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ABSTRACT
In order to develop a new type of insecticide, this study lays foundation for the development of
stigmasterol from the Eupatorium adenophorum Sprengas nontoxic and pollution-free pesticides that
can be released to the environment. The toxicity test of stigmasterol against Psoroptes cuniculi in vitro
showed that stigmasterol was toxic under 0.5% concentration. Treatment under this condition also showed
mite mortality of 16.67% within 12 h and 23.33% within 24 h. The insecticidal activity of stigmasterol
was weaker than that of ageraphorone compound obtained from E. adenophorum Spreng. Through
preliminary separation. However, in the experiments, we found an interesting phenomenon, that is, the
dead state of mites treated with stigmasterol was similar to that of mites of the positive control group
treated with fenvalerate. Furthermore, the dead state of mites treated with stigmasterol was different from
that of mites of the negative control group. This result confirmed the insecticidal activity of stigmasterol.
We conducted a thorough research on the insecticidal molecular mechanism of stigmasterol to lay the
foundation for the development of stigmasterol as nontoxic and pollution-free pesticides that can be
introduced into the environment.

INTRODUCTION

E

upatorium adenophorum Spreng. is the most harmful
invasive species in China, especially in the southwest
of China. This species causes local ecological destruction,
and thus China has been attempting to control this harmful
weed. However, it has not been effectively controlled
because of its fast spreading characteristic. In recent years,
E. adenophorum Spreng. has been developed as a potential
botanical pesticide, and efforts have been made toward
profitable utilization of its waste. Sesquiterpenoids from this
weed have hepatotoxicity and possess insect repellent and
insecticidal activity (Bhardwaj et al., 2001; Zou et al., 2009;
Li et al., 2015). Moreover, its sesquiterpenoid components
showed toxicity to lice and scabies, and its dotriacontane
alcohol has mite removal effect. The results of the present
study will provide a theoretical basis for reasonable
development and utilization of E. adenophorum Spreng.
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The finding of this study combined with that of
an early research showed that petroleum ether extracts
contain biological activity against P. cuniculi and
Chorioptes spp. (Acari: Psoroptidae) (Nong et al., 2012,
2014; Liu, 2013). Silica column chromatography was
conducted to separate a composition from petroleum ether
extract of E. adenophorum Spreng. Hydrogen-1 nuclear
magnetic resonance (1H-NMR) and carbon-13 nuclear
magnetic resonance (13C-NMR) were used to determine
the stigmasterol content of this composition. The toxicity
test of stigmasterol against P. cuniculi in vitro was
conducted. This study lays foundation for the development
of stigmasterol as nontoxic and pollution-free pesticides
that can be released to the environment.

MATERIALS AND METHODS
E. adenophorum Spreng. samples were collected
from Xichang City in Sichuan Province. The samples were
naturally dried, and were then crushed and stored for later
use. The adult P. cuniculi individuals were isolated from
the ear cerumen of naturally infected rabbits. The samples
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were collected and placed in Petri dishes, and were then
incubated at 35°C for 30 min in an incubator. Afterward,
the adult mites were collected and used for testing (Walton
and Currie, 2007).
Stigmasterol separation was conducted according to
the method of Nong et al. (2012, 2014). The compound
structure was elucidated by1H-NMR and 13C-NMR data
(Wang et al., 2007). 1H-NMR and 13C-NMR spectra
were obtained using a Varian Unity INOVA 400/45 NMR
spectrometer in CDCl3 with TMS as the internal standard.
Experimental procedures were performed as
previously described by Nong et al. (2014). The
stigmasterol compound was diluted with 1:1 of distilled
water and glycerol to obtain three different experimental
concentrations (0.5, 0.25, and 0.125 m/v). Each
concentration of the stigmasterol extract (1 mL) was added
into six-well cell culture plates (Costar 3516) containing
two filter paper chips to absorb the liquid. A total of 10
adult P. cuniculi individuals were placed on the filter paper
in each well, and the mites were incubated at 25°C in an
incubator at a relative humidity of 75% (Nong et al., 2014).
Three replicates were performed for each concentration of
stigmasterol extract. The viability of the mites was checked
regularly by needle stimulation; mites that displayed no
reaction were recorded as dead (Macchioni et al., 2004).
Fenvalerate only and distilled water and glycerin (1:1)
were used as the positive control and negative control,
respectively.

