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Abstract

Eupatorium adenophorum Spreng belonging to the family Asteraceae have traditionally been used as
folklore medicine across the world. In traditional system of medicine, it is regarded as anti-
inflammatory, antimicrobial, antiseptic, analgesic, antipyretic, blood and coagulant. The present review
summarizes the updated information concerning the ethnomedicinal, phytochemical, pharmacological
and toxicological aspects of E. adenophorum. A thorough bibliographic investigation was carried out by
analyzing worldwide accepted scientific data base (Pub Med, Google Scholar, Scopus SciFinder, and
Web of Science), thesis, recognized books and other accessible literature from 1980 to 2017. The
phytochemical and pharmacological studies demonstrated that E. adenophorum possess a wide
spectrum of pharmacological activities, such as anti-inflammatory, analgesic, antipyretic, antioxidant,
antibacterial, antifungal, antitumor, antioxidant, antiseptic and cytotoxic activities which could be
attributed to the presence of array of phytochemicals of various groups including terpenoids,
phytosterols, alkaloids, flavonoids, phenolic acids, coumarins, phenylpropanoids, sesquiterpene lactones,
polysaccharides, and essential oil. Modern phytochemical and pharmacological studies have led to the
isolation and characterization of a number of bioactive compounds from different parts of the plant as
well as validation of its traditional medicinal uses. However, certain known toxic effects of E.
adenophorum demand a thorough study of long-term toxicity and other toxicological aspects.
Furthermore, the relationship of molecular structures of compounds of E. adenophorum with its various
pharmacological activities needs further study and confirmation.
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Introduction
Medicinal plants are indispensable natural resource
constituting one of the potential sources of bioactive chemical
entities for drug development [1]. Traditional medicinal uses of
plants offer valuable clue to such drug development. It is
estimated that about 60% of the world population and 80% of
the population of developing countries rely on traditional
medicine for their primary health care needs [2]. Medicinal
plants satisfy the need of millions of ethnic and indigenous
people living in tribal and rural sector of India. According to
the report of the Ministry of Environments and Forest and
Climate Change (MOEF&CC), Government of India, tribal
communities in India use over 10,000 wild plants for primary
health care [3,4], In recent years, despite incredible
development in allopathic medicine, majority of people
throughout the globe are opting for herbal healthcare system
owing to their efficacy, safety and lesser side effects; as such,
herbal medicines are gaining polarity and acceptance than ever
before [4]. Medicinal plants related ethno medicinal knowledge

has been an important guiding principle for research in the area
of new drug development [5]. Persistent research on plants
involves a persistent search for new phytochemical molecules
with specific pharmacological efficacy and that are non-toxic
and efficacious in controlling human diseases. In this respect,
various species of Eupatorium hold great potential for in-depth
investigation with scientific confirmation of their therapeutic
properties thus making them potential sources of safer and
more effective treatments.

Eupatorium: The Genus
The genus Eupatorium belongs to the tribe Eupatorieae, the
largest among the 13 tribes in the family Asteraceae
comprising nearly 1200 species distributed in the tropical,
subtropical and temperate regions of America, Europe, Africa
and Asia [6]. Plants of the genus are mostly perennial herbs,
but a few are annuals, and some of the tropical species are
shrubby or treelike typically bearing large clusters of purplish,
pink, blue, or white flowers. Many species of the genus are
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considered as ornamental; a number of species however, are
used in traditional medicine as a remedy to various diseases of
humans, animals and plants [7-10]. Considerable
phytochemical studies have been done in Eupatorium spp., and
altogether more than 300 chemical compounds have been
reported from the genus including flavonoids, terpenoids,
pyrrolizidine alkaloids, phenylpropanoids, quinonoids,
phytosterols and sesquiterpene lactones, essential oils, and
some others [11]. Studies have shown that Eupatorium and its
active principles possess a wide range of pharmacological
activities, such as cytotoxic, antifungal, insecticidal,
antibacterial, anti-inflammatory, and antinociceptive activities
[12]. Essential oils obtained from Eupatorium spp. have
deterrent impact on insects and lethal effect at the larval stage
in the vector mosquito A. aegypti. It has been used as feedstock
for the production of petroleum substitutes [13]. Eupatorium
essential oils have been used for aromatherapy in alternative
and complementary medicine.

