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Identification of Antifungal Compounds from the Seed Ol
of Azadirachta indica
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Evaluation of the activity of the cold expeller neem dlz@dirachta indicaA. Juss.) and

the fractions derived through solvent partitioning, agaiDstchslera oryzae, Fusarium
oxysporumand Alternaria tenuisshowed that the active antifungal fraction is a mixture

of tetranortriterpenoids. Further, testing the triterpenoidal mixture derived from the 90%
methanol (MeOH) extract of neem oil against 13 phytopathogenic fungi revealed that various
species were inhibited to different degrees. Direct preparative High Performance Liquid
Chromatography (HPLC) of the active fractions and subsequent bioassay of the semi-
pure fractions indicated that the active fractions contained major compounds such as 6-
deacetylnimbin, azadiradione, nimbin, salannin and epoxyazadiradione. Pure azadiradione,
nimbin, salannin and epoxy-azadiradione did not have appreciable activity. However, when
these terpenoids were mixed and bioassayed, they showed antifungal activity, indicating
possible additive/synergistic effects.

KEY WORDS: Neem oil; antifungal activity; 6-deacetylnimbin; azadiradione; nimbin;
salannin; nimbin; epoxyazadiradione; preparative HPLC.

INTRODUCTION

Constitutive antifungal triterpenoids of higher plants are known frbtallugo
pentaphyllalmollugenol A and B)Ecballium elateriun{cucurbitacin 1) andChisocheton
paniculatus (1,2-dihydroxy-@-acetoxyazadirone and three related meliacins) (4).
Although a number of triterpenoids of the limonoid type have been isolated from seeds/seed
oil of the Indian neem treédzadirachta indicaA. Juss.) (1), information is not available on
their antifungal activities. Use of the crude extractives of seeds of neem for control of plant
pathogenic fungi is known and has been amply documented (6,7). The only references
to antifungal activities of neem constituents relate to nimbidin (supposedly a mixture of a
number of triterpenoids from seed oil) agaifstizoctonia nodulosum, Alternaria tenuis,
Fusarium oxysporum, Helminthosporium nodulosamd Curvularia tuberculata5), and
isomeldenin and nimonol against groundnut leaf rust (12). Using some phytopathogenic
fungi as test organisms, Steinhauer (10) isolated a compound with antifungal activity from
neem kernel extracts, the identity of which is not known. Herein, we have attempted
fractionation, isolation and identification of antifungal triterpenoids from neem oil, the
results of which are presented.
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MATERIALS AND METHODS

Extraction and isolation of neem compounds

Neem oil (11), obtained by using a cold mechanical expeller, was partitioned between
n-hexane (1) and 90% methanol (MeOH) (115and the MeOH extract was concentrated
to drynessin vacuoat 45C (62.8 g). The extract was subjected to preparative HPLC
for the isolation of triterpenoids as illustrated in Figure 1. Details of the isolation and
purification of major compounds from neem @i., deacetylnimbin, azadiradione, nimbin,
salannin and epoxyazadiradione, were described by us previously (3). Pure compounds
were identified by comparison éH, *C and 2D NMR data, HR-Mass spectra, IR] j,
C, H analysis and HPLC analysis. Standard pure compounds were routinely purified in our
laboratory through preparative HPLC which forms the source.
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Fig. 1. Extraction and isolation of antifungal compounds from neem oil (8).

Antifungal bioassays

Drechslera oryzaéBreda de Hann) Subram. & Jain (causes leaf spot disease in rice),
Alternaria tenuisNrrd. (causes leaf spot in vegetables), &sarium oxysporunisp.
vasinfectunfAtk.) Snyder & Hansen (wilt pathogen of cotton) were used as test organisms
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in all the experiments. The 90% MeOH extract of neem oil was also tested against 13
phytopathogenic fungi other than the above mentioned (see Table 2).

