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ABSTRACT

A reversed-phase high-performance liquid of chromatography (RP-HPLC) method for determination of two isomer
sesquiterpene lactone deoxyelephantopin (1) and isodeoxyelephantopin (2) from Elephantopus scaber L. was developed
and validated. Separation was achieved on a Phenomenex Luna C -18 (250 × 4.6 mm, 5 µm) column, with water:
acetonitrile: 2-propanol (66:20:14, v/v/v) as mobile phase, flow rate of 1.0 mL-1 and UV detection was set up at 210 nm
using DAD detector. Linearity for both compounds was found in the concentration range of 0.251-1.506 and 0.5163.096 µg mL-1 (r2 ≥ 0.99), LOD is 0.094 and 0.151 µg mL-1, LOQ is 0.285 and 0.457 µg mL-1, and the range of recovery
is 97.64-104.98% and 95.23-102.25%, respectively. The results of intra- and inter-day validation (n=3) showed the
method was efficient and could be applied for the determination of sesquiterpene lactones in Elephantopus scaber L.
extract.
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INTRODUCTION
Elephantopus scaber L. (Fam. Asteraceae) is a small herb found in Neotropics, Europe, Asia, Africa and Australia [1]. The plant
parts of this herb have been used traditionally for the treatment of a number of diseases in many countries. The plant has been
extensively screened for anticancer activity [2-5]. Sesquiterpene lactones such as deoxyelephantopin (1) and isodeoxyelephantopin
(2) have been found to be prominent anticancer constituents [2]. Therefore, the analysis of this compound is a great significance to
evaluate the quality of this medicinal plant [6].
Until now there has been no technique was published to the simultaneous analysis deoxyelephantopin and isodeoxyelephantopin. In
this study, a simple and feasible method has been developed for the simultaneous quantification of two bioactive sesquiterpene
lactones from Elephantopus scaber L. and for the quality control of this well-known herbal medicine.

MATERIALS AND METHODS
Reagents and chemicals
Deoxyelephantopin (1) and Isodeoxyelephantopin (2) (Figure 1) used as standard and methanol extract of Elephantopus scaber L.
leaves were a gift from Laboratory Biota of Sumatera, Faculty of Pharmacy, Andalas University.
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Figure 1: Chemical structures of deoxyelephantopin (1) and isodeoxyelephantopin (2)

HPLC grade acetonitrile and methanol, analytical grade 2-propanol (Merck, Germany) were used for the HPLC mobile phase.
Ultrapure water was used obtained from a Merck Millipore water purification system. Standards and extract were diluted using a
mixture of acetonitrile-water.
Equipment
A Shimadzu liquid chromatography system (Shimadzu LC 20 AD) equipped with a quaternary solvent delivery system, an autoinjector and a DAD detector, was used for quantitative analysis. The quantitative analysis was carried out on a Phenomenex Luna C18
column (250 × 4.6 mm, 5 µm). The mobile phase consists of water, acetonitrile and 2-propanol (66:20:14, v/v/v). UV absorption was
monitored at 210 nm. The flow rate was 1.0 ml min -1 and sample injection volume was 20 µl.
Preparation of standard and sample solutions
Accurately weighed each standard solution was prepared by dissolving the reference standards in water: acetonitrile (66:34, v/v) to a
final concentration of 2.50 µg mL-1 for deoxyelephantopin (1) and 5.00 µg mL-1 for isodeoxyelephantopin (2). This solution was
further diluted to appropriate concentrations for establishing calibration curves. The Limit of Detection (LOD) and Limit of
Quantification (LOQ) values calculated from calibration curves. For recovery assay, 100 mg methanol extract of Elephantopus
scaber L. leaves was transferred into a 50 ml volumetric flask adjusted with water : acetonitrile (66: 34, v/v) and sonicated for 15
min, filtered through a 0.45 µm membrane and added with three difference concentration of deoxyelephantopin standard before
HPLC analysis. While for isodeoxyelephantopin recovery assay, the extract used is 40 mg and prepared in the same condition.
RESULTS AND DISCUSSION
Method development
The optimization of solvent systems was aimed for obtaining chromatograms with the best possible resolution within a reasonable
run time. Three mobile phase systems; methanol-water, acetonitrile-water, acetonitrile–water-2-propanol were tested. The
acetonitrile–water-2-propanol system resulted in the best separation of the investigated compounds. The most suitable
flow rate was chosen 1.0 ml min-1. On the basis of the 3D UV spectra plot, the detection wavelength was set at 210 nm. Sample was
injected 20 μl each using 6 repetition (n=6) (Figures 2 and 3).