Eupatorium adenophorum
Eupatorium adenophorum Spreng (syn. Ageratina adenophora
(Spreng) R.M. King & H. Rob.) commonly known as Crofton
weed, Eupatory, Sticky snakeroot, White thoroughwort and
Mexican devil is an erect perennial herbaceous shrub growing
1-2 m (3.3 or 6.6 ft.) tall but occasionally reaching up to 3 m
high [14,15]. Many upright stems are emerged from the woody
rootstock of the plant. When young, its branched stems are
green, reddish or purplish coloured and densely covered in
sticky hairs whereas they become slightly woody and turn
brownish-green or brown in colour at maturity [14]. Its roots
are yellowish in colour and when broken or damaged emit a
distinct carrot-like smell [15]. The leaves are oppositely
arranged along the stems and are borne on stalks (petioles) that
are 6-10 cm (2.4-3.9 in) long by 3-6 cm (1.2-2.4 in) in width
[14]. The broad leaf blades are trowel-shaped, diamond-shaped
(rhomboid), or triangular with bluntly or sharply toothed
margins and sharply pointed and mostly glabrous tips while
their stalks are often glandular pubescent [14]. The small
compound flowers are clustered at the end of branches and
blossom in late spring and summer. The small creamy white
flower-head (capitula) consist of several tiny flowers (tubular
florets) surrounded by two rows of greenish bracts and
arranged in clusters at the tips of the branches. The tiny tubular
florets (35 mm long) are white and contain both male and
female flower parts (they are bisexual) [14,15]. Seeds (12 mm
long and 0.3-0.5 mm wide) are slender, reddish-brown or
blackish-brown in colour, and slightly curved having 4-5 five
slight ribs which run longitudinally. Their bodies are glabrous
topped with a ring (pappus) of numerous whitish hairs (34 mm
long), which are readily shed [16]. E. adenophorum grows as
weed in many parts of the world. It is a weed of roadsides,
railways, pastures, fence lines, disturbed sites, waste areas and
riparian zones in subtropical and warmer temperate regions and
also found usually in urban open spaces, open woodlands,
forest margins and rainforest clearings [17,18].

Distribution
E. adenophorum is native to Mexico and Costa Rica, Central
America but has naturalized in many other parts of the world
as an introduced species such as Europe, Oceania and Asia
[19]. Initially, it been has grown as an ornamental plant, but
rapidly become invasive into farmland and bush land
worldwide. It was first inadvertently introduced to Yunnan
around 1940 from the China-Burma border and then spread
towards East and North covering Sichuan, Guizhou, Guangxi
and Tibet Provinces of China [20,21]. Its rapid spread is due in
part to its allelopathic competition with other plant species
[22]. It is also a weed in Australia, where it was introduced to
Sydney in 1904. It has spread along the coastline of New South
Wales and southern Queensland [23]. It has also spread in
Hawaii and the mainland United States, where it is recognised
as a weed in ten states of the South and Southwest. It is rated a
Class 4 Noxious Weed under the NSW Noxious Weeds Act of
1993 [24]. It is known as an invasive species in many tropical
and subtropical countries and is almost naturalised in south-
western USA, southern Europe, Australia, New Zealand, South
Africa, Spain, India, Philippine, Malaysia, Singapore,
Indonesia, Papua, New Guinea, Thailand, Burma, Vietnam,
Nepal, Pakistan, China, Pacific Islands and the Canary Islands
[25,26].

Ethanomedicinal Significance
Various species of Eupatorium have been used in the
traditional system of medicine across the world. E.
adenophorum is accredited for diverse medicinal properties
and finds therapeutic applications in traditional medicines as
antimicrobial, antiseptic, blood coagulant, analgesic,
antipyretic and phenobarbitone induced sleep enhancer
[22,27,28]. The whole plant leaves and shoots have
traditionally been used as folklore medicines in different parts
of the world. The leaf juice is used to stop bleeding of cut and
wounds, forming clots. Root juice is prescribed to treat fever.
Pure juice of the leaf is poured in the eye to treat insomnia. A
decoction of the plant has been recommended to treat jaundice
and ulcers [18,29]. Conventionally, decoction of leaves has
been applied on cut wounds to abate bleeding and used against
infection of gum and tooth ache [30]. A decoction of leaves is
given to cure stomach-ache among the tribal people of
Meghalaya and Nagaland states of India [31]. Local populace
of Kurseong and Darjeeling hill region in the Eastern
Himalayas, use leaves of the plant for remedial purposes
against oral and skin sores. Traditional practitioners of
Darjeeling Himalaya prescribe the young leaves and shoots of
the plant against dysentery [32]. In Nainital of Kumaun region
of Uttarakhand state in India, leaf juice is used in blood
clotting. In Garhwal region of the state, leaf paste is applied on
cuts and wounds and paste mixed with mustard oil is useful for
ulcer. In Nepal, the leaf juice is used as an antiseptic to treat
cuts and wounds [33]. In Nigerian traditional medicine, it is
used to treat fever, diabetes, and inflammation [34]. In India,
leaves of the plants are pharmacologically regarded as
astringent, thermogenic and stimulant and used in folk
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medicine for its antimicrobial, antiseptic, blood coagulating,
analgesic, and antipyretic properties [35].

