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A Fungistatic Chromenefr om Ageratumconyzoides

M.C.M. Igbal, U.L.B. Jayasinghe,H.M.T.B. Herath,
K.B. Wijesekara andY. Fujimoto

Ageratum conyzoided.. is an annualherb in the tropics and subtropicswhose extracts
are known to possesgharmacologicabnd biocidal activity. We reporton the bioactvity
of a secondarymetabolite(a chromene)solatedfrom the shootsof A. conyzoidesgainst
some plant pathogenicfungi. Organic solvent extracts from the shootswere testedfor
antifungal actiity againstthe plant pathogenidungi Rhizoctoniasolani, Scleotiumrolfsii,
Botryodiplodiatheobbmae Phomopsisheaeand Fusarium speciesgrowing in vitro on
potatodextroseagar medium. The cruden-hexaneextract completelyinhibited the growth
of R. solani and S. rolfsii. The n-hexaneextract was chromatographedver a column of
silica gel followed by actwity-guidedfractionationto give anantifungal principle. Structure
elucidationby detailedanalysisof H, CNMR andmassspectroscopidenti ed theactive
compoundasprecocendl. Thegrowth of R. solaniandS.rolfsii wascompletelyinhibitedby
precocenél ataconcentratiorof 80—100ppm. The sclerotiaof R. solaniandS.rolfsii were
alsocompletelysuppressetly 150ppmof precocenél. Sub-cultureof theseinhibitedfungi
ontoprecocenél-free mediumrestoredgrowth of the fungus,indicatingthatprecocenél is
fungistatic.Crudeor re ned extractsfrom A. conyzoidesffer the possibility of biocontrolof
plantpathogenidungi.
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INTRODUCTION

Ageratumconyzoides.. (Asteraceaels anannuaherbaceouplantconsideredo bean
obnoxiousweed. Although a native of the Americas,it is nov acommonweedin several
tropical andsub-tropicalcountries.It is abundantthroughoutSri Lankaon roadsidesand
cultivatedlands.

The plant hasa history of usein the traditional medicineof variousculturesworld-
wide and is commonly used to treat wounds, burns, bacterial diseases,etc. (7).
Its ethnopharmacologyphytochemistryand bioactvity are reviewed by Okunade(8).
Bioactwity of the plant extract hasbeenreportedagainst bacteriaand insects. Various
extractsof A. conyzoidesnhibitedthein vitro developmentof Staphylococcuaureus(3).
Methanolicextractsinhibited the growth of S. aureus,Bacillus subtilis, Esderichia coli
andPseudomonasgeruginosa1l). Insecticidalactvity againstlarvaeof Muscadomestica
(5), morphogeneticabnormalitiesin mosquitolarvae (11), and growth inhibition with
juvenile hormonemimicry againstthe larvae of Culex quinquefasciatug10) have been
reported. In the absenceof animmunesystemand dueto their sedentarynature,plants
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defendthemselesfrom pestsandpathogenshroughsynthesizingsecondarynetabolites.
Bioactive productsof plantorigin arelesspersistenin the ervironmentthancommercial
insecticidesandsafefor non-tagetorganisms.Theinvestigation of indigenousora, asin
this study is a rst stepto identify suchernvironmentallyfriendly compounddor further
investicationandeventualuse.

This plant was selectedfor our studiesdue to its widespreadccurrenceas a weed
and apparentlypathogen-freestatusobsered in its naturalhabitat. The objective of this
studywasto determingheantifungal actiity of organicsolventextractsfrom shootsof A.
conyzoidesthe natureof their activity andtheidenti cation of active constituent(s).

MATERIALS AND METHODS

The fungi Rhizoctoniasolani, Scleotium rolfsii, Botryodiplodiatheobomag Pho-
mopsistheae and Fusariumspp. were obtainedfrom the Departmentof Agriculture,
PeradeniyaSri Lanka. The Hand C NMR spectravererecordedona JEOL Lambda-
400(400/100MHz for H/ C) spectrometein CDCI solutionwith tetrametRlsilaneas
aninternalreference.

Plant material The shootsof A. conyzoidesvere collectedin the Kandy district of Sri
Lankain May 2001andidenti ed by comparisowith herbariumspecimen theNational
Herbarium,Royal Botanic GardensPeradeniyaA voucherspecimens depositedat the
Instituteof Fundamentabtudies.

