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Abstract

We screened more than 60 Malaysian plants against two species of insects and found that Melicope subunifoliolata (Stapf) T.G.
Hartley (Rutaceae) showed strong feeding deterrent activity against Sitophilus zeamais Motsch. (Curculionidae) and very good
larvicidal activity against Aedes aegypti L. (Diptera). One anti-insect compound, meliternatin (3,5-dimethoxy-30,40,6,7-bismethy-

lendioxyflavone) (6) and six other minor polyoxygenated flavones were isolated from M. subunifoliolata.
# 2003 Published by Elsevier Science Ltd.
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1. Introduction

The use of synthetic pesticides has many drawbacks,
including toxicity to non-target organisms, development
of pesticide resistance and environmental pollution.
Renewed interest has been shown in the development of
alternative strategies, including the use of suitable types
of natural insecticides derived from a re-evaluation of
age-old traditional botanical pest control agents (Heyde
et al., 1984). In our studies to discover botanical insec-
ticides and their modes of action, we have screened
more than 60 Malaysian plants based on such factors as
availability and species related to those with ethno-
botanical uses for medicine and pesticides. We found that
the crude methanolic extract of Melicope subunifoliolata
(Stapf) T.G. Hartley (Rutaceae) showed strong feeding
deterrent activity against the storage pest, Sitophilus
zeamais Motsch. (Curculionidae) as well as larvicidal
activity againstAedes aegypti L. (Diptera). Active fractions

from the leaf extracts provided one major and six other
minor polymethoxyflavonoids. We now report the isola-
tion and structural elucidation of these flavonoids, and the
feeding deterrent and larvicidal activities of one of the
flavonoids, meliternatin, the major compound isolated.

2. Results and discussion

The methanolic extract of M. subunifoliolata which
showed strong feeding deterrent activity against S. zeamais
and larvicidal activity against Ae. aegypti, was separated
into various fractions by column chromatography on
silica gel with an n-hexane–EtOAc gradient solvent system.
The feeding deterrent and larvicidal activities of the
fractions were evaluated and fractions exhibiting high
activity were separated further to obtain pure compounds.
The compounds characterized by NMR and MS were
5-hydroxy - 3,6,7,8 - tetramethoxy - 30,40 - methylenedioxy-
flavone (1, 0.01%) (Higa and Scheuer, 1974), 5-hydroxy-
3,7,8-trimethoxy-30,40-methylenedioxyflavone (2, 0.005%)
(Higa and Scheuer, 1974), 3,5,6,7,8-pentamethoxy-30,40-
methylenedioxyflavone (3, 0.01%) (Jong and Wu, 1989),
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3,5,6,7-tetramethoxy-30,40-methylenedioxyflavone (4,
0.005%) (Jong and Wu, 1989) 3,5,7-trimethoxy-30,40-
methylenedioxyflavone (5, 0.005%) (Higa et al., 1987),
3,30,40,5,7-pentamethoxyflavone (7, 0.01%) (Higa et al.,
1990) and meliternatin, 3,5-dimethoxy-30,40,6,7-bis-
methylendioxyflavone (6, 0.16%) (Higa et al., 1987).
Compound 6 was found to have feeding deterrent

action and larvicidal activity toward S. zeamais and Ae.
Aegypti, respectively. The nutritional and feeding deter-
rence indices of insects exposed to meliternatin (6) are
shown in Table 1. Compound 6 significantly (P<0.05)
reduced the growth rate (RGR), food consumption rate
(RCR) and efficiency of food conversion (ECI) of S.
zeamais adults at concentrations of 30 ppm and above
in a concentration-dependent manner. The feeding
deterrence index (FDI) at 30–300 ppm increased from
16.6 to 81.4%. The EC50 (the concentration needed to
inhibit insect feeding by 50% relative to controls) for S.
zeamais is 125 ppm, as determined by probit analysis
(Finney, 1971).
Meliternatin (6) showed very good larvicidal activity

against Ae. aegypti with an LC50 value of 0.47 mg/ml
(Table 2). For comparison, LC50 values are shown for
three other larvicidal principles from insecticidal plants
in Sarawak, Malaysia (Table 2).

3. Experimental

1H NMR spectra were run at 500 MHz (Bruker AMX
500) in CDCl3 using TMS as internal standard. EIMS
were obtained at 70 eV direct inlet system of the VG
Micromass 7035 instrument. Chromatographic separa-
tions were carried out on Merck 9385 silica gel. TLC
spots were detected under UV (254 nm) and the plates
heated to 100 �C after spraying with 5% H2SO4.

3.1. Plant material

The leaves of M. subunifoliolata were collected in
September 1998 in K. Kinabalu, Malaysia and identified
by L. Madani. Voucher specimens (SAN145390) were
deposited at the hebarium of the Forest Research Cen-
tre, Sepilok, Sandakan, Sabah, Malaysia.

