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A Fungistatic Chromenefr om Ageratumconyzoides
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Ageratum conyzoidesL. is an annualherb in the tropics and subtropicswhoseextracts
are known to possesspharmacologicalandbiocidal activity. We reporton the bioactivity
of a secondarymetabolite(a chromene)isolatedfrom the shootsof A. conyzoidesagainst
someplant pathogenicfungi. Organic solvent extracts from the shootswere testedfor
antifungal activity againsttheplantpathogenicfungi Rhizoctoniasolani,Sclerotiumrolfsii,
Botryodiplodia theobromae, Phomopsistheaeand Fusariumspeciesgrowing in vitro on
potatodextroseagar medium. The cruden-hexaneextract completelyinhibited the growth
of R. solani and S. rolfsii. The n-hexaneextract was chromatographedover a column of
silica gel followedby activity-guidedfractionationto give anantifungal principle. Structure
elucidationby detailedanalysisof

�

H,
���

C NMR andmassspectroscopy identi�ed theactive
compoundasprecoceneII. Thegrowth of R.solaniandS.rolfsii wascompletelyinhibitedby
precoceneII at a concentrationof 80–100ppm.Thesclerotiaof R.solaniandS.rolfsii were
alsocompletelysuppressedby 150ppmof precoceneII. Sub-cultureof theseinhibitedfungi
ontoprecoceneII-free mediumrestoredgrowth of thefungus,indicatingthatprecoceneII is
fungistatic.Crudeor re�ned extractsfrom A. conyzoidesoffer thepossibilityof biocontrolof
plantpathogenicfungi.
KEY WORDS:Ageratumconyzoides; Asteraceae;antifungal activity; fungistasis;Rhizocto-
nia solani;Sclerotiumrolfsii; chromene;precoceneII.

INTRODUCTION

AgeratumconyzoidesL. (Asteraceae)is anannualherbaceousplantconsideredto bean
obnoxiousweed.Althougha native of theAmericas,it is now a commonweedin several
tropicalandsub-tropicalcountries.It is abundantthroughoutSri Lankaon roadsidesand
cultivatedlands.

The plant hasa history of usein the traditionalmedicineof variousculturesworld-
wide and is commonly used to treat wounds, burns, bacterial diseases,etc. (7).
Its ethnopharmacology, phytochemistryand bioactivity are reviewed by Okunade(8).
Bioactivity of the plant extract hasbeenreportedagainst bacteriaand insects. Various
extractsof A. conyzoidesinhibitedthein vitro developmentof Staphylococcusaureus(3).
Methanolicextractsinhibited the growth of S.aureus,Bacillus subtilis, Escherichia coli
andPseudomonasaeruginosa(1). Insecticidalactivity againstlarvaeof Muscadomestica
(5), morphogeneticabnormalitiesin mosquito larvae (11), and growth inhibition with
juvenile hormonemimicry against the larvae of Culex quinquefasciatus(10) have been
reported. In the absenceof an immunesystemanddueto their sedentarynature,plants
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defendthemselvesfrom pestsandpathogensthroughsynthesizingsecondarymetabolites.
Bioactive productsof plantorigin arelesspersistentin theenvironmentthancommercial
insecticidesandsafefor non-targetorganisms.Theinvestigationof indigenous�ora, asin
this study, is a �rst stepto identify suchenvironmentallyfriendly compoundsfor further
investigationandeventualuse.

This plant was selectedfor our studiesdue to its widespreadoccurrenceas a weed
andapparentlypathogen-freestatusobserved in its naturalhabitat. The objective of this
studywasto determinetheantifungal activity of organicsolventextractsfrom shootsof A.
conyzoides, thenatureof their activity andtheidenti�cation of activeconstituent(s).

MATERIALS AND METHODS

The fungi Rhizoctoniasolani, Sclerotium rolfsii, Botryodiplodia theobromae, Pho-
mopsistheaeand Fusarium spp. were obtainedfrom the Departmentof Agriculture,
Peradeniya,Sri Lanka.The




H and

��

C NMR spectrawererecordedon a JEOLLambda-
400(400/100MHz for




H/

��

C) spectrometerin CDCl� solutionwith tetramethylsilaneas
aninternalreference.