Extraction Freshmatureshootsof A. conyzoidesvere washedin running tap water
followed by distilled wateranddried in the shade.The dried groundshoots(342 g) were
sequentiallyextractedwith cold n-hexane,dichloromethaneand methanol. Evaporation
of the solventsgave n-hexaneextract (14 g), dichloromethanextract (9 g) andmethanol
extract(42g).

Antifungal activity test The three extractswere testedfor antifungal activity against
R. solani, S. rolfsii, B. theobbmae P. theaeand Fusariumspp. Fungl cultureswere
maintainedy regularsub-cultureon potatodextroseagar (PDA) medium.For thebioassay
a 10-mm disc taken from the edgeof actively growing fungal colonieswas placedin
the centerof a petri dish containingspeci ¢ amountsof the plant extract dissolhed in
dichloromethane. Control, extract-freepetri dishescontainedonly the solvent and the
medium. The bioassaywasrepeatedvith a commerciallyobtainedprecocenél (Aldrich
19491-3).All the cultureswereincubatedn thedarkat27 C andcolory diametersvere
determinedTheinhibition of mycelialgronth wasdeterminedy:

Eachexperimenthad vereplicatesandwasrepeated.

Activity on sclerotia To testthe actiity of precocendl on restingstructuressclerotia
were isolatedfrom 9-day-oldculturesof R. solani, of diameterl-1.2mm. They were
surface-sterilizedn 95% ethanoland immediatelyrinsedin sterile distilled water and
blotteddry on sterile Iter paper Petridisheswith 100 ppmand150 ppmof commercial
precocendl andcontrol petri disheswith only the solvent were inoculatedas described
above. Threesclerotiawereplacedon a petridish, replicatecthrice.
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Minimum inhibitory concentration (MIC) The active constituentwas testedon R.
solaniandS. rolfsii from 500 ppm downwardsat intervals of 100 ppm; from 100 ppm,
the concentrationwas reducedat 10 ppm intenvals. The MIC was determinedas that
concentratiorabove which the fungi weretotally suppressetly the active constitueniand
belov whichthefungi resumedyronth. Thiswasobtainedoy plottingthegrowth inhibition
of thefungi aguinstthe concentratiorof the active constituent.

Theprecocend! isolatedfrom A. conyzoideandthecommerciallyobtainedorecocene
Il weredirectly comparednaTLC plate(Merck Art. 1.05554F ) using10%methanol
in chloroformaseluentandHPLC analysisundera reversedphaseC  column(4.6 mm
i.d. 150mm); UV detectionat 254nm;isocraticsolvent15%H O/MeOH.

Isolation and structure elucidation To isolatethe active constituent(s)the n-hexane
extract (12 g) waschromatographedver a columnof silica gel (Merck Art. 7734)with
n-hexane — dichloromethaneas eluent, which gave seven fractions (F1 to F7). Only
fraction F5 showved antifungal actvity. Further puri cation of fraction F5 by column
chromatograpp with 40—60% n-hexane-dichloromethangave three sub-fractions. Of
theseonly the rst two fractionsinhibited the growth of the fungi. They weredetermined
to beidenticalby thin layerchromatograph (TLC) andwerecombinedto give 430 mg of
a purecompound.The structureof the purecompoundvasdeterminecdby H, CNMR
andmassspectradatato beprecocenél (ageratochromeng,7-dimethoxy-22-dimettyl-
2H-chromene).

Precocendl (1): gummysolid; H NMR (CDCI ): 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 atC-2); C NMR (CDCI ):

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 ), 205 (basepeak),189,173,161,144,132,119,115,105,103,91,
77,69,65,63.

