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ABSTRACT

In vitro antifungal activity of ten lichens was &vaed against phytopathogenic fungi Fusarium orysm using
Agar well diffusion, Microdilution assay and DireBtoautographic technique. Methanol, Ethyl acetae Acetone
extracts were used to determine antifungal propsrof lichens. Highest yield was obtained from &fmrmelia
caperata with 1330 mg/ml from methanol. Well diinsassay showed maximum inhibition with 21.3+1r8 im the
methanol extract of Parmotrema austrosinensis. MIe of the all tested extracts ranged from 0.099.25 mg/ml.
The lowest concentration of 0.097 mg/ml was inaiiin the methanolic extract of Flavoparmelia caar The
TLC bioautographic method showed zone of inhibitigth 3 spots at an Rf value of 0.38, 0.64, 0.96 @2, 0.41,
0.62 in Ethyl acetate extracts of Parmotrema awstrensis and Parmotrema grayanum respectivelytaSsie. and
Parmotrema reticulatum did not show any activities.
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INTRODUCTION

Lichen is a symbiotic organism consisting of a fusgmycobiont) and a photosynthetic partner (photalp which
can be either an alga or a cyanobacterium [1]. dhallenge for today's pharmaceutical industry liesthe
discovery and development of new pharmacologicéiveanolecules due to microbial resistance to add
antibiotics [2]. Since long back, plants have pded a source of inspiration for novel drug comparas plant
derived medicine have made large contributionsutmdn health and well being by becoming the natoitad print
for drug discovery and the development of phytormieds to cure diseases. Similar to higher plaithehs were
used since antiquity as natural drugs [3].

Bioactive secondary metabolites have been isolatmd lichens and some of them are used in pharntigedu
sciences [4]. Screening the lichens has revealed fthquent occurrence of metabolites with antibmti
antimycobacterial, antiviral, anti-inflammatory,adgesic, antipyretic, antiproliferative and cytamproperties [5].

Even though these manifold activities of lichen abelites have now been recognized, their therapgatiential

has not yet been fully explored and thus remairemhceutically unexploited [6]. Lichen forming furroduce

antibiotic secondary metabolites that protect mamynals from pathogenic microorganisms [7]. Theali@gment

and spread of microbial resistance to availablémtics has prompted resistance to study antinbiedcsubstances
from other sources like lichens which attract mattention of researchers as significant new soufaesiovel

bioactive substances.

A large number of synthetic chemicals used to abitrese pathogenic fungi are detrimental to thérenment and
human health and need to be replaced by safe, driadiable products. Among the various alternatimagjral plant
products are gaining momentum and catching thatadte of scientists worldwide [8]. Such products aglatively
broad-spectrum, bioefficacious, economical, bioddgble and environmentally safe and can be idealidates for
use as Agrochemicals [9]. Natural products withredse bioactivities and structures are an impogantce of novel
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chemicals with pharmaceutical potentials [7]. Licheare inherently resistant to microbial infectidme to the
production of large numbers of unique secondaryabwdites. Their flexibility in habitat enables theémsynthesize
unique, naturally occurring secondary metaboligsch not only are different in their chemical stures but also
show differences in their biological activity. Hoves, studies related to their potential use as Algemicals are
very few and the usage of lichens as an Agrochdsiees been proved by many researchers [10, 1&}€efdre, the
aim of the present study is to evaluate the angdliactivity of the Methanol, Ethyl acetate and fsce extract of
10 different lichens againBusarium oxysporurfisp.capsici which is an important plant pathogdangus.

