
www.ijpsonline.com

116	 Indian Journal of Pharmaceutical Sciences	 January - February 2015

4.	 Yuan  G, Wahlqvist  ML, He  G, Yang  M, Li  D. Natural products and 
antiinflammatory activity. Asia Pac J Clin Nutr 2006;15:143‑52.

5.	 Kritchevsky  D. Fiber, lipids and atherosclerosis. Am J Clin Nutr 
1978;31S:65‑74.

6.	 Dhananjay  J, Deshpande. A  hand book of medicinal herbs. Jodhpur, 
India: Agrobios; 2006, p.  325‑6.

7.	 Venkateshwaralu E, Raghuram Reddy A, Goverdhan P, Swapna Rani K, 
Jayapal Reddy G. In vitro and in vivo antioxidant activity of methanolic 
extract of Solena amplexicaulis  (whole plant). Int J Pharm Bio Sci 
2011;1:522‑33.

8.	 Karthika  K, Paulsamy  S, Jamuna  S. Evaluation of in  vitro 
antioxidant potential of methanolic leaf and stem extracts of Solena 
amplexicaulis  (Lam.) Gandhi. J Chem Pharm Res 2012;4:3254‑8.

9.	 Pullaiah  T, Murthy  KS, Goud  PS, Kumar  TD, Vijayakumar  R. 
Medicinal plants used by the tribals of Nallamalais, Eastern Ghats of 
India. J Trop Med Plant 2003;4:237‑44.

10.	 Karthika  K, Paulsamy  S. Antibacterial potential of traditional plant 
species Solena amplexicaulis  (Lam.) Gandhi. against certain human 
pathogens. Asian J Pharm Clin Res 2012;5(Suppl  4):255‑7.

11.	 Arun  CH, Satheesh Kumar  R, Srinu  S, Lal Babu  G, Raghavendra 
Kumar  G, Amos Babu  J. Antiinflammatory activity of aqueous extract 
of leaves of Solena amplexicaulis. Int J Res Pharm Biomed Sci 
2011;2:1617‑9.

12.	 Mohammed  R, Paritosh  C, Alok Kumar  P, Dilruba  N, Rasheda A, 
Farhana  J, et  al. A  survey of preventive medicinal plants used by the 
Chakma residents of Hatimara  (south) village of Rangamati district, 
Bangladesh. Am Eurasian J Sustain Agric 2011;5:92‑6.

13.	 Jeyaprakash  K, Ayyanar  M, Geetha  KN, Sekar T. Traditional uses of 
medicinal plants among the tribal people in Theni District  (Western 
Ghats), Southern India. Asian Pac J Trop Biomed 2011;1:S20‑5.

14.	 Ghorbani A, Langenberger  G, Feng  L, Sauerborn  J. Ethnobotanical 
study of medicinal plants utilised by Hani ethnicity in Naban River 
Watershed National Nature Reserve, Yunnan, China. J Ethnopharmacol 
2011;134:651‑67.

15.	 Harborne  JB. Phytochemical methods. 3rd  ed. London: Chapman and 
Hall; 1998.

16.	 Wagner  H, Baldt  S, Zgainski  EM. Plant drug analysis. New  York,: 
Springer; 1996. p.  230‑1.

17.	 Wagner  H, Bladt  S, Zgainski  EM. Plant drug analysis  – A thin layer 
chromatography atlas. Berlin: Springer‑Verlag; 1984.

18.	 Reich  E, Schibili A. High performance thin layer chromatography for 
the analysis of medicinal plants. New York: Thieme; 2007. p.  224‑40.

19.	 Raffauf RF. Plant Alkaloids: A guide to their discovery and distribution. 
New York: Hawkworth Press Inc.; 1996.

20.	 Ferrer  JL, Austin  MB, Stewart C Jr, Noel  JP. Structure and function 
of enzymes involved in the biosynthesis of phenylpropanoids. Plant 
Physiol Bioch 2008;46:356‑70.

21.	 Falcone Ferreyra  ML, Rius  SP, Casati  P. Flavonoids: Biosynthesis, 
biological functions and biotechnological application. Front Plant Sci 
2012;3:1‑15.

22.	 Kren V, Martínková L. Glycosides in Medicine: The role of glycosidic 
residue in biological activity. Curr Med Chem 2001;8:1303‑28.

23.	 Man S, Gao W, Zhang Y, Huang L, Liu C. Chemical study and medical 
application of saponins as anticancer agents. Fitoterapia 2010;81:703‑14.

24.	 Tsuyoshi  G, Nobuyuki  T, Shizuka  H, Teruo  K. Various terpenoids 
derived from herbal and dietary plants function as PPAR Modulators 
and regulate carbohydrate and lipid metabolism. Egypt: Hindawi 
Publishing Corporation; 2010. p.  1‑9.