Fig. 1. The structure of stigmasterol.

RESULTS
Structure of stigmasterol
The compound was isolated as colorless needle
crystal. The NMR spectra of the compound showed the
presence of two double bonds (Table I) (δH 5.27, 1H, d,
J = 4.8 Hz; δH 5.09, 1H, m; δH 5.00, 1H, m; δC 140.7 s;
138.3 d; 129.2 d; 121.7 d), two tertiary methyl (δH 0.68,
3H, s; δH 0.70, 3H, s), and one oxygenated carbon signal

(δC 71.7 d). Therefore, the structure was identified as
stigmasterol (C29H48O) (Fig. 1) based on comparisons
of the spectroscopic data with that of data reported in
literature (Yang et al., 2006; Zhu et al., 1997).
Insecticidal activity of stigmasterol
The stigmasterol compound was diluted for three
experimental concentrations of 0.5%, 0.25%, and 0.125%
(m/v). Each concentration of stigmasterol component
was used to test the insecticidal activity. We observed the
mite mortality of each group at 4, 12, and 24 h. Treatment
with stigmasterol under 0.5% concentration could achieve
16.67% mite mortality within 12 h and 23.33% within 24
h. The insecticidal activity was poorer at concentrations
below 0.5%.
Table I.- 1H-NMR and 13C-NMR data of stigmasterol
(in CDCl3), δ in ppm.
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

H-NMR

1

3.56 (m)

5.27 (d)

C-NMR
37.2
31.6
71.7
42.2
140.8
121.7
28.9
31.9
50.1
36.5
21.0
39.6
42.2
56.8
24.3
13

No.
16
17
18
19
20
21
22
23
24
25
26
27
28
29

1

H-NMR

0.68 (s)
1.01 (s)

5.00 (m)
5.09 (m)

C-NMR
28.9
55.9
12.0
19.4
40.5
21.2
138.3
129.2
51.2
31.9
21.1
19.0
25.4
12.3
13

The insecticidal activity of stigmasterol was weaker
than that of ageraphorone compound obtained from E.
adenophorum Spreng. through preliminary separation.
However, in the experiments, we found an interesting
phenomenon, that is, the dead state of mites treated with
stigmasterol was similar to that of mites of the positive
control group treated with fenvalerate.
Dead state of mites
Figure 2A shows the dead mites after treatment with
stigmasterol. Figure 2B shows the natural dead state of
mites from the blank control group while Figure 2C shows
the dead state of mites in the positive control group after
treatment with fenvalerate. The dead states of mites after
treatment with stigmasterol and fenvalerate showed more
normal, natural death.
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Fig. 2. Observations of the dead states of mites. A, treatment with stigmasterol; B, treatment with water and glycerin (1:1); C,
treatment with fenvalerate.

In particular, no struggle and dehydration was
observed. Therefore, the treatment of stigmasterol and
fenvalerate showed an insecticidal activity. Meanwhile,
the mites in Figure 2B showed a natural shrinking dead
state. In particular, the mites curled and were unable to
straighten legs, as well as narrow tail. Thus, the death of
mites in Figure 2B was natural and was not due to the
treatment of stigmasterol and fenvalerate.