RESULTS

Theantifungal actiities of the cruden-hexane dichloromethanandmethanokxtracts
from the shootsof A. conyzoidesvere evaluatedagainst the plant pathogenicfungi R.
solani, S.rolfsii, B. theobomae P. theaeand Fusariumspp. by the PDA bioassay The
methanoland dichloromethanextractsdid not shov a signi cant effect in suppressing
ary of thefungi (Tablel). The n-hexaneextractcompletelyinhibited the growth in PDA
mediumof R. solaniandof S.rolfsii (Tablel1) ataconcentratiorof 1000ppm(0.1%). This
sameconcentratioralsosuppressethe grownth of B. theobomaeby 75% (Table1) andof
P. theaeby 37%. However, with time, thepartially suppressetlingi eventuallycoveredthe
petri dish with their myceliaalthoughat a slower rate thantheir correspondingontrols.
The n-hexaneextract was further assayedagainstthesefungi to determinethe minimum
inhibitory concentratiorrequiredto suppressheir growvth. A concentratiorof 500 ppm
(0.05%)of the cruden-hexaneextractwasfoundto inhibit completelythe growth of these
fungi. Theotherfungi assayedp. theae B. theobomaeandFusariumspp.,shovedadose-
dependentesponsgTable 2), with a concentratiorof 500 ppm producinga signi cant
suppressiownf fungal growth in the medium.Thosefungi thatwerenottotally suppressed
grew ataslower ratethantheir untreatedcontrol. The myceliaof Fusariumspp.grew in a
vertical directionin the petri disheswith the extract, ratherthanspreadinghorizontallyas
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amycelialmatasin the control cultures. The myceliaof B. theobomaeweresuppressed
by 40%after 11 daysof cultureon 500 ppm n-hexaneextract.

TABLE 1. Antifungal actiity of crudesolventextracts(0.1%)of Ageratumconyzoidesn ve plant
pathogenidungi after’5 daysof incubation

Fungus % Inhibition over control

n-hexane dichloromethane methanol
Rhizoctoniasolani 100 0 0
Phomopsisheae 37.7 325 9.4
Fusariumspp. 92.2 14.1 5.5
Botryodiplodiatheobomae  75.7 22.8 6.5
Scleptiumrolfsii 100 nd 0

nd, notdetermined.

TABLE 2. Antifungal actvity of differentconcentration®f crude n-hexaneextract of Ageratum
conyzoidesn ve plantpathogenidungi after5 daysof incubation

Fungus % Inhibition over control

3000ppm 500ppm 200ppm
Rhizoctoniasolani 100 100 56.6
Phomopsisheae 84.2 35.2 nd
Fusariumspp. 97 77 35
Scleotiumrolfsii 100 100 nd
Botryodiplodiatheobomae  nd 40.1 nd

nd, notdetermined.

TABLE 3. Mycelia growth (mm) in vitro of Rhizoctoniasolani and Scleotiumrolfsii by fractions
of then-hexaneextractof Ageratumconyzoide¢S.E.waszero,sincethetreatmentgproduceceither
completeor no growth)

Fraction R.solani S.rolfsii
Day after Control 500ppm Day after Control 500ppm
inoculation inoculation
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

Investications to identify the component(s)responsiblefor antifungal actiity by
actiity-guidedfractionationof the cruden-hexaneextractwererestrictedo R. solaniand
S.rolfsii. The cruden-hexaneextract was chromatographedver a column of silica gel
with n-hexaneanddichloromethanaseluentto give sevenfractions,F1-F7.0f the seven
fractions, the yield of fractionsF1 and F3 wasinsufcient for further evaluation. The
remaining ve fractionswereassaye@ainstR. solaniandS.rolfsii at 500 ppm. Fraction
F5 completelyinhibitedthe growth of R. solaniandS.rolfsii (Table3).
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Fig. 1. Structureof precocendl.

Fig. 2. Minimum inhibitory concentration®f precocendl on Scleptium rolfsii and Rhizoctonia
solanii. Dataareshavn asmeans S.E.(n=3)from two independengxperiments.

FractionF5 wasfurther fractionatedo isolatethe active constituentagainstthe fungi.
We obtainedtwo sub-fractiongF5-1andF5-2) thatwerechemicallysimilar, asshovn by
identicalRf valuesby TLC. They completelyinhibited the growth of the fungi (Table3).
The third sub-fractionwasinactive againstthe fungi. The sub-fractionsF5-1 and F5-2
werecombinedandidenti ed asprecocendl (Fig. 1) by a detailedanalysisof the high-
resolution H, CNMR andmassspectraldata.

