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Abstract

A simple, reliable, reproducible and sensitive method, based on capillary electrophoresis with electrochemical detection (ED), for the
determination of liquiritigenin and isoliquiritigenin @lycyrrhizauralensisand its medicinal preparations was described. Operated in awall-jet
configuration, a 30Q.m diameter carbon-disk electrode was used as the working electrode, which exhibits good respgi€69 atV
(versus SCE) for the two analytes. Under the optimum conditions, the analytes were base-line separated within 8 min, and excellent linearity
was obtained in the concentration range frafv510~* to 1.0 x 10-® mol/1. The detection limit (S/M:= 3) was 47 x 10~ and 29x 10~" mol/1
for liquiritigenin and isoliquiritigenin, respectively. This work provides a useful method for the analysis of traditional Chinese medicines.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction be used as naturally occurring xanthine oxidase, monoamine
oxidase inhibitof4,5] and show growth inhibitory effect on

Glycyrrhiza uralensis has been used since ancient Egyp- cancer cel[6]. It also has the anti-angiogenic eff¢¢}, and

tian, Greek, and Roman times in the West and since theantioxidant[8], anti-inflammatory activitie§9]. Moreover,

Former Han era (the second to third Century B.C.) in an- isoliquiritigenin fromG. uralensis has strong inhibitory ef-

cient China in the East. In traditional Chinese medicine, fect on tyrosinase activitj10], which is known to be a key

G. uralensisis one of the most frequently used drugs, which enzyme in melanin biosynthesis, involved in determining

exerts antitussive, expectorant and antipyrotic actions and isthe color of mammalian skin and hair. Various dermatolog-

often used to treat cough, pharyngitis, bronchitis, bronchial ical disorders, such as melasama, age spots, and sites of ac-

asthma[l]. G. uralensis and its medical preparations are tinic damage, arise from the accumulation of an excessive

also used as clinical medicines to treat gastroduodenal ul-level of epidermal pigmentation. The inhibitory effect of

cers, skin inflammation, contagious hepatitis, ¢23. Be- isoliquiritigenin on tyrosinase activity shows that extract of
sides glycyrrhizic acid and glycyrrhetinic acid, chemical G.uralensismay serve as a kind of skin-lightening agent. So,
constituent investigations show th@t uralensis also con- it is interesting to study liquiritigenin and isoliquiritigenin
tains flavones, such as liquiritigenin and isoliquiritigef8h contents inG. uralensis plants. High-performance liquid
their molecular structures are showrHig. 1 Liquiritigenin chromatography (HPLC) has been developed to determine

and isoliquiritigenin fromG. uralensis have some valuable liquiritigenin and isoliquiritigenin in the traditional Chinese
pharmacological activities. It has been proven that they can medicinal preparation Zuo et 4l1] and its metabolif12].
HPLC has also been applied to analyze isoliquiritigenin in
mspondmg author. Tel+86 510 5811348: sev.era}limedi_cinal ht_—:‘rl:[i13]: .It. may be due to .the contents
fax: +86 510 5865424, of liquiritigenin and isoliquiritigen inG. uralensis are rela-
E-mail address: yuhuacao@yahoo.com.cn (Y. Cao). tively low, reports on determination of them in this plant are
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OH OH to separate and detect liquiritigenin and isoliquiritigenin in
G. uralensis by CE-ED.
HO (o] O HO OH O y
J ¢
2. Experimental
0 (o)
Liquirtigenin Isoliquirtigenin 21 Apparatus
Fig. 1. Molecular structures of liquiritigenin and isoliquiritigenin. The Iaboratory—built CE-ED systefﬁS] was employed