Phytochemistry
The genus Eupatorium in general and E. adenophorum in
particular has been extensively investigated for its
phytochemical constituents. Structurally diverse chemicals
including (mono-, sesqui-, di-, and tri-) terpenoids,
phenylpropanoids, polysaccharides, flavonoids, phenolic acids,
coumarins, sterols and alkaloids have been reported from
different parts of the plant [36-45], some of which were shown
to possess allelopathic [46,47], phytotoxic [48] and anti-
feedant [42] activities. Sesquiterpenes including chlorogenic
acid (5-O-caffeoylquinic acid, 5-CQA) (1) is one of the major
bioactive compounds found abundantly in leaves of E.
adenophorum. Neochlorogenic acid (3-O-caffeoylquinic acid,
3-CQA) (2) and cryptochlorogenic acid (4-O-caffeoylquinic
acid, 4-CQA) (3) also found in leaves of the plant [45]; In
addition, 2-deoxo-2-(acetyloxy)-9-oxoageraphorone (DAOA)
(4), 9-oxo-agerophorone (OA) (5) and 9-oxo-10, 11-dehydro-
agerophorone (ODA, Euptox A) (6) are also found in leaves
[49]. Xu et al. isolated compounds namely n-dotriacontane, β-
sitosterol, stigmasterol, taraxasteryl palmitate, taraxasteryl
acetate from the plant [50]. Ding et al. isolated a new
sesquiterpenene lactone, eupqtoranolide and 11 known
compounds from the flowers [51]. He et al. isolated four new
cadinane sesquiterpenes, including a dimeric cadinane
derivative and a peroxide cadinane analogue, from the leaves
of E. adenophorum which characterized as (+)-(5R, 7S, 9R,
10S)-2-oxocadinan-3, 6 (11)-dien-12, 7-olide (7), (+)-7, 7′-bis
((5R, 7R, 9R, 10S)-2-oxocadinan-3, 6 (11)-dien-12, 7-olide)
(8), (+)-(5R, 7S, 9R, 10S)-7-hydroxy-7, 12-epidioxycadinan-3,
6 (11)-dien-2-one (9) and (-)-(5R, 6R, 7S, 9R, 10S)-cadinan-3-
ene-6, 7-diol (10) [38]. Zhao et al. isolated and characterized
terpenoid constituents including a new monoterpene, (-)-(1R*,
2S*, 4R*, 5S*)-3, 3-dimethyl-5-hydroxybicyclo (2,2,1) hept-2-
ylmethanol (11), two new cadinene sesquiterpenes namely, (-)-
(5S*, 6S*, 7S*, 9R*, 10S*)-7-hydroxy-5, 7-
epidioxycadinan-3-ene-2-one (12) and (+)-(5S*, 6R*, 9R*,
10S*)-5, 6-dihydroxycadinan-3-ene-2, 7-dione (13), and eight
known terpene compounds [47]. Furthermore, cadinene
derivatives such as 7-hydroxycadinan-3-ene-2-one (14) [52],
5,6-dihydroxycadinan-3-ene-2, 7-dione (15) [47], 2-acetyl-
cadinan-3, 6-diene-7-one (16) [22], cadinan-3-ene-2, 7-dione
(17), cadinan-3, 6-diene-2, 7-dione (18) [53] and stigmasterol
(19) [54] were isolated from hexane and ethylacetate
concentrates of leaves and characterized spectroscopically
[55]. A novel quinic acid derivative, 5-O-trans-o-
coumaroylquinic acid methyl ester (20), together with
chlorogenic acid methyl ester (21), macranthoin F (22) and
macranthoin G (23) were isolated from the aerial parts of the
plant [56]. Molecular structures of chemical compounds
isolated and characterized from different parts of the E.
adenophorum are depicted in Figure 1.

