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The present paper describes the development of a microemulsion electrokinetic chromatographic (MEEKC) method for sim
etermination of andrographolide and dehydroandrographolide in traditional Chinese medicines and Chinese medicinal prepar
EEKC method involved the use of sodium dodecyl sulfate (SDS) as surfactant, heptane as organic solvent and butan-1-ol as
he effect of temperature and pH of running buffers on separation were examined. The optimized conditions (heptane 0.81% (
.31% (w/w), butan-1-ol 6.61% (w/w) and 10 mM sodium tetraborate buffer, pH 9.2) allowed a useful and good reproducible sep

he studied analytes to be achieved.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Andrographis paniculata, also known commonly as “King
f Bitters”, is a member of the plant family Acanthaceae
nd an ancient medicinal herb with an extensive ethnob-
tanical history in Asia. The most common reported uses
ere for digestive problems, snakebite, and infections rang-

ng from malaria to dysentery[1,2]. The primary medicinal
omponent ofA. paniculata is andrographolide. It has a very
itter taste, is a colorless crystalline in appearance, and is
alled a “diterpene lactone”—a chemical name that describes
ts ringlike structure (seeFig. 1). Besides andrographolide
ited above, other related diterpenoid components include
ehydroandrographolide, neoandrographolide, andrographi-
ide, etc.[3]. These bitter constituents are believed to have
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immune stimulating, anti-inflammatory, fertility-decreasi
liver-protective, and bile secretion-stimulating actions[4–6].
However, each one of these constituents exhibits varyin
grees of anti-inflammatory effects and antibacterial activi
and furthermore, both growing region and seasonality p
role as to the concentration of these diterpene lactones
cent studies reveal that andrographolide in the herb de
strates better hypoglycemic, choleretic and hepatoprote
activity against CCl4, as well as galactosamine and parac
mol intoxication, while dehydroandrographolide is a be
in vitro inhibitor against the human immunodeficiency vi
(HIV) [7]. These different effects imply that qualitative a
quantitative control of the herbs to ensure its maximal th
peutic value is very necessary. Several methods have be
ported for the determination of these lactones, including
[8–10], LC [11], HPLC[12–14], high-speed counter-curre
chromatography[15] and so on. But many of these pro
dures are time consuming, imprecise and require mu
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Fig. 1. Molecular structures of andrographolide and dehydroandrogra-
pholide.

steps of extraction and purification. Therefore, it is important
to establish an improved method for quantitative analysis of
these lactones.

Capillary electrophoresis (CE) is another analytical tech-
nique, which shows to be speedy and reliable. The method is
suitable for simultaneous analysis of mixed compounds and
offers advantage of excellent separation in terms of efficiency
and resolution of analysis. The use of CE for the analysis of
pharmaceuticals has become increasingly popular in recent
years. For determination of andrographolide and dehy-
droandrographolide, micellar electrokinetic chromatography
(MEKC) [7,16] is the most applied approach. Microemul-
sion electrokinetic chromatography (MEEKC)[17–19]
is a relatively new technique of CE, which accomplishes
electrokinetic separations using buffers containing surfactant
coated oil droplets. MEEKC has been shown to be useful for
the separation of very lipophilic substances[17,18,20]and
very hydrophilic substances[18,21,22]as well as pharmaceu-
ticals[23,24]and natural products[25,26]. The oil-in-water
micromulsion systems are similar to micelles in that they
can solubilize hydrophobic compounds, but with a much
larger capacity. The solvating property of the micromulsion
enables resolution of a wide range of solutes of differing
hydrophobicity[27]. In addition, organic solvents are widely
used in MEKC to improve the separation but in some cases
there are problems of solvent evaporation. MEEKC presents
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2. Experimental

2.1. Reagents and materials

Andrographolide and dehydroandrographolide (the struc-
tures were shown inFig. 1), samples ofA. paniculata (I) and
A. paniculata (II) were purchased from the National Institute
for Control of Pharmaceutics and Biological Products, Bei-
jing, China. The Chuanxinlian tablets (Yuxi Pharmaceutical
Limited Company (Yunnan, PR China)) and Xiaoyanlidan
tablets (Shantou Pharmaceutical factory (Guangdong, PR
China)) were purchased from a local herbal store.

All chemicals were of analytical-reagent grade: sodium
dodecyl sulfate, sodium tetraborate-10-hydrate, hydrochloric
acid, sodium hydroxide, heptane, butan-1-ol, and methanol
were all purchased from Beijing Chemical Reagents Plant.
Milli-Q deionized water was used throughout the study (Mil-
lipore, Bedford, MA, USA).

