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In a search for plant extracts with in vivo antifungal
activity for plant diseases, we found that the methanol
extract of Myristica malabarica fruit rinds effectively
suppressed the development of several plant diseases.
The methanol extract exhibited potent 1-day protective
activity against rice blast, tomato late blight, wheat leaf
rust and red pepper anthracnose. It also showed 7-day
and 4-day protective activities against the plant diseases.
Three antifungal resorcinols were isolated from the
methanol extract of M. malabarica fruit rinds and iden-
tified as malabaricones A (MA), B (MB), and C (MC).
Inhibitory activity of the three resorcinols against my-
celial growth of plant pathogenic fungi varied according
to compound and target species. All three compounds
effectively reduced the development of rice blast, wheat
leaf rust and red pepper anthracnose. In addition, MC
was highly active for reducing the development of tomato
late blight. This is the first report on the antifungal
activities of malabaricones against filamentous fungi.
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Many species of pathogenic fungi have inflicted serious
damage on agricultural crops that result in severe losses to
crop yields. In the past, farmers have used mainly synthetic
fungicides for plant protection, but side effects of many of
these fungicides, such as environmental pollution, residual
toxicity, and resistance have led scientists to develop environ-
mentally benign biopesticides such as microbial biopesticides
and natural biopesticides. Since plants produce a very diverse
range of secondary metabolites such as terpenoids, alkaloids,
polyacetylenes, flavonoids and unusual amino acids and
sugars, they can be always a large source of new agricultural
chemicals.

The Bombay nutmeg tree, Myristica malabarica is an
endemic Indian plant in the Myristicaceae family. The fruit
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rind of the plant, known as rampatri, Bombay mace, or false
nutmeg, is used as an exotic spice in various Indian cuisines.
It is also used for medical purposes such as hepato-
protective, anticarcinogenic, and antithrombotic activities
(Morita et al., 2003). The superoxide-scavenging (antioxi-
dant) and endopeptidase inhibitory activities of the meth-
anol extract of M. malabarica were also reported by
Khanom et al. (2000). Our research group has recently
reported the nematicidal activity of the methanol extract of
M. malabarica (Choi et al., 2008).

In the search program for antifungal compounds from
plants, we have found that the methanol extract of M.
malabarica is highly active to several fungal plant diseases.
This paper reports the isolation procedures of the three
resorcinol compounds, their characterization, and the in
vitro and in vivo antifungal activity against various plant
pathogenic fungi.

Materials and Methods

Plant material. Dried fruit rinds of M. malabarica (Bombay
mace) were imported from India by KFI Corporation (Seoul,
Korea). A voucher specimen has been deposited at our
laboratory.

Isolation and identification of antifungal substances.
The isolation and identification procedures for antifungal
substances from dried Bombay mace were previously
described in detail (Choi et al., 2008). Briefly, dried Bombay
mace was extracted with methanol and then concentrated.
After dissolving in methanol+water (4:1, v/v), the aqueous
layer was partitioned with n-hexane twice and then the
aqueous layer was concentrated to remove methanol. Distil-
led water was added to give 800 ml and then the aqueous
layer was successively partitioned with ethyl acetate and 1-
butanol. Because 1-butanol extract was the most active, the
three antifungal principles were isolated from 1-butanol
extract through repeated silica gel column chromatography.

The chemical structures of the three purified compounds
isolated from Bombay mace were determined using spectro-
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scopic analyses such as mass and NMR spectrometry. Mass
spectra were recorded on a double-focusing high-resolution
mass spectrometer (JMS-DX303, JEOL, Tokyo, Japan).
NMR spectra were recorded on a Bruker AMX-500 (500
MHz) spectrophotometer (Bruker Analytische Messtechnik
GmbH, Rheinstetten, Germany) at 500 MHz for 'H and 125
MHz for C in deuterochloroform with TMS as an internal
standard.

