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ABSTRACT

Seven novel synthetic heterocyclic compounds gontpnaphthofurans were evaluated for their
inhibitory effect on Phomopsis azadirachtae, thesedive agent of destructive die-back disease
of neem. Twigs of Azadirachta indica (Neem) infbetéth die-back were collected and were
analyzed to determine the pathogen. Phomopsis @rddae the causal organism was isolated
on malt extract agar from die-back infected neengswThey were identified by PCR based
molecular methods. Phomopsis genus specific prife&S r-DNA) were then used for the
confirmation of P. azadirachtae — the causativerdag# die-back of neem by Polymerase chain
reaction (PCR). Studies revealed the amplificatibrexpected 141bp DNA in P. azadirachtae
isolated from the diseased trees confirming thesahwrganism of die-back of neem. Studies
revealed a very effective in vitro control of P.dzachtae mycelia growth at very significant
concentration.

Key words: Phomopsis azadirachtaézadirachta indica naphthofurans, die-back of neem,
Polymerase chain reaction.
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INTRODUCTION

Neem Azadirachta indica commonly called ‘Indian Lilac’ is one of the mosersatile,
multifarious trees of tropics, with immense potahto protect the environment while developing
sustainable agriculture [1]. Neem tree is uniquermrgrthe plant kingdom in terms of its heritage,
myriads of chemical entities present in its variqests and economic significance to the
mankind. Neem makes an important member amongtftmess. More than 150 compounds
have been isolated from different parts of thigyeratic tree [2,3]. Intensive search during the
past decade for a safer insecticide has resultakmification of neem as a better alternative to
toxic pesticides due to its biodegradability, refaty low toxicity and abundance. Neem-based
pest control has a natural advantage in the rabelfpfarmers demonstrate that their production
processes are clean and green [4]. It has beentedpbat more than 350 species of arthropods,
12 species of nematodes, 15 species of fungi &etadl by neem [3,5]. The important quality of
neem is that it has little or no toxicity to warnodded animals including birds and human
beings. Neem the ecofriendly native tree is nowenrgiteat threat due to a destructive die-back
disease [6]. The disease is not outright killethaf tree but very devastating in nature. The causal
organism of the disease is a deuteromycetes fuogjled Phomopsis azadirachtaeDie-back
disease affects leaves, twigs and the inflorescefagem trees of all ages and sizes [7]. It
causes almost always 100% loss of fruit produdtiaseverely infected trees. This results in total
loss of the seeds used for the extraction of sépesticidal active ingredients by the industries.
The disease is spreading very rampantly in diffepants of India [8]. Forest trees are effectively
controlled by fungicidal applications, which is ookethe effective means of disease control [9].
A ray of fungicides, especially systemic ones arevkn to suppress many fungal pathogens [10]
Fungicidal applications have effectively managednyndie-back diseases [11Many plant
diseases caused by Phomopsis spp. and other famgildeen controlled by chemicals including
synthetic compounds [12, 13, 18herefore in the present study, we have testedftiwacy of a
few novel synthetic heterocyclic compounds agaifstazadirachtae

EXPERIMENTAL SECTION

I solation of pathogen:

The healthy and die-back affected neem twigs wekeaed from diseased trees at Sri
Jayachamarajendra College of Engineering (SJCE)pesamMysore and were bought to
laboratory. Both healthy and diseased twigs (witddie transition zone) were cut into 2-3 cms
and washed with running tap water for an hour. Harrthey were trimmed to short segments of
1-1.5 cms, the diseased twigs having transitiorezatncentre. Segments were surface sterilized
with 4% Sodium hypochlorite for 5 min. and rinse& @mes in sterile distilled water. Segments
were plated on MEA amended with 100 ppm chloramglo¢érand the inoculated plates were
incubated for 7 days at 26 2@with 12 h photoperiod.

PCR-based molecular detection of the pathogen:

Nucleic acid (DNA) preparations were made from ffehogen isolates obtained from the
diseased neem twigs of trees at SJICE campus, Myseparatelyby following the procedures
of [15] with slight modification[16]. Primers of 8 r-DNA of Phomopsiswith conserved
sequences of forward and reverse primers of 141KA Was used [16, 17]. DNA was also
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isolated fromFusarium verticillioidesand used as control. PCR was performed using Aehnc
Thermus 25 thermocycler.

