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Abstract

A capillary electrophoresis with electrochemical detection (CE-ED) method was developed for the simultaneous determination of four major
flavonoid markers (synephrine, naringin, hesperidin and naringenifjuitus aurantii of different geographical origin. Operated in a wall-jet
configuration, a 30.m diameter carbon disc electrode was used as the working electrode, which exhibits a good response at +0.85V (versus
saturated calomel electrode) for the analytes. Under the optimum conditions, the analytes were baseline separated within 20 min in a 80 mmol/
borax buffer (pH 8.45). The intra-day relative standard deviations (R.S.D.) and inter-day R.S.D.s were based on the analysis of the standar
solution on the same day and on the following 6 consecutive days. The intra-day R.S.D.s ranged from 0.8% (naringin) to 3.6% (hesperidin). The
inter-day R.S.D.s ranged from 1.2% (hesperidin) to 4.6% (naringenin). Calibration curves were linear in ranges between 0.05.gMl1000
for the markers. Limits of detection ranged from a low of 108 g/mL (hesperidin) to a high of & 10~7 g/mL (naringin). The method was
successfully used in the analysisioturantii of different geographical origin with relatively simple extraction procedures, and the assay results
were satisfactory.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction diseased8], and immune dysfunctionf®]. These epidemio-
logical results are corroborated by many in vitro and in vivo
Flavonoids are an important group of secondary metabolitestudies demonstrating the impact of flavonoids on mammalian
which are synthesized by plants as a result of plant adaptdiology[10]and displaying the remarkable scope of biochemical
tion to biotic and abiotic stress conditions (infection, wounding,and pharmacological actions of these compounds, among others
water stress, cold stress, high visible light). Protective phenyltheir antiviral[11], antiinflammatoryf12], and antiallergi¢13]
propanoid metabolism in plants has been well documentegroperties.
[1-4]. In recent years flavonoids have attracted the interest Frucus aurantii, referred as ‘Zhi-Ke’ in China, is the dried
of researchers because they show promise of being powerftpen fruit of Citrus aurantium L. As a common traditional Chi-
antioxidants that can protect the human body from free radinese medicine that has been used for more than 2000 years in
cals for their hydrogen radical donating abilitigs6]. Many  China, the use of. aurantii was first recorded iShen Nong
epidemiological studies have shown that consumption of edibl8encao Jing in ~100 b.c., the described functions were reduc-
plants rich in phenolic compounds is associated with a lowerethg temperature, soothing asthma, stimulating the appetite, and
risk of degenerative diseases such canggfscardiovascular enhancing the function of the immune system. Recent studies
show that citrus plants may have beneficial human health effects,
such as antioxidant, antiallergic, and anti-carcinogenic bene-
* Corresponding author. Tel.: +86 21 6564 2405; fax: +86 21 6564 1740, 11ts and can protect against high blood pressure or cholesterol
E-mail address: youyuanpeng@hotmail.com (Y. Peng). increasq14,15]
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Fig. 1. The molecular structures of synephrine, naringin, hesperidin and naringenin.

The constituents most often associated with the pharmacologreeded is expensive, which is not accessible in common labora-
ical activities ofF. aurantii are the flavonoids such as synephrine,tories. Now, capillary electrophoresis (CE) is becoming increas-
naringin, hesperidin and naringenin. As a synonym of phenyleingly recognized as an important analytical separation technique
phrine, synephrine is a sympathomimetic agent given as thfr charged compounds and partially charged organics such as
tartrate for the treatment of hypotensive stfi€g, itisalsowell  phenolic compounds at a high pH. It provides faster analysis
known that synephrine have effects on the cardiovascular sysime and better separation efficiency than HPLC, and consumes
tem through adrenergic stimulati¢h7]. Naringin, hesperidin  only small amounts of aqueous solvents. CE has environmen-
and naringenin possess antioxid@t8], blood lipid lowering  tal and economic advantages, however, HPLC is better in terms
[19] and anti-carcinogenic activitilR0]. Naringin and hes- of accuracy, sensitivity and precision. Therefore, CE has been
peridin could improve venous tone, enhance microcirculationproposed as a complementary technique to HPLC for the sepa-
assist healing of venous ulcers and they are used for the treattion of phenolic compounds present in herbs such as phenolic
ment of chronic venous insufficien¢21] and have protective acids and flavones. In combination with electrochemical detec-
effect on glycerol-induced acute renal fail§g2]. tion (ED), CE-ED offers high sensitivity and good selectivity