2.2. Apparatus

All separations were performed on MDQ CE instrument
equipped with a photodiode-array detector Beckman (Fuller-
ton, CA, USA). Beckman Coulter MDQ 32 Karat soft-
ware was used for instrumental control and data analysis. A
60.2 cm× 50�m i.d. uncoated fused silica capillary (Yong-
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s sk.
ome advantages with respect to the use of organic so
dditives in MEKC where microemulsions are relativ
on-volatile and may be prepared with a higher proportio
rganic additives without loss of solvent through evapora
espite the great potential of this technique, few studies

he use of micromulsion system in pharmaceutical ana
ave been conducted. To the best of our knowledge,
re no applications on the separation of andrographolid
ehydroandrographolide inA. paniculata or in its medicina
reparations by MEEKC. In this paper, we first develop
EEKC method for determination of bioactive species in

xtracts ofA. paniculata and its medicinal preparations. T
esults indicate the MEEKC method has better separ
fficiency, exceptional resolution, good repeatability
ecovery compared with the reported MEKC method.
ian Optical Fiber Factory, Hebei, China) was utilized w
n effective length of 50 cm. Separation were carried
sing an electrical voltage of 20 kV, and the tempera
f the capillary was maintained at various values betw
5 and 45◦C, While 214 nm was selected as the detec
avelength. Samples were injected by applying a pressu
.5 psi, for 3 s.

.3. Sample and extract preparation

Stock solutions (1 mg/mL) of andrographolide and de
roandrographolide were prepared in methanol, and the

ions at various concentrations were prepared by appro
ilution from the stock solutions when needed.

For diterpene lactones extraction, 1.00 g of powd
lant and 2.00 g of powder of Chuanxinlian tablets
iaoyanlidan tablets were accurately weighed and extra
ith 10 mL methanol separately for 30 min by ultraso
ation. After that, it was maintained at room tempera
or 30 min. The extracts were filtered through a filter pa
he extraction procedure was repeated three times, an
xtracts were combined and concentrated to dryness
esidue was diluted to 50 mL with methanol, which was t
assed through a 0.45�m membrane filter before analysis

.4. Preparation of running buffer

The microemulsions were prepared by weighing 0.
eptane, 6.61 g butan-1-ol, 3.31 g SDS and 89.27 g of 10
odium tetraborate buffer to a 100 mL volumetric fla
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This was then sonicated for 30 min until a clear and stable
micromulsion was obtained. HCl or NaOH adjusted the
value of pH of the buffer to desired value. All the running
buffers were prepared daily and, prior to use, filtered through
0.45�m filter to remove particulate matter and degassed in
an ultrasonic bath.

3. Results and discussion

3.1. Method optimization

The optimization of the separation of the chosen diter-
pene lactones was performed with the aim of developing a
MEEKC method of general applicability; particular attention
was focused on the specific separation of andrographolide
and dehydroandrographolide, the marker phytochemicals in
theA. paniculata and commercial tablets extracts. We inves-
tigated the effects of SDS concentration, the pH buffer value,
and temperature on the migration times of the studied ana-
lytes. The requirements for use of an analytical method in a
routine pharmaceutical analysis include a relatively rapid sep-
aration and acceptable separation repeatability. In this paper,
we chose the standard conditions (0.81% (w/w) of heptane,
3.31% (w/w) of SDS, 6.61% (w/w) of butan-1-ol and 10 mM
sodium tetraborate buffer, pH 9–10) that were described by
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Fig. 2. Optimized separation of andrographolide and dehydroandro-
grapholide.

of an ion is also affected by temperature by 2%/◦C. In this
study, the temperature was changed between 25 and 45◦C and
the observed migration time decreased evidently but the se-
lectivity remained similar with increasing temperature. The
decrease in migration time for andrographolide and dehy-
droandrographolide is primarily due to an increase in EOF
resulting from the decrease in viscosity. However, the selec-
tivity of neutral solutes is unaffected by temperature.

We used a high voltage (20 kV) and high temperature
(42◦C) to reduce analysis time and limit the generation of ex-
cessive operating current (about 80–90�A). Fig. 2shows the
separation of andrographolide and dehydroandrographolide
under the optimal conditions.

Microemulsion conditions: 0.81% (w/w) heptane, 3.31%
(w/w) SDS, 6.61% (w/w) butan-1-ol and 89.27% (w/w)
of 10 mM sodium tetraborate buffer at pH 9.2. Injections:
0.5 psi/3 s. Applied voltage: 20 kV. Direct UV detection at
214 nm.

3.2. Method validation

The calibration curve for andrographolide and dehydroan-
drographolide was constructed in the concentration range of
15.4–450 and 13.9–535�g/mL, respectively. The linear re-
gression equation and coefficient are as follows:

w and
x o-
g
t tified
a t can
b tion
c

ost papers to obtain the microemulsions, which can
ighly stable microemulsions with shelf lives exceeding
ral months. The main disadvantage of MEEKC is the
tively longer times needed for the separation of lypop
ompounds.

Lower concentrations of the surfactant can reduce ana
ime, but it will increase surface tension to generate uns
icroemulsions. Terabe et al.[28] reported instability of th
icroemulsions using only 1.6% (w/w) SDS. Ishihama e

29] also reported poor repeatability using 1.4% SDS.
la et al.[30] observed that microemulsions produced w
% (w/w) or less SDS content disintegrated after only a
ours. In the experiment, we found increasing SDS con

ration did not affect selectivity obviously but increase a
sis time, so we kept the concentration of the surfac
onstant at 3.31% in all experiments.

