=\ ASIAN JOURNAL
OF CHEMISTRY

Vol. 27, No. 12 (2015), 4311-4316

s

AL OF CHEMISTRY

1.0org/10.14233/ajchem.2015.19225

\/_— - _——ﬁ
/:\\ \ /.-\_\ ‘ <
\ -
[ AJ AL AL VUl
4

530 Joural of Chem!S

REVIEW

Chemistry, Pharmacological Activities and Analysis of Ageratina adenophora

QING-PING MA!, CHun-Ru CHENG'", XUE-FENG Li?, XIN-YONG LianG' and Jie DING™*

'School of Chemistry and Pharmaceutical Engineering, Institute of Pharmaceutical Engineering Technology and Application, Key Laboratory
of Green Chemistry of Sichuan Institutes of Higher Education, Sichuan University of Science & Engineering, Xueyuan Street 180, Huixing Road,
Zigong 643000, Sichuan Province, P.R. China

*China People's Armed Police Officer Academy, Chengdu 610041, Sichuan Province, PR. China

*Corresponding authors: Tel: +86 831 5505601; E-mail: pharmaceutics @ 163.com; ding123 @sina.com

Received: 7 April 2015; Accepted: 22 May 2015; Published online: 29 August 2015; AJC-17464

| Ageratina adenophora is an invasive plant and has brought huge harm to the social economy and ecological balance. Recent years, in
order to reduce harm of A. adenophora and turn waste to treasure, research has been carried out to discover the useful aspect of it.

| Interestingly, many secondary metabolites from it exhibit important pharmacological effects and make it a potential resource for treating

| diseases. In present paper, the chemistry, pharmacological activities and component analysis of A. adenophora during the period 1981- |

| 2013 are reviewed. |

| |
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INTRODUCTION

Ageratina adenophora Spreng belongs to the family
Compositae. It is a native species of Mexico and Costa Rica
and now is a common weed in many parts of the world. Due
to the high reproductive ability, the invasive plant spreads
rapidly and inhibits the growth of other plants. It caused severe
problems in cultured areas and forests. In order to reduce the
harm and turn the waste to treasure, scientists have studied on
various aspects of it and great progress has been made, espe-
cially on the medicinal use of it. As shown in the Chemical
Abstract, the number of the research literature related to A.
adenophora has been increasing year by year.

Study of A. adenophora began in the early of 1970s. During
the past years, more than 90 ingredients were systematically
studied after separation and purification, including monoter-
penoids, sesquiterpenoids, triterpenoids, steroids, flavonoids,
phenolic derivatives, efc. Among them, several new molecular
skeleton of sesquiterpenes and phenolic derivatives were
discovered. Interestingly, scientists found that many secondary
metabolites of A. adenophora exhibited excellent pharma-
cological effects. Compounds isolated from the plant had
numerous activities such as antifeedant activity', antibacterial
or antiviral activity®, antitumor activity®, anti-HIV activity,
antioxidation activity*, treatment of insomnia’. Herein, it has
the potential to be used to treat diseases. The present review

mainly focuses on the chemistry, pharmacological activity and
analysis of A. adenophora.

Chemical constituents from A. adenophora

Monoterpenoids: Monoterpenoids were mainly found in
volatile oil. Total 9 monoterpenoids (compounds 1-9 in Fig. 1)
were separated and characterized. The volatile oil from A.
adenophora is odorous and stimulating. Ding et al.® analyzed
the oil by gas chromatography tandem mass spectrometry (GC-
MS), the main compounds were p-cymene (compound 8) and
bornyl acetate (compound 4). Zhao et al.” isolated and identi-
fied a new monoterpene (compound 9), the structure of which
was established by spectroscopic studies. Compounds 5 and 6
are important oxygenated derivatives of the acyclic monoter-
penoids, compounds 7 and 8 are monocyclic monoterpenoids
with a parent structure of menthane, compounds 1-4 and 9 are
bicyclic monoterpenoids.

