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Abstract

The essential oil of Swertia chirata Buch.-Ham. was extracted by solvent extraction (n-pentane:diethylether,
1:1) method using simultaneous distillation-extraction (SDE) apparatus and analyzed by gas chromatography-
mass spectrometry (GC/MS). The yield of essential oil obtained from S. chirata was 236.47 mg/kg. Seventy
seven compounds of the essential oil belonging to chemical classes of acid (4), alcohol (21), aldehyde (15),
ester (3), furan (3), hydrocarbon (7), ketone (17) and miscellaneous (7) were tentatively identified. The major
volatile compounds ranged in content order were as follows: undecanoic acid (28.63%), 2-buten-2-one
(20.42%), camphor (18.40%), 2-heptadecanone (14.72%), and cedrol (13.07%).
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INTRODUCTION

Among the 170 species of the genus Swertia
(Gentianaceae), twenty nine species are found in Nepal
and nine species are being traded in the country (1). A
species, Swertia chirata Buch.-Ham., locally known as
‘Chiriato’, found in the temperate Himalayan region be-
tween 1,200 and 3,000 m, plays a dominant role in the
trade covering about 80% of total traded volume of
Swertia species in the country (2). This species has been
used in traditional medicine against asthma, stomachic,
antidiarrhoetic, dyspepsia, piles, hepatitis, typhoid fever
and liver disorders (3). Pharmacological studies of this
plant reported the multidirectional clinical applications
including  anti-inflammatory, hepatoprotective and an-
ti-leishmanial activities (4,5). Phytochemical inves-
tigations resulted in the isolation of xanthonoids, fla-
vonoids, alkaloids, triterpenoids, and lignans (6-8).

Essential oils, obtained from medicinal plants, have
played an important role as a source of pharmacologi-
cally active substances. Therefore, there has been a con-
siderable interest in the study of the essential oils of me-
dicinal wild plants. With growing attention in the use
of essential oils of medicinal plants in the food, ar-
omatherapy and pharmaceutical industries, an examina-
tion of the components of the essential oil of these plants
has become increasingly important for their chemical
safety and clinical acceptability. The chemical basis for
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the use of essential oil of chirata is far from clear, and
it is difficult to research the pharmacological activities
in detail without access to a relatively explicit chemical
data base, which is not currently available. The identi-
fication of the useful volatile organic compounds from
this plant for widespread consideration as elements of
health care systems will be an interesting topics for
research. Therefore, we interested to study the profile
of volatile compounds of the ‘Chiriato’ growing in
Nepal, for which no data have been previously reported.

MATERIALS AND METHODS

Materials

Swertia chirata Buch.-Ham.: Commercially available
sample of S. chirata, locally called ‘Chiriato’ in Nepal,
was collected in July 2006 from Kathmandu, Nepal.
Vacuum packing of the samples was carried out by re-
moving air from the package and stored at -18°C before
the experiment.

Reagents : The regents were purchased from Sigma
Co. (USA) and Fisher Scientific (USA). HPLC grade
organic solvents (n-pentane & diethylether) used for ex-
traction and chromatography were redistilled using a spi-
ral packed double distilling apparatus (Normschliff
Geratebau, Wertheim, Germany) and Milli-Q water that
was generated with a water purification system (Millipore
Corporation, Bedford, USA).
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Methods

Extraction of volatile organic compounds : Fifty grams
of sample were homogenized in a blender (MR 350CA,
Braun, Spain) and mixed with 1 L of distilled water.
After adjusting to pH 6.5 with 1% NaOH, 1 uL n-bu-
tylbenzene was added as an internal standard. The re-
sultant slurry was used for extraction of volatile organic
compounds with 200 mL redistilled n-pentane:dieth-
ylether (1:1, v/v). The extraction of volatile organic com-
pound was carried out for 2 hr, using simultaneous dis-
tillation-extraction (SDE) apparatus of Nikerson and
Likens (9) type as modified under atmospheric pressure
by Schultz et al. (10). The solvent, containing com-
pounds extract, was dehydrated for 12 hr using 10 g an-
hydrous Na,SO, and then concentrated to approximately
1.5 mL using the vigreux column. This concentrate was
further concentrated to 0.5 mL under gentle stream of
N, gas and used for gas chromatography-mass spectrom-
etty (GC/MS) analysis.

Chromatographic analysis : Chromatographic analysis
was carried out using a Shimadzu GC/MS (QP-5000,
Shimadzu Co., Kyoto, Japan) in EI mode. The ionization
voltage was 70 eV and temperatures of ion source and
injector were 230°C and 250°C, respectively. The capil-
lary column used was a DB-WAX (60 m x0.2 mm, id.,
0.25 um, film thickness; J&W, USA). The oven temper-
ature programmed at 40°C (Isothermal for 3 minutes)
was ramped to 150°C at 2°C/min and to 220°C at
4°C/min (20 min) followed by 230°C at 5°C/min. Helium
was used as the carrier gas at a flow rate of 1 mL/min,
with injector volume of 1 pL using 1:20 split ratio.

