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bstract

A novel electokinetic capillary chromatography method, reverse sodium dodecyl sulfate (SDS) micelles as pseudo-stationary phase, was devel-
ped for separation and detection of alpinetin and cardamonin. In this work, reverse micelles (RMs) have been firstly introduced into background
lectrolyte for electrophoresis separation. The optimum reverse SDS micelle system was formed with n-butyl chloride as continuous phase,
DS (20.9%, w/v) as the surfactant, W0 (13.0, water–surfactant molar ratio), 18.0% (v/v) 1-butanol as the co-surfactant, 8.0% (v/v) acetonitrile
ACN), 1.5% (v/v) heptane, and a 60 mol L−1 tris-(hydroxymethyl)aminomethane (Tris) buffer, as dispersed phase. Linear relationships (correla-
ion coefficients: 0.9961 for cardamonin and 0.9991 for alpinetin) between the peak areas and concentration of the two compounds were obtained

5.0–350.0 �g mL−1 for cardamonin and 1.25–350.0 �g mL−1 for alpinetin). The detection limits (S/N = 3) for cardamonin and alpinetin were 0.19
nd 0.14 �g mL−1, respectively. The method was successfully applied for the quantification of alpinetin and cardamonin in Alpinia katsumadai
ayata and kuaiwei tablet with satisfactory recoveries in the range of 95.9–100.2%.
2007 Published by Elsevier B.V.
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. Introduction

Cardamonin (2′,4′-dihydroxy-6′-methoxychalcone) and
lpinetin (7-hydroxy-5-methoxyflavanone) (Fig. 1), the major
ffective components from the fruits of Alpinia katsumadai
ayata, belong to chalcone and flavonoid, respectively [1].
ardamonin has numerous biological roles, including anti-

umour promoting property, insecticidal effect, anti-mutagenic
ctivity and inhibition of arachidonic acid, collagen, adenosine
iphosphate and ristocetin-induced platelet aggregation [2–5].
ecently, cardamonin has been shown to exhibit an appreciable
nti-HIV-1 protease activity with an IC50 value of 31 �g mL−1

6], and the interaction between cardamonin and protein has
een studied [7]. Alpinetin has antibacterial, anti-inflammatory

nd other important therapeutic activities of significant potency.
lthough their biomedical effects have been extensively stud-

ed, the determination methods for cardamonin and alpinetin are
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everse micelle electokinetic capillary electrophoresis

canty. As far as our knowledge is concerned, only two deter-
ination methods, chemiluminescent flow-injection method

or cardamonin and high performance liquid chromatography
HPLC) method for cardamonin and alpinetin, were reported
8,9]. The present paper firstly developed a reverse micelle elec-
rokinetic capillary chromatography method in which reverse
DS micelle solutions were used as background electrolytes to
eparate and determine cardamonin and alpinetin.

Surfactant molecules when dissolved in nonpolar solvents,
elf-assemble to form reverse micelles. W0 (W0 = [H2O]/[S],
here [H2O] and [S] are the molar concentration of water

nd surfactant, respectively [10,11]), the water–surfactant molar
atio, was usually used to characterize the reverse micelles.
hese surfactant aggregates containing a small amount of
ater (W0 < 15) are called reverse micelles whereas water-in-
il (w/o) microemulsions correspond to droplets containing a
arge amount water (W0 > 15) [10,11]. In these systems, the
olar groups present in the surfactant molecules constitute the

nner core of the micelles and the hydrocarbon chains form
he outer layer [12,13]. According to the concept of reverse

icelle [10–15], the reverse micelle systems are similar to the
/o emulsion systems, and the major difference is W0. The size
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Fig. 1. The structures of cardamonin and alpinetin.