Sesquiterpenes: A large number of sesquiterpenes were
separated and identified from A. adenophora (Fig. 2). Cadinane
sesquiterpenoid was found earlier. Bohlmann et al.® had
determined the structure of compound 10, which is a bicyclic
cadinane terpenoid. Along with the intensive investigation of
the chemical constituents, more sesquiterpenes were separated
and characterized. In 1981, from the aerial parts of A. adenophora,
five new sesquiterpenes (the cadinene derivatives 11-15) were
reported by Bohlmann and Gupta’. The structures of 11-15 were
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identified by interpreting the 'H NMR data and spin coupling.
In 1989, a new sesquiterpene (compound 16), which was the
first representative of a new bicyclic sesquiterpene skeleton, was
determined through selective INEPT spectroscopy'®. In 1997,

Weyerstahl et al."' isolated 8 constituents from the flower essential
oil of A. adenophora, including two new (compounds 17, 18) and
three previously isolated (compounds 19-21) sesquiterpenoids.

OH He et al."* discovered a new sesquiterpenoid (compound 22) from

COOCHS; AN | the chloroform extract of A. adenophorum. Wang et al.® fqund
CHO two norsesquiterpenes (compounds 23 and 24) for the first time.

| | In 2008, four new cadinane sesquiterpenes (compounds 25-28)

were extracted and separated from the leaves of A. adenophorum
by He et al."*. Among them, compound 26 was a dimeric cadinane

4 5 6 derivative, while compound 27 was a peroxide cadinane analogue.

Zhao et al.’ isolated and identified two new sesquiterpenoids

(compounds 29 and 30), including a peroxide cadinane analogue.

The existence of the peroxide derivatives implies that the

OH CH, biosynthesis of sesquiterpene peroxides in A. adenophora may

CHg not be a coincidence. Cao et al.? discovered four novel sesquiter-

OH  penes(compounds 31-34) from A. adenophora. Compounds 31,

32, 33 and 34 had the same plane structure with those of 28, 27,

25 and 26, respectively. In 2012, Shi et al.! isolated a new

7 8 9 defensive sesquiterpenoids (compound 35) from leaves of A.
Fig. 1. Chemical structures of monoterpenoids (compounds 1-9) adenophora.
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Fig. 2. Chemical structures of sesquiterpenes (compounds 10-35)
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Diterpenoids: Diterpenoids were seldom reported from
A. adenophora. Until now, only 3 diterpenoids had been
reported (compounds 36-38, Fig. 3)"°. Wang et al.”” separated
and charaterized three diterpenoids from the flowers of A.
adenophora. The diterpenoids had a clerodane-type skeleton
and the possible biodegradation pathway was proposed:

CH>0OH

36 37 38

Fig. 3. Chemical structures of diterpenes (compounds 36-38)

Triterpenoids: Triterpenoids were also found in A.
adenophora (compounds 39-44, Fig. 4). Yang et al.'® isolated
and identified a dammarane-type triterpenoid (compound 39)
from the liposoluble extract of A. adenophora. Triterpenoids
40-44 were collected by Yan et al.".

Steroids: Totally 6 steroids were separated and charac-
terized from the A. adenophora (compounds 45-50, Fig. 5).
According to the report, steroidal compounds and their
derivatives mainly exist in the flower, stem and root of A.
adenophora. Stigmasterol (45), stigmasterol acetate (46) and
octamethylpicen-3-ol (47) were separated from the petroleum
extract of A. adenophora. Compounds 48-50 were reported
by Yan et al.".

