer solutions,
namely NaB4O;—NaHb,PO; and NabPO;—NaOH have
been selected as the running buffer for testing their effects
on the separation of analytes mentioned above. The experi-
mental results showed that pgyO;—NaH,PO, buffer gave
not only the best resolution but also the highest sensitivity
under the same conditions. Therefore Rg07;—NaH,POy
buffer was chosen as running buffer to separate the analytes.

d

3.4. Effects of the pH and concentration of the running
buffer

The pH of the running buffer affects the electroos-
motic flow as well as the overall charge of the analytes,
which affects the migration time and the resolution of the
analytes. Experiments were performed using a 60 mmol/L
NaxB407—-120 mmol/L NaHPO, buffer with different pH.

As shown inFig. 4, the resolution of the four analytes was
poor at pH 7.0, the migration time increased and the resolu-
tion was improved with increasing of pH value, but the peak
currents decreased when pH was higher than 8.5. The four

dynamic voltammetry experiment was performed and the analytes could be well separated in the pH range of 8.0-9.0.
results are illustrated iRig. 3. The peak currents of all ana- In this paper, a 60 mmol/L N#8407-120 mmol/L NaHPOy

lytes increased with the detection potential, but when the buffer of pH 8.8 was chosen as the running buffer in consid-

applied potential was higher than +0.95 V (versus Ag/AgCl), ering the sensitivity, resolution (especially the resolution of

both the background current and the baseline noise increasedhe other coexist components in real samples) and analytical
greatly, so +0.95V (versus Ag/AgCI) was selected as detec-time.

tion potential in the subsequent experiments for a suit- Besides the pH value, the running buffer concentration is

able compromise of high sensitivity and low background also an important parameter. The experimental results indi-
current. cated that the migration time and the resolution increased,
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Fig. 4. Effect of pH on migration time. Working potential: +0.95V (vs.
Ag/AgCl); other conditions as irFig. 3. (1) Rutin; (2) hyperoside; (3)
quercitrin; (4) quercetin.
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Fig. 5. Electropherogram of the standard mixture solution of flavonoids.
Working potential: +0.95V (vs. Ag/AgCl); other conditions adHig. 3. (1)
Rutin (5.4p.g/mL); (2) hyperoside (5.4g/mL); (3) quercitrin (5.41g/mL);

(4) quercetin (6.ug/mL).

3.5. Effect of separation voltage and injection time

The influence of separation voltage on the migration time
was studied in this work. The results illustrated that the res-
olution of the four flavonoids was not improved with the
separation voltage ranging from 12 to 21 kV. Although the
high separation voltage gave shorter migration time for all
analytes, it produced more baseline noise, which resulted in
higher detection limits. Thus, the optimum separation volt-
age was 15kV, at which good separation could be obtained
for all analytes within 21 min.

The injection time affects both the peak current and peak
shape. The effect of injection time on peak current was inves-
tigated by varying injection time from 5 to 15s at 15kV.
The peak current increased with the injection time. However,
when the injection time was longer than 10 s, the peak current
increased slowly and the peak exhibited obvious broadening.
Therefore, 10 s (at 15 kV) was chosen as the optimum injec-
tion time in this work.

Under the optimum conditions, the four flavonoids could
be completely separated and detected within 21 min, and the

but the peak currents of all analytes decreased with increas-typical electropherogram for a standard mixture solution is

ing of buffer concentration, which was due to that the

shown inFig. 5.

degree of chelation between flavonoids and borate increased

with the increasing of buffer concentration. In addition, the

high buffer concentration also produced more Joule heat-

ing, which resulted in poor sensitivity. So, a 60 mmol/L
NaxB407-120 mmol/L NaHPOy, buffer of pH 8.8 was cho-
sen as the running buffer in this work.