f reverse micelles increased and the micellar concentration
ecreased while W0 increased [10]. Reverse micelle solu-
ions were used as background electrolytes for reverse micelle
lectrokinetic capillary chromatography (RMEKC), which is
ifferent from reversed migration micellar electrokinetic chro-
atography (RM-MEKC) [16]. The reversed migration micelles

roposed in RM-MEKC, the hydrocarbon chains present in the
urfactant molecules constituting the inner core of the micelles
nd the polar groups with negative changes forming the outer
ayer, are the normal micelles migrating in the opposite migra-
ion direction at the low pH [17]. Reverse micelle systems
ppear as homogeneous, transparent solutions, and thermody-
amic stability that can solvate a wide range of hydrophilic and
ydrophilic compounds [18,19]. The solutes can be partitioning
etween the continuous phase and the reverse micellar phase,
nd the partition equilibrium in reverse micellar solutions is con-
idered to achieve rapidly, because collision frequency among
everse micelles is 109 to 1011 s−1 [15].

The aim of this study was to develop a reverse micelle
lectokinetic capillary chromatography (RMEKC) method to
nvestigate the effects of separation conditions on cardamonin
nd alpinetin, and develop an efficient and feasible RMEKC
ethod to analysis the two compounds in real samples.

. Experimental
.1. Apparatus and procedures

All experiments were performed using a P/ACETM MDQ
ystem (Beckman Coulter Instrument, Fullerton, CA, USA)

3

(
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ith PDA detector. The system was controlled by 32 KaratTM

oftware (Version 7.0). The separation was carried out on
60.2 cm (50.2 cm from inlet to the detector) × 50 �m i.d.

used-silica capillary (Yongnian Photoconductive Fiber Factory,
ebei, China).
Prior to its first use, the capillary was washed successively

ith methanol for 5 min, 1.0 mol L−1 HCl for 5 min, water for
min, 0.50 mol L−1 NaOH for 15 min, water for 5 min, and the
ackground electrolyte for 5 min. Between two runs, a rinse-
ycle was used with 1.0 mol L−1 HCl for 2 min, distilled water
or 2 min, 0.5 mol L−1 NaOH for 3 min, distilled water for 2 min,
nd running buffer for 2 min. Samples were injected by applying
pressure of 0.5 psi for 3 s. The applied voltage was −30 kV

anode at the detection end) for separation. The capillary was
aintained at 25 ◦C, while 310 nm was selected as the detection
avelength.

.2. Materials

SDS of chemical purity was purchased from Huyi reagent
actory in Shanghai. Alpinia Katsumadai Hayata and kuai-
ei tablet were purchased from local drug stores. Cardamonin

nd alpinetin were of analytical grade and purchased from the
ational Institute for Control of Pharmaceutical and Bioprod-
cts, China. All other chemicals were of analytical grade. The
tock solutions of cardamonin and alpinetin were prepared in
everse micelle buffer at 1.0 mg mL−1 and filtered through a
.45 �m filter before use. All stock solutions were stored at
◦C.

.3. Preparation of the electrolytes

The order of addition was important in the formation of the
everse micelle solutions. The optimum buffer was prepared as
ollowing: SDS (20.9 g) was mixed with organic solvent (n-
utyl chloride (37 mL), heptane (1.5 mL), 1-butanol (18.0 mL)
nd sonicated for 5 min, and then the water (7.0 mL) and Tris
olution (60 mmol L−1, 10 mL) were added and sonicated for
5 min. Finally, ACN (8.0 mL) was added into reverse micelle
olutions. Thus, optically transparent reverse micelle solutions
ere formed.

.4. Sample extraction

All the samples were powdered, and then 1.00 g Alpinia kat-
umadai Hayata and 5.0 g kuaiwei tablets with 25.0 mL ethanol
ere extracted in ultrasonic bath for 60 min, respectively. After

xtract solution of kuaiwei tablets removing ethanol, the dried
xtracts were treated with 2.0 mL ethanol. All extract solutions
ere filtered through a 0.45 �m filter prior to use.

