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1. INTRODUCTION 
Herbal drugs have been used since ancient 
times as medicines for the treatment of a 
range of diseases. Medicinal plants have 
played a key role in world health. In spite of 
the great advances observed in modern 
medicine in recent decades, plants still make 
an important contribution to health care. Over 
the past decade, interest in drugs derived from 
higher plants, especially the phytotherapeutic 
ones, has increased expressively1. According 
to the World Health Organization (WHO), 
because of poverty and lack of access to 
modern medicine, about 65-80% of the world's 
population living in developing countries 
depends essentially on plants for primary 
health care. It is now increasingly accepted 
worldwide that screening natural products is a 
more effective strategy for discovering new 
chemical entities as natural product libraries. 
The expanded use of herbal medicines 
worldwide has led to concerns relating to its 
safety, quality and effectiveness. The quality 

control of herbal crude drugs and their 
formulations are of paramount importance in 
justifying their acceptability in modern system 
of medicine. One of the major problems faced 
by user industry is non- availability of rigid 
quality control profiles and evaluation 
parameters for herbal formulations.  
Saussurea lappa Clarke belongs to the family 
compositae. It is indigenous to India, Pakistan 
and China, where it grows in the Himalayas at 
2500-3500 m altitude. Dried roots of this plant 
are known as costus roots and have reputation 
for their usage in traditional systems of India, 
China and Japan. Costunolide is one of the 
major bioactive constituent of Saussurea lappa 
root. This compound was previously isolated 
from Saussurea lappa2,3. Pharmacological 
studies on the activity of costunolide extracts 
contains anti-ulcer4,5, anti-carcinogenesis6,8, 
antimicrobial and fungicidal9-11, anti-
inflammatory12 and protein tyrosine phosphate 
inhibitory activities13 are also being widely 
investigated. Costunolide has been considered 

Research Article 

ABSTRACT 
Costunolide, isolated from the plant Saussurea lappa is a pharmacologically active sesquiterpene 
lactone, having important medicinal properties and uses in the treatment of cancers, 
inflammations, ulcers, skin, viral and microbial infections, etc. A simple isocratic reverse phase 
high-performance liquid chromatographic method has been developed and validated not only for 
analysis of costunolide in different commercial herbal formulations but also to study the effect of 
different solvents on the extraction of costunolide from Saussurea lappa roots. The method was 
validated for linearity, precision, accuracy, and system suitability. The average recovery of the 
method at three levels was 92.16-100.84% and linearity was good for costunolide over a 
relatively wide range of concentration (1.0-100 μg/mL). 
 
Keywords: Costunolide, Saussurea lappa, Plant extracts, HPLC and Herbal formulations. 
 



IJRPC 2013, 3(1)                               Nageswara Rao et al                                  ISSN: 22312781 
 

100 

as a potential candidate for various types of 
tumors14-16.  
Several methods have been reported for the 
determination of Costunolide in plants, herbal 
preparations and in biological matrix.  
Determination of costunolide in Xin-ke-shu 
preparation by HPLC17. 13C-NMR 
spectroscope detection18, thin-layer 
chromatography19 and high-speed counter-
current chromatography20. Rapid 
determination of costunolide in human plasma 
and Chinese patent medicine Xiang Sha Yang 
Wei capsule using HPLC-DAD coupled with 
second-order calibration was reported21. 
Determination of Costunolide in rat plasma by 
UPLC22 and HPLC23 method for costunolide in 
mice plasma and tissues were also reported. 
The present study was aimed at development 
of a simple and selective method for 
quantification of costunolide in Saussrea lappa 
extracts and polyherbal formulations. The 
study includes determination of costunolide in 
various extracts of Saussurea lappa roots 
using HPLC and the costunolide in the 
extracts and herbal formulations was 
confirmed online by LC-MS. Application of the 
proposed method for marker-based 
standardization of some commercial 
polyherbal ‘Ayurvedic’ formulation containing 
the roots of Saussurea lappa. 
 
2. EXPERIMENTAL 
2.1 Materials and chemicals  
Saussurea lappa whole plant was obtained 
from Kashmir forest area, India. The plant 
authenticity was confirmed by Prof K. 
Madhava Shetty professor, Department of 
Botany, Sri Venkateswara University, Tirupati, 
India. Costunolide was obtained from our 
laboratory which was isolated from Saussurea 
lappa by column chromatography. Costunolide 
(Figure 1) was identified and confirmed by 
NMR and Mass spectral data16 supported by 
previous reports and purity of costunolide was 
approximately > 99.1%. HPLC grade 
acetonitrile and methanol was purchased from 
M/s Merck India Pvt Ltd (Mumbai, India). All 
the solvents used for extraction of plant 
material were of analytical reagent grade 
purchased from M/s S.D. Fine chemicals 
(Mumbai, India). Ultrapure water was obtained 
from Synergy water purification system 
(Millipore, USA). Microtips and centrifuge 
tubes (2 mL) were purchased from M/s 
Thermo fisher scientific Ltd (Mumbai, India). 
0.45µm syringe filters obtained from M/s PAL 
Millipore (India). Eppendorf micropipettes were 
purchased from M/s Perala agencies 
(Hyderabad, India).  
 