Figure 1. Chemical constituents of E. adenophorum.

Essential oils of Eupatorium are richer in sesquiterpenes than
in monoterpene compounds. Analysis of the light yellow
coloured essential oil from aerial part of E. adenophorum
showed the presence 45 components and the major compound
was found to be torreyol (16.8%) 2-pentanone (7.71%),
germacrene (7.49%), bornyl acetate (7.51%), 1-α-bisabolene
(6.82%), δ-cadinene (6.4%), α-bisabolol (5.1%) [57]. However,
remarkable difference has been recorded in the nature and
relative content of different constituents of essential oils
obtained from plants of different origins. Pala-Paul et al.
reported major constituents of essential oil from the aerial parts
as p-cymene (11.6%), α-phellandrene (5.7%), γ-curcumene
(5.0%), δ-2-carene (5.0%), camphene (4.8%), and endo-bornyl
acetate (4.4%) [58]. Essential oil from aerial parts of the plants
from of northern India reported to contain amorph-4-en-7-ol
(5.8%-17.7%), bornyl acetate (7.6%-15.9%), p-cymene
(0.1%-16.6%), 3-acetoxyamorpha-4, 7 (11)-dien-8-one
(0.3%-16.3%), α-phellandrene (1.5%-9.6%), camphene
(0.1%-8.9%), α-bisabolol (1.7%-7.8%), α-cadinol
(0.6%-6.2%), and amorph-4, 7 (11)-dien-8-one (3.2%-5.7%)
[59]. Amorphenes (24.0%) including amorph-4-en-7-ol (9.6%),
3-acetoxyamorpha-4, 7 (11)-dien-8-one (7.8%) and amorph-4,
7 (11)-dien-8-one (5.7%) has been identified as the significant
marker constituents of E. adenophorum along with p-cymene
(16.6%), bornyl acetate (15.6%), and camphene (8.9%) [60].
Another sample of aerial parts essential oil from northern India
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found to contain 1-naphthalenol (17.5%), α-bisabolol (9.5%),
bornyl acetate (8.98%), β-bisabolene (6.16%), germacrene-D
(5.74%), α-phellandrene (3.85%) and a di-epi-α-cedrene
(2.98%) [39].

Weyerstahl et al. reported the composition of the essential oil
from flowers of E. adenophorum as α-phellandrene (15.3%),
camphene (12.2%), bornyl acetate (10.6%), p-cymene (8.5%),
γ-curcumene (4.5%) and 2-carene. Essential oil from
inflorescences is dominated by sesquiterpenes (55.9%) with γ-
cadinene (18.4%), γ-muurolene (11.7%), 3-acetoxyamorpha 4,
7 (11) diene-8-one (7.4%) and bornyl acetate (6.3%) as the
major constituents [61]. The oil obtained from the roots
contained both sesquiterpenes (34.3%) and monoterpenes
(32.5%) in almost equal proportions with E-ecosmene (19.9%),
γ-muurolene (10.1%), isothymol (7.5%), β-cadinene (7.0%)
and α-phellandren-8-ol (5.9%) as the major constituents [35].

Pharmacology
E. adenophorum is traditionally known for its diverse
medicinal properties and finds use in traditional medicines.
There are many reports of using the whole plant, leaves and
shoots of E. adenophorum as folklore medicines in different
parts of the world. In Indian System of Medicine, leaves of the
plants are pharmacologically regarded as astringent,
antimicrobial, antiseptic, wound healer, analgesic, antipyretic,
thermogenic and stimulant [62]. The aerial parts of the plants
are claimed to be used as antimicrobial, antiseptic, blood
coagulant, and analgesic [29]. Although several traditional uses
of E. adenophorum are recognized, however, a scientific
validity and supporting evidence is a pre-requisite for
commercial exploitation. Some of the folklore medicinal
claims have been scientifically validated for antiiflammatory
[63], analgesic [64], antipyretic [65], antioxidant [66-68], anti-
tumour [69], cytotoxic [70], antibacterial [71] antifungal,
molluscicide potential and insecticidal, [72] activities. A brief
description of different pharmacological activities investigated
so far is presented hereunder.