Theisolatedprecocendl from A. conyzoidezompletelyinhibited the growth of both
fungi at 500 ppm (Table 2) and 400, 300, 200, and 100 ppm (resultsnot showvn). The
minimuminhibitory concentratiorthatcompletelysuppressethefungi wasdeterminedo
bein therange80-100ppm (Fig. 2).

We furthercomparedheisolatedprecocendl from A. conyzoidesvith acommercially
available precocendl. Both compoundswverefoundto beidenticalby TLC and HPLC,
with identical retention o w (Rf) valuesandretentiontimes (Rt) obsened, respectiely,
for the isolatedand the commercialcompound. The antifungal bioassaywas donewith
the commercialprecocendl at a concentratiorof 100 ppm on R. solani and S. rolfsii.
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Fig. 3. Growth of thefungi after3 daysof culturewith (top row) andwithout (bottomrow) precocene
1l. aandb, mycelial culturestreatedwith 100 ppm;c andd; sclerotiatreatedwith 100 ppmand150
ppm,respectiely.

The fungi were completelyinhibited after 3 daysof culture while the control cultures
completelycoveredthe petri dish (Fig. 3). Theseresultscon rmed that the antifuncal
activity of precocendl isolatedfrom A. conyzoidesvas the sameasthe commercially
availableproduct.

To determinghenatureof theantifungal actity, theinoculumdiscsof R. solaniandS.
rolfsii thatwerecompletelysuppressetly the n-hexaneextractweretransferredo extract-
free PDA medium. The suppressetéhoculumdiscsof both fungi immediatelyresumed
growth.

To determingheactiity onrestingstructuressclerotiafrom R. solaniwereinoculated
onmediumwith andwithout 100ppmof commerciaprecocenél. After 3 daysof culture,
the control culturesof R. solaniachiered maximumgrowth in the petri disheswhereaghe
precocendl-treatedculturesshavedasuppressedndlowerrateof growth. Themyceliain
thecontrolculturesradiatedrom thepointof inoculationof thesclerotiagndingterminally
asa cottory aerialgrownth, whereaghe myceliain the precocendl-treatedculture were
powdery andnotvigorous(Fig. 3). Increasinghe precocenél concentrationto 150 ppm
completelysuppressethe growth of myceliafrom the sclerotiaof R. solaniandS.rolfsii.

DISCUSSION

TheweedA. conyzoidesynthesizes variety of secondarynetaboliteswhich include
avonoids,alkaloids,coumarinsgssentiabils, andtanninsmary of whicharebiologically
active (7). Investications on its bioactvity have beencon ned to antibacterialand
insecticidalactiity andmedicinaluses.This studyinvesticatedthe potentialuseof crude
organic solvent extractsof A. conyzoideshootson someplant pathogenidungi in vitro.
The n-hexaneextract effectively inhibited the growth of R. solaniandS. rolfsii. Various
extractsof the plantareusedasa bactericideg(1,4). Fungicidalactivity wasshavn mostly
by the n-hexane extract. WhereasR. solani and S. rolfsii were effectively controlled,

124 M.C.M. Igbal etal.



the threeotherfungi assayedvere only moderatelyinhibited. The insigni cant effect of
dichloromethanend methanolextractssuggestghat the active principle responsiblefor
antifungal activity is con ned to the n-hexaneextract. Antifungal compoundsreported
from the family Compositaeare mostly phenolicsbelongingto different classes(6).
This study determinedhe active constituentof the n-hexaneextract of A. conyzoidesas
precocendl, which is a chromene. The isolatedprecocendl from A. conyzoidesvas
comparedwith the commerciallyavailable compound. Comparisonby TLC andHPLC
shaved both compoundgo be identical. The commercialprecocendl alsocompletely
suppressethe growth of R. solaniandS.rolfsii at a similar concentrationThe growth of
myceliafrom the sclerotiaof R. solaniandS. rolfsii were completelysuppressedt 150
ppm.

Eleven chromeneswere reportedfrom A. conyzoidesother than precocenel (7-
methoxy-2 2-dimettyl-2H-chromenejpndprecocendl (5). Of thesetenwerecommonto
other membersof the sub-Bmily Asteraceae.The bioactvity of precocenavas shavn
to affect insect development. The hormonalaction of precocenenduced precocious
metamorphosi@ insects(4). Antijuvenile hormone-lile activity wasalsoshovn on the
mosquitoCulex quinquefasciatuby extractsof A. conyzoideg10).