in this work. A 30kV high-voltage power supply (Shang-
little. Hence it is necessary to establish some simple, eco-hai Institute of Nuclear Research, China) provided a volt-
nomical, accurate and sensitive methods for determinationage between the ends of the capillary. The inlet end of the
of liquiritigenin and isoliquiritigenin inG. uralensis. capillary was held at a positive potential and the outlet end
Separation and determination of various constituents in was maintained at ground. A 70 cm length ofiid% i.d. x
plant drugs is always a complicated and challenge task.360um o.d. fused silica capillary (Polymicro Technologies,
HPLC is regarded as a prime separation method in analysisPhoenix, AZ, USA) was used for the separation. Samples
of traditional Chinese medicines. Though the combination were all injected electrokinetically, applying 20kV for 8s.
of mobile phase and stationary phase makes HPLC high sen- A carbon-disk electrode with 3Q0m diameter was em-
sitivity and good resolution, numerous coexistent interfer- ployed as the working electrode as described previously.
ences in traditional Chinese medicines lead to pretreatmentBefore use, the surface of the carbon-disk electrode was
time-consuming and HPLC column short lifetime. Capillary polished with emery sand paper, sonicated in deionized
electrophoresis (CE) is becoming increasingly recognized aswater, and then positioned carefully opposite the capil-
an important analytical separation technique for its speed,lary outlet with the aid of a micropositioner (Shanghai
efficiency, reproducibility, ultra-small sample volume, and Lianyi Instrument Factory). A three-electrode cell system
minimal consumption of solvent. In addition, electrochemi- consisting of a carbon-disk working electrode, a platinum
cal detection (ED) typically operated in amperometric mode auxiliary electrode and a SCE reference electrode was used
can be coupled with CE to provide high sensitivity and selec- in combination with a BAS LC-3D amperometric detec-
tivity [14]. As many active constituents in medicinal plants tor (Biochemical Systems, West Lafayette, IN, USA). The
such as flavones, phenols and alkaloids are electroactive, EDelectropherograms were recorded using a chart recorder
coupled with CE should be an alternative and complement (Shanghai Dahua Instrument factory, China).
technique for determination of constituents in crude drugs.
Moreover, because only electroactive substances can be de2.2. Reagents
tected, ED also provides higher selectivity, which is impor-
tant for the analysis of medicinal plants as the constituents in ~ As liquiritigenin standard sample was not available com-
them are complex. Since Kenndler et[ah] firstly applied mercially, liquiritigenin and isoliquiritigenin were synthe-
CE to analysis arbutin in leaves éfctostaphylos uva-ursi sized by Professor Jianxin Wang (College of Chemical and
(L.) in 1990, many kinds of traditional Chinese medicines, Material Engineering, Southern Yangze University, Wuxi,
such as Strychnos pierri§h6], Flos Cartham|17], Atracty- China), and have been identified by melting point]f,
lodis Rhizomd[18], Pericarpium Citri Reticulatagl9] and IHNMR, IR, UV and MS. All the data coincide well with
so on, have been determined with CE methods. Our researctthe previous reportf26,27] G. uralensiss were purchased
group has applied CE-ED for the determinations of some from Shanhe drugstore in Wuxi (Chin&. uralensis medi-
flavones in pharmaceutical preparations and Chinese herbatal preparations, compound Liquorice tablets and compound
drugs, such aspocynum venetum, Puerariae radix, Rhodo- Liquorice mixture, were obtained from Nanjing Second
dendron Dauricum L. and Ginkgo biloba L. [20-24] Pharmaceutical Factory (Nanjing, China) and Shanghai
In this work, liquiritigenin and isoliquiritigenin in ~ Meiyou Pharmaceutical Co. (Shanghai, China), respec-
G. uralensis were determined by CE-ED. As the two an- tively. Stock solutions of two analytes@D x 10~3mol/1,
alytes are flavones, which have phenolic hydroxyl group each) were prepared in methanol and were diluted to the
that are all electroactive at modest oxidation potential, so desired concentration with the running buffer (50 mmol/l
ED was employed for sensitive detection. Moreover, two borax buffer with pH value from 7.8 to 9.2). Before use, all
major constituents, glycyrrhizic acid and glycyrrhetinic solutions were filtered through 0.22n nylon filters.
acid are not electroactive, they obviously can not interfere
with the determination of liquiritigenin and isoliquiriti-  2.3. Sample preparation
genin, which enhances the selectivity. To our knowledge,
so far CE-ED has not been applied to determine liquirit- Two grams of driedG. uralensis herbs and 1g of com-
igenin and isoliquiritigenin inG. uralensis. In this work, pound Liquorice tablets (about 15 tablets) were ground into
we first developed a simple, efficient and sensitive method powder and accurately weighed. Each weighed sample was
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extracted with 15 ml methanol for 15min in an ultrasonic electronegative analytes in the alkalescent medium. More-
bath. The extract was then filtered through a filter paper. The over, borate can chelate with the analytes to form more
extraction procedure was repeated three times. Next, a totalsoluble complex anions. So, the borate buffer was employed
of extracted solutions were diluted with methanol to 50 ml. as the running buffer in this experiment. As expected, the