40 R=H
41 R=AcO

Flavonoids: Flavonoids were mainly found from the
leaves and the flowers of A. adenophora. Until now, there are
8 flavonoids reported, most of the flavonoids were glucosides.
Li et al." reported the islolation of 5 flavonoids from the aerial
part of A. adenophora, including quercetagetin 7--O-glucoside
(51), 6-methoxykaempferol 7-methyl ether 3-B-O-glucoside
(52), quercetagetin 4’-methyl ether 7-B-O-glucoside (53),
6-hydroxykaempferol-7-B-O-glucoside (54) and 6-methoxy-
genkwanin (55). Ding et al." reported the isolation of two
flavonoids from the flowers of A. adenophora, including 5,4’-
dihydroxy-3,6-dimethoxy-7-O--D-glucopyranoxyflavonone
(56), 5,4’ -dihydroxy-6,7-dimethoxy-3-O-B-D-glucopyranoxy-
flavonone (57) and 3,5,4’-trihydroxy-6,7-dimethoxyflavonone
(58).

Phenolic derivatives: Total 25 phenolic derivatives were
reported from A. adenophora. Weyerstahl et al." isolated 4
phenolic constituents from the flower essential oil of A.
adenophora, including one new compound (compound 59,
Fig. 6) and three previously isolated compounds (60-62).
Zhang et al.” isolated 11 phenolic compounds (63-73) from
the ethanolic extract. Among them, compounds 65-71 and 73
were obtained from A. adenophora for the first time. Zhou
et al.* investigated potential allelochems in the roots of the
invasive plant A. adenophora and isolated seven new phenolic
derivatives (compounds 74-80). A novel qunic acid derivative,
compound 81 together with three know ones (compounds 82-
84), were isolated from the aerial parts of A. adenophora by
Zhang et al.*.

Other compounds: Other compounds, such as fatty
alcohols, anhydride and ketones, were also reported. Coumarin-
umbelliferone (85) and dotriacontanol (86) were separated and

43 44

42 R=OOCH2OCH2(CH2)]3CH3
Fig. 4. Chemical structures of triterpenoids (compounds 39-44)
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Fig. 5. Chemical structures of sterols (compounds 45-50)
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Fig. 6. Chemical structures of sterols (compounds 59-84)

characterized from the aerial part of A. adenophora by Li
et al."®. Tritriacontan-17-one (87) and nonatetracontan-25-one
(88) were isolated and identified from the liposoluble parts of
A. adenophora'®. Succinic anhydride (89) was reported from
the flowers of A. adenophora®.

Pharmacological activity

Antibacterial activity: Recent studies' indicated that the
chemical constituent from A. adenophora has the antibacterial
activity. The polysaccharide from A. adenophora has inhibitory
activity against Bacillus subtilis, Staphylococcus aureus,
Escherichia coli, etc.”. Bioactive quinic acid derivatives from
A. adenophora showed in vitro antibacterial activity toward
five assayed bacterial strains, especially macranthoin F and
macranthoin G. 5-O-trans-o-coumaroylquinic acid methyl
ester (compound 81), which showed in vitro antibacterial
activity against Salmonella enterica, was further found to
display in vitro antifungal activity against spore germination

of Magnaporthe grisea™. The essential oil of A. adenophora has
the antibacterial activity against Arthrobacter protophormiae,
Escherichia coli, Micrococcus luteus, Rhodococcus rhodochrous
and Staphylococcus aureus. The antibacterial mechanism may
involve in affecting cell membrane integrity, protein and
nucleic acid synthesis™. Subba and Kandel* reported that the
essential oil of A. adenophora had significant antibacterial
activity against both Gram-positive (Klebsiella pneumoniae
and Staphylococcus aureus) and Gram-negative (Escherichia
coli and Proteus vulgaris) bacteria.

