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ABSTRACT

The objective of this study was to investigate chemical composition and in vitro
antimicrobial activity of the essential oil of Ligularia persica growing wild in Iran. The essential
oil was obtained by hydro-distillation and analyzed by GC-FID and GC/MS. Sixty-one components
representing 99.0% of the total oil were characterized. The major identified components were
(2)-B-ocimene (12.5%), cis-meta-mentha-2,8-diene (8.8%), a-eudesmol (8.7%), valencene (5.9%)
and 14-hydroxy-3-cadinene (5.7%). Oxygenated sesquiterpenes (39.5%) was the main group of
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the plant essential oil. The essential oil exhibited moderate activity against three bacteria and
a yeast, Candida albicans, with minimum inhibitory concentration (MIC) values ranging from
1.87 to 7.50 mg/ml. The best inhibitory effects were against Gram-positive bacteria, Bacillus

subtilis and Staphylococcus aureus.

The Asteraceae is the largest family of flowering plants, com-
prise 1,600-1,700 genera and about 24,000 species distributed
all over the world except Antarctica (Funk et al. 2009). The
species are a source of many biologically active compounds
like essential oils, polyphenolic compounds, flavonoids, phe-
nolic acids and many others (Larocque et al. 1999; Setzer et
al. 2004; Zidorn et al. 2006; Wang et al. 2006). Due to their
bio-active properties plants from Asteraceae family are com-
monly used in treatment of various diseases. Antimicrobial
activity of the essential oils and their chemical constituents
have been extensively studied and shown good fighting po-
tential against drug resistant pathogens (Chavan et al. 2006;
Sonboli et al. 2006; Mirjalili et al. 2012). The genus Ligularia
Cass. belongs to the Asteraceae family (tribe Senecioneae),
and comprises ca. 150 species native to Central and East Asia
and some parts of Europe (Joharchi 2008). Ligularia species
are chemotaxonomically characteristic due to the presence
of typical pyrrolizidine alkaloids and sesquiterpenoids (Tan
et al. 2007). This genus, with the local names of “Zaban
tala” and “Pir sonbol”, is represented in the flora of Iran by
L. persica Boiss. as an endemic species (Mozaffarian 1996).
Various members of the genus have long been used as folk
remedies for their antibiotic, antiphlogistic, and antitumor
activities (Chen et al. 1997). The essential oil composition of
Ligularia species has been extensively studied from different
distribution regions especially from China and our literature
survey showed that the oil of Ligularia species has been found
to be rich in sesquiterpenes (Nagano et al. 2007; Kuroda et
al. 2007; Tori et al. 2008). The chemistry of L. persica has
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been previously studied and some eremophilane derivatives
and sesquiterpenes have been reported from the plant roots
(Marco et al. 1991a and 1991b), but so far chemical composi-
tion and antimicrobial activity of L. persica essential oil have
not been studied. The present study describes the chemical
composition and in vitro antimicrobial activity of the essential
oil from the aerial parts of L. persica, which have not been
studied previously.

Materials and methods
Plant material

The aerial parts of L. persica were collected at full flowering
stage from Dizin (36° 017 36" N, 51° 237 58" E at an altitude
of 1012 m), Karaj, Alborz Province, Iran. A Voucher speci-
men (HAPH-90125) has been deposited at the Herbarium of
Biology Department, Hormozgan University, Bandar Abbas,
Iran.

Essential oil isolation

The essential oil of air-dried sample (100g) was isolated by
hydrodistillation for 3 h, using a Clevenger-type apparatus,
recommended by the British Pharmacopeia. The essential oil
was dried over anhydrous sodium sulfate (Na,SO,) and kept
at 4°C in dark vial until analyzed and tested.

GC-FID analysis

GC analysis was performed using a Thermoquest gas chro-
matograph with a flame ionization detector (FID). The analy-
sis was carried out on fused silica capillary DB-5 column
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Table 1. Essential oil composition of Ligularia persica.