Plant material The shootsof A. conyzoideswerecollectedin the Kandydistrict of Sri
Lankain May 2001andidenti�ed by comparisonwith herbariumspecimensin theNational
Herbarium,Royal BotanicGardens,Peradeniya.A voucherspecimenis depositedat the
Instituteof FundamentalStudies.

Extraction Freshmatureshootsof A. conyzoideswere washedin running tap water
followedby distilled wateranddried in theshade.Thedriedgroundshoots(342g) were
sequentiallyextractedwith cold n-hexane,dichloromethaneand methanol. Evaporation
of thesolventsgave n-hexaneextract (14 g), dichloromethaneextract (9 g) andmethanol
extract(42g).

Antifungal activity test The threeextractswere testedfor antifungal activity against
R. solani, S. rolfsii, B. theobromae, P. theaeand Fusariumspp. Fungal cultureswere
maintainedby regularsub-cultureonpotatodextroseagar(PDA) medium.For thebioassay,
a 10-mm disc taken from the edgeof actively growing fungal colonieswas placedin
the centerof a petri dish containingspeci�c amountsof the plant extract dissolved in
dichloromethane.Control, extract-freepetri dishescontainedonly the solvent and the
medium.Thebioassaywasrepeatedwith a commerciallyobtainedprecoceneII (Aldrich
19491-3).All thecultureswereincubatedin thedarkat 27




C andcolony diameterswere
determined.Theinhibition of mycelialgrowth wasdeterminedby:

���������������������! ���"#��$���%��'&)(

%��*$�+,%-�/.0��+,�1�32!4657+,�1��$��8���*$�.0��+,�1�32

(

%��*$�+,%-�!.0�9+,����2 :<;1=,=

Eachexperimenthad� ve replicatesandwasrepeated.

Activity on sclerotia To testtheactivity of precoceneII on restingstructures,sclerotia
were isolatedfrom 9-day-oldculturesof R. solani, of diameter1–1.2mm. They were
surface-sterilizedin 95% ethanoland immediatelyrinsed in sterile distilled water and
blotteddry on sterile�lter paper. Petri disheswith 100ppmand150ppmof commercial
precoceneII andcontrol petri disheswith only the solvent were inoculatedasdescribed
above. Threesclerotiawereplacedonapetri dish,replicatedthrice.
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Minimum inhibitory concentration (MIC) The active constituentwas testedon R.
solani andS. rolfsii from 500 ppm downwardsat intervals of 100 ppm; from 100 ppm,
the concentrationwas reducedat 10 ppm intervals. The MIC was determinedas that
concentrationabove which thefungi weretotally suppressedby theactive constituentand
below whichthefungi resumedgrowth. Thiswasobtainedby plottingthegrowth inhibition
of thefungi againsttheconcentrationof theactiveconstituent.

TheprecoceneII isolatedfrom A.conyzoidesandthecommerciallyobtainedprecocene
II weredirectlycomparedonaTLC plate(MerckArt. 1.05554,F >@?BA ) using10%methanol
in chloroformaseluentandHPLC analysisundera reversedphaseC 
�C column(4.6 mm
i.d. : 150mm);UV detectionat D 254nm; isocraticsolvent15%H > O/MeOH.

Isolation and structur e elucidation To isolatethe active constituent(s),the n-hexane
extract (12 g) waschromatographedover a columnof silica gel (Merck Art. 7734)with
n-hexane – dichloromethaneas eluent, which gave seven fractions (F1 to F7). Only
fraction F5 showed antifungal activity. Further puri�cation of fraction F5 by column
chromatography with 40–60%n-hexane-dichloromethanegave three sub-fractions. Of
these,only the�rst two fractionsinhibitedthegrowth of thefungi. They weredetermined
to beidenticalby thin layerchromatography (TLC) andwerecombinedto give 430mg of
a purecompound.Thestructureof thepurecompoundwasdeterminedby




H,

��

C NMR
andmassspectraldatato beprecoceneII (ageratochromene;6,7-dimethoxy-2,2-dimethyl-
2H-chromene).