Czapek-Dox medium was used for maintaining the cultures on sterile petri dishes.
Weighed quantities of neem oil components to be tested were dissolved in acetone (1 ml),
and incorporated into the molten mediumd¢at45°C), to reach the desired concentration,
1000 ppm. Addition of an aliquot of acetone alone to the medium served as the control
(final acetone percentage = 2%). Fifteen ml of the medium was poured into each sterile
petri dish under aseptic conditions and left to settle. Circular plugs (5 mm diam) of the test
mycelial mats (punched in mycelial mats grown on Czapek-Dox medium in sterile petri
dishes) were inoculated centrally and left to grow. In all cases triplicates were maintained.
Neem oil and the extracts were maintained at a concentration of 1000 ppm in the media
for studying radial growth inhibition oD. oryzae, A. tenuiand F.o. vasinfectum.The
90% MeOH extract of neem oil was tested also against 13 further fungal species. Rate of
radial growth of the fungus is expressed as diameter in mm at the end of a specific time
period after inoculation for each fungus. Data on the rate of radial growth were noted after
72 h and subsequently every 24 h for a total period of 240 h. These data were subjected
to analysis of variance using completely randomized blocks and the mean growth values
were calculated using the SNK test in a COSTAT program. From the Newman-Keuls mean
growth values, the percentage inhibition over control was calculated.

RESULTS AND DISCUSSION

Although neem oil has been used for control of phytopathogenic fungi, such as
Fusarium oxysporuni.sp. ciceris, Rhizoctonia solani, Sclerotium rolfsii, Sclerotinia
sclerotiorum, Botrytis cinerea, Penicillium expansum, Glomerella cingulata, Alternaria
alternata, Aspergilllus niger, Curvularia lunata, Sphaerotheca fuliginea, Plasmopara
viticola, Diplocarpon rosaeand several rust pathogens (6), concentrations needed for
complete field control were shown to be as high as 2% to 10% (6). High concentrations of
neem oil are known to induce phytotoxicity (6). In our experiments the concentration for
the antifungal activity assays was kept at 1000 ppm. Cold expeller neem oil at 1000 ppm
either brought about no inhibition (agaiisb. vasinfectutnor minimal inhibition (11.4%
againstD. oryzaeand 31.1% againsA. tenuid against the test fungi (Table 1). While
this confirms earlier reports (6), it may, in part, explain the reason for the use of higher
concentrations of neem oil for field control.

In an effort to identify the component(s) that actually impart antifungal activities, we
resorted to solvent partitioning of the neem oil betwadmexane and 90% MeOH. The
n-hexane extract showed only marginal inhibitory activity agafhdenuig(13.6%) and no
activity againsD. oryzaewhile it accelerated the growth &fo. vasinfectunmarginally
(Table 1). Hexane extracts contain the non-polar substances like fats and fatty acids (9),
which, as carbon sources, could stimulate fungal growth. The 90% MeOH extract, on
the other hand, inhibited growth of the test fungi to varying degrees. At 1000 ppm,
the inhibition percentages féto. vasinfectum, A. tenuandD. oryzaewere 26.5, 35.1
and 72.4, respectively (Table 1). Even with synthetic fungicides, a minimum inhibition
concentration (MIC) of 1000-5000 migE 1000-5000 ppm) is considered good activity
(8). Based on the inhibition profiles of the 90% MeOH extract, it is evidentDhatyzae
was the most susceptible among the three fungi, whdevasinfectunandA. tenuiswere
less inhibited. Steinhauer (11) investigated the inhibition of phytopathogenic fungi by a
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TABLE 1. Inhibition of fungi, in percentagesthe control, by neem oil components