MATERIALS AND METHODS

Collection of lichens:Field survey was carried out in order to colleet lichen samples from Mysore and Madikeri
districts in Karnataka state, India. The lichencépen was identified by morphological, anatomicadl &hemical
tests [12]. The lichens used in the present inga8tn areFlavoparmelia caperata(L.) Ach., Parmotrema
austrosinensis(Zahlbr.) Hale,Roccella montagneBel. Emend. Awas.Teloschistes flavicangéSwartz) Norm,
Physcia aipolia (Ehrh. ex Humb.) Furnr.Parmotrema grayanum(Hue) Hale, Parmotrema tinctorumNyl.,
Parmotrema reticulatun(iTaylor) Choisy Usneasp. andStictasp. Lichens were thoroughly washed 2-3 times with
water and shade dried at room temperature. Thd gtants were milled to a fine power with the hefpa blender
and stored at room temperature in closed containgre dark until used.

Extraction Procedure: Lichen samples from each species were individuekiracted by soaking 1g of finely
ground lichen material with 10 ml of Ethyl acetafegetone and Methanol solvents separately in corfiasks,
plugged with cotton and kept on a rotary shaket8-200rpm for 24 hrs. Later it was filtered throug) layered
muslin cloths and the supernatant was filtered ugho Whatman No.1 filter paper. Filtered extractsreve
concentrated by air-drying for 4 -5 days or urité £xtracts crystallized, and the weight/yieldtef trude extracts
were determined and preserved 4t i airtight bottles until further use.

Fungal Test Organism: The phytopathogenic fungus selected for this studgFusarium oxysporunwhich is a
causal organism dfFusariumwilt in chilly. The fungus was isolated from théselased chilly samples and was
maintained on potato dextrose agar (Himedia) a2&6- The standard culture inoculum was prepared oat®ot
Dextrose Broth by adjusting the spore range of $xBx10 spores /ml [13].

Antifungal Activity Assay: Antifungal activity assays were carried out by Agaall diffusion, Microdilution assay
and Direct bioautographic method.

Agar well diffusion was carried out as follows: 100 pl of fungal susen was spread on the solidified Potato
dextrose agar medium and wells were punched usimg 6ork borer, a concentration of 30 mg/ml extrat400

ul was loaded into the wells and the solvents efshme were used as a negative control. The pleteskept for
incubation for 4-7 days; the diameter of the zohmlaibition of the tested microorganism by the gjivextract was
measured in millimeters. All experiments were parfed in triplicate. To every sample tested, a $§&patrol was
run parallel.

Microdilution assay: Determination of Minimum inhibitory concentratigMIC] was carried out by microdilution
method. The MIC is to determine the lowest con@titn of an antifungal agent that appears to inlghdwth of

the fungus [14]. MICs were calculated for the esttthat had antifungal activity. Residues of diéfierr extracts were
dissolved in respected solvents to a concentraid&®mg/ml. The plant extracts (40P were serially diluted 50%
with solvents in 96 well flat bottomed microtitréapes. Fungal cultures were transferred into filestato dextrose
broth, and 100l of this was added to each well, d®f 2, 3, 5- triphenyltetrazolium chloride [TTC]sgolved in

water was added to each of the micro plate wedlggrawth indicator. Appropriate solvent blanks aatml| were

included. The micro plates were covered with agchilm and incubated for 2-3 days at°26and at 100% relative
humidity [15]. The MIC was recorded by visual arsadyin microtitre plate wells, where the lowest cemtration of

the lichen extract that inhibited fungal growtheaftd8 to 72 hours of incubation will not change dtdour to

formazen dye.

Direct Bioautography method: Bioautographic method was developed to determingveaccompounds.
Aluminium-backed TLC plates (ALU-GRAM® SIL G/UV254IACHERY-NAGEL) were loaded with 20 of
100ug extracts. The TLC plate was developed in solggatem A (180 ml toluene: 60 ml 1-4, dioxine: 8anktic
acid) [16]. The chromatogram was dried for completmoval of solvents. About 25-50ml of inoculum apr
solution was prepared containing approximately 20k spores/ml of actively growing fungi. The plates ever
sprayed lightly 3 times with spore suspension amdithated for 24 hr in darkness in a moist chamb@6® and
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then sprayed with 20mg/ml of TTC in boiling waterdafurther incubated overnight. Fungal growth iithdim
appeared as clear zones against a dark backg[17]. Rf value of the zone of inhibition are recorc