Chemical Synthesis of compounds:

Naphthofurans possess a broad range of biologatalitées that are constituents of important

natural products. These compounds from plant ofiiginve been used for traditional medicines
[14a]. Naphthofurans alone or coupled with nitrogeterocycles do not occur in nature. Several
synthetic compounds bearing this ring skeletonamsociated with diverse biological activities

such as antifungal, antibacterial, antiviral, amtior and antihelminthic[14b]. The selected

naphthofurans are synthesized and characterizezpaged earlier [14c]. (The seven chemicals
studied are shown iRig 1).
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4-naphtho[2 1- Afuran-2-yl-G-phenylpyrimidine-2(1 Adhione
Fig 1: Structures of the synthesized compoundstested for antifungal activity

In-vitro antifungal activity of novel synthesized compounds against Phomopsis
azadirachtae:

Synthesized compounds containing naphthofurans esxakiated for their inhibitory effect on
the mycelial growth of thé>. azadirachtae This was done by growing the fungus on MEA
medium supplemented with the various concentratiohshe chemicals by food poisoning
techniqgue [18]. The compounds were dissolved in DMSO (dimethyl Isokde) and
incorporated in to the malt extract medium at défeé concentrations, i.e., 10 ppm, 20 ppm, 30
ppm, 40 ppm, 50 ppm, 60 ppm, 70 ppm, 80 ppm, 90 ppoh 100 ppm. Medium without
chemical and only with emulsifier served as contidgle media were poured on to the sterile
Petri plates (90 mm), and inoculated with mycetisdcs from seven-day-old culture &f
azadirachtae Plates were incubated for seven days at 28CG+v@ith 12 h photoperiod. All the
treatments had four replications and the experinaexs repeated thrice. Mean colony diameter
was found out by measuring linear growth in thréeedadions at right angles. The colony
diameter was compared with the control as a measiufengitoxicity. The per cent mycelial
growth inhibition (PI) with respect to the contwas computed from the formula

(C-T)
Pl= —&—— X100

RESULTSAND DISCUSSION

The pathogen was isolated from all the diseaseanneags. The expected 141bp size of
amplified DNA product was detected in the fungudated from diseased trees, confirming that
the fungus i¥. azadirachtagFig. 2).

The chemically synthesized compounds[16] were defstetheirin-vitro antifungal activity [13]
against Phomopsis azadirachtae. The compocowipletely inhibited the mycelial growth Bf
azadirachtae However, slight varying level of effect was oh&st among the chemical$dble

1). Progressive decrease in the colony diameter wlaserved with an increase in the
concentration of all seven fungicides. All the camapds inhibited the fungal growth at 60 ppm
except compounds (C-2 and C-3) which were effeclivéttle higher concentration i.e., at 70
ppm. All the tested compounds showed 100% inhibiab 100 ppm. Compounds C-1 and C-2
showed almost 50% inhibition of mycelia growth astj 10 ppm. Compounds C-6 and C-7
showed almost complete inhibition of mycelia growth50 ppm, where C-7 proved to be most
effective among the compounds tested.
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Fig 2: Agarose gel amplified products of 141bp of isolates of P. azadirachtae Lane M, 100bp DNA ladder: 1-6
P.azadirachtae and 7. Fusarium moniliforme (negative control)

Table 1: % Inhibition of Phomopsis azadirachtae by synthesized compounds (ppm)

Compound % inhibition (ppm)

Control 10 ppm 20 ppm 30 ppm 40 ppm 50 ppm 100 ppm
C-1 0.00 45.5:2.1 40.51.8 58.82.7 71.83.2 84.43.8 10@4.1
C-2 0.00 44.8t1.9 61.52.7 67.13.1 71.%3.0 763.6 10@3.9
C-3 0.00 24.1+£ 0.9 39.31.7 47.82.2 49.32.3 733.2 10@4.3
C-4 0.00 17.4+0.07 38.51.6 6Qe2.7 72.63.1 83.33.9 10@3.8
C-5 0.00 13.3t0.5 6Q:2.7 69.63.1 73.33.2 83.34.0 10@:3.6
C-6 0.00 15.2+0.6 57.%2.6 68.82.8 75.83.4 89.6¢4.1 10@4.2
C-7 0.00 14.4+0.65 6@2.7 66.63.1 75.53.3 9(:4.2 10@4.3

#Values are mean of three determinations, the ramdevhich are less than 5% of the mean in all sase