Fraction/Compounfl Drechslera oryzae Alternaria tenuis Fusarium oxysporum
f.sp. vasinfecturm*
Control 1000 ppm | Control 1000 ppm | Control 1000 ppm
Neem oil 11.4 31.0 0
(88+1.4) |(78+1.4) | (88+0) (60.7+0) | (88+0) (8840)
Hexane extract 0 13.6 —11.0
(88+0) (88+0) (85.7+0.8) | (74+0.8) | (79.3+0.5) | (88+0.5)
MeOH extract 70.8 35.8 26.5
(88+0.5) | (25.7+£0.5) | (85.740.8) | (55+0.8) | (79.3£0.3) | (58.3+0.3)
HPLC peak 1 5.7 3.9 22
(88+1.2) |(83+1.3) |(76.3:1.2) | (73.3+1.2) | (76.7+£0.5) | (75+0.5)
HPLC peak 2 0 -15.3 -1.7
(88+1.7) |(88+1.7) |(76.3+0.8) | (88+£0.76) | (76.7£0.4) | (78+0.4)
HPLC peak 3 65.1 11.3 15.7
(88+3.9) | (30.7+£3.9) | (73.3:0.6) | (65+0.6) | (68+2.5) |(57.3+2.5)
HPLC peak 4 77.6 11.3 13.7
(88+3.1) | (19.7£3.1) | (73.3:0.9) | (65+0.9) | (68+2.4) | (58.7+2.4)
HPLC peak 5 59.9 30.5 49.2
(88+3.5) | (35.3£3.5) | (76.3+:0.6) | (53+0.6) | (76.7+0.5) | (39+0.5)
HPLC peak 6 70.5 30.5 38.7
(88+2.7) | (26+2.7) |(76.3:1.3) | (63+£1.3) | (76.7+£0.8) | (47+0.8)
HPLC peak 7 69.0 31.8 39.6
(88+3.0) | (27.3£3.04) (76.3+0.8) | (52+0.8) | (76.7+£0.1) | (46.3+0.1)
HPLC peak 8 72.7 32.2 35.7
(88+5.9) | (24+5.9) | (76.3+0.6) | (51.7+0.63) (76.7+£0.5) | (49.3+0.5)
HPLC peak 9 70.1 38.4 39.6
(88+2.5) |(26.3£2.5) | (76.3+:0.6) | (47+0.6) | (76.7+£0.6) | (46.3+0.6)
HPLC peak 10 82.6 30.6 8.4
(88+2.3) | (15.3£2.3) | (73.3:0.9) | (51.3+0.9) | (68+2.8) | (62.3+2.8)
6-deacetylnimbin 63.3 15.3 375
(88+4.0) |(32.3:4.0) | (57+£1.2) | (48.3+1.2) | (77.3£0.2) | (48.3+0.2)
Azadiradione 0 -4.7 21
(88+0) (88+0) (57£1.1) | (59.7£1.1) | (77.3+0.2) | (75.7+0.2)
Nimbin 64.8 5.8 -1.8
(88+0.8) | (31+0.8) | (57+£0.6) | (53.7+0.6) | (77.3£0.2) | (78.7+0.2)
Salannin 26.5 -9.3 16.3
(88+3.0) | (64.7£3.0) | (57+£1.2) | (62.3+1.2) | (77.3£0.9) | (64.7+0.9)
Epoxyazadiradiong 15.1 35 0.8
(88+2.7) | (74.7£2.7) | (57£1.5) | (65+1.5) | (77.3£0.1) | (76.7+0.1)

% Inhibition values derived from Newman-Keuls means of growth (i.d., in mm) of the fungus in
treatedvscontrol.

Values in parentheses indicate the fungal radial growth (FrE.