Antifungal activity: The experiment for pathogen
inhibition by Tian et al.* showed that volatile oil from A.
adenophora had certain effect against four fungal, including
Fusarium oxysporum, Botrytis cinerea, Cercospora personata
and Gibberlla saubinetii. The inhibitory effect against Botrytis
cinerea was the highest”. The bioactive constituents of A.
adenophora were also investigated for antifungal activity.
A structure-antifungal activity relationship of cadinene
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sesquiterpenes was predicted by evaluating individual
derivatives. Antifungal evaluation of these compounds against
pathogenic fungi was found to be selective. The cadinan-3-
ene-2,7-dione was highly inhibitory towards S. rolfsii and R.
solani. Availability of the plant material and significant anti-
fungal activity make the plant a potential source of antifungal
agent and it can be exploited for the development of a natural
fungicide®.

Antitumor activity: Some of the chemical constituents
from A. adenophora exhibited antitumor activity. Cao et al.’
reported that Eupatorium adenophorum H (compound 31),
which is a sesquiterpene from A. adenophora, exhibited good
inhibiting effect on human colon cancer cell line HCT-8,
human liver cancer cell line Bel-7402 and human ovary cancer
cell line A2780. The results indicated that Eupatorium adeno-
phorum H has the potential to be used for developing new
anticancer drugs.

Anti-HIV activity: By applying principal component
analysis on the trace element of A. adenophora, Liu et al.”’
singled out three equations and found the effect of trace elements
on main components. The results showed that A. adenophora
had the activity of anti-HIV.

Antioxidant activity: The chemical constituents from A.
adenophora were evaluated for the antioxidant activity. The
result showed that polysaccharides from A. adenophora had
the effect of antioxidant, especially in marked inhibition of
the production of lipid peroxides in normal liver homogenate
of mice*. The antioxidant activities of the oil and cadinenes
were also evaluated using 2,2-diphenyl-1-picrylhydrazyl and
the ferric reducing ability assay, together with 3 antioxidant
standards (ascorbic acid, tert-butyl-4-hydroxy toluene and
gallic acid). The essential oil and the cadinene sesquiterpene-
rich extract of A. adenophora had exhibited potential
antioxidant activities®. In the mean time, Vasanthi ez al.” also
reported that the oil form A. adenophora showed good anti-
oxidant acitivity by ferrous reducing antioxidant power assay.

Treatment of insomnia: Zhu and Wang’ discovered that
the extract of A. adenophora had tranquilizing and hypnotic
effects and could be used for the treatment of neurasthenia and
insomnia.

Hepatotoxicity: Some chemical constituents from A.
adenophora showed hepatotoxicity. Isolation of a compound
9-0x0-10,11-dehydroagerophorone from A. adenophora caused
hepatotoxicity in mice and chronic pulmonary disease in
horses™. Kaushal et al.*' reported that hepatotoxicity in rat
induced by partially purified toxins from A. adenophora leaf
powder and the methanolic extract. Histopathology of the livers
from these animals revealed dilated bile ducts and proliferative
changes. Hepatocytes around the bile ducts showed necrotic
changes. On the other hand, Fu and Fu* reported that the
combination of A. adenophora and other Chinese medicine
could treat chronic active hepatits and early cirrhosis. The above
studies indicated that we should pay attention to the hepato-
toxicity of the plant. We’d better remove the toxins before we
use it to treat diseases.

Insecticial activity: Wang et al.”* separated and purified
an active aphid-killing substance (Eupation A, compound 51)
from the chloroform extract of A. adenophora. Its mechanism

might be that it inhibited the activity of AChE of the cotton
aphids in vitro and in vivo. Eupatorin A was also found to be
able to inhibit the activity of Na-K-ATPase of cotton aphids
both in vitro and in vivo™. The zelan C (compound 22) can
prevent and kill Helicoverpa armigera and Spodoptera exigua
and can inhibit Cercospora arachidicola, Botrytis cinerea and
Fusarium™®. The study by Wu et al.*® found that the homicidal
poisoning effect of crude extract of A. adenophora on Myzus
persicae was significant.