RESULTS AND DISCUSSION

A total of 10 lichens was screenfmt in vitro antifungal activity againgtusarium oxysporu. The total yield of the
extract varied from 22330 mg/ml (Figure 1). Highest yield was obtainemhf Flavoparmelia caperaf with 1330

mg/ml of methanolRoccella montagn yielded 880 mg/ml of ethyl acetate extract, lowgstd was fromUsnea

Sp. with only 22mg/ml.
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Fig 1: Total yield of the extracts obtained by diferent solvent:in mg/ml

Diffusion assay was carried out by agar well diffusmethod. Methanol and Ethyl acetate extractmost of the
lichen species tested in the present stshowed strong inhibitory activity. The largest z of inhibition
(21.3+1.5mm) was measured in the methanol extrbParmotrema austrosinensil8.3+1.5 of Ethyl acetate
extract ofFlavoparmelia caperatandTeloschistes flavicanghich showed 16.6+1.5 mm zone of inhibition in ét
acetate. Ethyl acetate extract of Roccella montagmel Mehtanolic extract of Usnea sp. showed pmmore of
inhibition with 11.3+0.5 mm. The 14.3+0.5 mm inhibh zone was observed in the Ethyl ace extract of
Parmotrema tinctorum13.3+0.5 mm inhibition zone in Methanol extracidaAcetone extract with 13.0+0.0
Flavoparmelia caperataylethanol extract oRoccella montagneshowed13.0+0.0 mm zone of inhibition. Extrac
from Stictasp. andParmdrema reticulatur did not show any result (Table 1).

Table 1: Results of Zone of inhibition (mm) of liclen extracts againsFusarium oxysporum.

Sl no. Lichen sample: Methanol extract | Ethyl acetate extrac | Acetone extract
1 Flavoparmelia caperati(L.) Ach. 13.3+0.5 18.3+1.5 13.0+£0.0
2 Parmotrema austrosinens(Zahlbr.) Hale 21.3+15 14.6+0.5 12.3+1.1
3 Roccella montagnddél. Emend. Awa: 13.0+0.0 11.3+0.5 12.6+0.5
4 Teloschistes flavicar(Swartz) Norm. 0.0+0.0 16.6+1.5 0.0+0.0
5 Stictasp. 0.0+0.0 0.0+0.0 0.0+0.0
6 Physcia aipoliag Ehrh. ex Humb.) Furr 12.6+£0.5 12.3+1.1 0.0+0.0
7 Parmotrema grayanur(Hue) Hale 0.040.0 11.6+0.5 0.0£0.0
8 Parmotrema tinctorurNyl. 11.3+1.1 14.3+0.5 0.0£0.0
9 Parmotrema reticulatur(Taylor) Choisy 0.0+0.0 0.0+0.0 0.0+0.0
10 Usneasp. 11.3+0.5 0.0£0.0 12.6£0.5
11 Bavistin (positive contra 16.540.3 16.5+0.3 16.5+0.3
12 Pure Solvent (negative cont 0.0£0.0 0.0+0.0 0.0£0.0

*Values are in mean + standard deviation= 3.

The micro dilution assay wamarried out in 96 well flat bottom microtitre platéo record the minimum inhibitol
concentration of extract at which the activity lo¢ tpathogen will be inhibited. The lower the MIGuais, the mor:
active the extract iSthe MIC of the all testedxtracts ranged from 0.0976-25 mg/ml. At the lowest concentrati
of 0.097 mg/ml only one lichen extract obtainedrirFlavoparmelia caperatan methanolic extract was able

275
Pelagia Research Library



Rashmi Shivanna and Rajkumar H. Garampalli Adv. Appl. Sci. Res., 2014, 5(5):273-277

inhibit the growth of the fungus. The next low centration was 0.390mg/ml at which most of the sampitract
showed growth inhibition of the fungus viz. methimextract ofParmotrema austrosinensimethanol and ethyl
acetate extracts #&foccella montagneindPhyscia aipolia(Table 2).