Although the biological activity off. aurantii as well as  for electroactive species.
its superior safety is well documented, very few studies have In 2000, U.S. Food and Drug Administration (FDA) pub-
been published on the qualitative and quantitative presence tihed a draft of Guidance for Industry Botanical Drug Products.
flavonoids inF. aurantii [23,24] The amounts of flavonoids i  Before a plant drug becomes legally marketed, its spectroscopic
aurantii could vary significantly according to their geographical or chromatographic fingerprints and chemical assay of charac-
sourcesF. aurantii is mainly cultivated in Jiangxi province and teristic markers are required. CE should find more applications
partly in Jiangsu, Sichuan, and Fujian provinces of China. Li Shin this area. In this work, CE-ED was proposed for the determina-
Zhen (1596 a.d.) iBen Cao Gang Mu reported thaF. aurantii ~ tion of synephrine, naringin, hesperidin and naringeRig.(1)
produced in Jiangxi, China, was the authentic source and hdd F. aurantii from different geographical origin. The method
the superior quality. Since the physical appearande afran- is simple, sensitive, reliable, and efficient, providing not only a
tii of different origin is similar and many commerctaurantii ~ way for evaluating the quality of. aurantii from different ori-
products are sold in various formulations, therefore, methodgin, but also an excellent method for quality control in medicinal
for the quantitative and qualitative analysis of flavonoid mark-factories and constituent investigation of other plants. To our
ersinF. aurantii from different geographical origin are desirable. best knowledge, there are no reports published on the simul-
Flavonoids are usually used as chemical markers for the qualittaneous determination of synephrine, naringin, hesperidin and
control of natural plants and fruits because of their ubiquity andharingenin inF. aurantii. The optimization, detailed character-
multiplicity in fruits, and specificity to different varieties and ization, and advantages of CE-ED approach are reported in the
even cultivars. following sections.