Anti-Inflammatory Activity
Ethanolic leaf extract of E. adenophorum exerts anti-
inflammatory activity, likely through inhibition of IL1β, COX2
genes and quenching reactive oxygen species (ROS) such as
hydroxyl radical. Intravenous administration of the leaf extract
increased the number of CD4 T cells in spleen and tumour
necrosis factor (TNF)-α, an established proinflammatory
cytokine in serum of delayed DTH mice. The extract also
induces TGFβ encoding a cytokine involved in tissue repair
mechanism and inhibits expression of another proinflammatory
cytokine gene IL1β and down-regulates cycloxygenase 2
(COX2) genes responsible for metabolism of inflammatory
mediators like prostaglandins. Furthermore, anti-inflammatory
role of ethanolic extract of leaves is also revealed through its
property to inhibit hydroxyl radical generation. The ethanolic
leaf extract of E. adenophorum has found to suppress
efficiently the inflammatory reaction set in foot paw by
injecting two different doses of 2, 4DNFB. The topical

application of the extract found to be more effective in
inhibition of foot paw swelling and gaining normalcy faster
than its intravenous administration [63].

Analgesic Activity
The methanol extract of E. adenophorum leaves showed
significant analgesic activity as compared to standard drugs
diclofenac sodium and pentazocine in acetic acid-induced
writhing test, tail immersion test and tail flick test models. The
leaf extract significantly increased the required induction time
to produce the writhing movements and demonstrated
significant analgesic activity in tail flick and tail immersion
tests respectively. Under acetic acid induced writhing reflex
model of analgesic activity, the number of writhing movements
were significantly less in the mice treated with the methanol
extracts of leaves when compared to that of vehicle treated
control group thereby suggesting it’s both peripheral and
central analgesic effect [64].

Antipyretic Activity
The anti-pyretic effect of methanol extract of E. adenophorum
leaves on yeast induced pyrexia at the doses of 300 and 400
mg/kg body weight showed decreased yeast incited rise in
body temperature of rats. The standard drug paracetamol
significantly reduced the yeast-provoked elevation of body
temperature at a dose of 150 mg/kg. The result suggested a
significant antipyretic effect methanol extract of leaves in rats
comparable to that of paracetamol (standard drug). The
bioactive constituents like triterpenoids, β-sitosterol known to
have antipyretic effect might be responsible for the antipyretic
efficacy of the plant [65]. The aqueous extract of leaves
reported to exhibit significant antipyretic activity in the dosage
of 300, 400 and 500 mg/kg body weight as compared to
standard drug paracetamol [73]. This validated the tradition
medicinal claim on antipyretic efficacy of the plant [35].

Antioxidant Activity
The ability of ethanolic extract of E. adenophorum leaves in
quenching the generation of hydroxyl radical has been tested
and found effectual [63]. The quinic acid derivative including
5-O-trans-o-coumaroylquinic acid methyl ester, chlorogenic
acid methyl ester, macranthoin F and macranthoin G isolated
from the aerial parts of the plant were tested for their
antioxidant activity against DPPH (1, 1-diphenyl-2-
picrylhydrazyl) radical and found effective [56]. The essential
oil and cadinenes from leaves of the plant were evaluated for
antioxidant activities using 2, 2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging protocol and the ferric reducing
ability assay (FRAP) which showed antioxidant activity
comparable with the standards i.e. ascorbic acid, tert-butyl-4-
hydroxy toluene (BHT), and gallic acid, thus suggesting their
potent antioxidant activities [66]. E. adenophorum oil further
tested by DPPH and β-carotene bleaching methods showed
potent antioxidant activity with IC50 values were 8.3 and
4.2 µl, respectively suggesting it to be a potent antioxidant
agent [67]. Another study reported that oral administration of

Tripathi/Saini/Anjum/Verma

28 Asian J Biomed Pharmaceut Sci 2018 Volume 8 Issue 66



E. adenophorum leaf extract causing oxidative stress in mice
by reducing the activities of antioxidant enzymes such
superoxide dismutase (SOD), catalase (CAT) and reduced
glutathione (GSH) and marked increase in lipid peroxidation
(LPO as compared to control suggesting that its oral
administration for medicinal purposes without proper dosing
could be potentially toxic to higher animals [68].

Wound Healing Activity
Wound healing potential of E. adenophorum (A. adenophora)
ethanolic extract formulated as gel was estimated by excision
and incision wound models. Ethanolic extract gel showed
highly significant activity as compared to pure gel control. The
plant exhibited moderately significant wound healing potential
in both excision as well as incision wounds as evident from the
tensile strength, epithelialization time and wound index data.
The plant showed strongly significant (p<0.01) wound healing
potential in excision as 90.98% wound contraction and 36.16%
reduction in epithelialization time. In incision model,
significant increase (37.86%) in tensile strength was recorded
as compared to pure gel control. Wound index data clearly
showed that quality of healing was much better in plant extract
treated animals as compared to pure gel control [74].