Growth-inhibition assay. The in vitro antifungal activity
of the purified compounds was evaluated against mycelial
growth of eight plant pathogenic fungi such as Alternaria
alternata, Botrytis cinerea, Colletotrichum coccodes, C.
gloeosporioides, Fusarium oxysporum, Magnaporthe grisea,
Pythium ultimum, and Rhizoctonia solani. The three sub-
stances were dissolved in dimethylsulphoxide (DMSO).
After autoclaving, potato dextrose agar medium was cooled
to about 50°C and then mixed with each chemical solution.
Aliquots (ca 20 ml) of the mixture were poured into sterile
Petri dishes (8.5 c¢cm ID). Final concentrations of the
chemicals were 100, 33, 11, 3.7, 1.2 and 041 pg/ml
Control dishes were treated with DMSO (10 pl/ml) alone,
and three replicates of each concentration for each fungus
were used. After inoculation, the dishes were incubated at
25°C (all test fungi except B. cinerea) or 20°C (B. cinereq)
for 2-5 days, and then radial growth was measured. This
experiment was conducted twice and the activity was
expressed as ICy, values (concentration of the compound
inhibiting radial growth by 50%).

Evaluation of in vivo control efficacy. The 1-day pro-
tective activities of the methanol extract of Bombay mace
and the purified substances were evaluated against seven
plant pathogenic fungi on plants: M. grisea on rice plants,
R. solani on rice plants, B. cinerea on tomato plants, Phyto-
phthora infestans on tomato plants, Puccinia recondita on
wheat plants, Blumeria graminis f. sp. hordei on barley
plants, and C. coccodes on red pepper plants. The in vivo
antifungal biocassays were performed as described previ-
ously (Kim et al., 2001; 2004). The pots were arranged in a
randomized complete block design, with three replicates
per treatment. All experiments for in vivo antifungal
activities of the purified substances were conducted twice,
and the six estimates for each treatment were converted into
a control percentage (+standard deviation) compared with
the control treatments.

In order to investigate further 7-day and 4-day protective
activities against the plant pathogenic fungi, which were
highly susceptible to the methanol extract of Bombay mace
in the 1-day protective assay, foliar applications of the
extract were done 7 and 4 days before inoculation. Blasti-
cidin-S (50 pg/ml) for rice blast, dimethomorph (2 pg/ml)

for tomato late blight, flusilazole (2 pg/ml) for wheat leaf
rust, and dithianon (50 pg/ml) for red pepper anthracnose
were applied as positive controls. Pots were arranged as a
randomized complete block with three replications per
treatment. The experiment was conducted twice and values
are expressed as percentage control (+standard deviation)
compared with the control.

Results and Discussion

The methanol extract of Bombay mace effectively sup-
pressed the development of rice blast, tomato late blight,
wheat leaf rust, and red pepper anthracnose among the
seven plant diseases tested (Table 1 and Fig. 1). At 1,000
and 2,000 pg/ml, it exhibited potent in vivo antifungal
activities with control values more than 67% against the
four plant diseases. Even at the low concentration of 500
pg/ml, it controlled 79% for rice blast, 87% for tomato late
blight, 60% for wheat leaf rust, and 58% for red pepper
anthracnose. However, the methanol extract was virtually
inactive to rice sheath blight, tomato gray mold, and barley
powdery mildew.

The methanol extract of Bobmbay mace at 2,000 ug/ml
showed control activity of more than 70% in 4- and 1-day
protective applications, but 34% in a 7-day protective ap-
plication; the protective activities of the methanol extract of
Bobmbay mace were similar to those of blasticidin-S (50
pg/mly (Fig. 2). The methanol extract of Bombay mace
were highly active to wheat leaf rust with control values of
more than 58% in protective applications. Although the
methanol extract of Bombay mace showed efficacies more
or less similar to positive controls against rice blast, tomato
late blight, and wheat leaf rust, the former was much less

Table 1. One-day protective activity of the methanol extract of
Mpyristica malabarica fruit rinds against seven phytopathogenic
fungi®

Cone. Contro} value (%)

(ug/m) RCB° RSB TGM TLB WLR BPM RPA
2,000 92+2.3 35:10 711 89+3577+12 0  91%25
1,000 85+3.5 35+7.1 8+22 89+22 6710 O  67+3.5
500 79+21 30£0 0 87433 60£94 0  58+12

*Seedlings were inoculated with spores or mycelial suspensions of the
test organisms 1 day after spraying with solutions of the plant
extracts.

