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Abstract

Ageratum conyzoides L., is an annual herb with a long history of traditional medicinal uses
in many countries in the world, especially in the tropical and subtropical regions. A wide
range of chemical compounds including alkaloids, flavonoids, chromenes, benzofurans and
terpenoids have been isolated from this species. Extracts and metabolites from this plant
have been found to possess pharmacological and insecticidal activities. The comprehensive
account of the chemical constituents and the biological activities are presented in this review
such that the potential use of this plant either in pharmaceutics or as an agricultural
resource can be evaluated. � 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Ageratum is derived from the Greek words ‘a geras’, meaning non-aging, refer-
ring to the longevity of the whole plant. Conyzoides on the other hand is derived

� �from ‘konyz’ the Greek name of Inula helenium which the plant resembles 1 .
Ž .Ageratum conyzoides Fig. 1 belongs to the family Asteraceae tribe Eupatoriae.

This family is well marked in their characteristics and cannot be confused with any
other. A large majority of the plants in the family are herbaceous while trees and
shrubs are comparatively rare. The genus Ageratum consists of approximately 30
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� �species but only a few species have been phytochemically investigated 2 . A.
conyzoides is a tropical plant that is very common in West Africa and some parts of
Asia and South America. It is an annual branching herb which grows to approxi-
mately 1 m in height. The stems and leaves are covered with fine white hairs, the
leaves are ovate and up to 7.5 cm long. The flowers are purple to white, less than 6
mm across and arranged in close terminal inflorescences. The fruits are achene
and are easily dispersed while the seeds are photoblastic and often lost within 12

� �months 3 . The plant grows commonly in the proximity of habitation, thrives in any
garden soil and is very common in waste places and on ruined sites. It has a
peculiar odor likened in Australia to that of a male goat and hence its name ‘goat
weed’ or ‘billy goat weed’.

The toxicity of this plant has not been well studied however, the essential oil
obtained by steam distillation has been reported to have a powerful nauseating

� �odor 4 . The plant has also been found to be poisonous to rabbits due to the
� �presence of HCN and coumarin 5 . A. conyzoides is not eaten by humans except

when taken for medicinal purposes, but in some cultures it is a delicacy for
� � � �domestic guinea-pigs, horses and cattle 6 . It is also used to feed fish 7 .

2. Ethnopharmacology

A. conyzoides has been used in various parts of Africa, Asia and South America
� �for curing various diseases. Githen, in an earlier review 8 listed the uses of the

plant in folk remedies to include, the use as purgative, febrifuge, for opthalmia,
colic, treatment of ulcers and wound dressing. The antienteralgic and the an-
tipyretic properties of the plant were also indicated in a review on ‘Medicinal

� �plants from Senegal’ 9 . In some African countries, the plant has been indicated
for the treatment of mental and infectious diseases as well as headaches and

� � � �dyspnea 10 . In Cameroon, it is a local remedy for craw-craw 5 . The leaves when
crushed in water is given as an emetic and is also applied intravaginally for uterine
troubles. They are used in treatment of pneumonia by rubbing them on the chest

� �of the patient 11 . In addition to its popular use for skin diseases and wound
healing in Nigeria, a decoction of the plant is taken internally to treat diarrhea and

� �to relieve pain associated with navel in children 11 . In Central Africa the plant is
� � Ž .used to treat particularly wounds caused by burns 12 while in Kenya East Africa ,

it is used in traditional medicine for its antiasthmatic, antispasmodic and hae-
� �mostatic effects 13 . In India, it is used in the treatment of leprosy and as an oil

� �lotion for purulent opthalmia 14 . In Brazil folk medicine, medicinal teas of A.
� �conyzoides are used as anti-inflammatory, analgesic and anti-diarrheic 15 and in

Vietnam the plant is particularly used for the treatment of gynecological diseases
� �16 . Other folk remedies include anti-itch, treatment of rheumatism and sleeping
sickness, mouthwash for toothache, antitusive, vermifuge and tonic. It is used as a
prophylactic and as a cure for trachoma in cattle. The nematocidal activity of the

� �plant has been reported 2 .
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Fig. 1. Ageratum conyzoides, Asteraceae � Eupatorieae.
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A. conyzoides also has a number of magical and superstitious attributes. For
example, in Ivory Coast it has protective fetish properties for followers of Snake-Sect
against snakebite. In the western part of Nigeria, it enters into incantations on the
strength of its smell to placate witches and to kill ‘bad medicine’. In Congo the leaf
sap on the hands of card players is believed to improve their luck. If sap is spread
on the accused in a trial and is then pricked with a needle, pain will be felt only if

� �guilty 2 . The whole plant yields volatile oil with strong smell. A number of
biological activities have been attributed to this oil.