Many analytical approaches have been used to identify
flavonoids in citrus fruits. Kanaze et §R5] has determined 2. Experimental
diosmin, hesperidin and naringin in different citrus fruit juices by
using reversed-phase high-performance liquid chromatographix:1. Apparatus
method. Agabbio and co-workef26] has reported a liquid
chromatography method coupled with a photodiode array detec- Inthiswork, a CE-ED system has been constructed and is sim-
tor (DAD) to assess the changes of flavonoids and antioxidarifar to that described previousjg1]. A £30kV high-voltage dc
capacity in citrus juices during storage. Among these methodgower supply (Shanghai Institute of Nuclear Research, Shang-
the use of high-performance liquid chromatography (HPLC) inhai, China) provided a voltage between the ends of the capillary.
conjunction with mass spectrometry (ME)7,28] appears to  The inlet of the capillary was held at a positive potential and the
be most promising. However, HPLC has some shortcoming iutlet end of the capillary was maintained at ground potential.
analysis of natural products, including time-consuming samplehe separations were undertaken in a 75 cm lengti,n25.d.
pre-treatmenf29,30}, short column lifetime owing to numer- and 36Q.m o.d. fused silica capillary (Polymicro Technologies,
ous co-existent interferences, and the apparatus that HPLC-M@hoenix, AZ, USA).
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Athree-electrode electrochemical cell consisting of 38300 3. Results and discussion
diameter carbon disc working electrode, a platinum auxiliary
electrode, and a saturated calomel electrode (SCE) as the ref-l. Effect of the potential applied to the working electrode
erence electrode, was used in combination with a BAS LC-3D
amperometric detector (Biochemical System, West Lafayette, In amperometric detection the potential applied to the work-
IN, USA). The carbon disc electrode was made of polymeiing electrode directly affects the sensitivity, detection limit and
leads (Sakura, Japan). Before use, the carbon disc electrodmbility of this method. Therefore, the effect of working elec-
was polished with emery paper and sonicated in doubly distrode potential on the peak current (calculated by measuring the
tilled water, and finally carefully positioned opposite the outletpeak height) of the analytes was investigated to obtain optimum
of the capillary with the aid of a micro-manipulator (Cor- detectionFig. 2illustrates the hydrodynamic voltammograms
rect, Tokyo, Japan) and arranged in a wall-jet configuratiorof synephrine, naringin, hesperidin and naringenin. When the
[32]. The distance between the tip of the working electrodeapplied potential reaches +0.60V (versus SCE), the peak cur-
and the capillary outlet was 30m so that the CE effluent rents increase rapidly, however, when the potential exceeds
directly impinged upon the electrode surface. The electrophero+0.85V (versus SCE), the peak currents of all the analytes
grams were recorded using a chart recorder (Shanghai Dahievel off. Although applied potential greater than +0.85V (ver-
Instrument Factory, China). CE was performed in a 80 mmol/Lsus SCE) results in larger peak current, the background current
borax buffer (pH 8.45) at a separation voltage of 12 kV. Theof the working electrode increases sharply. Hence, the applied
potential applied to the working electrode was +0.85V (ver-potential of the working electrode was maintained at +0.85V
sus SCE). Samples were injected electrokinetically at 12 k\(versus SCE), where the background current is not too high and
for6s. the S/N ratio is the highest.

2.2. Reagents and solutions 3.2. Effects of pH and buffer concentration

Synephrine was purchased from Sigma (St. Louis, MO, The acidity and concentration of the running buffer plays
USA), naringin, hesperidin and naringenin were obtained froman important role in CE for its effect on zeta potentia), (
Aldrich (Milwaukee, WI, USA). Stock solutions of synephrine, the electroosmotic flow (EOF), as well as the overall charge
narmgm and naringenin (¢ 10-3g/mL each) and hesperidin of all the analytes, which affect the migration time and the
(1x10~*g/mL) were prepared in anhydrous ethanol (A.R.separation of the analytes. Therefore, it is important to study
grade), stored in the dark at@, and was diluted to the desired their influences on CE in order to obtain optimum separations.
concentrations with the running buffer (80 mmol/L borax buffer, The running buffer was 80 mmol/L borate buffer at five dif-

pH 8.45), in which carbon working electrode shows excellenterent pH values (8.0, 8.2, 8.45, 8.7 and 9.0). The resolution
response to phenolic compounds. Before use, all solutions were

filtered through 0.22.m nylon filters. i

2.3. Sample preparation synephrine
—@— naringin

The ripen fruit of Citrus aurantium L. from different geo- —&— hesperidin
graphical origin (Zhangshu of Jiangxi, Suzhou of Jiangsu, Yibin
of Sichuan, and Fuzhou of Fujian) were collected by ourselves.
All of the fruits were collected in August. The botanical origins
of all the fruits were identified morphologically by ourselves
during the field collection in different regions of China.

The ripen fruits were collected and dried under vacuum.
About 10 batches of individual species having similar but not
identical geographical properties of the same region were tested.
Individual samples were prepared from about 500 g of powder 2
that was ground from the fruits of the same population. These
grinding processes were done during the field collection before ‘
they were delivered to the laboratory. The collected powder was 0 i : : ' ‘
stored with silica gel, which could stabilize the chemical con- 03 04 05 06 07 0% 09

. Potential / V (vs. SCE)
stituents.

