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Abstract
During the screening program for new agrochemicals from local wild plants, the essential oil of Cirsium
pendulum Fisch. aerial parts (Compositae) at flowering stage was found to possess strong larvicidal
activity against Aedes albopictus. Water-distilled essential oil from C. pendulum aerial parts was
analyzed by gas chromatography-mass spectrometry (GC-MS). Forty-three compounds, accounting for
97.15% of the oil, were identified and β-eudesmol (9.67%), caryophyllene (8.14%), 1,8-cineole (6.80%)
and caryophyllene oxide (6.42%) are the four main components of the essential oil followed by camphor
(4.46%), δ-cadinene (4.37%) and spathulenol (4.01%). The essential oil of C. pendulum exhibited
larvicidal activity against A. albopictus with a median lethal concentration (LC50) value of 46.77 μg/ml.
These findings suggested that the essential oil of C. pendulum has potential to be developed as a new
natural larvicide for the control of mosquitoes.
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1. Introduction
Cirsium pendulum Fisch. (syn. C. falcatum Turcz. ex DC.) is a perennial plant (1-3 m tall) of
the Compositae family. It is mainly distributed in Gansu, Hebei, Heilongjiang, Henan, Jilin,
Liaoning, Inner Mongol, Shaanxi, Shanxi, and Yunnan Province of China as well as Japan,
Korea, Mongolia, and Russia. It usually grows in grasslands in mountain valleys and on
mountain slopes, forests, forest margins, streamsides, near villages and rock crevices between
about 300-2300 m above sea level [1]. In some areas of China, the aerial parts or roots of C.
pendulum were used instead of C. japonicum (Herba Cirsii Japonici/Radix Cirsii Japonici) as
an antihemorrhagic agent and uretic in Chinese traditional medicine [2]. Previous
phytochemical studies on C. pendulum resulted in the identification of several phenolics,
flavonoids, triterpenoids, and flavone glucosides [4-13]. However, a literature survey has shown
that there is no report on chemical composition of the essential oil of C. pendulum and
larvicidal activity of the essential oil. Thus we decided to investigate the chemical constituents
and larvicidal activity of the essential oil of C. pendulum aerial parts against the mosquitoes
for the first time.
The Asian tiger mosquito (Aedes albopictus Skuse) is one of the two main species of mosquito
responsible for dengue fever and malaria in China. The control of mosquito larvae worldwide
depends primarily on continued applications of synthetic insecticides including
organophosphates such as temephos and fenthion and insect growth regulators such as
diflubenzuron and methoprene [14]. However, heavy and wide use of these synthetic
insecticides has caused several environmental and health concerns [15]. Thus, there is urgent
need to look for new natural strategies for mosquito control. From this point of view, botanical
pesticides, including essential oils, are promising since they are effective, environmentally
friendly, easily biodegradable and often inexpensive [16]. Many essential oils and constituent
compounds derived from various essential oils can exert toxic activity against mosquito
species [17-22]. During our mass screening program for new agrochemicals from wild plants and
Chinese medicinal herbs, the essential oil of C. pendulum aerial parts at flowering stage was
found to possess larvicidal activity against the Asian tiger mosquito, A. albopictus.
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2. Materials and Methods
2.1. Plant material
Fresh aerial parts (10 kg of leaves, stems and flowers) of C.
pendulum were harvested in August 2013 from Xiaolongmeng
National Forest Park (39.48 N and 115.25 E, Mentougou
District, Beijing 102300). The herb was air-dried and
identified by Dr. Liu QR (College of Life Sciences, Beijing
Normal University, Beijing, China), and a voucher specimen
(ENTCAU-Compositae-Yanguanji-10018) was deposited at
the herbarium of Department of Entomology, China
Agricultural University (Haidian District, Beijing, China).
2.2. Essential oil extraction
The dried samples were grinded to powdered form using a
grinding mill. Each 600 g portion of powder was mixed in
1,800 ml of distilled water and soaked for 3 h. The mixture
was then boiled in a round-bottom flask and steam distilled for
6-8 h. Volatile essential oil from distillation was collected in a
flask. Separation of the essential oil from the aqueous layer
was done in a separate funnel using the non-polar solvent, nhexane. The solvent was evaporated using a vacuum rotary
evaporator (BUCHI Rotavapor R-124, Switzerland). The
sample was dried over anhydrous Na2SO4 and kept in a
refrigerator (4 C) for subsequent experiments.
2.3. GC-MS analysis
The essential oil of C. pendulum aerial parts was subjected to
GC-MS analysis on an Agilent system consisting of a model
6890N gas chromatograph, a model 5973N mass selective
detector (EIMS, electron energy, 70 eV) and an Agilent
ChemStation data system. The GC column was an HP-5ms
fused silica capillary with a 5% phenyl-methylpolysiloxane
stationary phase, film thickness of 0.25 µm, a length of 30 m
and an internal diameter of 0.25 mm. The GC settings were as
follows: the initial oven temperature was held at 60 C for 1
min and increased at 10 C min−1 to 180 C for 1 min and then
increased at 20 C min−1 to 280 C for 15 min. The injector
temperature was maintained at 270 C. The samples (1 μl,
diluted to 1:100 with acetone) were injected with a split ratio
of 1: 10. The carrier gas was helium at flow rate of 1.0 ml
min−1. Spectra were scanned from 20 to 550 m/z at 2 scans s-1.
Most constituents were identified by gas chromatography by
comparison of their retention indices with those of the
literature or with those of authentic compounds available in
our laboratories. The retention indices were determined in
relation to a homologous series of n-alkanes (C8–C24) under
the same operating conditions. Further identification was made
by comparison of their mass spectra with those stored in NIST
05 and Wiley 275 libraries or with mass spectra from literature
[23]
. Component relative percentages were calculated based on
GC peak areas without using correction factors.
2.4. Insect cultures and rearing conditions
Mosquito eggs of A. albopictus utilized in bioassays were
obtained from a laboratory colony maintained in the
Department of Vector Biology and Control, Institute for
Infectious Disease Control and Prevention, Chinese Center for
Disease Control and Prevention. The dehydrated eggs were
placed on a plastic tray containing tap water at 24-26 °C under
natural summer photoperiod to hatch and yeast pellets served
as food for the emerging larvae. The newly emerged larvae
were then isolated in groups of ten specimens in 100 ml tubes
with mineral water and a small amount of dog food. Larvae
were daily controlled until they reached the fourth instar stage
when they were utilized for bioassay (within 12 h).