PrecoceneII (1): gummy solid;



H NMR (CDCl� ): E 6.53(1H,s, H-5), 6.42(1H,s,
H-8), 6.24 (1H, d, J=10 Hz, H-4), 5.48 (1H, d, J=9.8 Hz, H-3), 3.84 (3H, s, -OCH� at
C-6/7), 3.83(3H,s, -OCH� at C-6/7), 1.42(6H,s, 2 : Me at C-2);


��

C NMR (CDCl� ):
E 149.6(C-6), 147.2(C-7),143.1(C-8a), 128.2(C-3),122.0(C-4),113.0(C-4a),109.7(C-
5), 101.0(C-8),75.4(C-2),56.5(C-6/7-OCH � ), 55.9(C-6/7-OCH � ), 27.7(2xMe at C- 2);
EIMS m/z: 220(M F ), 205 (basepeak),189,173,161,144,132,119,115,105,103,91,
77,69,65,63.

RESULTS

Theantifungal activitiesof thecruden-hexane,dichloromethaneandmethanolextracts
from the shootsof A. conyzoideswere evaluatedagainst the plant pathogenicfungi R.
solani, S. rolfsii, B. theobromae, P. theaeandFusariumspp. by the PDA bioassay. The
methanoland dichloromethaneextractsdid not show a signi�cant effect in suppressing
any of the fungi (Table1). Then-hexaneextractcompletelyinhibited thegrowth in PDA
mediumof R.solaniandof S.rolfsii (Table1) ataconcentrationof 1000ppm(0.1%).This
sameconcentrationalsosuppressedthegrowth of B. theobromaeby 75%(Table1) andof
P. theaeby 37%.However, with time,thepartiallysuppressedfungi eventuallycoveredthe
petri dish with their myceliaalthoughat a slower ratethantheir correspondingcontrols.
The n-hexaneextract wasfurther assayedagainst thesefungi to determinethe minimum
inhibitory concentrationrequiredto suppresstheir growth. A concentrationof 500 ppm
(0.05%)of thecruden-hexaneextractwasfoundto inhibit completelythegrowth of these
fungi. Theotherfungi assayed,P. theae, B. theobromaeandFusariumspp.,showedadose-
dependentresponse(Table 2), with a concentrationof 500 ppm producinga signi�cant
suppressionof fungal growth in themedium.Thosefungi thatwerenot totally suppressed
grew at a slower ratethantheir untreatedcontrol.Themyceliaof Fusariumspp.grew in a
verticaldirectionin thepetri disheswith theextract,ratherthanspreadinghorizontallyas
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a mycelialmatasin thecontrolcultures.Themyceliaof B. theobromaeweresuppressed
by 40%after11daysof cultureon500ppmn-hexaneextract.

TABLE 1. Antifungal activity of crudesolventextracts(0.1%)of Ageratumconyzoideson � ve plant
pathogenicfungi after5 daysof incubation

Fungus % Inhibition over control
n-hexane dichloromethane methanol

Rhizoctoniasolani 100 0 0
Phomopsistheae 37.7 32.5 9.4
Fusariumspp. 92.2 14.1 5.5
Botryodiplodiatheobromae 75.7 22.8 6.5
Sclerotiumrolfsii 100 nd 0

nd,notdetermined.

TABLE 2. Antifungal activity of differentconcentrationsof cruden-hexaneextract of Ageratum
conyzoideson � veplantpathogenicfungi after5 daysof incubation

Fungus % Inhibition over control
3000ppm 500ppm 200ppm

Rhizoctoniasolani 100 100 56.6
Phomopsistheae 84.2 35.2 nd
Fusariumspp. 97 77 35
Sclerotiumrolfsii 100 100 nd
Botryodiplodiatheobromae nd 40.1 nd

nd,notdetermined.