Antibacterial Activity
Leaves and stems extracts of E. adenophorum reported to
exhibit antibacterial effect towards Proteus spp., Salmonella
spp., Staphylococcus spp., Bacillus subtilis, B. thurengiensis,
Enterobacter aerogenes, Salmonella paratyphi, Staphylococcus
aureus, B. cereus, Proteus mirabilis; and water solvent extract
showed antibacterial effect towards Peudomonas aeruginosa,
E. coli, S. aureus, Staphylococcus spp., Citrobacter frundii,
Proteus spp., Bacillus subtilis, Enterobacter aerogenes,
Salmonella spp., Salmonella paratyphi, Bacillus thurengensis
[75]. Essential oil from aerial parts exhibited antibacterial
activity against Arthrobacter protophormiae, Escherichia coli,
Micrococcus luteus, Rhodococcus rhodochrous, and
Staphylococcus aureus [39]. Arvind et al. reported the
antibacterial activity of petroleum ether extract of E.
adenophorum leaves against Bacillus subtilis, Bacillus cereus,
Staphylococcus aureus, Escherichia coli, Klebsiella aerogenes
and Pseudomonas aeruginosa [76]. In another study, the
essential oil showed significant antibacterial activity against
both gram positive (Klebsiella pneumoniae and Staphylococcus
aureus) and gram negative (Escherichia coli and Proteus
vulgaris) bacteria. However, gram-positive bacterial strains
showed greater susceptibility than gram-negative bacteria
suggesting that the essential oil is more active against gram-
positive bacteria [57]. The bioactive compounds 5-O-trans-o-
coumaroylquinic acid methyl ester, chlorogenic acid methyl
ester, macranthoin F and macranthoin G isolated from the
aerial parts of E. adenophorum showed in vitro antibacterial
activity toward bacterial strains, Salmonella enterica with MIC
values of 7.4 and 14.7 μM, respectively [56]. The inflorescence
oil showed higher antibacterial activity against Klebsiella

pneumoniae, while the root oil was more effective against
Staphylococcus aureus [35].

Antifungal Activity
Extracts of E. adenophorum leaves and stems have been
reported to inhibit fungal strains including Fusarium
moniliformae, F. eroliferum, F. proliferatum and F. oxysporum
[75]. Tian et al. found that the volatile oil extracted from E.
adenophorum inhibited four types of fungal pathogens [77].
Petroleum ether extract of E. adenophorum leaves showed
antifungal activity against Aspergilus niger, Aspergilus
candidus and Candida albicans [76]. Compound 5-O-trans-o-
coumaroylquinic acid methyl ester further found to display in
vitro anti-fungal activity against spore germination of
Magnaporthe grisea with an IC50 value 542.3 μM [56].
Antifungal activity of cadinene sesquiterpenes including
cadinan-3-ene-2, 7-dione, 7-hydroxycadinan-3-ene-2-one, 5, 6-
dihydroxycadinan-3-ene-2, 7-dione, cadinan-3, 6-diene-2, 7-
dione and 2-acetyl-cadinan-3, 6-diene-7-one isolated from
leaves of the plant were evaluated against four
phytopathogenic fungi. These compounds were found to be
selective against pathogenic fungi and the compound
cadinan-3-ene-2, 7-dione showed the highest inhibitory action
towards S. rolfsii (ED50 181.60 ± 0.58 μg/mL) and R. solani
(ED50 189.74 ± 1.03 μg/mL) thus indicating significant
antifungal activity of the plant [78]. Ahluwalia et al. analyzed
the antifungal action of the essential oil of E. adenophorum
against the pathogenic fungi, Sclerotium rolfsii, Macrophomina
phaseolina, Rhizoctonia solani, Pythium debaryanum and
Fusarium oxysporum. Among the five fungal strains tested,
strongest inhibitory activity was found against S. rolfsii [35]. In
another study, the essential oil from aerial parts exhibited
moderate antifungal activity against Fusarium oxysporum by
disk diffusion method [79].