3. Phytochemistry

A large percentage of the publications on the phytochemistry has to do with the
essential oil of this plant. The oil content varies randomly from 0.11 to 0.58% for

� �leaves and from 0.03 to 0.18% for the roots depending on times of the year 17 .
From water distillation of the fresh flowers, the oil content was found to be 0.2%
� � � �4 . The yield of oil from the petroleum ether extract of the seed was 26% 18 .

3.1. Mono- and sesquiterpenes

A large number of constituents have been identified from the GC-MS analysis of
the essential oil of A. conyzoides. The largest so far, a total of 51 constituents have
been reported from the analysis of an oil sample of the plant collected from a

� �university environment in Nigeria 19 . The constituents identified include 20
Ž . Ž .monoterpenes 6.4% and 20 sequiterpenes 5.1% . The mono- and the sesquiter-

Ž .penes are obtained in minute quantities trace�0.1% . The monoterpenes obtained
in approximately 1% of the oil include sabinene and �-pinene, 1.6%, �-phel-
landrene, 1,8-cineole and limonene, 2.9%, terpinen-4-ol, 0.6%, and �-terpineol,
0.5%. Ocimene which is found in trace amount in the oil from the Nigerian plant,

� �is found to be 5.3% of the oil from the plant collected in India 20 . �-Pinene 6.6%,
eugenol 4.4% and methyleugenol 1.8% are also obtained from the Indian plant oil.

� �The major sesquiterpenes are �-caryophyllene, 1.9% 19 , 10.5% from the oil
� � � �obtained from Cameroon 21 and 14�17% in Pakistani oil 22 . �-Cadinene is

another sesquiterpene which has been reported to occur in approximately 4.3% of
� �the oil from Indian plants 20 . Sesquiphellandrene and caryophyllene epoxide have

� �also been obtained in 1.2 and 0.5 percentages, respectively 19 .

3.2. Chromene, chromone, benzofuran and coumarin

The most common component of the essential oil of A. conyzoides is 7-methoxy-
Ž . � �2,2-dimethylchromene precocene I 1 . This compound has been obtained in

� � � �percentages ranging from 30 from Vietnamese oil 23 to 93 from Congo oil 17 .
Ž . � �The 6,7-dimethoxy derivative, ageratochromene precocene II 2 has been found

� � � � � � � �in ranges from 0.7% 33 to 55% 23 . Ageratochromene dimer 19 24,25 have



( )A.L. Okunade � Fitoterapia 73 2002 1�16 5

also been reported from the essential oil. Other related compounds obtained from
� � � �the oil include encecalin 6 , 6-vinyl-7-methoxy-2,2-dimethylchromene 7 , dihy-

� � � � � �droencecalin 9 , dihydrodemethoxyencecalin 10 , demethoxyencecalin 11 ,
� � � � Ž .demethylencecalin 12 19 , and 2- 1�-oxo-2�-methylpropyl -2-methyl-6,7-dimetho-

� � � �xychromene 14 26 . The presence of these acetyl chromenes in A. conyzoides is
believed to be of chemotaxonomic significance. It indicates that the genus is
chemically closer to the Ageritanae subtribe as opposed to the Piqueriiae group to

� �which it was previously assigned 19 .
In addition to the chromenes obtained from the oil, seven other chromene

derivatives are isolated from hexane extract of the aerial part of the plant. These
� � � � Ž .are 2,2-dimethylchromene-7-O-�-glucopyranoside 13 28 , 6- 1-methoxyethyl -7-

� � Ž .methoxy-2,2-dimethylchromene 3 , 6- 1-hydroxyethyl -7-methoxy-2,2-dimethylchro-
� � Ž . � �mene 4 , 6- 1-ethoxyethyl -7-methoxy-2,2-dimethylchromene 5 , 6-angeloyloxy-7-

� �methoxy-2,2-dimethylchromene 8 and an inseparable mixture of encecanescins
� � � �20–22 27 .

Ž . � � � �Benzofuran derivatives, 2- 2�-methylethyl -5,6-dimethoxybenzofuran 17 26 ,
� � � � Ž14-hydroxy-2H�,3-dihydroeuparine 18 28 as well as chromone derivatives, 3- 2�-

. � � Žmethylpropyl -2-methyl-6,8-dimethoxychrom-4-one 15 and 2- 2�-methylprop-2�-
. � �enyl -2-methyl-6,7-dimethoxychroman-4-one 16 have also been reported from the

� �plant 26 . The essential oil of A. conyzoides from Brazil has been reported to yield
� �1.24% of coumarin in addition to two other unidentified coumarin derivatives 29 .