In actual sample analysis, 0.4 ml sample solution was againpH value of the running buffer directly affects the migration

diluted with 50 mmol/l running buffer to 3 ml. After filtered
through 0.22.m nylon filter, all solution can be directly in-
jected electrokinetically.

0.1 ml liquid sample of compound Liquorice complex was
diluted with 50 mmol/l running buffer to 3 ml. After filtered
through 0.22vm nylon filter, it was directly injected to cap-

time and the peak current of the analytes. The pH depen-
dence of the migration time was investigated in the pH
range of 7.8-9.2. As is well know that the velocity of elec-
troosmotic flow increases with increasing pH value, but the
electrophoretic velocity of anionic analytes increases cor-
respondingly. Because electroosmosis and electrophoresis

of the analytes move in opposite direction, and the increase
of the velocity of electrophoresis is faster than that of elec-
troosmosis in the pH range of 7.8-9.2, apparent migration
velocity of the analytes decreases with increasing pH value.
Therefore, the migration time of the analytes increases
with increasing pH value, which was testified as shown in
Fig. 3A. Although Liquiritigenin and isoliquiritigenin are
The potential applied to the working electrode directly af- isomeric compounds, their molecular structures are remark-
fects the electrochemical response of the analytes. In orderably different. As shown irFig. 1, liquiritigenin have two
to obtain best detection results, optimum potential applied phenolic hydroxyl groups, whereas isoliquiritigenin have
to the working electrode should be selected; therefore hy-

illary for separation and determination.

3. Results and discussion

3.1. Effect of the potential applied to the working electrode

drodynamic voltammetry experiment was conducted to find 8
this optimum potential. As shown Fig. 2, when the applied
potential exceeds-0.70 V (versus SCE), oxidation currents =
of liquiritigenin and isoliquiritigenin increase rapidly; when g T
the applied potential pass¢4.00V (versus SCE), however, 3
the peak currents of two analytes increase slower. Therefore, £
the applied potential 0f1.00V (versus SCE) was selected, ; 6
where the background current is not too high and the S/N -&
ratio is the highest. g
%" 5 —A— Liquiritigenin
3.2. Effects of the pH value on migration time and peak —0O— Isoliquiritigenin
currents 4 ‘ ‘ ,
) o ) o ) 7.5 8 8.5 9 9.5
Since Liquiritigenin and isoliquiritigenin have pheno- H
lic hydroxyl groups, they could be partly ionized to form A) p
20 24 T .
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Fig. 2. Hydrodynamic voltammograms (HDVs) of liquiritigenin and  (B) pH