2.5. Larvicidal bioassay
Range-finding studies were run to determine the appropriate
testing concentrations. Concentrations of 200, 100, 50, 25, and
12.5 μg/ml of essential oil were tested. The larval mortality
bioassay was carried out according to the test method for
larval susceptibility proposed by the World Health
Organization (WHO) [24]. Twenty larvae were placed in glass
beaker with 250 ml of aqueous suspension of tested material at
various concentrations and an emulsifier dimethyl sulfoxide
(DMSO) was added in the final test solution (< 0.05%). Five
replicates per concentration were run simultaneously and with
each experiment, a set of controls using 0.05% DMSO and
untreated sets of larvae in tap water were also run for
comparison. For comparison, commercial chlorpyrifos
(purchased from National Center of Pesticide Standards, Tiexi
District, Shenyang, China) was used as positive control. The
toxicity of chlorpyrifos was determined at concentrations of 5,
2.5, 1.25, 0.6, and 0.3 μg/ml. The assay was carried out in a
growth chamber (L16:D9, 26-27 oC, 78-80% relative
humidity). Mortality was recorded after 24 h of exposure and
the larvae were starved of food over this period.
2.6. Statistical analysis
Percent mortality was corrected for control mortality using
Abbott’s formula [25]. Results from all replicates for the pure
compounds/oil were subjected to probit analysis using
PriProbit Program V1.6.3 to determine LC50 values and their
95% confidence intervals [27]. Samples for which the 95%
fiducial limits did not overlap were considered to be
significantly different.
3. Results and Discussion
3.1. Chemical composition of the essential oil
The steam distillation for 3 h of aerial parts at flowering stage
of C. pendulum afforded essential oil (yellow) with a yield of
0.09% (v/w) and the density of the concentrated essential oil
was determined to be 0.92 g/ml. The GC and GC–MS analysis
of the essential oils of the aerial parts of C. pendulum led to
the identification and quantification of a total of 43 major
components accounting for 97.15% of the total components
present (Table 1). The main components found in the essential
oil were β-eudesmol (9.67%), caryophyllene (8.14%), 1,8cineole (6.80%) and caryophyllene oxide (6.42%) are the four
main components of the essential oil followed by camphor
(4.46%), δ-cadinene (4.37%) and spathulenol (4.01%) (Table
1). Sesquiterpenoids represented 22 of the 43 compounds,
corresponding to 61.00% of the whole oil while 18 of the 43
constituents were sesquiterpenoids (30.82% of the crude
essential oil). This is the first attempt to determine the
chemical composition of the essential oil of C. pendulum aerial
parts at flowering stage. Chemical composition of the essential
oil of C. pendulum was quite different from those of the plants
in the same Genus [27-30]. For example, the main constituents in
the essential oil of C. creticum aerial parts were 4-ethyl
guaiacol (15%), hexadecanoic acid (10.6%), (E)-βdamascenone (7.8%), dihydroactinidiolide (6.0%) and 4-vinyl
guaiacol (4.5%) [29] while the essential oil from C. japonicum
rhizomes mainly contained palmitic acid (14.42%),
caryophyllene
oxide
(12.57%),
khusinol
(6.31%),
pentadecanoic acid (6.28%) and myristic acid (4.66%) [28].
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Table 1: Chemical constituents of the essential oil of Cirsium pendulum aerial parts
Peak No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