Each value represents the meanzstandard deviation of two runs with
three replicates each.

‘RCB, rice blast (Magnaporthe grisea); RSB, rice sheath blight
(Rhizoctonia solani); TGM, tomato gray mold (Botrytis cinerea);
TLB, tomato late blight (Phytophthora infestans); WLR, wheat leaf
rust (Puccinia recondita); BPM, barley powdery mildew (Blumeria
graminis . sp. hordei); RPA, red pepper anthracnose (Colletotrichum
coccodes).
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Fig. 1. In vivo antifungal activities of the methanol extract of Myristica malabarica fuit rinds against rice blast (A), tomato late blight
(B), wheat leaf rust (C), and red pepper anthracnose (D). Plant seedlings were inoculated with spore suspensions of each pathogenic
fungus 24 h after treatment with 2,000 j1g/ml of the methanol extract of M. malabarica fruit rinds (right) or solvent alone (left).
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Fig. 2. /n vivo control of rice blast (A), tomato late blight (B), wheat leaf rust (C), and red pepper anthracnose (D) with protective
applications of the methanol extract of Myristica malabarica (Mm extract: methanol extract of M. malabarica fruit rinds (2,000 pg/ml).
Blasticidin-S, dimethomorph, flusilazole, and dithianon were treated with 50, 2, 2, and 50 pg/ml, respectively.
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effective to red pepper anthracnose than positive control,
dithianon (50 pg/ml).

The three resorcinols were isolated from the methanol
extract of Bombay mace by butanol partitioning and
repeated silica gel column chromatography as reported
previously (Choi et al., 2008). Their chemical structures
were determined to be malabaricones A (MA), B (MB),
and C (MC) by mass and NMR spectral data (Fig. 3).

The resorcinols have been found in various species of
Myristica species including M. malabarica such as M.
cagayanesis, M. gigantean, M. maingayi, and M. gragrans
(Kuo et al., 1989; Orabi et al., 1991; Pharm et al., 2000;
2002; Sen et al., 2007). Malabaricones have been reported to
have antioxidant, arg-gingipain inhibitory, antipromastigote,
and nematicidal activities (Choi et al., 2008; Patro et al.,
2005; Shinohara et al., 1999; Sen et al., 2007). As for the
antimicrobial activity, Orabi et al. (1991) reported that both
MB and MC exhibited a good level of antimicrobial
activity when tested against a variety of microorganisms,
including Staphylococcus aureus and Candida albicans; both
metabolites showed minimum inhibitory concentrations at a

L,

‘ R4
Ra
Malabaricone A: R4=Ry=H

Malabaricone B: R4=H, Ry=0H
Malabaricone C: Ry=R,=OH

OH O

Fig. 3. Chemical structures of malabaricones A, B, and C.

range of 1-4 pg/ml against S. aureus and 4-32 |Lg/ml against
C. albicans. The three malabaricones isolated from My.
malabarica fruit rinds are similar to a number of 5-alkyl-
resorcinols that were found to promote DNA strands
scission (Scannell et al., 1988). Thus, the three malabari-
cones is supposed to exert their antifungal action through a
similar mechanism. This is the first report on the antifungal
activities of malabaricones against filamentous fungi.