The die-back is caused Bhomopsis azadirachtaend is systemic [19, 20] disease is spreading
very alarmingly in Karnataka and Tamilnadu [8a,Precise identification of a pathogen is must
for the proper management of any plant disease.-BPf3Rd method provides quick and reliable
identification [21]. PCR method for identificatiasf P. azadirachtaehas been successfully
employed [16, 22a]The use of chemical fungicides is inevitable uttié development of a
better method of disease management [6]. Also dataniungicides provide a cheaper and
reliable source for the control of plant diseadésrman Borlaug, father of the green revolution,
argued for the use of synthetic chemical controthmés though they can cause environmental
hazardous effects [3Bavistin has been found to be very effective addMazadirachtae [22b].
But it is a known fact that in the course of tinme fplant pathogenic fungi develop resistance
against chemicals on continuous exposure [23] dedtification of new chemicals for effective
management of the plant diseases is a continua @us, in the present investigations seven
novel compounds were screeriadvitro for their antifungal activity again®. azadirachtaeln
vitro screening helps to identify fungicides that aréeative against plant pathogens by
maintaining a protective barrier [24]. The antifahgctivity of the chemicals observed proves
their bioactive nature.
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P. azadirachtaas seed-borne reducing the quality of neem se2dls Feed treatment with the
chemicals studied would help to overcome this mwblThus all the seven compounds tested,
which effectively controlled the growth of P. azadirachtaainderin vitro conditions, can be
considered for the effective control of die-backeem.

CONCLUSION

To study the effect of synthetic compounds on theeliial growth ofP. azadirachtae Plants
are constantly threatened by a ray of pathogenscaniganisms present in the environment. The
overall loss in crop yield worldwide is contributstnificantly by plant pathogens including
bacteria, fungi and viruses [25, 26, 27]. Plangiaides which are formulated by synthetic ways
are extensively used in agriculture. There are nawe than 113 active ingredients registered as
fungicides worldwide [28]. However, extensive usk obemicals causes severe long-term
environmental pollution and are acutely toxic angere some prove carcinogenic towards
humans and animals [29]. Further, pathogens witistemt exposure to same chemicals become
resistant to many of chemicals [30]. So, thereni®hvious need to search for better alternative
compounds that are non toxic to animals and aepefiutive environmentally for controlling
plant diseases.

A lot of researchers have documented the antimiar@alativity of novel synthesized compounds
against different fungal species [14a, 31, 32,333,30, 35]. The present study has evaluated the
effect of seven synthetic heterocyclic compound® oazadirachtaghe causal agent of die-back
of neem. Although all tested compounds inhibiteé trowth of the fungus at different
concentrations, C-7 proved to be the most effeatinéditing the mycelial growth almost 100%
at as low as 50 ppm. In the present study two otemiC-6 and C-7 have shown promising
results againsP. azadirachtae The result obtained confirms the antimicrobialivaty of all
synthetic compounds used in the present studystieWwed excellent fungitoxic activity against
P. azadirachtadollowed by C-6, C-1, C-4, C-5, C-2 and Qg 2). Our results indicated the
efficacy of C-7 and C-6 on the inhibition of thenfial mycelium. This study has to be envisaged
by in vivo studies to fully understand the overall procesem-7 and C-6 are used for spraying
on diseased neem trees.

Nagarajaet al, 2006 have documented the antifungal efficacynaphthofuran derivatives
againstAspergillus niger This study indicated that synthetic heterocycbmpounds containing
naphthofurans possess antifungal activity and @aeftectively exploited as an ideal treatment
for future plant disease management programmes.aefect of synthetic compounds éh
azadirachtaemycelial inhibition is as shown ifig 2. Among the different concentration of
synthetic compounds tested 100 ppm seems to beake effective range, except for C-6 and
C-7 where as low as 50 ppm was good enough for I0@eglial growth inhibition.

The information obtained in the present study seggéhat synthetic compounds containing
naphthofurans show promising results in controllihg growth ofP. azadirachtaeunder
laboratory conditionsIn vivo studies now need to be carried out on diseasenh rieses, to
further support the potential of synthetic compautalcontrol the pathogen growth over a wide
range of environmental conditions.

572



Nanjunda Swamy et al J. Chem. Pharm. Res,, 2010, 2(3):567-574

Acknowledgements

This work was supported in part by DST, Govt ofignd5SNS thanks UGC, New Delhi for the
financial assistance to the project wide No: F. B®.220/2009 (SR). SNS thanks DST, Govt
India for the award of DST-BOYSCAST fellowship. Wkank JSS Mahavidyapeetha and
Principal, Sri Jayachamarajendra College of Enginge Mysore for providing facilities to
conduct this research work.

REFERENCES

[1] MK Sateesh; Ph. D Thesis, University of MysatéMlysore, India, Januafp98.

[2] TR GovindachariCurrent Sciencel1992, 63, 117-122.

[3] SK Nigam; G Mishra. A Sharm@pplied Botany Abstractsl994, 14, 35-46.

[4] Malcom WegenerWorld Neem ConferencAbstracts2007, pp PI-1.

[5] Jacobson, MCRC press, Boca Ratpt.S.A.1991, 42-45

[6] MK Sateesh; SS Bhat; NS Devaklycotaxon, 1997, 65, 517-520.