RIa
939
981
991
1025
1029
1031
1059
1067
1094
1110
1146
1174
1177
1178
1182
1188
1236
1243
1257
1351
1362
1374
1382
1387
1420
1454
1458
1473
1487
1490
1493
1524
1538
1578
1583
1586
1593
1629
1642
1648
1654
1682
1812

Compound
α-Pineneb
β-Pineneb
β-Myrceneb
-Cymene
Limoneneb
1,8-Cineoleb
γ-Terpinene
cis-Linalool oxide
Linaloolb
2,6-Dimethylcyclohexanol
Camphorb
Borneolb
4-Terpineolb
3,9-Epoxy-1-p-menthene
p-Cymen-8-ol
α-Terpineolb
Pulegone
Carvoneb
Piperitone
Longipinene
Cyclosativene
Copaene
trans-β-Damascenone
β-Cubebene
Caryophylleneb
α-Caryophyllene
Seychellene
γ-Muurolene
β-Ionone
β-Selinene
β-Himachalene
δ-Cadinene
Dihydroactinolide
Spathulenol
Caryophyllene oxideb
Eremophyllene
Carotol
Epiglobulol
τ-Muurolol
β-Eudesmolb
α-Cadinol
Apiol
Nootkanone
Total identified
Monoterpenoids
Sesquiterpenoids
others

Percent Composition
0.44
0.48
0.91
0.08
0.11
6.80
1.21
0.68
3.28
0.32
4.46
1.52
1.05
3.74
1.15
0.78
1.32
0.45
2.36
1.83
1.51
1.12
2.08
2.64
8.14
1.31
1.16
1.19
3.85
0.85
0.55
4.37
1.16
4.01
6.42
1.51
1.49
2.78
2.15
9.67
1.23
3.58
1.41
97.15
30.82
61.00
5.33

a RI, retention index as determined on a HP-5MS column using the homologous series of n-hydrocarbons; b Identification based on comparison
of RI and spectra with authentic standards.