Figure 2: HPLC Chromatograms of deoxyelephantopin and isodeoxyelephantopin (20 μl, 1 mg mL -1)
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Figure 3: HPLC Chromatograms of methanol extract of Elephantopus scaber L. leaves

METHOD VALIDATION
Specificity
Standard solution and methanol extract of Elephantopus scaber leaves were injected separately to confirm the retention times.
Deoxyelephantopin and isodeoxyelephantopin peaks were eluted at 13.869 and 14.751 min, respectively. The resolution between the
peaks was found to be 1.985.
Linearity
Deoxyelephantopin standard solutions at six different concentration levels ranging from 0.25, 0.5, 0.75, 1.0, 1.25 and 1.5 µg mL-1
were prepared. Isoeoxyelephantopin standard solutions at six different concentration levels ranging from 0.5, 1.0, 1.5, 2.0, 2.5 and
3.0 µg/mL were prepared. Each samples standard solution was injected in duplicate. The mean responses recorded were plotted
against concentration. The correlation coefficient for deoxyelephantopin was found to be 0.9963 and calibration equation was found
to be y=90629x+3288.1. The correlation coefficient for isodeoxyelephantopin was found to be 0.9978 and calibration equation was
found to be y=15781x+685.8. The linearity, regression, and linear ranges of the HPLC method were determined (Table 1). The
correlation coefficient (r2 ≥ 0,996) values indicated good correlations between concentrations of investigated compounds and their
peak areas within the test ranges (Figure 4).
Table 1: Calibration curves of compounds (1) and (2) (n=6)

Compounds

Regression equation

r2

1

y=90629x+3288.1

0.9963

Liniear
range
(µg mL-1)
0.251–1.506

2

y=15781.4x+685.8

0.9978

0.516–3.096

LOD
(µg mL-1)

LOQ
(µg mL-1)

0.094

0.285

0.151

0.457

Figure 4: Calibration curves of deoxyelephantopin and isodeoxyelephantopin standards
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Limit of detection (LOD) and limits of quantification (LOQ)

The limit of detection and limit of quantification for deoxyelephantopin and isodeoxyelephantopin were calculated from the linearity
data using residual standard deviation of the response and slope of the calibration curve. LOD and LOQ values for
deoxyelephantopin were less than 0.094 and 0.285 µg mL-1, respectively. The LOD and LOQ values for isodeoxyelephantopin were
less than 0.151 and 0.457 µg mL-1, respectively (Table 2).
Table 2: Linearity for compounds (1) and (2)
Deoxyelephantopin
Concentration
Area
(µg mL-1)
0.251
24050

Isodeoxyelephantopin
Concentration
Area
(µg mL-1)
0.516
9648

0.502

47773

1.032

15866

0.753

74313

1.548

25582

1.004

98061

2.064

32869

1.255

115094

2.58

41111

1.506

138143

3.096

50046

Accuracy
Methanol extract of Elephantopus scaber L. leaves were spiked with deoxyelephantopin at 0.074, 0.148 and 0.222 µg mL-1 and
isodeoxyelephantopin standard at 0.140, 0.280 and 0.420 µg mL-1. Each spiked solution was prepared in triplicate and injected. The
recovery percentage and % RSD were calculated. The developed method has a good accuracy with the overall recovery of 95.23% to
104.98% (Table 3). The acceptance criteria for recovery at each level were between 80 and 120% as per in-house validation protocol
[7].
Table 3: Accuracy for compounds (1) and (2)

Compounds
1

2

Standard
Added

Sample

Found

(µg mL-1)

(µg mL )

(µg mL- 1)

Recovery
(%)

RSD
(%)

0.074
0.148
0.222
0.14
0.28
0.42

0.18
0.18
0.18
0.343
0.343
0.343

0.248
0.327
0.422
0.46
0.637
0.778

97.64%
99.70%
104.98%
95.23%
102.25%
101.97%

1.53
0.47
0.95
1.42
0.79
1.19

-1

Precision
Repeatability (intra-day) was demonstrated by analyzing standard on three different time in one day. Intermediate precision (interday) was demonstrated by analyzing standard on three different day. As shown in Table 4, the HPLC method has good
reproducibility for the quantification of the two sesquiterpene lactones; deoxyelephantopin with intra- and inter-day variations less
than 0.380 and 0.403% respectively and isodeoxyelephantopin with intra- and inter-day variations less than 0.568 and 0.936%
respectively.
Table 4: Intra- and inter-day variations for compounds (1) and (2)
Compounds
1
2

Concentration
(µg/ml)
1.004
2.58

RSD of Intra-day
(n=3) (%)
0.38
0.568

RSD of Interday (n=3) (%)
0.403
0.936

These results indicated that the HPLC method is precise, accurate, and sensitive for quantitative analysis of deoxyelephantopin and
isodeoxyelephantopin in Elephantopus scaber L. sample.
CONCLUSION
A simple, rapid and accurate HPLC method was developed for the determination of bioactive constituents in Elephantopus scaber L.
This was the first report on the simultaneous quantification of the two isomer sesquiterpene lactones deoxyelephantopin and
isodeoxyelephantopin from Elephantopus scaber L. Our results suggest that this method could be utilised for routine analysis for
sample containing Elephantopus scaber L. extract.
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