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Abstract

In recent years, use of environmentally friendly and biodegradable natural insecticides of plant origin have received renewed attention
as agents for disease vector control. Methanol extracts of leaves from the Indian white cedar Dysoxylum malabaricum Bedd. (Meliaceae)
were tested against mature and immature Anopheles stephensi Liston (Diptera) mosquitoes under laboratory conditions. The extract
showed strong larvicidal, pupicidal, adulticidal, and antiovipositional activity. The maximum leaf extract concentration tested in this
study was 4%, which produced pronounced effects. In general, first and second instars were more susceptible to leaf extract than older
insects. Clear dose–response relationships were established, with the highest dose of 4% plant extract causing 97% mortality of first
instars.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Continued use of synthetic chemical insecticide-based
intervention measures for vector control has resulted in
lower efficacy of such insecticides in controlling medically
important disease vectors. The selective pressure imposed
by conventional insecticides is enhancing resistance in mos-
quito populations (Brown, 1986; Pates and Curtis, 2005;
Senthil Nathan et al., 2005a) increasing the demand for
new products that are environmentally safe, target-specific,
and degradable. Worldwide, malaria is the most important
epidemic disease, and vector borne diseases are a major
threat to human health. Although biological control has
0960-8524/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.

doi:10.1016/j.biortech.2005.09.034

* Corresponding author. Address: Department of Environmental Engi-
neering, Chonbuk National University, 664-14 1ga Duckjin-Dong Duck-
jin, Jeonju City, Chonbuk 561 756, South Korea. Tel.: +82 63 270 2444;
fax: +82 63 270 2449.

E-mail addresses: senthilkalaidr@hotmail.com, senthil@chonbuk.ac.kr
(S. Senthil Nathan).
an important role to play in modern vector control pro-
grams, it does not provide a complete solution alone.
Chemical control methods still are necessary in situations
of epidemic outbreak and sudden increases of adult mos-
quitoes. Insecticides are known for their rapid action and
effective control of mosquito populations during epidemics,
so they are the preferred control agent regardless of their
side effects (Pates and Curtis, 2005; Senthil Nathan et al.,
2005a).

Recently, there has been a major effort to promote the
use of botanicals as environmentally friendly pesticides,
microbial sprays, and insect growth regulators in combina-
tion with other control measures such as beneficial insects
in an integrated control program (Ascher et al., 1995).
Insect growth regulators (IGR) have attracted attention
for possible use in the selective control of insects of medical
and veterinary importance.

The Meliaceae plant family contains a variety of com-
pounds with insecticidal, antifeedant, growth regulat-
ing and development modifying properties. Most of the
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Meliaceous plants are recognized for their insecticidal
properties. In general, products from these plants have
insecticidal, antifeedant, growth regulation, and oviposi-
tion repellent and deterrent effects in a variety of test insect
species. These insects include Coleoptera, such as the bru-
chids, Callosobruchus maculates Fabricius, C. analis Fabri-
cius, C. chinensis L., Trogoderma granarium Everts (Yadav,
1985; Jood et al., 1996); Lepidoptera, such as the cabbage
webworm, Crocidolomia binotalis Zeller (Fagoonee, 1981),
the tobacco caterpillar, Spodoptera litura Fabricius (Joshi,
1987), the Afro-Asian cotton bollworm, Helicoverpa armi-

gera Hubner (Saxena and Rembold, 1984), the rice leaf-
folder Cnaphalocrocis medinalis Guenée (Senthil Nathan
et al., 2004), Diptera, such as the blowfly, Luciliac uprina
Wied. (Rice et al., 1985) and the mosquitoes Anopheles

stephensi Liston, A. culicifacies Giles (Dhar et al., 1996),
and Culex quinquefasciatus Say (Zebitz, 1984, 1987).

Several investigators have demonstrated biological
effects on insects of limonoids isolated from different
genera in the Meliaceae, i.e., Azadirachta indica A. Juss
(Butterworth and Morgan, 1971), Melia azederach L.
(Morgan and Thornton, 1973), Khaya ivorensis A. Chev.
(Vanucci et al., 1992), Trichilia sp. (Xie et al., 1994), Dys-

oxylum spectabile, Hooke f., (Russell et al., 1994), and
Aglaia sp. (Satasook et al., 1994). Dysoxylum malabaricum

Bedd. (Meliaceae), known as Indian white cedar, is a crit-
ically endangered and economically important tree of Wes-
tern Ghats, Southern India. This is a large tree with the
leaves that contain several limonoids. Leaf extracts of D.

malabaricum affect insects in a variety of ways, acting as
an antifeedant, and causing growth retardation, reduced
fecundity, moulting disorders, morphogenetic defects, and
changes in behavior (Govindachari et al., 1999; Hisham
et al., 2001). Many other investigators have isolated limo-
noids from Dysoxylum species (Singh et al., 1976; Mulhol-
land and Naidoo, 2000; Hisham et al., 2001; Luo et al.,
2002) but their bioactivity against mosquitoes remains
unexplored.

A. stephensi Liston (Diptera: Culicidae) has a wide distri-
bution, and is a major disease vector in India as well as in
some West Asian countries. It is directly responsible for
about 40–50% of the annual malarial incidence. This mos-
quito predominantly breeds in wells, overhead or ground
level water tanks, cisterns, coolers, roof gutters, and artifi-
cial containers. Secondary metabolites of plants, many of
them produced for protection against microorganisms and
insect predators, are natural candidates for the discovery
of new products to combat A. stephensi. Several studies have
focused on insecticidal, larvicidal and repellent properties of
natural products for controlling Anopheles mosquito, but
have reported varied results (Saxena et al., 1993; Rajni
and Bhat, 1994; Pushpalatha and Muthukrishnan, 1999;
Muthukrishnan and Pushpalatha, 2001; Ansari et al.,
2000a,b; Jeyabalan et al., 2003; Prajapati et al., 2005).
Extracts from neem and other Meliaceae plant seeds and
leaves have shown excellent insecticidal properties against
the mosquito vector (A. stephensi Liston, A. culicifacies
Giles (Dhar et al., 1996), and Culex quinquefasciatus (Zebitz,
1987)), and at the same time were very eco-friendly (Schmut-
terer, 1990). The present investigation was undertaken to
study the effect of D. malabaricum against larvae and adults
of A. stephensi in a search for effective natural products to be
used in the control of malaria.