3.2. Larvicidal activity of the essential oil
The essential oil of C. pendulum aerial parts possessed strong
larvicidal activity against the 4th instar larvae of A. albopictus
with a LC50 value of 46.77 μg/ml (Table 2). The commercial
insecticide, chlorpyrifos exhibited larvicidal activity against
the mosquitoes with a LC50 value of 1.86 μg/ml, thus the
essential oil of C. pendulum was 25 times less toxic to A.
albopictus larvae compared with chlorpyrifos. However,
compared with the other essential oils using the same bioassay
in the literature, the essential oil of C. pendulum exhibited the
same level of or stronger larvicidal activity against A.
albopictus larvae, e.g., essential oils of Salvia elegans and S.
splendens (LC50 = 46.4 ppm and LC50 = 59.2 ppm,
respectively) [31]; Zanthoxylum avicennae leaves and stems

(LC50 =48.79 μg/ml) [20]; Cryptomeria japonica leaves (LC50 =
51.2 μg/ml) [32]; Toddalia asiatica roots (LC50 = 69.09 μg/ml)
[18]
; Allium macrostemon (LC50 = 72.86 μg/ml) [22]; Eucalyptus
urophylla (LC50 = 95.5 μg/ml) [33]; and essential oils of
Achillea millefolium (LC50 = 211.3 μg/ml), Helichrysum
italicum (LC50 = 178.1 μg/ml) and Foeniculum vulgare (LC50
= 142.9 μg/ml) [34]. However, the essential oil of C. pendulum
possessed weaker larvicidal activity against A. albopictus
larvae than essential oils of Saussurea lappa roots (LC50 =
12.41 μg/ml) [19]; Eucalyptus camaldulensis (LC50 = 31.0
μg/ml) [33] and Clinopodium gracile aerial parts (LC50 = 31.0
μg/ml) [17].
In previous reports, one of the main constituent compounds of
the essential oil, β-eudesmol, possessed contact toxicity and
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ovicidal activity against diamondback moth, Plutella xylostella
[35]
and contact toxicity against Drosophila melanogaster [36].
However, β-eudesmol has not been evaluated for larvicidal
activity against mosquitoes so far. Another constituent
compound, β-caryophyllene showed weak larvicidal activity
against Aedes aegypti (LC50 = 1038 ppm) [37]. 1.8-Cineole was
found to exhibit contact and fumigant toxicities against several
insects [38, 39] and possessed feeding and ovipositional repellent
action against mosquitoes [40]. Moreover, 1,8-cineole induced
100% larval mortality of A. aegypti after 1 day with a dosage
of 100 mg/l [41] and had a LC50 value of 47.9 μg/ml against the
third-instar larvae of A. aegypti [42]. However, in other reports,
1.8-cineole was found to exhibit weak larvicidal activity
against A. aegypti (LC50 = 1419 ppm) or no toxicity to larval
Culex pipiens [43, 44]. Thus, the isolation and identification of
the bioactive compounds in the essential oil of C. pendulum

aerial parts at flowering stage are of utmost importance to
determine if their potential application in controlling mosquito
pests can be fully exploited.
Considering that the currently used larvicides are synthetic
insecticides, larvicidal activity of the crude essential oil is
quite promising and it shows its potential for use in the control
of A. albopictus larvae and could be useful in the search for
newer, safer and more effective natural compounds as
larvicides. For the actual use of C. pendulum aerial parts
essential oil and its constituents as a novel larvicide or
insecticide to be realized, further research is needed to
establish their human safety and environmental safety.
Additionally, their larvicide modes of action have to be
established, and formulations for improving larvicidal potency
and stability need to be developed.

Table 2: Larvicidal activity of Cirsium pendulum essential oil against fourth-instar larvae of Aedes albopictus
Treatment
C. pendulum
Mean Range
Chlorpyrifos
Mean Range
FL: Fiducial limits

LC50 (μg/ml)
(95% FL)
46.77
(42.08-51.38)
1.86
(1.71-2.05)

LC95 (μg/ml)
(95% FL)
143.54
(128.73-157.87)
6.65
(6.21-7.48)

4. Conclusions
Chemical composition of the essential oil of C. pendulum
aerial parts was determined for the first time and the essential
oil demonstrated some larvicidal activity against the mosquito.
It showed potential to be developed as a possible natural
larvicide for control of the mosquito but needs to be further
evaluated for safety in humans and to enhance its activity.
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