2.2 Chromatographic conditions 
Agilent HPLC system (1100 series, Germany) 
was used for chromatographic separations. 
The separation of analyte was achieved by 
using Phenomenex Luna C8 (250 x 4.6mm, 
5μ). The mobile phase consisted of acetonitrile 
and water in 60:40, % v/v ratio, both solvents 
containing 0.1% formic acid, pumped at a flow 
rate of 1.0 mL/min and detection wavelength 
was 210 nm. The injection volume was 20 µL 
and the total analysis time per sample was 
20.0 min. LC-MS analysis was performed on 
Agilent LC-MSD Trap SL mass spectrometer 
(Waldron, Germany), equipped with 
electrospray ion interface, operating in positive 
ion polarity. Nitrogen gas was used as 
nebulizer and curtain gas. Collision induced 
dissociation was achieved using helium gas. 
 
2.4 Preparation of stock solution and 
calibration standards 
Accurately weighed amount of 10 mg of 
costunolide was dissolved in 10 mL methanol 
in volumetric flask. Calibration standards were 
prepared by diluting the appropriate volume of 
stock solution with methanol to obtained 
concentration levels of 1, 2, 5, 10, 20, 50 and 
100 μg/mL.  
 
2.5 Study of extraction solvent 
Powdered roots of S. lappa were extracted 
with different organic solvents like hexane, 
ethyl acetate, chloroform, dichloromethane, 
acetonitrile, ethanol, methanol and acetone by 
sonication for 30 min. The obtained extracts 
were centrifuged at 4000 rpm for 20 min and 
the supernatant liquid was concentrated under 
vacuum at 40oC. The individual concentrated 
extracts were diluted with methanol and 
injected onto HPLC system for the estimation 
of Costunolide.  
 
2.6 Preparation of sample solution from 
extracts  
The dried roots of Saussurea lappa (approx. 
500 mg) was accurately weighed and 
extracted with hexane, ethyl acetate, 
chloroform and methanol separately in 
centrifuge tubes. The extraction was carried 
out with each solvent separately by taking 500 
mg of powered plant material, to which 5 mL of 
extraction solvent followed by sonication for 30 
min and followed by centrifuge at 4000 rpm for 
20 min.  The supernatant liquid was decanted; 
the same extraction cycle was repeated three 
times. The resultant solution was concentrated 
to dryness and 33.3 mg/mL solutions of these 
extracts were prepared. The sample solutions 
were injected directly on to HPLC system. 
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2.7 Preparation of sample from herbal 
formulations 
Powder, tablets and oil formulations were 
extracted using different procedures. Powder 
was weighed accurately 1.0 g transferred to 
centrifuge tubes separately. For tablets 
average weight of 10 tablets was taken and 
finely powdered from which 1.0 g weighed 
accurately. For oil directly 1.0 g was taken for 
extraction.  For all the above materials 5 ml of 
extraction solvent was added, followed by 
sonication for 30 min and centrifuge at 4000 
rpm for 20 min.  The supernatant liquid was 
decanted; the same extraction cycle was 
repeated three times. The resultant solution 
was concentrated to dryness and 100 mg/mL 
solution was prepared from the above 
samples. The prepared samples were injected 
directly on to HPLC system. 
 
2.8 Method validation 
Stock solution of the costunolide was prepared 
diluted to appropriate concentration for the 
construction of calibration curves. Seven 
concentration of costunolide solution were 
analyzed in triplicate and then the calibration 
curves were constructed by plotting the peak 
area versus concentration of costunolide. The 
calibration curves were analyzed using linear 
regression equation and coefficient of 
determination. 
Intra-day and inter-day variations were utilized 
to determine precision of the method. The 
calibration samples of costunolide was 
analyzed during a single day (n = 3) and in 
triplicate on three consecutive days. The 
coefficient of variation (CV) was taken as a 
measure of precision. Accuracy was 
determined by the recovery test. Known 
amounts of standard costunolide was added to 
the dried costus roots, and then determined as 
described above. Each sample was analyzed 
in triplicate. The limits of detection and 
quantification for each compound were 
determined by the signal- to-noise (S/N) ratio 
for costunolide. LOD was calculated as the 
amount of the injected sample gave a signal-
to-noise ratio of 3, and LOQ was determined 
when the S/N ratio was 10. 
 