[7] S Shankara Bhat; MK Sateesh; NS Devékirrent Science1998, 74, 17-19.

[8] (a). MN Nagendra Prasad; S Shankara Bhat; NaptasadAbstract of Papers, World

Neem Conferenceg2007, Abstracts. pp 42; (b) MN Nagendra Prasad; S Sharikhat; N.

Haraprasad; MY Sreenivasa; HA Raveesha; GR Janaadiechives of Phytopathology and
Plant protection 2010, 43(5), 446 — 453.

[9] C Mohanan; KC Chacko; A Chandran; G Varéorking Papers of the Finnish Forest
Research Institute2005, 11, 83-93

[10] OC Maloy. Plant disease control: Principlesl gmractice.John Wiley and Sons Inc

New York.1993, 13-14.

[11] MA Ali; M Ali; M Hug; and M Ahmed.Sri Lanka Journal of Tea Scient893,62: 25-

31.

[12] LD Ploper; M Roberto Galvez; V Gonzalez; Hdial MR Devani Rev Ind Agric

Tucuman, 2000, 77, 59-69.

[13] NL Meena; R Shahl Mycol Pl Pathal, 2005, 35, 213-216.

[14] (a) GK Nagaraja; KM MahavevaArkivoc, 2006, xv, 160-168. (b). GK Nagaraja; KM

MahavevanArkivoc, 2006 xv, 142-152. (c) GK Nagaraja; KM Mahavevarkivoc,

2006, 211-219.

[15] AW Zhang; GL Hartman; B Curio Penny; WL Peshar; K.B BeckerPhytopathology

1999, 89, 796-804.

[16] MN Nagendra Prasad; S Shankara Bhat; AP i@hRiaj; GR Janardhan&urr. Sci,

2006, 91, 2.

[17] MN Nagendra Prasad; S Shankara Bhat; AP @heaj; GR JanardhanArchives of
Phytopathology and Plant protectig2009, 42(2),124 — 128

[18] OD Dhingra; JB Sinclairln Basic plant pathology methadg™ edition. CRC Press,

Boca Raton, Florida, U.S.2997, 21-23.

[19] K Girish. Ph.D. thesis, University of Mysoaé Mysore, India, Janua@007.

[20] MK Sateesh; SS Bhabeed Science and Technolod999, 27,753-759.

[21] HA McCartney; SJ Foster; BA Fraaije. E WaRést Management Scienc2003, 59,

129-142.

[22] (a) K Girish; S Shankara Bhat; KA Raveeshrchives of Phytopathology and Plant

573



Nanjunda Swamy et al J. Chem. Pharm. Res., 2010, 2(3):567-574

Protection, 2009, 42(3), 256 — 264, (b) K Girish; SS Bhat; KA Rasfe® Archives of
Phytopathology and Plant Protectio2009, 42(5),489 — 498.
[23] KJ Brent.GIFAP. FRACmonograph nol995, (1)41-43
[24] RJ SbragiaAnnual Review of Phytopatholag¥975, 13, 257-269.
[25] E Montensinos. Antimicrobial peptides andnldisease controFEMS Microbiology
Letters, 2007, 270, 1-11.
[26] S Savary; PS Teng; L Willocquet; and FW Nutfennual Review of Phytopatholagy
2006, 44, 89-112.
[27] RN Strange; and PR Scotnnual Review of Phytopatholag005, 43, 83-116.
[28] SC Knight; VM Anthony; AM Brady; AJ Greenlan&P Heaney; DC Murray; KA
Powell; MA Schulz; CA Spinks; PA Worthington; and Woule. Annual Review of
Phytopathology 1997, 35, 349-372.
[29] M Daoubi; R Hernandez-Galan; A Benharref; #8dCollado.Journal of Agricultural
Food Chemistry 2005, 53, 6673-6677.
[30] P RusselJournal of Agriculture Sciencegl995,124, 317-323.
[31] TJ Avis; and RR BelangefApplied Environmental Microbiology2001, 67, 956-960.
[32] WF Broekaert; B.P.A Cammue; M.F.C De BollelTKevissen; GW De Samblanx; and
RW OsbornCiritical Review of Plant Sciencd 997, 16, 297-323.
[33] MS Castro; and W FonteBrotein Peptide Letters2005, 12, 13-18.
[34] JG Kang; JH Hur; ST Choi; GJ Choi; KY Cho; Len; KH Park; and KY Kang.
Bioscience, Biotechnology and Biochemis2002, 66(12), 2677-2682.
[35] H Shimotori; H Yanangida; Y Enomoto; K Igargshl Yoshinari; and M Umemoto.
Journal of Pesticide Scien¢d996, 21, 31-35.

574