TABLE 3. Mycelia growth (mm) in vitro of Rhizoctoniasolani andSclerotium rolfsii by fractions
of then-hexaneextractof Ageratumconyzoides(S.E.waszero,sincethetreatmentsproducedeither
completeor nogrowth)

Fraction R.solani S.rolfsii
Dayafter
inoculation

Control 500ppm Dayafter
inoculation

Control 500ppm

F2 7 85 82 4 85 13
F4 6 85 85 5 85 85
F5 4 85 0 4 85 0
F6 6 85 85 6 85 85
F7 6 85 85 6 85 85
F5-1 4 73 0 4 73 0
F5-2 5 70 0 7 62 0
F5-3 4 75 75 4 75 75

Investigations to identify the component(s)responsiblefor antifungal activity by
activity-guidedfractionationof thecruden-hexaneextractwererestrictedto R.solaniand
S. rolfsii. The cruden-hexaneextract waschromatographedover a columnof silica gel
with n-hexaneanddichloromethaneaseluentto give sevenfractions,F1–F7.Of theseven
fractions, the yield of fractionsF1 and F3 was insuf�cient for further evaluation. The
remaining� ve fractionswereassayedagainstR.solaniandS.rolfsii at 500ppm. Fraction
F5completelyinhibitedthegrowth of R.solaniandS.rolfsii (Table3).
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Fig. 1. Structureof precoceneII.

Fig. 2. Minimum inhibitory concentrationsof precoceneII on Sclerotium rolfsii andRhizoctonia
solanii. Dataareshown asmeansG S.E.(n=3) from two independentexperiments.

FractionF5 wasfurther fractionatedto isolatetheactive constituentagainstthe fungi.
We obtainedtwo sub-fractions(F5-1andF5-2) thatwerechemicallysimilar, asshown by
identicalRf valuesby TLC. They completelyinhibited thegrowth of the fungi (Table3).
The third sub-fractionwas inactive against the fungi. The sub-fractionsF5-1 and F5-2
werecombinedandidenti�ed asprecoceneII (Fig. 1) by a detailedanalysisof thehigh-
resolution




H,

��

C NMR andmassspectraldata.
The isolatedprecoceneII from A. conyzoidescompletelyinhibitedthegrowth of both

fungi at 500 ppm (Table 2) and 400, 300, 200, and 100 ppm (resultsnot shown). The
minimuminhibitory concentrationthatcompletelysuppressedthefungi wasdeterminedto
bein therange80–100ppm(Fig. 2).

WefurthercomparedtheisolatedprecoceneII from A.conyzoideswith acommercially
availableprecoceneII. Both compoundswerefound to be identicalby TLC andHPLC,
with identical retention�o w (Rf) valuesandretentiontimes(Rt) observed, respectively,
for the isolatedand the commercialcompound.The antifungal bioassaywasdonewith
the commercialprecoceneII at a concentrationof 100 ppm on R. solani and S. rolfsii.
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Fig.3. Growth of thefungi after3 daysof culturewith (toprow) andwithout(bottomrow) precocene
II. a andb, mycelialculturestreatedwith 100ppm;c andd; sclerotiatreatedwith 100ppmand150
ppm,respectively.

The fungi were completelyinhibited after 3 daysof culture while the control cultures
completelycoveredthe petri dish (Fig. 3). Theseresultscon�rmed that the antifungal
activity of precoceneII isolatedfrom A. conyzoideswas the sameas the commercially
availableproduct.

To determinethenatureof theantifungal activity, theinoculumdiscsof R.solaniandS.
rolfsii thatwerecompletelysuppressedby then-hexaneextractweretransferredto extract-
free PDA medium. The suppressedinoculumdiscsof both fungi immediatelyresumed
growth.