The effect of buffer pH in the range from 8 to 11 on
eparation of the two active components was investig
he migration times of the two active components decre
ith increasing pH value, because the two component
ot ionizable and influenced only by EOF (electroosm
ow). Although there was no problem to separate the
ctive components in the standard mixture over the w
H range, the results of experiment showed that the b

ine was noise and current increasing highly when pH v
xceeded 10. Therefore, pH 9.2 was selected as optim
ondition because of a good compromise between reso
nd analysis time.

The temperature affects solute solubility, which is rela
o the partitioning coefficient. The electrophoretic mob
andrographolide : y = (70.77± 1.60)x + (190.1 ± 474.1)

(R = 0.9992)

dehydroandrographolide :

y = (59.41± 1.24)x + (4628.8 ± 367.4) (R = 0.9994)

herey is the integrated peak area (integration units)
the concentration (�g/mL). Thus, the amounts of andr
rapholide and dehydroandrographolide inA. paniculata and

he commercial Chinese herbal preparations can be quan
ccording to the above regression lines of equations. I
e seen that the linearity was satisfactory with a correla
oefficient (R) greater than 0.999.
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Table 1
Percentage content of andrographolide and dehydroandrographolide in real samples (dry plants or tablets) (n = 3)

Analyte Andrographis paniculata (I) A. paniculata (II) Chuanxinlian Xiaoyanlidan

Content (%) R.S.D. (%) Content (%) R.S.D. (%) Content (%) R.S.D. (%) Content (%) R.S.D. (%)

Andrographolide 1.27 2.28 0.57 1.93 0.061 3.89 0.34 3.31
Dehydroandrographolide 1.12 2.56 1.97 2.17 3.57 2.95 5.19 3.67

The limits of detection (LODs) for andrographolide and
dehydroandrographolide, on the basis of a signal-to-noise
of 3 (S/N) were determined to be 0.30 and 0.26�g/mL,
respectively. The limit of quantification (LOQ) was cal-
culated as 10 times the baseline noise level. The LOQs
were 1.0�g/mL (R.S.D. = 1.89%) for andrographolide and
0.93�g/mL (R.S.D. = 2.12%) for dehydroandrographolide,
respectively.

The precision of CE depends on the repeatability of
migration times and peak areas. In order to obtain good
repeatability, separate vials were used for each injection and
adequate rinses were applied between two injections. The
standard samples were injected six times within the same day,
the R.S.D. of migration time was 0.82% for andrographolide
and 1.16% for dehydroandrographolide, and the R.S.D.
of area was 2.89 and 3.13%, respectively. The inter-day

reproducibilities were determined by examining six runs of
the same sample in three continuous days, and the R.S.D.
values of migration time and peak area for andrographolide
and dehydroandrographolide were less than 4%. The results
showed the method had a satisfactory reproducibility.

The recoveries were determined with the standard
addition method for andrographolide and dehydroandro-
grapholide in the real sample. 6.35 mg of andrographolide
and 5.60 mg of dehydroandrographolide were accurately
weighed and mixed with 1.00 g of a fine powder ofA.
paniculata (I), the mixture was extracted and analyzed using
the proposed method. The recoveries of the andrographolide
and dehydroandrographolide were 105 and 97.6% (n = 5)
with the R.S.D. of 3.25 and 4.18%, showing that the sample
preparation method could provide acceptable extraction
efficiency and recovery of this analysis method was good.

F
(

ig. 3. Electropherograms of real samples. Peaks: 1, andrographolide; 2, deh
I), (B) A. paniculata (II), (C) Chuanxinlian tablet, (D) Xiaoyanlidan tablet.
ydroandrographolide. Analytical conditions were same as inFig. 2A. A. paniculata
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3.3. Determination of andrographolide and
dehydroandrographolide in Chinese herb and Chinese
medicinal preparations

The extracts ofA. paniculata and the twoAndrographis
paniculata—containing Chinese medicinal preparations
were determined under the optimum conditions mentioned
earlier, and the calculated contents of andrographolide and
dehydroandrographolide were shown inTable 1. The elec-
tropherograms of real samples were shown inFig. 3. It was
observed that andrographolide and dehydroandrographolide
and other unknown compounds were baseline resolved
within 25 min. Peaks were identified by the addition of
standard andrographolide and dehydroandrographolide.

4. Conclusion

The present investigations confirm the earlier observations
that microemulsion electrokinetic capillary chromatography
(MEEKC) provide good selectivity and high separation effi-
ciency. The contents of andrographolide and dehydroandro-
grapholide inA. paniculata and its medicinal preparations
were successfully determined with satisfactory recoveries,
sensitivities and reproducibility. The proposed method is sim-
ple, economic, and rapid and is especially suitable for quality
c
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