Each weighed sample (about 2 g) was extracted with 10 mlEig. 2. Hydrodynamic voltammograms (HDVs) for synephrine, naringin, hes-
80% ethanol for 2 h in an ultrasonic bath. Next each of the samperidin and naringenin in CE. Working conditions: fused-silica capillary.26
ples was filtered through filter paper first, then through a .2 i.d. x 75 cm; working electrode, 3Q0m diameter carbon disc electrode; run-

. . . ning buffer, 80 mmol/L borate buffer (pH 8.45); separation voltage, 12KkV,
syringer filter. Sample solutions were stored &C4n the dark. electrokinetic |nject|on 6's (12kV); concentrations, .00~% g/mL for hes-
The samples could be injected electrokinetically without preperigin, 1.0x 10-5 g/imL for synephrine and naringenin and 2005 g/mL
concentration. for naringin.

—®— naringenin

—¥— background

Peak Current / nA
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of hesperidin and naringenin is poor at pH 8.0. For hesperiditbecomes severe. In this experiment, 6s (12kV) is selected as

and naringenin, the resolutioRg) is 0.8, 1.3, 1.7, 1.9 and 2.0 the optimum injection time.

respectively, corresponding to the five pH values (8.0, 8.2, 8.45, Through the experiments above, the optimum conditions for

8.7 and 9.0). The resolution index was obtained likewise ashe determination of synephrine, naringin, hesperidin and narin-

2(tr2 — tr1) (w1 + w2) 1, whererr andw are migration time and  genin were decided. The typical electropherogram for a standard

peak width, respectively; the suffix represents the neighboringolution of the analytes is shownhiig. 34, as we can see base-

peaks. When the running buffer pH increases, the resolutioline separation could be achieved within 20 min.

of all compounds is improved with migration time increased.

At pH 8.45 the analytes can be well separated, it is also found.4. Precision, linearity and detection limits

that the peak current is low and the peak shape became poor

when pH value exceeds 8.45 (for example, the peak current for Precision of the method was determined by measur-

synephrine is 9.6, 9.3, 8.8, 7.2 and 5.8 nA, respectively, corréng the repeatability of injectionn(=7), intra-day £ =10),

sponding to the five pH values, i.e. 8.0, 8.2, 8.45, 8.7 and 9.(and inter-day £=7) analyses in the standard mixture solu-

there is a significantly decrease in the peak current when pidon of 1.0x 108 g/mL for hesperidin, 1.6 10~°g/mL for

value is higher than 8.45). Therefore, 80 mmol/L borate buffelsynephrine and naringenin and @0~°g/mL for naringin

with pH 8.45 was chosen as the running buffer in consideringinder the optimum conditions in this experiment. The results

the peak current, resolution and the analytical time. are listed inTable 1 The relative standard deviations (R.S.D.s)
Increasing the running buffer concentrations (ionic strengthpf peak current varied from 1.0 to 4.6%, and the migration time

generally decreases the EOF, thus lengthens the migration timasried from 0.5 to 1.6% for the analytes.

Results show that higher buffer concentrations led to longer A series of standard solutions of synephrine, naringin,

migration times and decreasing of electrophoretic mobility.hesperidin and naringenin ranging from %00~/ g/mL to

However, higher buffer concentrations (>80 mmol/L) also have d.0x 103 g/mL in concentration were tested to determine the

negative effect on the detection limits because the peak currenligearity of the determination. Results from regression analy-

of all analytes decrease and the effect of Joule heat becomsis of both calibration curves and detection limits are listed in

more pronounced. For example, the peak current of synephririeable 2 The detection limits were evaluated on the basis of a

is 10.4, 9.8, 9.3, 8.8 and 6.8nA, respectively, correspondingignal-to-noise ratio of 3.