Table 1
The results of regression analysis on calibration curves and detectioh limit

3.6. Analytical performance

The repeatability of the peak current and the migration
time for all analytes was estimated by making repetitive
injections of a standard mixture solution under the optimum

Analyte Regression equation, Correlation Linear range Detection limif
Y=a+bX? coefficient (ng/mL) (ng/mL)

Rutin Y=0.0292 +0.2356X 0.9976 0.20-16.0 0.05

Hyperoside Y=-0.0225+0.2615X 0.9988 0.20-16.0 0.02

Quercitrin =-0.0518+0.2833X 0.9958 0.20-16.0 0.03

Quercetin Y=-0.2157+0.2678X 0.9981 0.43-35.0 0.02

a Working potential: +0.95V (vs. Ag/AgCl); other conditions asHig. 3.

b Here,Y andX are the peak current (nA) and concentration of the analytes (ug/mL), respectively.
¢ The detection limits corresponding to concentrations giving signal-to-noise ratio of 3.
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condition. The results show that the inter-day relative stan- of magnitude with the detection limits ranged from 0.02 to
dard deviations (R.S.D.s) of peak current and migration time 0.05u.g/mL for all analytes.
are 3.8 and 0.14% for rutin, 4.5 and 0.16% for hyperoside,
5.5 and 0.14% for quercitrin and 3.0 and 0.22% for quercetin, 3.7. Sample analysis and recovery
respectively.

A series of the standard mixture solutions were tested to  Hyperoside, quercitrin, quercetin and rutin in the differ-
determine the response linearity of the four analytes underent parts ofd. cordata Thunb. and. chinensis (Lour.) Bail.
the optimized condition. The detection limits are evaluated were determined by CE—ED. The typical electropherograms
on the basis of signal-to-noise ratio of 3 and the results are of the samples are shown ig. 6. The comparisons of the
presented ifable 1. The calibration curves exhibit excellent above analytes in two different parts of the medicinal plant,
linearity over the concentration range of about two orders respectively, leaves and stems are listetdhle 2. As shown
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Fig. 6. Electropherogram of (A): (1) the extract Bbuttuynia cordata Thunb. leaves and (2) the above extract +the accurately known amounts of the four
flavonoids; (B): (1) the extract @f. cordara Thunb. stems and (2) the above extract + the accurately known amounts of the four flavonoids; (C): (1) the extract of
Saururus chinensis (Lour.) Bail. leaves and (2) the above extract + the accurately known amounts of the four flavonoids; (D):(1) the extragtefsis (Lour.)

Bail. stems and (2) the above extract + the accurately known amounts of the four flavonoids. Fused-silica capillary: (A and>B26gemi.d. x 370pum

0.d.; (C and D) 60cnx 25um i.d. x 370pm 0.d.; separation voltage:19.5kV; working potential: +0.95V (vs. Ag/AgCl); other conditions Eig.ir8. (1)

Rutin; (2) hyperoside; (3) quercitrin; (4) quercetin.
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Table 2 _ chinensis (Lour.) Bail. with relatively simple extraction pro-
Assay results of the analytes in plant samples 4z1g/gf* cedures. This work also showed that CE-ED was a powerful
Sample Rutin Hyperoside Quercitrin Quercetin  technique to determine flavonoids in the complex extracts of
Houttuynia cordata Thunb. the medicinal plants.

Leaves 100.8 474.4 1054.0 112.4

Stems N.P 26.4 3.3 N.F.
Saururus chinensis (Lour.) Bail. Acknowledgements

Leaves N.S. 276.0 761.5 69.4

Stems 56.1 16.1 24 10.0
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RBS"\‘D;:;f‘Z:;Ot?:ifE’UZ]‘J %. national Corporation Program of Science and Technology
¢ N.S. refers to not Separ'ated_ Department of Fujian Province, China (20041015) and the
Department of Education of Fujian Province (JB02063).

Table 3
Determination results of the recovery for this method 8)
Samples Compound Added amounDetermined Recovery References
(pg/mL) amount (pg/mL) (%)
Houttuynia cordata Thunb. [1] J.W. Jian, Q.X. Xiao, Phytomedicine Effective Component Book,
Leaves Rutin 7.69 7.60 98.8 People’s Hygiene Press, Beijing, 1986.
Hyperoside  7.69 7.65 99.5 [2] M. Brolis, B. Gabetta, N. Fuzzati, J. Chromatogr. A. 825 (1998)
Quercitrin 7.69 8.10 105 9-16.
Quercetin  16.9 6.7 9.8 [3] M. Keinanen, M. Julkunen-Tiitto, J. Chromatogr. A. 793 (1998)
370-377.
Stems  Rutin 4.76 4.38 92.0
. 4] H.M. Merken, G.B. Beecher, J. Chromatogr. A. 897 (2000) 177—
Hyperoside ~ 4.76 4.47 93.9 4 184 9 (2000)
Quercitrin 4.76 4.85 102 '

[5] X.Q. Xu, H.Z. Ye, X.Z. Qi, G.N. Chen, J. Fuzhou Univ. (Nat. Sci.)
30 (2002) 870-872.