Table 2: Results of Minimum inhibitory concentration (MIC) in pg/ml of lichen extracts againstFusarium oxysporum

Sl no. Lichen samples Methanol extract]  Ethyl acetatextract | Acetone extract

1 Flavoparmelia caperatél.) Ach. 0.097 1.875 1.562

2 Parmotrema austrosinengjgahlbr.) Hale 0.390 3.125 1.562

3 Roccella montagné3el. Emend. Awas. 0.390 0.390 3.125

4 Teloschistes flavican®wartz) Norm. NA 6.25 NA

5 Physcia aipoliagEhrh. ex Humb.) Furnr. 0.390 0.390 NA

6 Parmotrema grayanurfHue) Hale NA 3.125 NA

7 Parmotrema tinctoruniyl. 6.250 3.125 NA

8 Usneasp. 3.125 NA 6.25

NA: No Activity

The tested extracts which showed results in the Wié€e further analyzed by the TLC bioautographyhuoét This
method was basically used to localize the antifurogenpound from the crude extract into the chromgeo.
Fungal growth inhibition was observed as clear gagainst a pink background, 3 spots of zone dbitibn were
observed in Rvalue 0.38, 0.64, 0.96 and 0.2, 0.41, 0.62 in Ethgtate extracts ¢farmotrema austrosinensisd
Parmotrema grayanumespectively. 2 spots of zone of inhibition webserved each in{Ralue of 0.27 and 0.67 of
ethyl acetate extract dflavoparmelia caperataR; value 0.77 and 0.89 of the ethyl acetate extr&dPly/scia
aipolia and R value 0.7 and 0.86 of methanol extracPaimotrema tinctorumThe rest showed zone of inhibition
by one zone each with; Ralue 0.67 and 0.4in methanol and ethyl acetate extracRafccella montagneR: value
0.47 in the ethyl acetate extractTaloschistes flavicanand R value 0.65 iJsneaSp (Table 3).

Table 3: Results of TLC Bioautography of lichen extcts againstFusarium oxysporum by recording the Rf value

Sl no. Lichen samples Methanol extractl  Ethyl acetatextract | Acetone extract
1 Flavoparmelia caperatél.) Ach. 0.6 82;
0.38
2 Parmotrema austrosinengjgahlbr.) Hale - 0.64 1.562
0.96
3 Roccella montagnddél. Emend. Awas. 0.67 0.47 -
4 Teloschistes flavican®wartz) Norm. - 0.47 -
Physcia aipoliaEhrh. ex Humb.) Furnr. 0.72 8;;
0.2
6 Parmotrema grayanurtHue) Hale - 0.41
0.62
Parmotrema tinctoruniyl 0.7 0.67 -
) 0.86 )
8 Usneasp. 0.65 - -

Extracts of lichen thalli proved to have strongifamigal activity against various plant pathogeniadi [11, 18].In
this study, the extracts from the lichens viavoparmelia caperata, Parmotrema austrosinengsccella
montagnei, Teloschistis flavicans, Physcia aipoRarmotrema grayanum Parmotrema tinctorum, Parnmote
reticulatum, Usneap. andStictasp. were obtained in three solvents viz. methagtblyl acetate, and acetone and
differential activities were observed. Amongst theee, methanol extract was found to be more éffecand
showed strong inhibitory activity of the tested duthan the ethyl acetate and the acetone extratish showed
comparatively inferior activity. The results corovhte with previous work, which showed significdnibactive
characteristics of similar lichens [19]. Howevdrerte was a variation in the extract yield of thiéedént lichens in
the various solvents. The yield percentage of #réus fractions of the lichen extractdsfea longifolia Cetraria
spp, Palmelia milghenensiand Evernastrium nepalenyavere evaluated by Baral et al. [20] which varfeam
0.07- 29.4%, which deviates from the present ingatbn results.