. Results and discussion
.1. Optimization of reverse micelle solutions

Several physical characteristics of reverse micellar solution
drop size, critical micelle concentration, and viscosity) were
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Fig. 2. (a) Separation condition: reverse micelle solutions composed of SDS
(21.6%, m/v), W0 (12.0), 1-butanol (20.0%, v/v), Tris (60 mmol L−1), heptane
(1.5%, v/v), and n-butyl chloride as continuous phase with detection wavelength
at 310 nm.−30 kV voltage was applied to a fused silica capillary tube with 50 �m
i.d. and 60.2 cm of capillary column length, and the current was 16.54 �A (50 cm
for inlet end to the detective window). Capillary temperature was maintained at
25 ◦C. (1) cardamonin and (2) alpinetin. (b) Separation condition: 1-butanol was
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nvestigated. The critical micelle concentration can be deter-
ined through the variation of dye color by the spectrum
ethod [20]. The critical micelle concentration was approxi-
ate 37 mmol L−1 with eriochrome black T as the maker. The

rop size was determined by the constituents of the system. The
hape and drop size will vary when the surfactant concentration
s above 10-fold critical micelle concentration [20]. Different
rop sizes of reverse micelles (1–200 nm) have been reported
n literatures [10,21]. In this work, the drop size was in the
ange of 95.03–97.72 nm, and the viscosity was 5.7165 mPa s
or the optimum buffer. The stability of the reverse micelle solu-
ion was investigated through the migration times of the studied
ompounds with the same reverse micelle solution (inter-day,
or a 14-day period). The RSD values of the migration times
ere <3.2%. In addition, the reverse micellar solutions were

table which were diluted by n-butyl chloride and ACN (in the
nvestigated range of 4.0–12.0%).

.1.1. Effects of heptane and Tris concentration on the
tability of reverse micelle solutions

Heptane and Tris were introduced into the reverse micelle
ystem to improve the stability and generate stable current
n RMEKC. A series of different concentrations for heptane
0.5–1.75%, v/v) and Tris (30–70 mmol L−1) were investi-
ated under the conditions: n-butyl chloride as continuous
hase, SDS (21.6%, w/v), W0 (12.0), 1-butanol (20.0%, v/v).
he results implied that the current remained stable at 1.5%

v/v) heptane and 60 mmol L−1 Tris. Hence, 1.5% (v/v) hep-
ane and 60 mmol L−1 Tris were selected for subsequent
xperiments.

.1.2. Effect of n-butyl chloride and 1-butanol as
ontinuous phase

The effect of n-butyl chloride and 1-butanol were inves-
igated, respectively. Sixty-three milliliters of 1-butanol and
3 mL n-butyl chloride were used as continuous phase in the
unning buffer (total volume, 100 mL), respectively. The results
ere shown in Fig. 2. It could be seen that the migration times for

ardamonin and alpinetin obviously prolonged with 1-butanol
sed as continuous phase (Fig. 2b) than those with n-butyl chlo-
ide used as continuous phase (Fig. 2a). A reason was that the
iscosity of 1-butanol (2.57 mPa s) is 6-fold over that of acetoni-
rile (0.42 mPa s) resulting in the lower migration velocity of the
nalytes. The other reason was the interaction between hydroxyl
roups of the compounds and the hydroxyl groups of 1-butanol
ecame stronger because of forming hydrogen bond, then the
nalyte molecules were difficult to dissociate. Based on the dis-
ussion above, n-butyl chloride was used as the continuous phase
or further study.

.2. Method optimization

The effect of SDS concentration from 18.7 to 21.6% (w/v)

n the running buffers on the separation was studied. The results
ndicated that the migration time increased with the increasing
f SDS concentration. The possible reason may be that the con-
entration of reveres micelle increased with the increasing of

s
(
(
w

sed as continuous phase. All the other separation conditions were the same as
n (a). The current was 15.37 �A.

DS concentration, which would result in change of migration
imes and resolutions of the analytes. SDS (20.9%) was selected
or the subsequent experiments in considering analytical times
nd separation resolutions.

W0 was considered an important parameter to control the
electivity. The effect of W0 was investigated in the range of
2.0–14.0. The results indicated that the migration times of
wo compounds decreased with the increasing of W0 in run-
ing buffer. The peak width of the two compounds increased
rom 0.19 to 0.35 min for cardamonin and from 0.28 to 0.53 min
or alpinetin with the increasing of W0. The resolution reached
he highest (2.5916) while W0 was 13.0. Therefore, W0 13.0 was
elected.

