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Abstract: A high performance liquid chromatographic method was developed for
the separation and determination of asiaticoside and madecassoside isomers
(asiaticoside-B and madecassoside) in Centella asiatica products. The method
involved separation by reversed phase chromatography on an Atlantis T3 C18

column using water-acetonitrile-methyl tert-butyl ether (80:18:2:0.1, 0.1% acetic
acid, by volume) as mobile phase. The isomers of asiaticoside-B and madecasso-
side were separated with high resolution by the developed method. The method’s
linearity, precision, and recovery were validated. The effects of stationary phase
and mobile phase composition on the separation of madecassoside isomers were
also investigated. Experimental results indicated that the Atlantis T3 C18 column
offered enhancing retention and resolution to the polar isomers, and the method
could be referenced for the separation of other triterpenoid saponins isomers.
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INTRODUCTION

Centella asiatica (L.) urban, also known as gotu kola and Indian
pennywort, is a traditional herbal medicine used in Asiatic countries
for hundreds of years. It contains many bioactive triterpenoid saponins,
mainly asiaticoside, asiaticoside-B and madecassoside.[1–3] Their chemical
structures are shown in Figure 1, in which madecassoside and
asiaticoside-B is a pair of isomeric compounds. Triterpenoid saponins
from Centella asiatica are widely used to treat leprosy, wound healing,
psoriasis, ulceration, eczema, cancer, and arthritis, etc.[4–8] Recent study
revealed that these triterpenoid saponins exhibited different pharmacolo-
gical activity and toxicity.[9] Thus, an effective method for the separation
and determination of triterpenoid saponins from Centella asiatica is
needed.

Figure 1. Chemical structures of madecassoside, asiaticoside-B and asiaticoside.
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Triterpenoid saponins are complex molecules consisting of non-sugar
aglycone coupled to sugar chain units. Due to the fact that saponins usually
occur in plants as a mixture of structurally related forms with very
similar polarities, their separation and determination still remains a
challenge.[10–11] High performance liquid chromatography (HPLC) using
C18 as stationary phase andUVor evaporative light scattering as the detector
is themost effectivemethod for the separation and determination of saponins
in plant extracts.[10–15] In our previous works, we also presented a reversed
phaseHPLCmethodwithmass spectrometry for the separation and determi-
nation of soyasaponins.[16–17] However, many of previous reported HPLC
systems failed to separate the isomers of triterpenoid saponins, e.g.,
asiaticoside-B and madecassoside.[18–21] That is because triterpenoid sapo-
nins are highly polar compounds, and the structural and polar difference
between aglycone isomers is weakened due to existence of highly polar sugar
chain units. Up to now, there have been few studies on the separation of tri-
terpenoid saponins isomers (asiaticoside-B and madecassoside, etc.).

In this study, the separation of asiaticoside, asiaticoside-B, and
madecassoside by HPLC were conducted. The effects of the stationary
phase and the mobile phase composition on the separation of madecasso-
side isomers were discussed. A specific HPLC method for the determina-
tion of madecassoside and asiaticoside in Centella asiatica products was
presented.

EXPERIMENTAL

Materials

Standard asiaticoside (purity: 98%) was purchased from National
Institute for the Control of Pharmaceutical and Biological Products,
Beijing, China. Standard madecassoside (purity: 88%) was purchased
from Sigma. Centella asiatica total triterpenoid saponins were purchased
from Guangxi Changzhou Natural Products Development Co., Ltd,
Nanning, China. HPLC grade acetonitrile, methyl tert-butyl ether
(MTBE) and methanol were purchased from Tedia Company, USA. Pure
water was purchased from Hangzhou Wahaha Group Co., Ltd, Hang-
zhou, China. All other chemicals (analytical grade) were commercially
available and used without further purification unless otherwise stated.