T After 240 h.* T After 168 h.

series of commercial neem products, through linear growth by a method similar to that
employed in the present study. AgairDaechsleraspeciesD. teres was the one out of

ten phytopathogenic fungi that was the most inhibited by all products. The 90% MeOH
extract was also tested (at 1000 ppm) against a number of other phytopathogenic fungi
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(Table 2). The results confirmed the growth inhibition of different fungi to varying degrees.
Among the 13 fungi tested, 90% MeOH extract was most effective ag®iytstium
aphanidermatun(71.8%) andPestalotiopsis mangifera@6.5%), whileBipolaris indica,
Botryodiplodia theobromae, Pyricularia oryzand Fusarium equisetiwere inhibited

least & 20%). Analysis of the 90% MeOH extract by analytical HPLC revealed the
presence of major triterpenoids (3). Fungal inhibitory activity may hence be attributed
to the triterpenoidal fraction. An attempt was made, therefore, to evaluate the different
preparative HPLC fractions of the 90% MeOH extract in order to identify the compound(s)

that impart antifungal activi

ty.

TABLE 2. Antifungal activity of 90% MeOH extract (at 1000 ppm) of neem oil against
phytopathogenic fungi
Fungus Source of the fungus | Radial growth (MmtSE) | %
ControF 1000 ppm | Inhibition®

Bipolaris indicaRai, leaves oHelianthus | 56.4+8.4° 48.5+7.1 14.0

Wadhwani &Tewari annuus

Botryodiplodia theobromaRat|. petiole ofCarica 72.3+6.00 64.94-9.5 10.2
papaya

Colletotrichum leaves ofPiper nigrum| 51.6+10.4" | 41.2+8.4 20.7

lindemuthianun{Sacc. &

Magnus) Brioso & Cavara

Colletotrichum dematium leaves ofCapsicum | 48.3+9.0° 36.5+-6.8 24.4

(Pers.:Fr.) Grove indicum

Curvularia lunata(Wakker) | leaves ofArachis 61.2+9.4 45.3+7.2 26.0

Boedijn hypogaea

Fusarium equise{{Corda) Saccleaves ofSolanum 55.4+10.6" | 44.5+7.1 19.6
tuberosum

Fusarium solaniMart.) Sacc.| leaves ofSolanum 41.6+11.8 | 32.4t1.1 221
tuberosum

Koleroga noxiaDonk twigs of Coffea arabica69.2+7.5 51.7+6.4 25.3

Nectria galligenaBresad. twigs of Rosasp. 53.0+10.0° | 34.06£6.0 | 35.8

Pestalotiopsis mangiferae | fruits of Mangifera 49.6+6.5° 26.6+2.9 46.5

(Henn.) Stey. indica

Phoma beta&rank. fruits of Capsicum 56.5+9.6° 41.146.0 27.2
indicum

Pyricularia oryzaeCavara leaves ofOryza sativa| 35.4+6.4° 29.3+4.6 17.2

Pythium aphanidermatum seedlings oBSolanum | 27.4+5.9 7.7+£2.8 71.8

(Edson) Fitzp. tuberosum

*% Inhibition values and the fungal radial growth in diam (m&r$E derived from Newman-Keuls
means of growth (i.d., mm) of the fungi at 1000 ppsTontrol at maximum growth.
Y After 252 (a), 238 (b), 214 (c), 190 (d), 166 (e), 142 (f), 94 (g) hours of growth.

Preparative HPLC (on a 25 cm 5 cm, C18 column with MeOH:ED as an eluent in

a stepwise gradient) resolved the 90% MeOH extract into ten peaks (3), after the elution
of which the column was washed with 100% methanol in order to remove the non-polar
components. Analysis of all the ten peaks employing analytical HPLC using a C18 column
revealed that peaks 1 and 2 contained mainly azadirachtins A, B, D, H and | (2). Peak 1
contained azadirachtins A, B, D, H and | at 6%, 10%, 10%, 9% and 5% (isolated yields),
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respectively. Peak 2 contained azadirachtins A, B, D, H and | at 3%, 5%, 3%, 5% and
2% (isolated yields), respectively. Mixtures of peaks 1 and 2 did not show any appreciable
inhibition (Table 1). From the foregoing, it may be surmised that azadirachtins do not
possess any antifungal activity. Peaksa®d 4 yielded small amounts of material, with