isoliquiritigenin. Fused-silica capillary: 70cm 25um i.d.; concentra-

tions of two analytes: .0 x 10~4 mol/1 each. Working electrode: 3Q0n Fig. 3. Effects of acidity on migration time (A) and on peak current (B).
diameter carbon disk electrode; running buffer: 50 mmol/l borate (pH 8.7); Working electrode potential is 1.00V (vs. SCE); other conditions are the
separation voltage: 20KkV; injection time: 20kV/8s. same as irFig. 2
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three. So, isoliquiritigenin has more negative charge than 2
liquiritigenin, which results in larger electrophoretic mobil-
ity in basic medium, in reverse smaller apparent migration
velocity. Therefore, baseline separation of liquiritigenin and
isoliquiritigenin can be achieved from pH 8.0 to 9.2. Unfor-
tunately, the two analytes were not baseline resolved with
other compounds existing in the sample matrix in the pH
value of 8.0-8.5. The effect of pH value on peak currents
was also studiedrig. 3B shows that from pH 8.2 to 8.7,
peak currents of analytes are higher. Therefore, in consider-
ing the resolution, stability, analysis time and sensitivity, pH
8.7 was selected as the optimum pH value for running buffer.
The concentration of the running buffer is also important.
The effect of the running buffer concentration on migration
time was also studies. From 25 to 100 mmol/1, liquiritigenin 0'8nAI
and isoliquiritigenin can be baseline separated. Considering
the coexistent compounds interference and analysis time,
50mmol/1 borate buffer was chosen as the appropriate
running buffer.

3.3. Effects of separation voltage and injection time

For a given capillary length, the separation voltage deter-
mines the electric field strength, which affects both the ve-
locity of electroosmotic flow and the migration velocity of

the charged analytes, which in turn determine the migration

time of the analytes. In this experiment, the influence of the ___\)\_.. L

separation voltage on the migration time of the analytes is L 1 1 L L
studied. As expected, higher separation voltage gives shorter 0o 2 4 6 8 10 12
migration time for the analytes. However when the separa- t,/ min

tion voltage exceeds above 20kV, baseline noise becomes _ S
much larger. Therefore the optimum separation voltage se—':'gd- 4. Tl_he_‘?'t?‘““’_ph‘;'ogkr?‘;” OI_?ta’tTdard(:;)'lF’t'O_”_t?O”t?'”'(29)1 !'qL:_'”t'in”'”
. . . . and isoliquiritigenin. Peak identrcation: quiritigening Isoliquirit-
lected is 20kV, at_ W_hICh Q_OOd separation can be obtained igenin. Working potential is 1.00V (vs. SCE). The concentration of two
for the _a'j‘aly_tes V_V'th'n 8 m'n-_ ] ) analytes: 0 x 10-°mol/1, each. Other conditions as fig. 2
The injection time determining the amount of sampling

affects both peak current and peak shape. The effect of in-
jection time on sampling was studied by varying injection (5.0 x 10-5mol/1 for each analyte) under the selected opti-
time from 2 to 14 s at 20kV. With increasing injection time, mum conditions. The relative standard derivations (R.S.D.s)
peak current increases, and the peak width increases simulof the migration time and the peak current are 0.63, 0.78
taneously. When the injection time is longer than 12's, peak and 2.6, 2.9% for liquiritigenin and isoliquiritigenin, respec-
current levels off and peak broadening becomes severer. Intively (n = 7).
order to separate the two analytes from the co-existent inter- - To determine the linearity of liquiritigenin and isoliquir-
ferences in sample matrix, the small injection time is helpful itigenin, a series of standard mixture solutions containing
for separation efficiency. Balancing the resolution and sen- 2.0 x 107 to 5.0 x 10-*mol/1 of each analyte were tested.
sitivity, 8s (20kV) is selected as the optimum injection time - The detection limit is evaluated on the basis a signal-to-noise
in this experiment. _ _ - ratio of 3. The results of regression analysis on calibration
Through the experiments above, the optimum conditions curves and detection limits are summarizedable 1
for the determination of liquiritigenin and isoliquiritigenin
were decided. The typical electropherogram for a standard
solution of the analytes is shown Fig. 4, as we can see
baseline separation can be achieved within 8 min.