3.2. Extraction and fractionation

Air dried, milled leaves (1.25 kg) were extracted
repeatedly with MeOH and after removal of solvent in
vacuo provided 62 g of crude extract. The crude dried
extract was found to exhibit feeding deterrent activity
against S. zeamais and larvicidal activity against Ae.
aegypti. Column chromatography of the extract was
undertaken using an n-hexane and n-hexane–EtOAc
mixture of increasing polarity and afforded compounds
1–7 successively.

Table 1

Nutritional and feeding deterrence indices of Sitophilus zeamais adults

on flour disks treated with meliternatin (6)a

Concentrations

(ppm)

RGR

(mean�S.D.)

(mg/mg/day)

RCR

(mean�S.D.)

(mg/mg/day)

ECI

(mean�S.D.)

FDI

(%)

0 28�2.3 a 185�5.8 a 15�1.2 a

30 16�0.1 b 127�2.8 b 13�0.6 ab 16.6

60 12�1.1 c 117�2.2 c 10�0.9 b 25.8

100 4.8�0.03 d 116�0.8 c 4�0.3 c 40.4

200 �31�1.2 e 73�2.5 d – 59.5

300 �31�1.0 f 34�2.1 e – 81.4

a Means in the same column followed by the same letters do not

differ significantly (P>0.05) in ANOVA and Tukey’s tests.
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3.3. Feeding deterrence test

S. zeamais was obtained from laboratory cultures
maintained in incubators at 30�1 �C and 70–80%
relative humidity. S. zeamais was reared on whole wheat
at 12–13% moisture content. Adults of this species used
in the experiments were about 2 weeks old. A flour disk
bioassay was used to direct the isolation of active com-
pounds from M. subunifoliolata according to the
method of Xie et al. (1996) with some modifications.
Wheat flour (1 g) was ultrasonically stirred in 5 ml of
distilled water and 50 ml ethanol containing an active
fraction or compound was added. Aliquots of 200 ml of
this stirred suspension were placed on the bottom of a
polystyrene Petri dish to form disks. The same amounts
of ethanol, wheat flour and water were applied to pro-
duce the control flour disks. The disks were left in the
fume-hood overnight to air dry. The disks were then
transferred to an incubator to equilibrate at 30�1 �C
and 70–80% relative humidity for 48 h. Each flour disk
weighed between 36 and 39 mg. The moisture content of
the disk was determined to be 13.5�0.1% using the
Kett’s Grain moisture tester (Model PB-1D2, Japan).
The disk was placed in glass vials for weighing. Ten
group-weighed, unsexed insects were then added to each
vial prior to further weighing. All the insects were
starved for 24 h before use. The experimental set-up was
left in the incubator for 3 days, after which the weights of
the live insects and flour disks were taken. The following
calculations were made for the study of nutritional indices
(Manuwoto and Scriber, 1982; Farrar et al., 1989):
Relative growth rate

RGR ¼ A� Bð Þ= B� 3ð Þ

Relative consumption rate

RCR ¼ D= B� 3ð Þ

Efficiency of conversion of ingested food

ECI %ð Þ ¼ RGR=RCRð Þ � 100

Feeding deterrence index

FDI %ð Þ ¼ C� Tð Þ=C� 100

where A=weight of live insects on the 3rd day/number
of live insects on the 3rd day, B=initial weight of
insects/original number of insects, D=biomass ingested
food/number of live insects on the 3rd day, C=the
weight of control disks consumed and T=the weight of
treated disks consumed, as the control and treated disks
were placed in separate vials in no-choice tests. The
EC50 (the concentration that inhibits insect feeding by
50% relative to control) was determined by probit ana-
lysis using the PriProbit Program (Sakuma, 1998) and
the means were compared by using ANOVA and
Tukey’s Tests.

3.4. Mosquito larvicidal assay

Investigations on the larvicidal activity of meliternatin
on Ae. aegypti were carried out using the method
recommended by WHO (World Health Organization,
1980). A standard stock solution of 5000 mg/ml was
prepared by dissolving 100 mg extract or compound in
20 ml of absolute ethanol. A test solution was made by
pipeting a sample of the stock solution into 25 ml of
chlorine-free tap water in a glass container. The con-
centrations of the test solutions were 50, 100 and 150
ppm. A control was prepared by using 1.5 ml ethanol in
50 ml of chlorine-free water. The test sample was made
up to 50 ml with chlorine-free water. Ten late third-
instar mosquito larvae were introduced into each glass
container by a dropper. A little larval food (roasted
cow’s liver) was added. Mortality of the mosquito larvae
was evaluated after 24 h. A series of at least 5 con-
centrations in duplicates was needed to obtain LC50 and
LC90 values. Results were analyzed using Probit Analysis.
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