DISCUSSION
E. adenophorum Spreng. contains many chemical
components, such as alkaloids, sugar, sesquiterpenes,
lipids, and coumarin materials. Several of these substances
showed good insecticidal bioactivity. For example, the
substance of alkaloids, namely, Eupatorin A, contains a
strong biological activity against aphid (Aphis gossypii).
In addition, 8aα-hydroxy-1-isopropyl-4, 7-dimethyl-1,
2, 3, 4, 6, 8a-hexahydro-naphthalene-2, 6-dione, a
component extracted from E. adenophorum Spreng.
leaves, showed good toxicity against ascariasis and
antibacterial effect (He et al., 2006). Three ageraphorones,
namely, 9-OXO-10, 11-dehydro-ageraphorone, 9-OXOageraphorone, and 9-β-hydroxy-ageraphorone, extracted
from E. adenophorum Spreng. exhibited good biological
activity against P. cuniculi (Nong et al., 2012, 2014). The
separation and identification of the biological activity
of these substances from E. adenophorum Spreng. can
provide the basis for research on the medicinal value of
this weed.
However, oral 9-OXO-10, 11-dehydro-ageraphorone
can cause hepatotoxicity in mice (Bhardwaj et al.,
2001; Guo et al., 2016). Currently, the evidence that
ageraphorone is harmless to host animal is not yet solidly
established. Hence, ageraphorone cannot be developed
as an acaricidal agent. Therefore, nontoxic compounds

should be isolated from E. adenophorum Spreng. extracts,
and the development of nontoxic botanical insecticidal is
particularly important. Our study showed that stigmasterol
contains insecticidal activity against mites. In particular,
the insecticidal activity of stigmasterol was weaker
than that of ageraphorone compound obtained from E.
adenophorum Spreng through preliminary separation.
However, in the experiments, we found an interesting
phenomenon, that is, the dead state of mites treated with
stigmasterol was similar to that of mites of the positive
control group treated with fenvalerate. This phenomenon
is interesting and indicates that research on the insecticidal
activity of stigmasterol has certain theoretical value.
Stigmasterol is nontoxic but can be applied to cancer cells,
and β-sitosterol and stigmasterol can induce the apoptosis
of human liver cancer SMMC-7721 cells (Li et al., 2012).
The stigmasterol from Hedyotis diffusa Willd. showed
inhibitive effect on hepatoma cells in vitro and in vivo
(Zhang et al., 2008). Stigmasterol insecticidal activity
against P. cuniculi was similar with thymol, powdered
form, with 3.2% oxalic acid (OA) against ectoparasitic
mites, Varroa destructor Anderson (Rashid et al., 2012).
The good insecticidal activity of E. adenophorum
Spreng. extracts has been proven. However, the present
study is still nearly under the stage of using the crude
extracts (Baruah et al., 1994). Our study results showed
that stigmasterol contains insecticidal activity against mites
and that the dead state of mites treated with stigmasterol
was similar to that of mites of the positive control group
treated with fenvalerate. We believe that this component
can be developed as an effective pesticide through further
research of its acaricidal activity mechanism.

ACKNOWLEDGMENTS
This study was supported by grants from Leshan

X. Nong et al.

1200

Normal University (No. Z1327), and a Project Supported
by Scientific Research Fund of Sichuan Provincial
Education Department (No. 15ZA0272).
Statement of conflict of interest
The authors declare that they have no competing
interests. We declare that we do not have any commercial
or associative interest that represents a conflict of interest
in connection with the work submitted.