3.3. Fla�onoids

A. conyzoides is very rich in polyoxygenated flavonoids. To date a total of 21
polyoxygenated flavonoids have been reported from this species only. This includes

� � � �14 polymethoxylated flavones 23�36 30�37,51 . Noteworthy, are the tricin deriva-
tives, 3�,4�, 5�-oxygenated flavones, which are rare in natural product chemistry but

� �occur in good yields in this plant. These examples include 5�-methoxynobiletin 23
� � � � � � � � � �31,35 , linderoflavone B 34 31 , 5,6,7,3�,4�,5�-hexamethoxyflavone 25 30�32 ,

� � � � � � � �5,6,8,3�,4�,5�-hexamethoxyflavone 27 30 , eupalestin 35 30,32 and several others
� � � �28, 30, 32, 33 30,31 . Conyzorigun originally believed to be a phenoxychromone
� � � �36 was found to be identical with eupalestin 32 . The polyhydroxyflavones include

� �scutellarein-5,6,7,4�-tetrahydroxyflavone 37 , quercetin, quercetin-3-rham-
� � � � � �nopiranoside 37 , kaempferol, kaempferol -3- rhamnopiranoside 38 38 and

� � � � � �kaempferol 3,7-diglucopiranoside 39 38,39 . The isoflavone 40 obtained from
� �the plant was reported by a group of Indian researchers 40 .

3.4. Triterpene and sterols

� � � �The triterpene friedelin 41 and the common sterols-�-sitosterol 42 , stigmas-
� �terol 43 have been isolated from this plant. While the two sterols are major

constituents, other minor sterols have also been isolated. These are brassicasterol
� � � � � � � � � �44 and dihydrobrassicasterol 45 , spinasterol 46 , dihydrospinasterol 47 41�43 .
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3.5. Alkaloids and miscellaneous compounds

� � � � Ž .Lycopsamine 48 and echinatine 49 , two isomeric pyrrolizidine alkaloids PAs ,
are the only alkaloids isolated from this plant. PAs are known to be widely
distributed in Asteraceae and in particular in the tribes Senecioneae and Eupato-

� �rieae 44 .
Ž . � � � �Other compounds isolated from A. conyzoides include � -sesamin 50 27 ,

� � � � � � � � � �aurantiamide acetate 52 45 , fumaric acid, caffeic acid 51 39 , phytol 53 and
� � Ž .hydrocarbons, from nC -H to nC -H 46 . Z 12-6-methyl-heptadecenoic acid27 56 32 66

was obtained from the essential oil and found to show insecticidal and growth
� �regulatory activity against desert locust Schistocera gregaria 47 . The fatty acids

� � � �composition of the seed 48 and amino acids content of the flowers 49 have been
� �analyzed. Vitamins A and B 50 have also been reported from the flowers.

4. Bioactivity

Ž .The biological activities of the plant are treated under two subheadings: a
Ž . Ž .pharmacological Section 4.1 and b insecticidal and other biological properties

Ž .Section 4.2 .

4.1. Pharmacological

4.1.1. Crude extract
The crude extract of the whole plant has been reported to be superior to

� �vaseline gauze as a wound dressing material 51 . It has been found to have
neuromuscular blocking activity in isolated rats phrenic nerve-diaphragm and also
caused greater fall in diastolic pressure compared with that of systolic pressure in

� �anaesthetized rats. It has calcium blocking activity similar to that of Verapamil 52 .
The leaf extract has been used in the treatment of chronic pain in osteoarthrotic

� �patients 53 . Its antimicrobial and anticonvulsant activities have also been demon-
� �strated 12,54 . The methanolic extract of the whole plant also has antimicrobial
� �activity 55 . Aqueous extract of the leaves has been reported to prevent coagula-

tion of the whole blood while causing precipitation of some blood materials.
� �Bleeding time was also decreased in this assay 56 .

� �The analgesic activity of the leaf extract was detected by hot plate method 57 .
The extract decreased spontaneous motor activity and caused a fall in rectal
temperature. In vitro receptor radioligand assay was carried out on the extract to
demonstrate its selectivity to a single receptor implicated in the mediation of pain.