little or no activity against.o. vasinfectunandA. tenuis,but with considerable activity
againsD. oryzae(65.2% and 77.7%, respectively, at 1000 ppm). Attempts are being made
to collect these fractions in sizeable quantities to investigate further the individual fractions.
Peak 5 was identified as 6-deacetylnimbin of 96% purity (by analytical HPLC) and showed
appreciable inhibition again§l. oryzae(59.9%),A. tenuis(30.6%) and~.o. vasinfectum
(49.2%) at 1000 ppm (Table 1). Pure 6-deacetylnimbin (purified by HPLC) (2) retained
antifungal activity againgt.o. vasinfectunandD. oryzae,but showed drastic reduction

in activity againstA. tenuis Peak 6 (80% azadiradione as the major component), peak 7
(85% nimbin as the major constituent) and peak 8 (90% salannin as the major constituent)
evinced excellent inhibitory activity againBt. oryzaeand moderate activity against
tenuisand F.o. vasinfectumat 1000 ppm (Table 1). When purified, azadiradione and
salannin manifested a drastic reduction in activity against all the test fungi. Nimbin in
pure form had reduced activity agairisb. vasinfectumand A. tenuis but retained its
activity againsD. oryzae.Only a small quantity of solid could be recovered from peak 9,
which resolved into at least three major components in analytical HPLC. Peak 9 showed
excellent inhibitory activity againdd. oryzae(70.1%) and was moderately active against
F.o. vasinfectun{39.6%) andA. tenuis(38.4%) at 1000 ppm (Table 1). Peak 9 is being
investigated further. Peak 10 (85% epoxyazadiradione as the major constituent) was most
effective againsb. oryzae(82.6%) and much less effective agaiAsttenuis(28.6%) and

F.o. vasinfectun(8.3%). Epoxyazadiradione in pure form did not exhibit inhibitory activity
against any of the test fungi. It is possible that in pure form the major triterpenoids from
oil have very low or no antifungal activity, whereas in combination they show excellent
activity against all the three test fungi, suggesting additive/synergistic effects.

Our studies have shown that the 90% MeOH fraction contained mainly terpenoids.
Hence, it was suspected that the triterpenoids may be antifungal. Loss of activity
after purification prompted us to recreate a mixture by combining pure compounds.
Retention of activity of such mixtures of triterpenoids may indicate that there could be
additive/synergistic effects of terpenoids in 90% MeOH extracts.

In order to evaluate the finding that the major terpenoids act additively/synergistically,
five pure terpenoids were mixed in the following proportion, based on our studies of the
concentrations of various triterpenoids as they occur naturally in neem oil from different
sources: epoxyazadiradione (1 part): salannin (5 parts): nimbin (4 parts): azadiradione (2
parts): 6-deacetylnimbin (4 parts). This mixture was dissolved in acetone, incorporated
into the molten media to obtain concentrations of 1, 10, 100 and 1000 ppm. Assays of the
antifungal activities of the mixture against the three test fungi revealed again that maximum
inhibition was observed wittD. oryzae(70.1%) at 1000 ppm (Fig. 2). It is also not
surprising that differences existed in inhibition percentages among the test fungi. Hence,
the concentration needed to inhibit each fungal species effectively has to be worked out
independently. Both the natural triterpenoidal mixture from neem oil, as well as a mixture

*HPLC peaks 3, 4 and 9 were analyzed by preparative HPLC and found to be complex mixtures; the quantities of
material collected were also very small. Hence, it was not possible to fractionate these peaks further at the present
juncture. This has been illustrated in an earlier paper (2).
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made up from pure salannin, nimbin, azadiradione, deacetyl nimbin and epoxyazadiradione
were similar in their antifungal activity against the test fungi.
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Fig. 2. Antifungal activity of mixture of neem oil triterpenoids, expressed as percent inhibition.
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