No. RI Compounds % No. RI Compounds %

1 938 o-Pinene 1.1 36 1576 B-Vetivenene 0.4
2 977 Sabinene 23 37 1595 Spathulenol 0.6
3 983 B-Pinene 0.9 38 1603 Caryophyllene oxide 0.3
4 991 cis-meta-Mentha-2,8-diene 8.8 39 1613 Salvia-4-(14)-en-1-one 0.2
5 994 dehydro-1,8-Cineol 0.4 40 1633 Selina-1,3,7(11)-trien-8-one 0.3
6 1008 2,3,5-trimethyl Pyrazine 0.8 41 1648 Hinesol t

7 1020 o-Terpinene 0.2 42 1658 o-Muurolol 0.2
8 1027 p-Cymene 0.3 43 1672 o-Cadinol 0.4
9 1037 (2)-B-Ocimene 12.5 44 1678 o-Eudesmol 8.7
10 1047 (E)-B-Ocimene 3.5 45 1682 dihydro-Eudesmol 2.1
1 1062 y-Terpinene 0.4 46 1687 7-epi-a-Eudesmol 5.1
12 1093 meta-Cymenene 0.4 47 1695 4-Cuprenen-1-ol 0.3
13 1099 Linalool 0.3 48 1706 Cyperotundone t

14 1102 n-Nonanal 0.3 49 1712 Acorenone B 1.2
15 1129 allo-Ocimene 0.7 50 1737 5-hydroxy-cis-Calamanene 0.5
16 1133 cis-p-Mentha-2,8-dien-1-ol 0.2 51 1770 B-Acoradienol 3.8
17 1174 Borneol 0.8 52 1802 (2)-epi-B-Santalol acetate t

18 1185 Terpinen-4-ol 0.9 53 1822 14-hydroxy-8-Cadinene 5.7
19 1196 o-Terpineol 0.6 54 1832 Furanodiene 2.5
20 1206 Verbenone 0.2 55 1838 Neophytadiene 0.2
21 1237 Isobornyl formate 0.2 56 1843 Fukinanolid 3.1
22 1289 Thymol 1.4 57 1850 2 a-acetoxy-11-methoxyAmorpha-4,7-diene 1.9
23 1390 o-Copaene t 58 1873 dihydro-Columellarin 2.2
24 1403 B-Elemene 1.2 59 2131 Dihydrolinderalactone 0.4
25 1438 (E)-Caryophyllene 0.7 60 2172 Ethyl linoleate 0.6
26 1458 (E)- B-Farnesene 2.8 61 2294 n-Tricosane 1.0
27 1473 9-epi-(E)-Caryophyllene 0.7

28 1480 v-Gurjunene 0.3

29 1486 Aristolochene 0.9 Monoterpene hydrocarbons 31.1
30 1489 B-Selinene 1.1 Oxygenated monoterpenes 5.0
31 1498 trans-Muurola-4(15),5-diene 4.7 Sesquiterpene hydrocarbons 20.5
32 1505 Valencene 5.9 Oxygenated Sesquiterpenes 39.5
33 1513 Bicyclogermacrene 0.9 Aliphatic hydrocarbones 2.1
34 1535 8-Cadinene 0.5 Others 0.8
35 1566 y-Vetivenene 0.4 Total identified 99.0

RI, retention indices relative to C6-C24 n-alkanes on a DB-5 column; t, trace, less than 0.1 %.

(30 m x 0.25 mm i.d.; film thickness 0.25 um). The injector
and detector temperatures were kept at 250°C and 300°C,
respectively. Nitrogen was used as the carrier gas at a flow
rate of 1.1 ml/min; oven temperature program was 60 —250°C
at the rate of 4°C /min and finally held isothermally for 10
min; split ratio was 1:50.

GC/MS analysis

GC/MS analysis was carried out by use of Thermoquest-
Finnigan gas chromatograph equipped with fused silica
capillary DB-5 column (60 m x 0.25 mm i.d.; film thickness
0.25um) coupled with a TRACE mass (Manchester, UK).
Helium was used as carrier gas with ionization voltage of 70
eV. Ion source and interface temperatures were 200°C and
250°C, respectively. Mass range was from 35 to 456 amu.
Oven temperature program was the same given above for
the GC.
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Identification and quantification of the oil
components

The constituents of essential oils were identified by calcula-
tion of their retention indices under temperature-programmed
conditions for n-alkanes (C~C,,) and the oil on a DB-5
column under the same chromatographic conditions. Identi-
fication of individual compounds was made by comparison
of their mass spectra with those of the internal reference
mass spectra library (Adams and Wiley 7.0) or with authentic
compounds and confirmed by comparison of their retention
indices with authentic compounds or with those of reported
in the literature (Adams 1995). For quantification purposes,
relative area percentages obtained by FID were used without
the use of correction factors.

Microbial strains

Four microbial strains were used: Bacillus subtilis (ATCC



Table 2. Antimicrobial activity of the essential oil of Ligularia
persica.