25.	 Nassar Z, Aisha A, Abdul Majid A. The pharmacological properties of 
terpenoids from Sandoricum Koetjape.  Webmed Central Complement 
Med 2010;1:WMC001311 

26.	 Thoppil  RJ, Bishayee A. Terpenoids as potential chemopreventive and 
therapeutic agents in liver cancer. World J Hepatol 2011;3:228‑49.

Accepted 08 January 2015
Revised 19 October 2014

Received 20 February 2014
Indian J Pharm Sci 2015;77(1):111-116

Microwave‑assisted Extraction of Alantolactone and 
Isoalantolactone from Inula helenium
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Zhao, et al.: Alantolactone and Isoalantolactone from Inula helenium

Microwave‑assisted extraction was used for the extraction of alantolactone and isoalantolactone from Inula helenium. 
Effects of various experimental factors including ethanol concentration, particle size, microwave radiation time, the ratio 
of material to liquid and extraction temperature on yield of alantolactone and isoalantolactone were evaluated. The 
optimal extracting process of the alantolactone and isoalantolactone from the root of the Inula helenium was 1 g plant 
sample (sifted through 140 mesh) mixed with 15 ml of 80% ethanol solution, microwave radiation 120 s at 50°. Under 
these optimal conditions, the yield of alantolactone and isoalantolactone was 31.83±2.08 mg/g and 21.25±1.37 mg/g, 
respectively. Compared with heat reflux extraction, ultrasound‑assisted extraction, microwave‑assisted extraction was 
more efficient and timesaving for the extraction of alantolactone and isoalantolactone from Inula helenium.
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Inula helenium, which has been used as a traditional 
medicine in China over  2000  years, is an official 
plant recorded in Chinese Pharmacopoeia and some 
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European Pharmacopoeias. The root of this plant 
is used extensively as expectorant, antitussive and 
diaphoresis in traditional Chinese medicine. Modern 
scientific research indicates that the main active 
ingredients of I.  helenium are alantolactone and 
isoalantolactone, which have been demonstrated 
to have numerous therapeutic activities such 
as antibacterial, antitumor, antiproliferative, 
antiinflammatory and antistressor[1‑4].

Conventionally, sesquiterpenes lactone compounds 
were extracted with different solvents and extraction 
methods, such as maceration extraction, heat reflux, 
solid‑phase dispersion[5] and ultrasound‑assisted 
extraction[6]. Recently, microwave‑assisted extraction 
(MAE) has drawn more and more attention in various 
fields, especially in medicinal plant research[7,8] due to 
its inherent advantages.

Our previous investigation had confirmed that ethanol 
was an environmentally friendly and high‑performance 
extraction solvent for yielding alantolactone and 
isoalantolactone from I.  helenium. For this reason, 
ethanol was also used as the extraction solvent in 
this study. As far as we know, no relevant reports on 
the MAE of alantolactone and isoalantolactone from 
I.  helenium have been published. The objectives of 
this study were to optimize MAE parameters such as 
solvent, particle size, microwave radiation time, the 
ratio of liquid to material and extraction temperature 
for the maximum extraction of alantolactone and 
isoalantolactone.

The roots of I.  helenium were obtained from the 
An‑Guo herbal medicine market, China, and identified 
at the College of Traditional Chinese Medicine, Hebei 
North University. The specimen  (No.  2009‑10) was 
kept in the Department of Pharmacy, Hebei North 
University. Alantolactone and isoalantolactone were 
purchased from Nanjing ZeLang Medical Technology 
Co., Ltd.  (purity>98%). Ethanol was of analytical 
grade and used for the extraction of alantolactone and 
isoalantolactone from I.  helenium. Acetonitrile used 
was of chromatographic pure grade  (Adamas‑beta, 
Shanghai).

Air‑dried roots of I.  helenium were ground to a 
powder using a DFY‑800B universal high‑speed 
grinder  (Wenling Linda machine Co., Ltd. China). 
The powder sifted through mesh sieve and served for 
further extraction trails. The process of alantolactone 

and isoalantolactone extraction from I.  helenium was 
carried out on a MAS‑I microwave synthesis system. 
The powder of I.  helenium  (5.0  g) was mixed with 
various solvent, such as water, ethanol in a 300  ml 
round‑bottom flask, and the ratio of liquid to material 
was set at 5:1, 10:1, 15:1, 20:1, 30:1, respectively. 
The round‑bottom flask was heated at a preset 
temperature and a stirring speed of 500  rpm was used 
for all experiments to eliminate the effects of external 
energy transfer and internal diffusion. After extraction 
of 0.5‑6  min, the extract was allowed to cool to 
ambient temperature and centrifuged for 15  min at 
3000  rpm to deposit suspension particle, the extract 
was diluted and filtered through 0.45 μm nylon filter 
before analysis by HPLC.