Insect antifeedant activity: A. adenophora had been
phytochemically investigated for the defensive chemical
substances in its leaves. The active sesquiterpenoids were
isolated and identified and they exhibited the antifeedant
activities against two generalist plant-feeding insects, including
Helicoverpa armigera and Spodoptera exigua'. Eupatorium
adenophorum lactone, which is bitter and has special herbal
odor, had a stimulative effect on the animal and insect gastic
mucosa. Tannins had a stimulating effect on the stomach. These
findings suggested a defensive role of sesquiterpenoids in A.
adenophora against herbivores. Clavulanic alcohol had
antifeedant effect on pierisrapae larvae®. At the same time,
sesquiterpenes had anthelmintic, insecticidal effect, o.-pinene
and B-pinene from the oil of A. adenophora had killing effect
on body lice and scabies mite'”.

Qualitative and quantitative analysis of A. adenophora

Analysis of the root and stems of A. adenophora: The
chemical components of the extract from roots and stems of
A. adenophora were studied by the system preliminary experi-
ments. The research showed that the chemical components
probably included sugar, polysaccharide, anthraquinone,
flavonoids, coumarin, lactones, but no alkaloids, saponins,
protein or cardiac glycosides®. Using the component analysis
method, 10 components in the stem of A. adenophora were
determined. The study showed that the contents of stem
included 10.00-11.60 % moisture content, 3.54 % ash content,
28.25 % cold water extractive, 32.40 % warm water extractive,
12.50 % benzene-alcohol extractive, 52.40 % NaOH extractive,
17.80 % acid-insoluble lignin, 13.14 % pentosan, 51.81 %
holocellulose and 26.45 % cellulose. The stem of A. adenophora
shared similar chemical component constitution with pine tree
and maize stem™,

Analysis of the leaves of A. adenophora: Zhang et al.”
analyzed the volatile compounds from the leaves of A.
adenophora by GC-MS. The component identified included
a-phellandrene, camphene, p-cymene, 2-carene, O.-pinene,
limonene, etc. Kundu et al.*® analyzed the essential oil obtained
from the leaves of A. adenophora using GC-MS. Twenty six
essential oil constituents comprising sesquiterpenes and mono-
terpenes were identified. y-Cadinene was the most abundant
followed by germacrene-D and y-elemene. Ji et al.*’ reported
the result of GC-MS of the essential oils from the invasive
plants. Total 78 compounds were identified, monoterpenes and
sesquiterpenes were found to be the major components.

Analysis of the flower and fruit of A. adenophora: The
flower essential oils of A. adenophora from North Indian origin
were analyzed. The results indicated that it consists of 66 %
of monoterpenes and 28 % of sesquiterpenes. Sixty-four consti-
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tuents were identified by GC-MS. Amorphene derivatives
(10 %), which were significant for A. adenophora, were main
constituents of the sesquiterpenes part'!. Vasanthi et al.*
analyzed the essential oil from flowers of A. adenophora using
gas chromatography. Twenty five compounds, which accounted
for 91.3 % of the oils, were identified. The essential oil was
dominated by sesquiterpenoids (81.90 %) represented by
sesquiterpene hydrocarbons (36.50 %) and oxygenated
sesquiterpenoids (45.4 %). The major compounds are copaen
(19.72 %), a-bisabolol (9.8 %), etc. The chemical constituents
of essential oil in fruits of A. adenophora were investigated
by GC-MS with capillary column. Sixty eight contents were
identified, the major chemical constituents of essential oil in
fruits of A. adenophora were terpenes*.

Conclusion

In the face of serious harm of A. adenophora, the artificial
excavation, chemical control is not enough, we must take
comprehensive prevention and control measures. In recent
years, over a hundred kinds of chemical constituents of A.
adenophora have been discovered by scientists through
continued efforts and the medicinal value of A. adenophora
has been gradually found. The medical use and new drug
development from A. adenophora will gradually become a
hot research field in the future for period of time. Through the
study of all aspects of the A. adenophora, we can make full
use of it and find the value where it exist.
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