Chromenesshawing antifungal activity were reportedfrom the roots of Eupatorium
riparium, which was toxic to the fungus Colletotrichum gloeosporioideq?2), and from
Piper aduncum(9), which was active againstthe fungusPenicillium oxalicum Whereas
chromenedrom other plant specieshave evinced antifungal actwvity, precocenéhasnot
beenshownn to have antifungal activity.

Theprecocendl from A. conyzoidegsompletelyinhibitedthe growth of R. solaniand
S.rolfsii at a concentratiorof 80-100ppm. Regrowth of the inhibited inoculum discs
on mediumwithout the chromeneshaved that the natureof bioactvity was fungistatic.
Theantifungal chromendrom E. riparium wassimilarly fungistaticto C. gloeosporioides
however, noneof the fungi assayedvascompletelyinhibited(2).

Ageratumconyzoidess asuccessfuhnnualweedconspicuousy its fungus-freestatus,
althoughit is an alternatehostfor the yellow mosaicvirus. The in orescencecontains
30-50 o werswhich are self-incompatible. Thus, thereis an increasedpportunityfor
recombinatiorand segyregation in its life cycle. This hasapparentlyenabledthe species
to evolve fasterand successfullyagainst pestsand pathogensy accumulatingeffective
secondarymetabolites.Otherspeciesrom the family Compositaewith similar attributes
meritfurtherinvestication.

ACKNOWLEDGMENTS

We wish to thankDr. (Mrs.) S. Udugama,Departmenbf Agriculture, Peradeniyafor kindly providing us
with thefungi andMr. R.B. Hapulotuwa for technicalassistance.

REFERENCES

1. Almagboul,A.Z., Farrog,A.A. andTyagi, B.R. (1985)Antimicrobial activity of certainSudanesplantsused
in folkloric medicine:Screenindor antibacteriabctivity Partll. Fitoterapia56:103-109.

2. Bandara,B.M.R., Hewage, C.M., Karunaratne V., Wannigama, G.P and Adikaram, N.K.B. (1992) An
antifungal chromendrom Eupatoriumriparium. Phytodemistry31:1983-1985.

3. Durodola,J.l. (1977)Antibacterialpropertyof crudeextractsfrom herbalwoundhealingremedyAgeratum
conyzoides.. PlantaMed.32:388-390.

4. EkundayoQ.,SharmasS.andRao,E.V. (1988)Essentiabil of AgeratumconyzoidesPlantaMed.54:55-57.

Phytopaasitica32:2,2004 125



10.

11.

126

. Gonzalez,A.G., Aguiar, Z.E., Grillo, T.A., Luis, J.G., Rivera, A. and Calle, J. (1991) Chromenegrom

AgeratumconyzoidesPhytotiemistry30:1137-1139.

. GrayerR.J.andHarborneJ.B.(1994)A suney of antifungal compound$rom higherplants.Phytodiemistry

37:19-42.

. Ming, L.C. (1999)AgeratumconyzoidesA tropicalsourceof medicinalandagriculturalproductsin: Janick,

J.[Ed.] Perspectieson New CropsandNew Uses ASHS PressAlexandria,VA, USA. pp.469-473.

. OkunadeA.L. (2002)Ageratumconyzoides.. (Asteraceae)-itoterapia73:1-16.
. Orjala,J.,ErdelmeierC.A.J.,Wright, A.D., Rali, T. andSticher O. (1993) Two chromenesnda prerylated

benzoicacidderiative from Piper aduncumPhytodiemistry34:813-818.

Saxena,R.C.,Dixit, O.P andSukumaranP. (1992)Laboratoryassessmertf indigenousplant extractsfor
anti-juvenile hormoneactuity in Culex quinquefasciatudndian J. Med.Res.95:204-206.

Sujatha,C.H., Nisar, S. and Jadhi, C. (1988) Evaluation of plant extractsfor biological activity against
mosquitoeslnt. PestContmol 7:122-124.

M.C.M. Igbal etal.