3.5. Sample analysis and recovery

Liquiritigenin and isoliquiritigenin inG. uralensis herb
3.4. Reproducibility, linearity, detection limit of the two and its commercial medicinal preparations were determined
analytes by CE—-ED under the optimum conditions. Typical elec-
tropherograms o6. uralensis herbs, compound Liquorice
The reproducibility of the peak current is estimated by tablets and compound Liquorice mixture are shown in
making repetitive injections of a standard mixture solution Fig. 5A, Fig. 5B and Fig. 5C respectively. By adding
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Table 1

The regression equations and detection lifnits

Compound Regression equation Correlation coefficient Linear range (mol/1) Detection limit tZfol/l)
Liquiritigenin y = 9.89 x 10*x + 0.02 0.9999 1x 10°%-5 x 104 4.7

Isoliquiritigenin y =1.79 x 10°x —0.15 0.9989 1x 106-5 x 104 2.9

a8 CE-ED conditions as iffrig. 4.

b In the regression equation, thxevalue is the concentration of analytes (mol/1), thealue is the peak current (nA).

(A)

(B)

(®)] 1

tm/min

Fig. 5. The electropherograms of actual sampf@suralensis herbs (A), compound Liquorice tablets (B) and compound Liquorice mixture (C). Peak
identification: (1) liquiritigenin; (2) isoliquiritigenin. Conditions iRig. 4.

Table 2

Assay results forG. uralensis herbs, compound liquorice tablets and

compound liquorice mixturen(= 3)

Sample Ingredients Found R.S.D. (%)
G. uralensis herbs Liquiritigenin 0.81 mg/g 3.8
Isoliquiritigenin 0.45mg/g 4.0
Compound Liquiritigenin 0.64 mg/g 2.9
Liquorice tablets
Isoliquiritigenin 1.49mg/g 35
Compound Liquiritigenin 0.101 mg/ml 4.5
Liquorice
mixture
Isoliquiritigenin 0.299 mg/ml 1.6

CE-ED condition as-ig. 4.

the standard samples of liquiritigenin and isoliquiritigenin
into the actual samples respectively, the active ingredients
namely liquiritigenin (peak 1) and isoliquiritigenin (peak
2) in samples can be identified. Because the peaks of the
analytes can not baseline separated from the adjacent peak
the contents of the analytes in the actual sample were de-
termined with standard addition method. The calibration
curves with standard addition method for determination of
liquiritigenin and isoliquiritigenin inG. uralensis herbs,
compound Liguorice tablets and compound Liquorice mix-
ture are shown ifrig. 6A—C respectively. The assay results
are listed inTable 2 The recovery and reproducibility
experiments under the optimum conditions were also con-
ducted to evaluate the precision and accuracy of the method.
Recovery was determined by standard addition method,
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Fig. 6. The calibration curves with standard addition method for determination of actual sa@pl@siensis herbs (A), compound Liquorice tablets
(B) and compound Liquorice mixture (C) symbol (X) represents liquiritigenin, axygtands for isoliquiritigenin.

Table 3

Results of recovery of this method with compound liquorice mixture sampte 8)

Ingredient Original amount (mol/L) Added amount (mol/L) Found (mol/L) Recovery (%) R.S.D. (%)
Liquiritigenin 1.31x 10°° 1.00 x 10°° 2.25x 10°° 97.5 35
Isoliquiritigenin 3.89x 10°° 1.00 x 1073 4.80 x 10°° 98.1 1.8

and the results are listed ifable 3 The above assay re-  [4]L.D. Kong, Y. Zhang, X. Pan, R.X. Tan, C. Cheng, Cell Mol. Life

- . : " Sci. 57 (2000) 500.
sults cljndl.(l;?te that.dt.hls methfoclj IS ac.cur.ate’ Sehns(ljtl;/e ?]nd [5] X. Pan, L.D. Kong, Y. Zhang, C. Cheng, R.X. Tan, Acta Pharmacol.
reproducible, providing a useful quantitative method for the Sin. 21 (2000) 949.

analysis of traditional Chinese medicines. [6] M. Kanazawa, Y. Satomi, Y. Mizutani, O. Ukimura, A. Kawauchi,
T. Sakai, M. Baba, T. Okuyama, H. Nishino, T. Miki, Eur. Urol. 43
(2003) 580.
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