HPLC System

Experiments were conducted on a Waters HPLC system consisting of a
1525 binary HPLC pump, 717plus autosampler, 2487 UV-vis detector
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and thermostat. Chromatographic columns tested were Nova-Pak C18

(150� 4.6mm I.D., 5 mm, Waters), Symmetry C18 (250� 4.6mm I.D.,
5 mm, Waters), Sunfire C18 (250� 4.6mm I.D., 5 mm, Waters) and
Atlantis T3 C18 (250� 4.6mm I.D., 5 mm, Waters). All the separations
were carried out at a flow rate of 1mLmin�1, the column temperature
of 30�C and a wavelength of 203 nm. The sample injection volume was
10 mL. The composition of mobile phase was indicated in the article.

Sample Preparation

The Centella asiatica total triterpenoid saponins were accurately weighed
(100mg) and dissolved in 10mL methanol-water mixture (50:50, v=v).
The solution was filtered through a 0.45 mm filter before use.

Standard solutions of madecassoside and asiaticoside were prepared
as follows. Standards asiaticoside or madecassoside were accurately
weighed (10mg) and dissolved in 10mL methanol-water mixture. Further
standard solutions with other concentrations were prepared by diluting
the stock solution with methanol-water mixture.

RESULTS AND DISCUSSION

Method Development

Several reversed phase C18 columns, Nova-Pak C18, Symmetry C18,
Sunfire C18, and Atlantis T3 C18, were tested for the separation of
asiaticoside, asiaticoside-B, and madecassoside, with acetonitrile-water
(25:75, v=v) as mobile phase. One of the C18 column, Atlantis T3 C18, uses
an optimized silica particle (optimization of pore size, ligand type and
density, and endcapping) that prevents the hydrophobic silica pores of
expelling highly polar aqueous eluents thus, enhancing retentive perfor-
mance in aqueous conditions.[22] All of the columns were successful in the
separation of asiaticoside and madecassoside. However, as shown in
Figure 2, chromatograms just show the peak splitting of asiaticoside-B
and madecassoside using Nova-Pak C18, Symmetry C18, and Sunfire C18

column as stationary phases, and neither achieved baseline separation.
The best separation performance of asiaticoside-B and madecassoside was
obtained using Atlantis T3 C18 as stationary phase (250� 4.6mm I.D.,
5mm). This is because asiaticoside-B and madecassoside are highly polar
compounds, and the Atlantis T3 C18 column offers increased retention to
these polar compounds as compared to other C18 columns (as indicated in
Figure 2).

In order to achieve a satisfactory separation of asiaticoside-B and
madecassoside, the composition of the mobile phase was optimized and
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the effect of the mobile phase on the separation was studied. The
separation was initially carried out using different volumetric ratio of
methanol and water as mobile phase on the Atlantis T3 C18 column.
As shown in Figure 3, the retention and resolution of asiaticoside-B
and madecassoside increases with the decrease of methanol content in
the mobile phase. However, in spite of the retention time of two isomeric

Figure 3. Effect of water and methanol ratio on the separation of asiaticoside-B
(2) and madecassoside (1) on Atlantis T3 C18 column. Chromatographic
conditions: the volumetric ratio of water to methanol is 45:55 (a), 50:50 (b),
55:45 (c), 60:40 (d) and 65:35 (e), respectively; a flow rate of 1.0mL=min; 30�C;
203 nm.

Figure 2. Separation of asiaticoside-B (2) and madecassoside (1) on different C18

column with acetonitrile-water (25:75, v=v) as mobile phase. Chromatographic
conditions: Nova-Pak C18 (a), Symmetry C18 (b), Sunfire C18 (c) and Atlantis
T3 C18 (d) respectively; a flow rate of 1.0mL=min; 30�C; 203 nm.
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compounds being near 58min with water-methanol (65:35, v=v) as
mobile phase, the chromatogram just shows peak splitting, and baseline
separation hasn’t been achieved. Replacing methanol with acetonitrile,
the separation performance enhanced remarkably, as indicated in
Figure 4. The retention and resolution of asiaticoside-B and madecasso-
side both increase with the decrease of acetonitrile content. Baseline
separation was achieved when the mobile phase was water-acetonitrile
(80:20, v=v). However, the time needed for analysis was too long. To
shorten the analysis time, MTBE was added to the acetonitrile-water
mixture as a modifier. Figure 5 shows the results obtained; the retention
time of the two isomeric compounds decrease dramatically with increas-
ing of the concentration of MTBE, whereas resolution only has a light
drop from 1.85 to 1.73.