Ultrasound‑assisted extraction  (UAE) was carried 
out by taking 5  g of dried powder and extracted it 
with 75  ml of 80% ethanol solution in an ultrasonic 
cleaner JPCQ0628  (Jia‑Peng Electronics Co., Ltd, 
China) for 30  min at 50°. Conventional extraction 
was carried out in a water‑bath. Five grams of 
I.  helenium powder was mixed with 75  ml of 80% 
ethanol solution and refluxed for 60  min. After 
centrifugation, the extract was analyzed for the levels 
of alantolactone and isoalantolactone.

The HPLC equipment included an Agilent 1100 
series quaternary pump solvent delivery system, 
auto degasser, and a variable‑wavelength UV 
detector. The analytical column was an Agilent 
C18 column  (200×4.6  mm, 5 μm). The mobile 
phase was acetonitrile and 0.1% phosphoric acid 
solution  (50:50, v/v). The flow rate was 1  ml/min 
and the detection wavelength was set at 220 nm. The 
column temperature was kept at 30°. The peak area 
was used to calculate the amount of alantolactone 
and isoalantolactone using the external standard 
method.

Different solvents produce various amounts and 
components of extract. The choice of a suitable 
solvent was the first and the most important step 
in the extraction, which was beneficial to the 
extraction of the active component. In this study, 
water and different concentrations of ethanol were 
tested as extracting solvents. Specific process is 
as follows: five grams of powder  were extracted 
with 50  ml of different solvent in a 300  ml 
round bottom flask microwave heating at 50° for 
180 s, respectively. The yield of alantolactone and 
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isoalantolactone, as fig.  1 showed, was reached 
a maximum when the ethanol concentration was 
80%, while either too high or too low degree will 
suppress the yield. That was because alantolactone 
and isoalantolactone were nonpolar and ethanol 
may contribute to the extraction of sesquiterpene 
lactones. Furthermore, as a polar solvent with 
a high dielectric constant, water can absorbed 
more microwave energy and caused the rising 
temperature in the reaction system. Based on these 
factors, subsequent experiments were performed 
with 80% ethanol.

The choice of screen mesh size was another 
important factor on the extraction. In this 
experiment, the influence of particle size on the 
extraction yield of alantolactone and isoalantolactone 
was investigated. Five grams of powder  (sifted 
through 20, 40, 80, 100, 140 mesh, respectively) 
were mixed with 50  ml of ethanol. The temperature 
was set at 50° and the duration of microwave 
radiation was 180 s. As seen in fig.  2 with other 
condition remaining unchanged, the yield increased 
with a decreased in particle size of plant material. 
The high yield got from the powder sifted through 
140 mesh suggested that pulverization steps 
contributed to the leaching of active substances 
from plant. An increase in the degree of grinding 
increased the contact surface area with solvent, 
which accelerated the diffusion speed of the active 
ingredients. Furthermore, smaller particle have 
less penetration thickness that result in uniform 
microwave exposure. Beyond 140 mesh, adhesion 
of particles would happen and sieving such tiny 
particles was difficult and high energy consumption. 
Consequently, the powder sifted through 140 mesh 
was used in the experiments.

In order to achieve the maximum of alantolactone 
and isoalantolactone extraction efficiency, different 
durations of microwave radiation  (30, 60, 120, 180, 
240, 360 s) was experimented. Other experimental 
conditions were the ratio of material to solvent  (80% 
ethanol) at 1:10, and the extraction temperature were 
50°. The yield of alantolactone and isoalantolactone 
under different microwave radiation time was 
shown in fig.  3. The yield of alantolactone and 
isoalantolactone increased rapidly within 30 s, 
and come to its maximum on 120 s, then almost 
unchanged. Longer extraction time may have negative 
effects because of degeneration or conversion of 

products. Therefore, in the subsequent experiments, 
120 s was chosen as the extraction time.

Fig. 1: Effect of ethanol concentration on yields from I. helenium 
roots.
Effect of ethanol concentration on the yield of alantolactone  and 
isoalantolactone  from the roots of I. helenium.

Fig. 2: Effect of particle size on the yield of constituents from I. 
helenium roots.
Effect of particle size on the yield of alantolactone  and 
isoalantolactone from  the roots of I. helenium.

Fig. 3: Effect of microwave radiation time on yields of constituents 
from I. helenium roots.
Effect of Microwave radiation time on the yield of alantolactone  
and isoalantolactone  from the roots of I. helenium.
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Under the optimal condition as mentioned above, 
effect of the ratio of material to liquid  (1:5, 1:10, 
1:15, 1:20, 1:30, g/ml) on yield of alantolactone 
and isoalantolactone was evaluated with the 
extraction temperature at 50° in the present 
study. As it shown in fig.  4, the extraction yield 
of alantolactone and isoalantolactone was first 
increased then reached a maximum  (31.57 and 
20.68  mg/g respectively) when the ratio was 
15:1. However, there were nearly unchanged 
when the ratio increased. This may be caused 
by reducing the extraction solvent, which would 
reduce the surface area for solvent to penetrate 
plant tissue and to solubilize the target compounds 
that was not beneficial for the extracting process. 
On the contrary, a larger volume of solvent caused 
sufficient swelling of material, but inadequate 
agitation of solvent may occurred during irradiation. 
For this reason, the solid/liquid ratio of 1:15 was 
appropriate to reach the high yield of alantolactone 
and isoalantolactone.