Identification of volatile organic compounds : Qualitative
analysis of volatile compounds was carried out by identif
ication of compounds from mass spectra with the aid
of mass spectral data book (11,12). The spectrum of each
volatile compound agreed with that present in the mass
spectrum library of WILLY 139, NIST 12 and NIST 62.
The content of the volatile flavor compounds was calcu-
lated on a dry weight basis by comparing with peak area
percent of the internal standard. The mass spectrometer

scanned was ranged from 41 to 450 my/z.

RESULTS AND DISCUSSION

The essential oil of S. chirata was extracted by solvent
extraction (P:E,1:1) method for 2 hr using SDE apparatus
and analyzed by GC/MS. The result obtained by qual-
itative and quantitative analysis of volatile organic com-
pounds of S. chirata was listed in Table 1 and chromato-
gram was shown in Fig. 1. Investigation confirmed that
the yield of essential oil was 236.47 mg/kg. Seventy sev-
en compounds of the essential oil belonging to chemical
classes of acid (4), alcohol (21), aldehyde (15), ester (3),
furan (3), hydrocarbon (7), ketone (17), and miscella-
neous (7) were tentatively identified. Ketones were de-
tected as dominant chemical class with highest pro-
portion (28.58%). The major compounds belonging to
ketone group were 3-buten-2-one, camphor, 2-heptadeca-
none, 3-ethenyl cyclohexenone and (Z)-geranylacetone.
Most of the compounds, related to ketone group, were
aliphatic compounds with lower than 1% concentration.
Alcohol group containing 27.44% was characterized as
second major chemical group. Cedrol was the most abun-
dant alcohol compound while patchoulol, B-eudesmot,
isothujol, p-cymen-3-ol, linalool, farnesol were also de-
tected by high amount. All of these compounds are ter-
pene alcohols.

Table 1. Relative content of functional groups of volatile
organic compounds identified in Swertia chirata Buch.-Ham.
extract

Functional groups Relative peak area Number of

percentage (%) compounds
Acids 17.54 4
Alcohols 27.44 21
Aldehydes 11.12 15
Esters 33 3
Furans 1.38 3
Hydrocarbons 2.64 7
Ketones 28.58 17
Miscellaneous 8.00 7
Total 100 77
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Fig. 1. Total ion chromatogram of volatile organic compounds of Swertia chirara Buch.-Ham. extract.
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Similarly acids and aldehydes containing 17.54% and
11.12% respectively were characterized as major groups.
All of the compounds related to acid group were fatty
acids. 2-Butenal, tetradecanal and hexanal were the im-
portant aldehydes while remaining aldehydes were quan-
tified below 1%. Hydrocarbons (2.64%) constituted the
small part of total content. Most of the hydrocarbons
were related to terpene group. The complete profile of
the terpenoid constituents showed 6 oxygenated mono-
terpenes (10.89%). Among the sesquiterpenes, 4 com-
pounds were hydrocarbons (2.06%) and 4 compounds
were oxygenated (12.16%) sesquiterpenes, while only
one compound belonging to hydrocarbon monoterpene
was also detected. From present finding, the major vola-
tile compounds of S. chirata can be ranged in content
order as follows: undecanoic acid (28.63%), 2-but-
en-2-one (20.42%), camphor (18.40%), 2-heptadecanone
(14.72%), and cedrol (13.07%) (Table 2).

The essential oil obtained from S. chirata found great
variety of phytochemicals having wide range of bioac-
tivities. Some important compounds were detected and
described in this study. The compounds linalool, a-terpi-
neol, geraniol were major oxygenated monoterpenes,
while cedrol, farnesol, and -eudesmol were the major
oxygenated sesquiterpene. Monoterpenes are generally
regarded as safe substances, but safrole is carcinogenic.
The compound of p-cymene, detected with high amount
in this species, has anti-microbial activities as described
in literature (13). Linalool, a dominant compound of this
oil, is known for various pharmacological activities
(14,15). Terpenoidal alcohols of a-terpineol, farnesol and
B-eudesmol, detected in present study, were previously
proved as myorelaxant, antispasmodic, anti-cancer, anti-
epileptic and antagonistic activities (16-18). Compound
cedrol, major constituent of this oil, has parasympathetic
activity, decrease blood pressure (19,20). Oxygenated
monoterpenes were dominant terpene of this oil.
Consequently, monoterpene phenols were previously re-
ported to be active against fungi (21) and can be used
as alternative sprout inhibitors (22), Carvone was found
to be potentially good therapeutic agents against in-
fections caused by fungus and bacteria and carvone can
be also used as a good potato sprouting inhibitor (23).
Furfural has a wide variety of uses such as a solvent,
an ingredient of phenolic resins, chemical intermediate,
weed killer, fungicide and also as a flavoring agent (24).
Pharmacologically active some compounds related to hy-
drocarbon sesquiterpenes such as isomers of farnesene,
(E)-caryophyliene, and a-humulene were detected in this
study. The isomer of farnesene is known as electro-phys-
iologically active component for pheromonal activities

(25). (E)-Caryophyllene and a-humulene are likely to be
the precursors of the complex menthols or resins which
have been claimed to contain the antibacterial, antifungal
or antioxidant properties (13,26). Camphor, a third major
compound of this oil, is well known with its pronounced
antimicrobial potentials (27).

On the basis of the above results, we concluded that,
S. chirata can yield an essential oil useful for the phar-
maceutical and agricultural industries.
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