[6] C.Y. Ma, B.C. Dai, R.C. Lin, Chin. Pharm. Anal. 23 (2003) 83—
86.

Quercetin 104 12 108

Saururus chinensis (Lour.) Bail.

Leaves Rutin . 7.69 4.06 528 [7] R.M. Alonso-Salces, A. Barranco, E. Corta, L.A. Berrueta, B. Gallo,
Hyperoside  8.33 915 110 F. Vicente, Talanta 65 (2005) 654-662.
Quermtr!n 8.33 7.96 95.6 [8] Y.G. Zuo, H. Chen, Y.W. Deng, Talanta 57 (2002) 307-316.
Quercetin 183 15 %.6 [9] U. Marek, B. Lucie, P. Marie, P. Miroslav, J. Chromatogr. A. 958
Stems  Rutin 2.14 2.54 119 (2002) 261-271.
Hyperoside 2.14 2.39 112 [10] M. Elke, K. Brigitte, J. Chromatogr. B. 792 (2003) 363-368.
Quercitrin 2.14 2.56 120 [11] K. Samo, K. Martina, K. Ivan, J. Agric. Food Chem. 47 (1999)
Quercetin 4.71 4.30 91.3 4649-4652.

[12] D. Dogrukol-Ak, N. Kirimer, M. Tuncel, H.Y. Aboul-Enein, Anal.
Lett. 34 (2001) 185-191.

. . [13] Y. Sun, T. Guo, Y. Sui, F.M. Li, J. Sep. Sci. 26 (2003) 1203-1206.

in Table 2, the contents of the four analytes in these two [14] M.E. Yue, T.F. Jiang, Y.P. Shi, Talanta 62 (2004) 695-699.

different parts are quite different and leaves contain more [15] L.A. Holland, S.M. Lunte, Anal. Commun. 35 (1998) 1H.

flavonoids than stems. [16] Y.H. Cao, Q.C. Chu, Y.Z. Fang, J.N. Ye, Anal. Bioanal. Chem. 374

Since there was no additional pretreatment process of the __ (2002) 294-299.

. . _ _ [17] G. Chen, H. Zhang, J.N. Ye, Anal. Chim. Acta 423 (2000) 69-76.
ethanolic extracts from the two plants prior to CE-ED anal [18] L. Hua, Z.F. Peng, L.S. Chia, N.K. Goh, S.N. Tan, J. Chromatogr.

ysis, accurately known amounts of the four analytes were™ ~ A 909 (2001) 297-303.

directly added to the extracts of samples. The recovery valueg19] X.J. Li, Y.P. Zhang, Z.B. Yuan, Chromatographia 55 (2002) 243-246.
were obtained using their peak currents from the calibration [20] G. Chen, H.W. Zhang, J.N. Ye, Talanta 53 (2000) 471-479.
curve under the same conditions. The average recoveries ar&1] M.S. Miao, Z.G. Li, Modern Practical Chinese Traditional Medicine

listed in Table 3. The results indicated that this method is ~ QUu&lity Control Technology, People’s Hygiene Press, Beijing, 2000,
. p. 43, 686.

appropriate for the analysis. [22] L.S. Xu, X.Q. Zhang, Chin. J. Drug Anal. 8 (4) (1988) 223-225.

[23] L.S. Xu, Y.Z. Xu, Acta Pharm. Sin. 21 (3) (1986) 306—309.

[24] J.Z. Zhao, L. Wei, China Food Additives, vol. 2, 2002, pp. 81-83.

[25] Q. Shen, Y.C. Ren, Y.G. Zhou, Sci. Technol. Food Ind. 20 (1) (1999)

64-65.

[26] W. Wang, B. Qiu, X.Q. Xu, L. Zhang, G.N. Chen, Electrophoresis
The results demonstrated that the proposed CE-ED 26 (2005) 903-910.

method was very suitable for the fast determination of [27] Y. Chen, J.P. Duan, H.Q. Chen, G.N. Chen, Electroanalysis 17 (2005)

flavonoids in the different parts @f. cordata Thunb. ands. 706-712.

Working potential: +0.95V (vs. Ag/AgCl); other conditions asHiy. 3.

4. Conclusions