Ž .Results showed that it produced positive results � 50% inhibition in the
Ž .bradykinin BK II assay but the activity was lost after PVP treatment suggesting

� �that phenolic compounds could be responsible for the initial bioactivity 58 . The
Ž .extracts, however, did not produce positive effects in the neurokinin NK I and

Ž .calcitonin gene-related peptide CGRP assays.
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Ž .The water soluble fraction WSF of the plant extract contains a peripheral
analgesic activity and an anti-inflammatory action, which seems to occur in leuko-

� �cyte-dependent inflammatory events 59 . It has been shown to be a potent and
non-specific blocker of smooth muscle contraction, possessing also a myorelaxing
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� �activity 60 . Margort e Silva et al., investigating the effect of the WSF on smooth
Ž .muscles using isolated rat uterus and intestine smooth muscles concluded that the

Ž .fraction possess substance s which provoke direct relaxing effect on smooth
muscles and inhibit contraction induced by several agonists possibly by blocking the

� �entry of calcium and�or inhibiting cyclic AMP phosphodiesterase 61 . These
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pharmacological characteristics could explain the popular use of A. conyzoides to
alleviate abdominal and menstrual pains.

Clinical trials with patients with arthrosis have been conducted with the aqueous
extract of the whole plant. Result shows analgesic effect in 66% of patients and

� �improvement in articulation mobility in 24% without side effect 62 .

4.1.2. Essential oil
Essential oil of A. conyzoides has been tested for anti-inflammatory, analgesic

and antipyretic activities in mice and rats. At doses of 3 and 4 ml�kg per os, the oil
Ž . Žwas found to have a significant P � 0.02 anti-inflammatory cotton pellet granu-

. Ž .loma activity. At 3 ml�kg the antipyretic brewer’s yeast injection effect was
Žcomparable with that of reference compound acetyl salicylate lysine 50 mg�kg per

. Ž .os , whereas the analgesic tail-flick and writhing test activity was shown at 2, 3
Ž .and 4 ml�kg P � 0.05 . The daily administration for 7 days failed to show gastric

� �toxicity 63 .
The antimicrobial activity of the oil has been a subject of investigation too

� �64�66 . Antibacterial and antifungal activities against 22 bacteria, including
ŽGram-positive cocci and rods and Gram-negative rods and 12 fungi 3 yeast-like

. � �and 9 filamentous showed that the oil inhibited 20 bacteria and four fungi 64 . Of
note is the fact that total inhibition of growth was recorded against the four fungi,
Candida albicans SP-14, Cryptococcus neoformas SP-16, Sclerotium rolfsii SP-5 and

� �Trichophyton mentagrophytes SP-12. Rao 65 reported that the oil inhibited the
growth of five bacteria as well as 10 fungi species and that the major component of

� �the oil demethoxyageratochromene 1 was effective against two of the fungi,
� �Penicillium chrysogenum and P. ja�anicum 19 . The oil provided 100% inhibition of

� �the mycelial growth and germination of spores of Didymella bryoniae 66 .

4.1.3. Metabolites
Pharmacological activities of the most significant metabolites, besides the essen-

tial oil from this plant, responsible for the medicinal properties have not been
identified. There are, however, a wide spectrum of pharmacological activities of the
classes of compounds obtained from this plant. For example, simple chromenes and
chromans especially the 6-amino and 6-acetamido derivatives have been reported
to have anti-depressant, analgesic and antipyretic properties. Some of them possess

� �activity against flat worms of the order of trematodes 67 . Other simple 2,2-
Ž .dimethyl chromene derivatives like 6- 1-hydroxyethyl -7,8-dimethoxy-2,2-dimethyl-

chromene and 6-hydroxy-7,8-dimethoxy-2,2-dimethylchromene have been shown to
� �have antimicrobial activities 68 .

The sterols, especially stigmasterol, have been shown to exert significant anti-
� �inflammatory activity 69 . The flavonoids possess a wide range of biological

activities. The list includes effects on central vascular system, diuresis, spasmolytic,
� �antiviral, anti-inflammatory properties 11,16 . The free radical scavenging and

anticancer activities of the flavonoids are of public knowledge. Even though the
biological activities of the flavonoids isolated from A. conyzoides have not been
investigated, it is pertinent to note that four polymethoxyflavones isolated from
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Citrus juices have been shown to be important candidates for cancer-protective
� �action 70 . Two of these poly-methoxy-flavones are the same as those earlier

� �isolated from A. conyzoides 24, 26 . They are found to have potent activity for
Ž .inducing differentiation of human promyelocytic leukemia cells HL-60 .