Microorganisms Ligularia persica Standard antibiotics

122 MIC®  Ampicillin©  Nystatine®
Bacillus subtilis 25+ 0.2 1.87 14+0.4
Staphylococcus aureus  21+0.9  3.75 13+0.3
Escherichia coli 19+ 0.3 3.75 12+0.2
Candida albicans 16+ 0.5 7.50 18+0.5

Results were obtained from 3 independent experiments performed in doubly.
2Inhibition Zone includes diameter of disc (6 mm). ®Minimum inhibitory concen-
tration values as mg/ml. <Tested at 10 pg/disc. “Tested at 30 pg/disc. Inactive (-);
moderately active (7 - 14); highly active (> 14); nt, not tested. Values are given
as mean + standard deviation.

465), Staphylococcus aureus (ATCC 25923), Escherichia coli
(ATCC 25922) and Candida albicans (ATCC 10231).

Bioassay

Disc diffusion

The antimicrobial activity of the essential oil was determined
by the disk diffusion method (NCCLS, 1997). Briefly, 0.1 ml
of a suspension of the test microorganism (108cells/ml) was
spread on Mueller-Hinton Agar plates for bacteria and Sab-
ouraud Dextrose Agar for the fungi. Sterile 6 mm disks, each
containing 10ul of essential oil were placed on the microbial
lawns. The plates were incubated at 37°C for 24 h for bacteria
and 30°C for 48 h for fungi. The diameters of the zones of
inhibition were measured and reported in mm. Triplicate tests
were carried out in all experiments.

Determination of minimum inhibitory concentration (MIC)

MIC values were determined by broth microdilution as-
say recommended by the NCCLS (1999). Serial two-fold
dilutions of the essential oil were made in Mueller-Hinton
Broth containing 0.5% Tween 80 for bacteria and Sabouraud
Dextrose Broth with 0.5% Tween 80 for fungi in 96-well
micro titer plates. Fresh microbial suspensions prepared from
overnight grown cultures in the same media were added to
give a final concentration of 5 x1(° organisms/ml. Controls of
medium with microorganisms or the essential oil alone were
included. The microplates were incubated at 37°C for 24 h for
bacteria and 30°C for 48 h for fungi. The first dilution with
no microbial growth was recorded as MIC.

Results and discussion
Essential oil composition

The essential oil yield (w/w%) was 0.3 % based on the dry
weight of the plant. The chemical composition of the oil
sample was mainly investigated using both GC/FID and GC/
MS techniques. Qualitative and quantitative analytical results
are listed in Table 1 in the order of their elution on the DB-5

An essential oil from Ligularia persica

column. In total, 61 constituents were identified and quanti-
fied in the essential oil representing 99.0% of the total oil. The
major constituents of the oil were (Z)-f-ocimene (12.5%),
cis-meta-mentha-2,8-diene (8.8%), o.-eudesmol (8.7%),
valencene (5.9%) and 14-hydroxy-8-cadinene (5.7%). The
classification of the identified compounds, based on func-
tional groups is summarized at the end of Table 1. Oxygenated
sesquiterpenes, mono- and sesquiterpene hydrocarbons and
oxygenated monoterpenes comprised 39.5%, 31.1%, 20.5%
and 5.0% of the oil, respectively. Acorenone B (1.2%) and
furanodiene (2.5%) as identified oxygenated sesquiterpene
have been recently introduced as powerful antimicrobial and
antitumor agents (Sun et al. 2009; Lin et al. 2012).

Antimicrobial assay

Inhibition zones (IZ) and minimum inhibitory concentra-
tion (MIC) values of the essential oil showed a variability
of inhibition among all the bacteria and fungi tested (Table
2). The results of the antimicrobial activities of the essential
oil indicated that the oil exhibited moderate antibacterial
and antifungal activity. It was highly effective against Gram
positive bacteria B. subtilis and S. aureus with the inhibition
zones 25 and 21 mm and MIC values of 1.87 and 3.75 mg/
ml, respectively. Also the oil was effective against Gram
negative bacteria Escherichia coli with the inhibition zone
19 and MIC value 3.75 mg/ml. Although the essential oil of
the present species showed both antifungal and antibacterial
activity, but the IZ and MIC values for bacteria were much
higher than that of fungi which shows the higher antibacterial
potent of the essential oil comparing to antifungal activity.
Finally, the essential oil of L. persica could be represented as
an inexpensive source of natural antibacterial substances for
use in pathogenic systems to prevent the growth of bacteria.
However, further research is needed to evaluate the effective-
ness of the plant essential oil utility as natural antimicrobial
agents.
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