to the five buffer concentration values, i.e. 20, 40, 60, 80 and

100 mmol/L, in accordance with the report by Tsuda ef38]  3.5. Sample analysis and recovery

describing that velocity of electroosmotic flow was decreased

with increasing concentration of electrolyte, which results in  Under optimum conditions, the determination of synephrine,

the decrease of peak currents. At 80 mmol/L, all compoundsaringin, hesperidin and naringenin in real samples was carried

were well separated with aRs of 1.7 (calculated from hes- out according to the procedures described earlier. Typical elec-

peridin and naringenin) with the total migration time of 20 min tropherograms of. aurantii from different geographical origin

and the migration order of synephrine, naringin, hesperidinare shown irFig. 3B. The migration timesin CZE in fused-silica

naringenin, respectively. Consequently, 80 mmol/L borate buffecapillary tubes can be varied about 1-2% due to the nonrepeat-

(pH 8.45) was selected as a compromise between resolutioable EOF, which is caused by the unstable surface condition of

efficiency, and analysis time and employed for subsequerthe inner wall of the tubes and the change in the effective elec-

optimization. tric field strengti{34]. Additionally, migration times are highly
sensitive to slight changes in buffer pH and ionic strength. It is
3.3. Effect of separation voltage and injection time observed in the experiment that the migration time of the pheno-

lic compounds in different sampleii¢. 3B) shifted from those

The separation voltage affects the electric field strengthef the standard solutiongig. 3A), which made the identifica-
which in turn affects the EOF and the migration velocity of tion by migration time unreliable, further identification of the
charged particles, which determine the migration time of the anggeaks are confirmed by spiking experiments, The assay results
lytes. Moreover, higher separation voltage may result in higheare listed inTable 3
Joule heating. Increasing the voltage gives shorter migration By comparing with the electropherogram of the standard
times but also increases the background noise, resulting in solution and spiking experiments, it was found that all sam-
higher detection limit. Although the resolution of analytes canples has identical profiles on the basis of relative peak heights
be improved to some extent, too low a separation voltage wiland migration time. The active ingredients namely synephrine,
increase the analytical time considerably, which in turn causesaringin, hesperidin and naringenin were found presented in all
severe peak broadening. Based on experiments, 12 kV was chitre samples, so the four flavonoids can be defined as common
sen as the optimum voltage to accomplish a good compromis@eaks in the fingerprint af. aurantii under the selected condi-

The effect of injection time on CE separation was investigatedions. However, the content of individual analytes varied greatly
by varying the sampling time (2, 4, 6, 8 and 10 s at a voltage oin different samples, indicating the ecological environment had
12 kV). Itwas found that both the peak currentand the peak widtlgreat impact on the contents of the constituents investigated.
increase with increasing sampling time. When injection time isThe content of synephrine iR aurantii of Jiangxi province is
longer than 6s, peak current levels off and peak broadeningbout two times as that df aurantii in other provinces, and
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Fig. 3. The electropherogram of a standard mixture solutionX1.0~® g/mL for hesperidin, 1.& 10~ g/mL for synephrine and naringenin and 2005 g/mL

for naringin) (A) and the typical electropherogramsFoficus aurantii (B): (i) Zhangshu of Jiangxi; (i) Fuzhou of Fujian; (iii) Yibin of Sichuan; (iv) Suzhou of
Jiangsu. Dilution for all the samples: 1:200. Peak identification: (1) synephrine; (2) naringin; (3) hesperidin; (4) naringenin. Working pot&atil(vs. SCE);
other conditions as ifig. 2

so is naringin and hesperidin. The overall amount of the foutic source ofF. aurantii. Among different cultivated regions in
flavonoids inF. aurantii of Jiangxi province is more than two China, Zhangshu of Jiangxi province produces the best quality of
times as in the other three provinces as showfiin 4, which  F aurantii, which could be due to its specific geographical loca-
is in agree with the fact that Jiangxi province is the authention. Zhangshu is 30 m above sea level and receives >1500 mL
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Table 1
Injection, intra- and inter-day precision of the analytes in the standard sdlution
Compound Precision (%R.S.D.)