REFERENCES
Baruah, N.C., Sarma, J.C., Sarma, S. and Sharma, R.P.,
1994. Seed germination and growth inhibitory
cadinenes from Eupatorium adenophorum
Spreng. J. chem. Ecol., 20: 1885-1892. https://doi.
org/10.1007/BF02066230
Bhardwaj, R., Singh, A. and Sharma, O.P., 2001.
Hepatotoxicity and cholestasis in rats induced by the
sesquiterpene, 9-oxo-10, 11-dehydroageraphorone,
isolated from Eupatorium adenophorum. J.
Biochem. mol. Toxicol., 15: 279-286. https://doi.
org/10.1002/jbt.10001
Guo, H.L., Mu, X.H., Zhao, X.D., Du, F.P. and Lenzion,
T.V., 2016. The rideability simulation analysis of
triangular track conversion system based on multibody dynamic modeling. J. Mech. Engin. Res.
Develop., 39: 492-499.
He, L., Yang, J. and Cao, A.C., 2006. A new
sequiterpenoid from Eupatorium adenophorum
Spreng. Chinese J. Chem., 24: 1375-1377. https://
doi.org/10.1002/cjoc.200690256
Li, K., Lin, W., Wu, L. J, Qi,Q., Shen, G.L., Liu, J.
J., Chen, W.X., Xu, J., Qian, H. and Zhao, X.Y.,
2015. Effect of intravenous arginine on the healing
of human skin graft donor sites: A randomized
controlled trial. Bangladesh J. Pharmacol., 10:
739-744. https://doi.org/10.3329/bjp.v10i4.23850
Li, Q., Jiang, C., Zhang, L., Qiu, W. and Meng, X.D.,
2012. Apoptosis inducing effect of β-sitosterol and
stigmasterol on human liver cancer SMMC-7721
Cells. Lishizhen Med. Mat. Med. Res., 5: 11731175.
Liu, Z., 2013. Evaluation on urban developing level by
matter-element extension model. J. appl. Sci., 13:
4702-4707.
Macchioni, F., Perrucci, S. and Cecchiy, F., 2004.
Acaricidal activity of aqueous extracts of chamomile

flowers, Matricaria chamomilla, against the mite
Psoroptes cuniculi. Med. Vet. Ent., 18: 205-207.
https://doi.org/10.1111/j.0269-283X.2004.00488.x
Nong, X., Fang, C.L. and Yang, G.Y., 2012. Acaricidal
activity of extract from Eupatorium adenophorum
against the Psoroptes cuniculi and Sarcoptes scabiei
in vitro. Vet. Parasitol., 187: 345-349. https://doi.
org/10.1016/j.vetpar.2011.12.015
Nong, X., Li, S.H., Wang, J.H., Xie, Y. and Yang,
G.Y., 2014. Acaricidal activity of petroleum
ether extracts from Eupatorium adenophorum
against the ectoparasitic cattle mite, Chorioptes
texanus. Parasitol. Res., 3: 1201-1207. https://doi.
org/10.1007/s00436-014-3758-3
Rashid, M., Elizabeth Stephen, W., Atta ul, M., Shazia,
R. and Ghulam, S., 2012. Control of ectoparasitic
mites in honeybee (Apis mellifera L.) colonies by
using thymol and oxalic acid. Pakistan J. Zool., 44:
985-989.
Walton, S.F., Currie, B.J., 2007. Problems in diagnosing
scabies, a global disease in human and animal
populations. Clin. Microbiol. Rev., 20: 268-279.
https://doi.org/10.1128/CMR.00042-06
Wang, M.Z., Cai, X.H., Du, G.S., 2007. A novel
norditerpene from Eupatorium adenophorum.
Chem. Inform., 31: 577-579. https://doi.
org/10.1002/chin.200731148
Yang, J., Cao, A.C., Zhou, D.X., Zhang, D. C. and He,
L., 2006. Student on the liposoluble components of
Eupatorium adenophorum Spreng. Chinese Trad.
Herb. Drugs, 1: 30-31.
Zhang, S., Wang, Y., Wang, L., Song, Y.Q. and Yang,
Z.H., 2008. Inhibitive effect of stigmasterol from
Hedyotis diffusa wild on hepatoma cells in vitro
vivo and its influence on transplanted H22 tumor
cell’s multiplication cycle, apoptosis. Progr. Mod.
Biomed., 8:2016-2018.
Zhu, Z.F., Yang, G.Z. and Li, G.Q., 1997. Studies on the
chemical constituents of Eupatorium adenophorum
Spreng. Nat. Prod. Res. Develop., 9: 35-39.10.
Zou, F.C., Duan, G., Xie, Y.J., Zhou, Y., Dong, G.D.,
Lin, R.Q. and Zhu, X.Q., 2009. Molluscicidal
activity of the plant Eupatorium adenophorum
against Oncomelania hupensis, the intermediate
host snail of Schistosoma japonicum [J]. Annls.
trop. Med. Parasitol., 103: 549-553. https://doi.
org/10.1179/136485909X451780