Antifungal activities eight lichens showed to béeefive in inhibiting the growth of the fungus. Amgst these, the
most promising wereParmotrema austrosinensiand Teloschistes flavicansyhich showed highest zone of
inhibition, followed byParmotrema tinctorum, Flavoparmelia caperata, Rdlecenontagneiin different solvent
extracts (Table 1) which confirms earlier repor24,[22]. Least measured MIC value was observed.G276
mg/ml, which is the least inhibitory value when quared to earlier report [23]. The results of Bi@muaphy
showed good results in most of the samples testkidh will be useful in the further isolation andacacterization
of metabolites and which is in confirmation of pmas reports [24, 25].
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CONCLUSION

The present results showed that the tested lickieaats proved to be a significant biocontrol ageith the tested
fungi. Further investigations on the antimicrobadtivity as well as the economical and fast isotatdf the

metabolite from the lichens are needed. Conseqyehi antimicrobial effect of lichens tested candxplained
with new studies by testing other microbes and gotidg the pharmacological tests. Further, resemrésolation

of the lichen metabolites, and their detail invgation in the mode of action of lichen extract htwée investigated
which will help with a specific application in ttield of disease management.

REFERENCES

[1] Ahmadian V. The lichen symbiosis, John Wileydasons1993

[2] Bahera BC, Verma N, Sonone A, MakhijaBlotech. Lett 2005 27: 991-995.

[3] Kingkorn AD. Journal of Pharmacy and Pharmacolo@p00,264: 701-703.

[4] Huneck SNaturwissenschafted999,86: 559-570.

[5] Boustie J, Grube MPlant genetic resources: Characterization and métion 2005 3(2):273-287.

[6] Muller K. Applied MicrobiologyandBiotechnology2002 56: 9-16.

[7] Lawrey JD. Bryologist 1986,89: 111-122.

[8] McLaren JSMPesticide Sciencd,986 17: 559-578.

[9] Richardson DHSMycol, 1991, 187-210.

[10] Goel M, Dureja P, Rani A, Uniyal PL, Laatsch Bburnal of Agricultural and Food Chemistrg011, 59:
2299-2307.

[11] Halama P, Haluwin V@Biocontrol 2004,49: 95-107.

[12] Awasthi DD.J. Hattori Bot. Lab;1988 65: 207—302.

[13] Aberkene A, et al.,J. Antim. Chem2002 50: 719-722.

[14] Andrews JNJournal of Antimicrobial chemotherap®001,48 5-16.

[15] Eloff JN. PlantaMedica1998,64:711-713.

[16] Culberson CFRJournal of Chromatography972,72: 113-125.

[17] Guleria S, Kumar AJournal of Cell and Molecular Biologp006,5: 95-98.

[18] Gulluce M, Aslan A, Sokmen M, Sahin F, Adigzel A, Agar G, Sokmen APhytomedicine2006,13 515-
521.

[19] Tiwari P, Rai H, Upreti DK, Trivedi S, ShukR American Journal of Plant Scien¢c@®11, 2: 841-846.

[20] Baral B, Mahajan BLJournal of Microbiology, Biotechnologgnd Food Science2011, 1: 98-112

[21] Ramamoorthy PKT, Lakshmanashetty RH, Devidas Mudduraj VT, Vinayaka KS.Chiang Mai
Journal of Science2012,39: 76-83.

[22] Kumar SVP, Kekuda TRP, Vinayaka KS, SwathiNallikarjun N, Nishanth BClnternational Journal of
Biotechnology and Biochemist3010,6: 193—-203.

[23] Rankové B, Kasovt M. Pakistan Journal of Botanp012, 44 429-433.

[24] Tay T, Tirk AO, Yilmaz M, Tiirk H, Kivanc MZ. Naturforsch, 2004 59: 384-388.

[25] Yilmaz M, Turk AO, Tay T, Kivanc MZ. Naturforsch, 2004 59: 249-254.

277
Pelagia Research Library