Antitumour Activity
The cadenine sesquiterpene 9-oxo10, 11-dehydroageraphorone
(euptox A) isolated from E. adenophorum was tested for
cytotoxicity to human lung cancer A549 cells, Hela cells and
Hep-2 cells in vitro. The results suggest that euptox A had
significant antitumor activity against the three tumor cell lines
in vitro in a dose-dependent manner. The percent inhibition of
human lung cancer A549 cells, Hela cells and Hep-2 cells were
76.42, 68.30 and 79.05 %, respectively at concentration of 500
µg/mL treatment dose of Euptox A. The 50% inhibitory
concentration (IC50) of euptox A for the three tumour cell lines
were 369, 401 and 427 µg/mL (A549, Hela and Hep-2 cells,
respectively. The results suggest better inhibitory action of
euptox A than the control 5-FU thus proving it to be a low
toxicity antitumor agent [69].

Cytotoxic Activity
In vitro trypanocidal activity of methanol extract of E.
adenophorum leaves against Trypanosoma evansi on Vero cell
line reported to display different cytotoxic effects such as
distortion, swelling, sloughing and death of Vero cells
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compared to negative normal cells in the control ELISA plate
wells [80]. The precise cytotoxicity of E. adenophorum in
relation to the cell cycle and apoptosis of splenocytes in
Saanen goats was studied which demonstrated that the plant
significantly inhibits the growth of splenocytes through G0/
G1phase cell cycle arrest and the induction of apoptosis. E.
adenophorum induced apoptosis and spleen impairment
through the induction of mitochondrial dysfunction in
splenocytes [81]. The cytotoxicity of ethanol extract of E.
adenophorum leaf was tested against human breast
adenocarcinoma cell line (MCF 7), human hepatocarcinoma
cell line (HepG) and human cervix adenocarcinoma cell line
(HeLa) by MTT assay, trypan blue exclusion assay. The leaf
extract was found to inhibit the growth of HeLa cells by ~61%.
An IC value of 32 μg/ml for HeLa cells and 50 μg/ml for HepG
was obtained with the extract [70].

Pharmacology of Bioactive Compounds
E. adenophorum contains several chemical constituents with
bioefficacy. Pharmacological studies on major sesquiterpenes
including chlorogenic acid, neochlorogenic acid and
cryptochlorogenic acid exhibited strong anti-inflammatory
[82], anti-bacterial [83], and anti-obesity properties [84]. A

large number of reports indicate that Euptox A, a cadenine
sesquiterpene from E. adenophorum has wide range of
biological activities such as antitumor [70], neurotrophic
activity [85], larvicidal [86] and antiprotozoal [87] activities.
The essential oil from aerial parts of the plant possesses
insecticidal and antibacterial properties [35,39]. Flavonoids
constituents of the plant have antioxidant and antibacterial
bioactivities [88,89]. Polysaccharide constituents of leaves
reported to have immunomodulatory properties and
prophylactic effect against H5N1 influenza infection [43]. The
main toxin of E. adenophorum, 9-oxo-10, 11-
dehydroageraphorone can cause hepatotoxicity in mice [90]
and rat [91]. Other cadinene sesquiterpenes such as 10Hα-9-
oxo-ageraphorone and 10Hβ-9-oxo-ageraphorone also show
toxicity to mice [92]. Essential oils from inflorescences, leaves,
and roots of the plant have been investigated for their
antimicrobial and antioxidant activities [30]. The oil showed
strong inhibitory effect against bacteria, due to the presence of
constituents such as camphene, p-cymene and α-terpinene,
which has been proved to possess antimicrobial activity [93].
Pharmacological activities of the major bioactive chemical
constituents of E. adenophorum are summarized in Table 1.

Table 1. Pharmacological activity of major bioactive compounds.

Compounds Plant part Pharmacological activity References Nos.

Chlorogenic acid Leaves

Anti-inflammatory [82]

Anti-bacterial [83]

Anti-obesity [84]

Neochlorogenic acid Leaves 

Anti-inflammatory [82]

Anti-bacterial [83]

Anti-obesity [84]

Cryptochlorogenic acid Leaves

Anti-inflammatory [82]

Anti-bacterial [83]

Anti-obesity [84]

5-O-trans-o-coumaroylquinic acid methyl ester Aerial parts Antibacterial, Antioxidant [56]

Chlorogenic acid methyl ester Aerial parts Antibacterial, Antioxidant [56]

Macranthoin F Aerial parts Antibacterial, Antioxidant [56]

Macranthoin G Aerial parts Antibacterial, Antioxidant [56]

Cadinan-3-ene-2, 7-dione Leaves Antifungal [78]