The resorcinols inhibited the mycelial growth of most of
the plant pathogenic fungi tested (Table 2). Two Colletotri-
chum species such as C. coccodes, C. gloeosporioides and
R. solani were relatively sensitive to the three resorcinols,
whereas B. cinerea and P. ultimum were relatively resistant
to them. A. alternata and F. oxysporum showed significant-
ly different responses to each chemical.

In in vivo antifungal assays, all of the three resorcinols
isolated from Bombay mace effectively suppressed the
development of rice blast, wheat leaf rust, and red pepper

Table 2. IC,, values of three malabaricones isolated from fruit

rinds of Myristica malabarica against eight plant pathogenic fungi
ICs (g/mly’

MAP MB MC

>100 22 100

Plant pathogens

Alternaria alternata

Botrytis cinerea >100  >100 NI
Colletotrichum coccodes 34 53 9.7
Colletotrichum gloeosporioides 39 17 11
Fusarium oxysporum >100 86 33
Magnaporthe grisea 35 58 >100
Pythium ultimum NI 84 NI
Rhizoctonia solani 71 36 87

*ICs, concentration causing 50% growth inhibition.
"MA, malabaricone A; MB, malabaricone B; MC, malabaricone C
NI, no inhibition

Table 3. One-day protective activity of three malabaricones isolated from fruit rinds of Myristica malabaricones against seven

phytopathogenic fungi*
) Conc Control value (%)"
Chemical

(1g/ml) RCB* RSB TGM TLB WLR BPM RPA
500 90+3.5 25+7.1 0 7+10 83+3.2 0 72+3.6
MA? 250 90+ 14 15+1.1 0 0 75+12 0 64+7.2
125 38+9.4 10£2.2 8+11 21+11 68+21 0 38+58
500 94+0.9 20x2.2 1547 29+10 90+9.4 42+59 92+3.6

MB 250 930 20+2.2 8+0 2110 93+0 25435 77+11
125 85+14 5+1.1 0 21x10 88+7.1 8+12 T4+7.2
500 95+0 20+0 8+14 94+2.0 95+2.4 0 73+5.8
MC 250 8514 10+0 23+12 64+10 93+0 0 54+7.2
125 13£71 15+1.1 15+24 3611 88+7.1 0 2640

*Seedlings were inoculated with spores or mycelial suspensions of the test organisms 1 day after spraying with the chemical solutions.

"Each value represents the mean standard deviation of two runs with three replicates each.
‘RCB, rice blast (Magnaporthe grisea); RSB, rice sheath blight (Rhizoctonia solani), TGM, tomato gray mold (Botrytis cinerea), TLB; tomato
late blight (Phytophthora infestans); WLR, wheat leaf rust (Puccinia recondita); BPM, barley powdery mildew (Blumeria graminis f. sp. hor-
dei), RPA: red pepper anthracnose (Colletotrichum coccodes).

“MA, malabaricone A; MB, malabaricone B; MC, malabaricone C
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anthracnose (Table 3). It is noticeable that only MC out of
the three compounds showed potent in vivo antifungal
activity against tomato late blight. They were not active
virtually to rice sheath blight, tomato gray mold, and barley
powdery mildew. The antifungal spectra of the three
resorcinols were similar to that of the methanol extract of
Bombay mace (Table 1), suggesting that the three resor-
cinols are mainly responsible for the antifungal activity of
the extract of Bombay mace.

In this study, the methanol extract of Bombay mace and
the three malabaricones purified from the plant extract
showed potent antifungal activity against rice blast, tomato
late blight, wheat leaf rust, and red pepper anthracnose. The
metabolites also inhibited mycelial growth of pathogenic
fungi. The metabolites may be used directly as fungicides
or as lead molecules in the development of new fungicides.
Even though Bombay mace is used for spices and medi-
cinal purposes, the toxic effects to human beings and
animals should be evaluated prior to commercial develop-
ment. Phytotoxicity tests against various plants are also
necessary. We are studying on establishment of optimal
extraction process and formulation for the development of
new natural fungicide by using Bombay mace.
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