In order to elucidate the influence of MAE temperature 
on yield of alantolactone and isoalantolactone, five 
grams powder was mixed with ethanol solution 
at various temperature (30, 40, 50, 60 and 70°, 
respectively) for 120 s. fig.  5 showed that the yield 

Fig. 4: Effect of the ratio of material to solvent on the yield of 
constituents from I. helenium roots.
Effect of material to solvent ratio on the yield of alantolactone  and 
isoalantolactone  from root of I. helenium.

Fig. 5: Effect of extraction temperature on yield of constituents from 
I. helenium roots.
Effect of extraction temperature on the yields of alantolactone  and 
isoalantolactone  from the roots of I. helenium.

TABLE 1: YIELDS OF ALANTOLACTONE AND ISOALANTOLACTONE BY MAE, UAE AND REFLUX
Method Duration time 

(min)
Ethanol concentration 

(%)
Ratio of material and solvent 

(g/ml)
Alantolactone Isoalantolactone

MAE 2 80 1:15 31.83±2.08* 21.25±1.37*
UAE 30 80 1:15 26.22±1.63 16.39±1.26
Heat reflux 60 80 1:15 24.97±1.55 15.94±1.18
Comparison of the yields of alantolactone and isoalantolactone by different extraction methods used such as microwave‑assisted extraction  (MAE), 
Ultrasonication–assisted extraction (UAE) and extraction by reflux. *means with significant different at P<0.05

of alantolactone and isoalantolactone was increased 
with the increased of temperature. It meant that the 
solubility of alantolactone and isoalantolactone increased 
by elevated temperature. Meanwhile, with the increased 
of temperature, the diffusion of the active ingredients 
will accelerate, the solvent viscosity and surface 
tension decreased, which contribute to the sample 
wetting and matrix penetration. However, there was 
no statistical difference on the yield of alantolactone 
and isoalantolactone among 50, 60 and 70°. Thus, the 
MAE temperature of 50° was selected as the extraction 
temperature.

Table  1 showed that MAE for 2  min got a higher 
extraction yield than UAE for 30  min and heat 
reflux extraction for 60  min respectively. MAE 
demonstrated its advantages for improving extraction 
efficiency and shortening the time required. MAE 
method has been developed for the extraction of 
alantolactone and isoalantolactone from the root of 
I.  helenium. The experimental results showed that 
extraction solvent and particle size played a key 
role on the extraction yield. Optimal conditions for 
MAE were evaluated and the optimal extraction 
conditions were 1 g plant samples  (sifted through 
140 mesh) mixed with 15  ml of 80% ethanol 
solution, microwave radiation 120 s at 50°. Under 
these optimal conditions, the yield of alantolactone 
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and isoalantolactone was  31.83±2.08 mg/g and 
21.25±1.37 mg/g, respectively. Compared with the 
conventional extraction methods, MAE was more 
efficient and time‑saving. The results obtained are 
useful for the utilization of I.  helenium, especially 
suitable for thermosensitive compounds from plant 
materials.
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Determination of Ethanol Content in Ayurvedic 
Formulations Kumaryasava and Mustakarista by Gas 
Chromatography
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Selvan and Priya: Standardization of Kumaryasava and Mustakarista

In the present study, two brands of Kumaryasava and Mustakarista medicinally important ayurvedic preparations 
were studied for quality control parameters like physiochemical properties, ethanol content by specific gravity and 
gas chromatographic methods and the total phenolic content. Evaluation of physiochemical properties and total 
phenolic contents resulted in establishing ranges for routine analysis. In both the formulations, ethanol content 
observed by specific gravity method varied from 0.9 to 1.9% on day 0 and reduced on storage for 30 days ranging 
from 0.1‑0.6% v/v. Similarly, ethanol content determined by GC on day 0 varied from 0.1‑1.6% v/v and on 
30th day from 0.011‑0.025% v/v. This reduction in ethanol content on storage might be due to loss caused by 
frequent opening of the container.

Key words: Kumaryasava, Mustakarista, ethanol content, gas chromatography, standardization
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Asavas and aristas are medicinal preparations made 
by soaking the drugs, either in coarse powder or 
in the form of decoction  (kasaya), in a solution 
of sugar or jaggery, as the case may be, for a 
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