3. RESULTS AND DISCUSSION 
3.1 HPLC method development 
The primary aim of the present study was to 
separate costunolide from various compounds 
of plant extracts and herbal formulations. This 
included mobile phase selection, flow rate and 
column type. Different volume ratios of water–
methanol and water–acetonitrile combinations 
were tried as mobile phase, along with formic 
acid, ammonium formate and ammonium 

acetate buffers in varying strength on Waters 
Atlantis dC18 (150 mm × 4.6 mm, 5 µm), 
Agilent Zorbex XDB C18 (150 mm × 4.6 mm, 
5µm), Phenomenex Luna C8 (250 mm × 
4.6mm, 5 µm), Oyster ODS 3 (50 mm x 
4.6mm, 3 µm) and Oyster C8 (50 mm x 
4.6mm, 3 µm).  In addition, the effect of flow 
rate was also studied from 0.4 to 1.0 mL/min, 
which was also responsible for acceptable 
chromatographic peak shapes. Phenomenex 
Luna C8 (250 mm × 4.6mm, 5 µm) was 
selected for its effective separation of 
costunolide from other constituents in extracts 
and formulations (Figures 2 & 3). The mobile 
phase consisting of acetonitrile: water (60:40, 
v/v) both solvents containing 0.1% formic acid 
was found most appropriate for faster elution, 
improved efficiency and peak shape. The 
retention time for costunolide was 12.1 min at 
a flow rate of 1.0 mL/min. the mobile phase 
used in this method was very much compatible 
for LC-MS analysis. The costunolide presence 
in extracts were confirmed by molecular ion 
peak [M+H]+ in mass spectrum (Figure 4). 
The effect of different solvents on extraction 
was studied by comparing the peak area of 
costunolide obtained in extract samples. The 
results given in Figure 5 indicate that methanol 
is the best solvent for the extraction of 
costunolide from dried costus root.  
 
3.2 Validation 
Under the optimum conditions described 
above, calibration curves for costunolide was 
obtained by plotting peak areas versus seven 
different concentrations of standard solutions. 
The calibration curves showed good linearity 
in a relatively wide concentration range with 
regression equation y = 46.75x-26.62 and 
correlation coefficient >0.9996. The limits of 
detection (LOD) and quantification (LOQ) of 
costunolide were 0.15 and 0. 48 μg/mL 
respectively.  
The results of precision were included in Table 
1. The intra-day and inter-day variation of 
costunolide was 2.7-4.2 and 2.6-3.9% (CV), 
respectively. All of the values were lower than 
5%, which revealed good precision of the 
analytical method. The results of recovery test 
are indicated in Table 2, which demonstrated 
that the recoveries of costunolide was in the 
range of 92.16-100.84%, with variation 
coefficients ranging from 1.3 to 4.8%, which 
were less than 5%. The corresponding results 
indicated that the analytical method for the 
quantification of the costunolide in the samples 
exhibited quite good accuracy.  
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3.3 Sample analysis 
The optimum extraction procedure and 
chromatographic conditions described above 
were applied to the extraction and 
determination of costunolide in four herbal 
preparations. The chromatographic separation 
of costunolide from other constituents present 
in commercial herbal formulations was shown 
in Figure 4. Each sample was determined in 
triplicate. The contents of costunolide 
analyzed are listed in Table 3.  
 
4. CONCLUSIONS 
A simple and an efficient method was 
developed for the quantitative analysis of the 
costunolide in various solvent extracts and 

four commercial herbal formulations. Sample 
pretreatment using sonication extraction was 
simple and the proposed HPLC method was 
validated as rapid, precise and accurate. The 
validation procedure and assay results, 
suggested the proposed HPLC method 
suitable for the quality assessment of 
costunolide preparations. 
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Table 1: Precision data 
Concentration 

(μg/mL) 

Intra-day Inter-day  
Mean ± S.D 
(μg/mL) % CV Mean ± S.D 

(μg/mL) % CV 

2.0 2.11 ± 0.07 3.2 2.07 ± 0.06 3.1 
10.0 9.38 ± 0.26 2.7 9.27 ± 0.28 3.1 
50.0 47.87 ± 2.05 4.3 47.70 ± 1.25 2.6 

 

 

Table 2: Recovery data 
Amount added 

(μg/mL) 
Recovery (%) 

(n = 3) Mean ± S.D %CV 

2.0 
98.24 
97.19 
95.82 

97.08 ± 1.21 1.3 

5.0 
99.25 
92.32 
97.11 

96.22 ± 3.55 3.7 

10.0 
100.84 
92.15 
94.01 

95.67 ± 4.57 4.8 

 

Table 3:  Content of costunolide in plant  
extracts and herbal formulations 

Sample Dosage form Costunolide (mg/100g) 
Saussurea lappa roots Methanolic extract 11.29 ± 0.34 
Saraswatha choornam Powder 1.28 ± 0.26 

Kottamchukkadi thailam Oil 0.31 ± 0.01 
Yograj guggulu Tablet ND 

Purim Tablet 0.66 ± 0.01 
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Fig. 1: Chemical Structure of Costunolide 

 

 

 
Fig. 2: Chromatograms of different extracts of Saussurea lappa, Costunolide (I) 
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Fig. 3: Chromatograms of different herbal formulations containing Saussurea lappa, 

Costunolide (I) 
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Fig. 4: Mass spectra of Costunolide (m/z 233) in different herbal formulations 

 

 
Fig. 5: Effect of different solvents in extraction  

of Costunolide from Saussurea lappa 
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