4.2. Insecticidal and other biological properties

4.2.1. Insecticidal acti�ity
A. conyzoides has bioactivity that may have agricultural use. The insecticidal

activity may in fact be the most important biological activity of this species. Both
the essential oil as well as the major components of the oil, namely the precocenes,
have been reported to have antijuvenile hormonal activity. The oil exerted acute
toxicity on adults of cowpea weevil, Callosobruchus maculatus F. upon fumigation.
Application of oil dressing on cowpea seed exhibited insecticidal activity against
weevil. Significant oviposition deterrence and complete inhibition of emergence of

Ž .adult insects F1 offspring from oil-treated beans were evident at 2.5 to 10 �l�9.5
g beans with no adverse physiological effect. Precocene I was found to be four

� �times as active as the oil 71 .
Ž .Assays conducted in India showed high nymphal mortality 91% of the oil to the

� �Nymphs of Schistocerca gregaria 26 . Calle et al. showed that the hexane extract of
� �the whole plant showed activity against Musca domestica larvae 72 . Methanolic

Ž .extract from fresh leaves 250 and 500 ppm also produced deficiency of juvenile
� �hormone in the fourth instar of Chilo partellus, a sorghum pest 73 . Antijuvenile

hormonal activity of Precocenes I and II have been demonstrated on a variety of
� �insects which include Sitophilus oryzae, Thlaspida japonica, Leptocarsia chinesis 74

� �and Dysdercus fla�idus 75,76 . The results from these assays include precocious
metamorphosis of the larvae, production of sterile, moribund and dwarfish adults.
The two chromenes have been reported to act synergistically and they survived

� �metabolism for at least 12 days 75 . Preliminary study on the mode of action of
precocene II on Musa domestica L. and Lucilia caesar L. have been carried out
� �77 . While the precocenes have been seen as fourth-generation insecticides, the

� �drawback is that they have been shown to cause hepatotoxicity in rats 78�80 . This
is an important factor bearing in mind the human health hazard in field applica-
tions of precocenes as large-scale insecticidal agents. The mechanism of action has
been carried out by a number of researchers. Some workers demonstrated that the
toxicity was due to a highly reactive precocene-3,4-epoxide, a metabolite produced

� �in insect species from cytochrome P-450 78,79 . Others, like Darvas and colleagues
� � � �81 , Casas et al. 82 reported that the 3, 4 double bond played no significant role
in the toxicity but that the oxidative dealkylation process at C7 position, as a
tocopherol-like antioxidants, might be responsible for the cytotoxicity.

4.2.2. Allelopathy
Both the volatile oil and the aqueous extract of the A. conyzoides have been

shown to have allelopathic effects on a number of cultivated crops. These include
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� �radish, mungbean and ryegrass 83 . The saturated aqueous solution of the isolated
and purified precocene I and II have been reported to have significant inhibitory

� �effect on the seedling growth of radish, tomato and ryegrass 84 . The allelopathic
potential of the aqueous extract from different organs of A. conyzoides and from
its different development stages especially from different habitats, was different
� �85 .

5. Concluding remarks

The genus Ageratum is a rapidly spreading plant and is presently a major
intractable problem for environmentalists, ecologists, farmers and animals scien-

Ž .tists 86a . A number of studies have been carried out on its control as a weed
� �86�88 . Of all the species, A. conyzoides has been widely studied. It is believed
that a detailed information as presented in this review on its phytochemistry and
various biological properties of the extracts and the constituents might provide
incentive for proper evaluation of the use of the plant in medicine and in
agriculture. Some small companies in Brazil are reported to be using A. conyzoides
as raw material for phytochemicals. The author has used the leaves to treat fresh
wounds with great success. Test conducted in mice and rats for anti-inflammatory,
analgesic and antipyretic activities have shown significant results without adverse
side effects. Similarly clinical trials with arthrosis patients conducted with the

� �aqueous extract of the whole plant did not show any side effect 62 . The major
constituents of the essential oil have been shown to produce precocious metamor-
phosis in insect larvae as well as sterility, moribound and dwarfishness in adult
insects. Further work, however, still needs to be carried out on the toxicity of the
plant and especially on the precocenes, which have been shown in few cases to

� �cause hepatotoxicity in rats 78,79 . Germane to the pest control studies is the
report that the plant extract induces morphogenetic abnormalities in the formation

Žof mosquitoes larvae Culex quinquefasciatus, Aedes aegypt and Anopheles stephen-
. � �sis 89,90 . This is particularly significant and calls for a detailed study bearing in

mind that the plant is very prevalent in the tropics. Further studies in this area
could serve as a means of controlling the Anopheles mosquitoes and thus prevent
human and economic losses caused by malaria.
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