The effects of other parameters such as 1-butanol concen-
ration, ACN concentration and the acidity of running buffer
n the separation were investigated. With respect to resolu-
ions and analysis time, the optimum separation conditions were
elected as follows: SDS (20.9%, m/v), W (13.0), 1-butanol
0
18%, v/v) and ACN (8.0%, v/v), heptane (1.5%, v/v) and Tris
60 mmol L−1). Under the optimum conditions, the two analytes
ere well separated within 15 min with symmetrical peaks. The
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Table 1
The determined results and average recoveries of the found analytes in samples (n = 3)

Sample Compound Content (mg g−1) Added amount (�g mL−1) Recovery (%)

Alpinia katsumadai Cardamonin 0.18 5, 7.5, 10 (97.1, 95.5, 97.6)a 96.7
Hayata Alpinetin 0.97
Kuaiwei tablet Alpinetin 0.0046

a The data in parentheses refer to the correspondent recovery for each of the three a

Fig. 3. Electropherograms of the standard sample mixture and real samples: (a)
standard sample; (b) kuaiwei tablet; (c) Alpinia katsumadai Hayata. Separation
condition: reverse micelle solutions composed of SDS (20.9%, m/v), W0 (13.0),
1-butanol (18.0%, v/v), and ACN (8.0%, v/v). Other separating conditions were
the same as in Fig. 2a.

t
F

3

t
a
b
c
fi
c
l
0
w
o
d
a
(

1
5
a
a
[
h
l

3

k
m
fi
t
A
F
s

4

p
g
t
r
t
h
s

20, 40, 60 (98.5, 98.3, 103.8) 100.2
10, 15, 20 (94.6, 95.7, 97.4) 95.9

dded amount.

ypical electropherogram for the standard mixture was shown in
ig. 3a.

.3. Method validation

For evaluation of the quantitative applicability of the method,
he standard solutions in the tested concentration ranges were
nalyzed under the optimum separation conditions. The cali-
ration curves were found to have excellent linearity over the
oncentration range of 5.0–350 �g mL−1 with correlation coef-
cient (R) 0.9961 for cardamonin and 1.25–350 �g mL−1 with
orrelation coefficient (R) 0.9991 for alpinetin. The detection
imits (S/N = 3) for cardamonin and alpinetin were 0.19 and
.14 �g mL−1, respectively. The reproducibility of the method
as determined with a standard mixture solution at the level
f 100 �g/mL for each analyte, respectively. The relative stan-
ard deviations (R.S.D., n = 5) of the migration times and peak
reas were 1.1–1.5, 2.2–2.7% (intra-day), and 2.4–3.8, 2.9–4.2%
inter-day, for a 3-day period), respectively.

Cardamonin and alpinetin were separated well in less than
5 min with theoretical plates 2.0 × 105 for alpinetin and
.8 × 105 for cardamonin. The studied compounds were sep-
rated in 7 min with theoretical plates 4500 for alpinetin
nd 7800 for cardamonin by HPLC method in literature
9]. Compared to the results, the separation efficiency was
igher than the HPLC method, though the analysis time was
onger.

.4. Application

The analysts extracted from Alpinia katsumadai Hayata and
uaiwei tablets, respectively, were analyzed by the present
ethod under the optimum conditions. The peaks were identi-
ed by comparing the migration times and spiking the standards

o the real sample solutions. The typical electropherograms of
lpinia katsumadai Hayata and kuaiwei tablets were shown in
ig. 3b and c. The contents of the two compounds in the real
ample and the recoveries are shown in Table 1.