7-hydroxycadinan-3-ene-2-one Leaves Antifungal [78]

5, 6-dihydroxycadinan-3-ene-2, 7-dione Leaves Antifungal [78]

Cadinan-3, 6-diene-2,7-dione Leaves Antifungal [78]

2-acetyl-cadinan-3, 6-diene-7-one Leaves Antifungal [78]

Euptox A (9-oxo10, 11-dehydroageraphorone) Leaves
Antitumor [69]

Anticancer [70]
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Neurotrophic [85]

Larvicidal [86]

Antiprotozoal [87]

Terpenoids Leaves, Aerial parts Antipyretic [65]

Flavonoids Leaves, Aerial parts Antioxidant, Aantibacterial [88,89]

Polysaccharide Leaves Immunomodulatory [43]

Essential oil Leaves

Insecticidal [39]

Antibacterial [35,39,56]

Antifungal [35]

Antioxidant [35,77]

Toxicity
E. adenophorum has been reported to possess pneumotoxic and
hepatotoxic effects in different species of animals.
Consumption of E. adenophorum by horses results in chronic
pulmonary disease in horses mainly in Australia, New Zealand,
and the Himalayas [90,94]. Regular consumption of crofton
weed by horses leads to chronic lung disease, known as
Numinbah Horse Sickness or Tallebudgera Horse Disease in
northern New South Wales and Queensland. However, no toxic
effects were seen in goats with ingestion of plant from Nepal
[95]. Experimental feeding of E. adenophorum plant growing
in north-eastern India to cattle caused anorexia, suspension of
rumination and photosensitization [96]. Methanolic extract of
E. adenophorum leaf samples collected from Mizoram (India)
has also been reported to induce hepatotoxicity in albino mice
[97]. Pathological findings include pulmonary interstitial
fibrosis and alveolar epithelisation. Exposure of mice to feed
containing E. adenophorum freeze-dried leaf powder caused
hepatotoxicity [98]. E. adenophorum leaf samples collected
from Kangra Valley (India) and partially purified extracts from
leaf samples mixed in the diet caused hepatotoxicity and
cholestasis in rats [99,100].

Leaves and flowers of E. adenophorum contain substances
such as butanedioic anhydride and 9-Oxo-10, 11-
dehydroageraphorone (Euptox A) having strong local
stimulation (especially at skin, mucosa and eyes) and even
contact dermatitis [101]. It is proved that Euptox A is also a
liver toxin [91,99], which may lead to icterus, bile duct
hyperplasia and expansion, liver cell necrosis, an obvious
increase of total bilirubin, alkaline phosphatase, aspartate
aminotransferase and alanine aminotransferase. Seeds of the
plant with huge amount of cilium may cause blindness
especially in horses if floats into eyes [94]. The pollen and seed
contain ageraphorone which cause allergic bronchial
pneumonia in horses with the symptoms of acute pulmonary
edema and subsequently cerebral hemorrhage resulting into the
death [36]. The tannin, clavulanic alcohol and lactone can
stimulate the mucosa of animal stomach, affecting the
digestion system.

Conclusion
The interest in phytomedicine has been renewed over the few
last decades and consequently, a number of plant species with
traditional medicinal significance have been phytochemically
and pharmacologically investigated in the quest of effective
and safe herbal remedies. Most species of the genus
Eupatorium are considered as weeds; as a result, very few
plant species of the genus have been scientifically explored.
Several plant species are yet phytochemically unstudied which
might yield products of great therapeutic importance to
humans. In recent years, Eupatorium adenophorum has
received considerable attention and phytochemical and
pharmacological studies of the plant have led to the isolation
and characterization of a number of bioactive compounds as
well as validation of its traditional medicinal uses.
Phytochemical and pharmacological studies of extracts of
different parts of E. adenophorum and compounds isolated
from the plant have received much interest recently. A variety
of bioactive chemical constituents and pharmacological
activities, including anti-inflammatory, analgesic, antipyretic,
antioxidant, antibacterial, antifungal, anticancer, and so on are
presented in this review. Increasing amount of data supports
application and exploitation of E. adenophorum for new drug
development. However, due to certain known toxic effects of
E. adenophorum, oral administration of the plant and its
products without proper dosing should be avoided. Further,
long-term toxicity and other toxicological aspects on E.
adenophorum need to be investigated. The relationship of
molecular structures of the bioactive compounds from E.
adenophorum with its various pharmacological activities needs
further study and confirmation.
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