Peak height Migration time

Injection 2 =7) Intra-day ¢ =10) Inter-day £=7) Injection @=7) Intra-day ¢ =10) Inter-day £=7)
Synephrine 2.6 3.2 3.6 0.9 1.2 13
Naringin 2.8 25 35 0.5 0.8 15
Hesperidin 2.0 3.6 3.2 1.0 1.0 1.2
Naringenin 1.8 2.0 4.6 0.8 0.9 1.6

a Working potential is +0.85V (vs.

SCE). Other conditions abimg. 2

Table 2

Results of regression analysis on calibration and the detection3imits

Compound Regression equatiors a + bx? Correlation coefficient Linear ranga.§/mL) Detection limi (g/mL)
Synephrine y=871428+0.1 R=0.9997 0.2-200 5108

Naringin y=27200G +0.02 R=0.9997 1-1000 5107

Hesperidin y=700000@ —0.12 R=0.9995 0.05-100 ¥10°8

Naringenin y=457142+0.16 R=0.9996 0.5-500 ¥ 1077

@ Working potential is +0.85V (vs.

SCE). Other conditions aEimg. 2

b Where the y and x are the peak current (nA) and concentration of the analytes (g/mL), respectively.
¢ The detection limits corresponding to concentrations giving signal-to-noise ratio of 3.

1200
naringenin
1000 - hesperidin
O naringin
syncphrine
800 |
600
400 | ===
200
Jiangxi Fujian Sichuan Jiangsu

Fig. 4. Cumulative bar chart of the overall amount 11@/g) of the four
flavonoids in theFrucus aurantii of different origins.

of annual rainfall, and the average temperature in a year is
~17.5°C, the climate is suitable for the growth of medicinal
plants. Besides the geographical properties, farmersin Zhangshu
have experience of cultivating aurantii for over 1000 years.
Indeed, Zhangshu produces >60% of the total productiaf of
aurantii in China. The proposed method provided a simple, reli-
able way not only for the determination of the flavonoids markers
in F. aurantii, but also an excellent method for quality con-
trol in medicinal factories and constituent investigation of other
plants.

The recovery and reproducibility experiments under the opti-
mum conditions were also conducted to evaluate the precision
and accuracy of the method. Recovery was determined by stan-
dard addition method, accurate amounts of synephrine, naringin,
hesperidin and naringenin were added to the diluted extracts of
the samples, and the results obtained ffoaurantii (Zhangshu,
Jiangxi) are listed imable 4 The recovery for all the samples
varied from 92 to 106%. The above assay results indicate that
this method is accurate, sensitive and reproducible, providing a
useful quantitative method for the analyses of flavonoids mark-
ers inE aurantii.

Table 3
Assay results of the analytes Fnucus aurantii of different geographical origim(= 3, 10-° g/g@
Cultivation region Conteft

Synephrine Naringin Hesperidin Naringenin
Zhangshu, Jiangxi 97.8% 1.20 800.0+ 2.65 2.360+ 0.06 71.75+ 0.40
Fuzhou, Fujian 52.0% 0.35 402.33+ 1.36 1.33+ 0.05 73.09+ 0.55
Yibin, Sichuan 54.18t 0.60 380.58+ 1.76 1.06+ 0.11 32.29+ 0.86
Suzhou, Jiangsu 50.14t 0.55 345.63+ 1.85 1.33+ 0.0.08 32.29+ 0.65

@ Working potential is +0.85V (vs.
b Values are means S.D.,n=7.

SCE). Other conditions aEim. 2
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Table 4

Results of the recovery of this method<(3, 10-° g/g)

Compound Original amount Added amount Found amount Recovery (%) R.S.D. (%)
Synephrine 97.85 100.0 189.85 92 3.6

Naringin 800.0 500.0 1270.0 94 2.8
Hesperidin 2.36 5.00 7.66 106 35
Naringenin 71.75 55.0 123.45 94 3.0

@ Working potential is +0.85V (vs. SCE). Other conditions aFiig. 2
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