. Conclusions

It has been proved that reverse micelles can be used as
seudo-stationary phases in RMEKC. Reverse micelle solutions
enerated a low separation current, which made the applica-
ion of high voltage was possible. There are two phases in the

everse micelle buffer, which are the reverse micelle phase con-
aining water and organic continuous phase, so hydrophobic and
ydrophilic substances can dissolve easily in the reverse micelle
olution. The RMEKC method developed is efficient, repro-



and B

d
a
a
n
p

R

[
[

[

[
[
[
[

[
[
[19] J.Th.G. Overbeek, Faraday Discuss. Chem. Soc. 65 (1978) 7–19.
S. Wang et al. / Journal of Pharmaceutical

ucible and applicable, and it has been successfully applied to
nalyze cardamonin and alpinetin in Alpinia katsumadai Hayata
nd kuaiwei tablet. This RMEKC method is a promising alter-
ative for analysis and processing for quality control of other
reparations containing cardamonin and alpinetin.

eferences

[1] C.F. Qiao, L.S. Xu, Z.T. Wang, Z.G. Yang, Chin. Wild Plants Resour. 20
(2001), 11–13, 15.

[2] C. Pandji, C. Grimm, V. Wray, L. Witte, P. Proksch, Phytochemistry 34
(1993) 415–419.

[3] A. Murakami, A. Kondo, Y. Nakamura, H. Ohigashi, K. Koshimizu, Biosci.
Biotechnol. Biochem. 57 (1993) 1971–1973.

[4] G. Trakoontivakorn, K. Nakahara, H. Shinmoto, M. Takenaka, M. Onishi-
Kameyama, H. Ono, M. Yoshida, T. Nagata, T. Tsushida, J. Agric Food

Chem. 49 (2001) 3046–3050.

[5] H. Dong, S.X. Chen, H.X. Xu, S. Kadota, T. Namba, J. Nat. Prod. 61 (1998)
142–144.

[6] S. Tewtrakul, S. Subhadhirasakul, J. Puripattanavong, T. Panphadung,
Songklanakarin, J. Sci. Technol. 25 (2003) 503–508.

[

[

iomedical Analysis 43 (2007) 1557–1561 1561

[7] W.Y. He, Y. Li, J.Q. Liu, Z.D. Hu, X.G. Chen, Biopolymers 79 (2005)
48–57.

[8] W.W. Rao, Y.D. Lin, J. Chin. Pharm. 33 (1998) 743–745.
[9] Q.L. Zhang, A. Myint, H. Cui, X.W. Ge, L.J. Liu, G.X. Chou, Phytochem.

Anal. 16 (2005) 440–445.
10] M.P. Pileni, J. Phys. Chem. 97 (1993) 6961–6973.
11] A. Sanchez-Ferrer, F. Garacia-Carmona, Enzyme. Micro. Technol. 16

(1994) 409–415.
12] S. Nandi, S.K. Ghosh, S.C. Bhattacharya, Coll. Surf. A: Physicochem. Eng.

Aspects 268 (2005) 118–123.
13] P. Alexandridis, J.F. Holzwarth, T.A. Hatton, J. Mol. Liq. 72 (1997) 55–68.
14] I. Sosaku, I. Masanao, S. Masaru, Biotechnol. Bioeng. 39 (1992) 20–26.
15] S.P. Moulik, B.K. Paul, Adv. Colloid. Interf. 78 (1998) 99–195.
16] K.D. Altria, M.F. Broderick, S. Donegan, J. Power, Electrophoresis 25

(2004) 645–652.
17] J.P. Quirino, S. Terabe, Anal. Chem. 70 (1998) 1893–1901.
18] J. Faeder, B.M. Ladanyi, J. Phys. Chem. B 104 (2000) 1033–1046.
20] B.Y. Zhu, Z.G. Zhao, Basis of Interface Chemistry, Chemical Industry
Press, 1996, pp. 88–99.

21] X.Y. Dong, X.Y. Zhang, G. Cheng, Y.C. Li, Z.L. Du, Acta Chim. Sin. 62
(2004) 2441–2443.


	Separation and determination of alpinetin and cardamonin by reverse micelle electrokinetic capillary chromatography
	Introduction
	Experimental
	Apparatus and procedures
	Materials
	Preparation of the electrolytes
	Sample extraction

	Results and discussion
	Optimization of reverse micelle solutions
	Effects of heptane and Tris concentration on the stability of reverse micelle solutions
	Effect of n-butyl chloride and 1-butanol as continuous phase

	Method optimization
	Method validation
	Application

	Conclusions
	References