To determinetheactivity onrestingstructures,sclerotiafrom R.solaniwereinoculated
onmediumwith andwithout100ppmof commercialprecoceneII. After 3 daysof culture,
thecontrolculturesof R.solaniachievedmaximumgrowth in thepetri disheswhereasthe
precoceneII-treatedculturesshowedasuppressedandlowerrateof growth. Themyceliain
thecontrolculturesradiatedfrom thepointof inoculationof thesclerotia,endingterminally
asa cottony aerialgrowth, whereasthe mycelia in the precoceneII-treatedculturewere
powderyandnot vigorous(Fig. 3). IncreasingtheprecoceneII concentrationto 150ppm
completelysuppressedthegrowth of myceliafrom thesclerotiaof R.solaniandS.rolfsii.

DISCUSSION

TheweedA. conyzoidessynthesizesa varietyof secondarymetabolites,which include
�a vonoids,alkaloids,coumarins,essentialoils,andtannins,many of whicharebiologically
active (7). Investigations on its bioactivity have been con�ned to antibacterialand
insecticidalactivity andmedicinaluses.This studyinvestigatedthepotentialuseof crude
organic solventextractsof A. conyzoidesshootson someplant pathogenicfungi in vitro.
The n-hexaneextract effectively inhibited the growth of R. solani andS. rolfsii. Various
extractsof theplantareusedasa bactericide(1,4). Fungicidalactivity wasshown mostly
by the n-hexane extract. WhereasR. solani and S. rolfsii were effectively controlled,
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the threeotherfungi assayedwereonly moderatelyinhibited. The insigni�cant effect of
dichloromethaneandmethanolextractssuggeststhat the active principle responsiblefor
antifungal activity is con�ned to the n-hexaneextract. Antifungal compoundsreported
from the family Compositaeare mostly phenolicsbelonging to different classes(6).
This studydeterminedthe active constituentof the n-hexaneextract of A. conyzoidesas
precoceneII, which is a chromene. The isolatedprecoceneII from A. conyzoideswas
comparedwith the commerciallyavailablecompound. Comparisonby TLC andHPLC
showed both compoundsto be identical. The commercialprecoceneII alsocompletely
suppressedthegrowth of R.solaniandS.rolfsii at a similar concentration.Thegrowth of
mycelia from the sclerotiaof R. solani andS. rolfsii werecompletelysuppressedat 150
ppm.

Eleven chromeneswere reported from A. conyzoidesother than precoceneI (7-
methoxy-2,2-dimethyl-2H-chromene)andprecoceneII (5). Of these,tenwerecommonto
other membersof the sub-family Asteraceae.The bioactivity of precocenewas shown
to affect insect development. The hormonalaction of precoceneinducedprecocious
metamorphosisin insects(4). Antijuvenile hormone-like activity wasalsoshown on the
mosquitoCulex quinquefasciatusby extractsof A. conyzoides(10).

Chromenesshowing antifungal activity were reportedfrom the roots of Eupatorium
riparium, which was toxic to the fungusColletotrichum gloeosporioides(2), and from
Piper aduncum(9), which wasactive againstthe fungusPenicillium oxalicum. Whereas
chromenesfrom other plant specieshave evincedantifungal activity, precocenehasnot
beenshown to haveantifungal activity.

TheprecoceneII from A. conyzoidescompletelyinhibitedthegrowth of R.solaniand
S. rolfsii at a concentrationof 80–100ppm. Regrowth of the inhibited inoculum discs
on mediumwithout the chromeneshowed that the natureof bioactivity was fungistatic.
Theantifungal chromenefrom E. riparium wassimilarly fungistaticto C. gloeosporioides;
however, noneof thefungi assayedwascompletelyinhibited(2).

Ageratumconyzoidesis asuccessfulannualweedconspicuousby its fungus-freestatus,
althoughit is an alternatehost for the yellow mosaicvirus. The in�orescencecontains
30–50�o wers which are self-incompatible.Thus, thereis an increasedopportunityfor
recombinationandsegregation in its life cycle. This hasapparentlyenabledthe species
to evolve fasterand successfullyagainst pestsand pathogensby accumulatingeffective
secondarymetabolites.Otherspeciesfrom the family Compositaewith similar attributes
merit furtherinvestigation.
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