The optimized chromatographic conditions for the separation of
asiaticoside, asiaticoside-B, and madecassoside are: Atlantis T3 C18

column (250� 4.6mm I.D., 5 mm, Waters) as the stationary phase and
a mobile phase of water-acetonitrile-MTBE (80:18:2, by volume) with
0.1% acetic acid for improving the peak shape. By the developed HPLC
method, baseline separation of asiaticoside-B and madecassoside was
obtained and the retention time of asiaticoside-B, madecassoside, and
asiaticoside was 24.7, 26.6, and 52.4min, respectively.

Figure 4. Effect of water and acetonitrile ratio on the separation of
asiaticoside-B (2) and madecassoside (1) on Atlantis T3 C18 column. Chromato-
graphic conditions: the volumetric ratio of water to acetonitrile is 65:35 (a), 75:25
(b) and 80:20 (c) respectively; a flow rate of 1.0mL=min; 30�C; 203 nm.
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Method Validation

Linearity

The calibration curves for asiaticoside and madecassoside were
constructed by respectively analyzing a series of asiaticoside and made-
cassoside standard samples. Table 1 gives the linear equation, linear
range, and correlation coefficients for the two compounds, where y is
the values of peak area (mv sec) and x is the concentration of the stan-
dard compounds (mgmL�1). Good linearity is found in the investigated
concentration range for each of the compounds examined.

Precision

Assay precision was evaluated by repeatedly analyzing the standard solu-
tions of asiaticoside or madecassoside five times using the developed

Figure 5. Effect of MTBE concentration on the separation of asiaticoside-B (2)
and madecassoside (1) on Atlantis T3 C18 column. Chromatographic conditions:
the volumetric ratio of water, acetonitrile and MTBE is 80:18:1 (a), 80:18:2 (b),
80:18:3 (c) and 80:18:4 (d) respectively; a flow rate of 1.0mL=min; 30�C; 203 nm.

Table 1. Linear regression data of asiaticoside and madecassoside

Compounds
Linear range
(mgmL�1) Regression equation

Correlation
coefficient

Asiaticoside 0.0545–0.545 Y¼ 2836840��26962 0.9992
Madecassoside 0.072–0.5412 Y¼ 2937530��6275 0.9999
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method. The relative standard deviation for asiaticoside and madecassoside
is 1.13% and 1.16%, respectively.

Recovery

For the recovery experiments, known amounts of standard asiaticoside
or madecassoside were added to the sample, and then it was analyzed
three times by the developed HPLC method. The average recovery
obtained was 98.5% and 98.9% for asiaticoside and madecassoside,
respectively. Considering the results of linearity, precision, and recovery,
the developed HPLC method is accurate and reliable.

Analysis of the Sample of Total Triterpenoid Saponins

The developed HPLC method was applied to the determination of
asiaticoside and madecassoside in Centella asiatica total triterpenoid
saponins. The contents of asiaticoside and madecassoside are 26.7%
and 25.53%, respectively. The peak location of madecassoside was not
interfered by asiaticoside-B in the sample.

CONCLUSIONS

Asiaticoside-B and madecassoside were separated with high resolution on
Atlantis T3 C18 column using water-acetonitrile-MTBE (80:18:2, contain-
ing 0.1% acetic acid, by volume) as mobile phase. The kinds of C18 station-
ary phase and mobile phase composition have remarkable effects on the
separation performance of asiaticoside-B and madecassoside. The
Atlantis T3 C18 column offers an enhancing retention to these polar
triterpenoid saponins, and it is suitable for the separation of asiaticoside-B
and madecassoside. Mobile phase composed by acetonitrile-water is
superior to methanol-water mixture, and the resolution of asiaticoside-B
and madecassoside increases with decreasing the content of acetonirile.

The developedHPLCmethod is specific for the simultaneous analysis of
asiaticoside and madecassoside in Centella asiatica products with good sen-
sitivity, precision, and repeatability, and the analytical result of madecasso-
side is not interfered by asiaticoside-B in the sample. The developed method
can be referenced for the analysis of other triterpenoid saponins isomers.
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