2. Methods

2.1. Mosquito culture

A. stephensi eggs were collected in and around the Chon-
buk National University campus and larvae were reared in
plastic and enamel trays containing tap water. They were
maintained, and all the experiments were carried out, at
27 ± 2 �C and 75–85% RH under a 14:10 L/D photope-
riod. Larvae were fed a diet of Brewers yeast, dog biscuits
and algae collected from ponds in a ratio of 3:1:1,
respectively. Pupae were transferred from the trays to a
cup containing tap water and placed in screened cages
(23 · 23 · 32 cm) where adults emerged. Adults were main-
tained in 30 · 30 · 30 cm glass cages. Adults were continu-
ously provided with 10% sucrose solution in a jar with a
cotton wick. On day 5 post-emergence adults were deprived
of sugar for 12 h, then provided with a mouse placed in
resting cages overnight for blood feeding by females. Adult
mosquitoes were maintained under the same environmental
conditions as the larvae.

2.2. Methanolic extracts of D. malabaricum leaves

D. malabaricum leaves (mature leaves) were collected
from five trees approximately 28 months old in natural for-
ests in Kakachi, Western Ghats, India. The leaves were
picked out during morning times. Methanol extracts of
leaves were obtained according to the procedure of War-
then et al. (1984). First, the plant leaves were crushed to
a fine particle size and dried in the shade at room temper-
ature. One hundred grams of crushed and dried plant mate-
rials were stirred for 3 h in 1000 ml of methanol. After
leaving the solution to rest overnight, it was filtered
through Whatman no. 40 filter paper. The solid filtration
residue was extracted again following an identical pro-
cedure, and the two filtrates were combined. The solvent
was removed by vacuum evaporation in a rotary evapora-
tor, and a dark green residue from leaves was obtained.
This crude extract was used to prepare a stock solution.

2.3. Preparation of stock solution

Crude extract was dissolved in methanol to 500 ml of
volume. The stock solution (500 ml) was serially diluted
with water to prepare test solutions of 0.10%, 0.25%,
0.50%, 1.0%, 2.0% and 4.0% crude extract. One drop of
emulsifier (Tween 20, Sigma Chemical Company) was
added to ensure complete solubility of the material in
water.
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2.4. Larvacidal assay

Bioassays were performed on first to fourth instars of A.

stephensi using concentrations of 0.25%, 0.5%, 1.0%, 2.0%
and 4.0% D. malabaricum extract. Methanol (0.1%) served
as a control. A minimum of 20 larvae per concentration
was used for all the experiments and the experiments were
replicated five times (total, n = 100). The effective concen-
tration (EC50) was calculated using Probit analysis (Fin-
ney, 1971).

For mortality studies, 20 larvae each of first, second,
third, and fourth instars, and pupae were introduced to a
250-ml glass beaker containing various concentrations 0–
4% (0.5–4%) of the D. malabaricum extract supplemented
with 50 mg/l of yeast extract. A control was also main-
tained with methanol. The treatments were replicated five
times, and each replicate set contained one control (total,
n = 100). Percentage mortality in the treatments was cor-
rected when necessary for mortality in the controls using
Abbott�s (1925) formula.

2.5. Adulticidal assay

Ten A. stephensi fresh adults were exposed to filter paper
(90 mm, Advantec Toyo, Japan) treated with various con-
centrations of D. malabaricum extract. The treatments
(3 ml of 0–4%) were coated on filter paper and air dried.
The paper was kept inside the beaker. Control insects were
exposed only to methanol (0.1%) treated paper. Mortality
counts were taken after 24 h. The experiment was repeated
five times (total, n = 50).

2.6. Oviposition assay

Different concentrations (0–4%) of the D. malabaricum

extract were mixed thoroughly with 200 ml of rearing food
in 250 ml glass jars to obtain the concentration desired for
the tests with A. stephensi. Ten gravid females were given a
choice between treated and control jars for oviposition.
Methanol dilutions served as controls (five replicates, total,
n = 50). During the tests, groups of 10 females were kept
separate for 48 h in cages measuring 25 · 25 · 30 cm. After
the eggs were counted, the oviposition activity index (OAI)
(Hwang et al., 1982) was calculated using formula (1):

OAI ¼ Nt � Ns
Nt þ Ns

� 100 ð1Þ

where Nt = total number of egg rafts in the test solution,
and Ns = total number of egg rafts in the control.

2.7. Larval and pupal stages assay

To assay the effects of D. malabaricum extract on the
stages of A. stephensi larval and pupal stages, test solutions
of sublethal concentrations of 0.10%, 0.25%, 0.5% and
1.0% crude extract were prepared in a 30 · 25 · 5 cm
enamel tray. Fifty eggs were released in treated water and
allowed to hatch. Total larval duration (days) was recorded
from hatching to pupation. Pupae were placed in a small
container closed with a transparent mesh. Pupal duration
(days) was calculated from the molt into the pupal stage
to adult emergence. The experiment were replicated five
times.

2.8. Fecundity and adult longevity

The fecundity experiments were conducted with 10 male
and 10 female A. stephensi that emerged from the control
and treatment concentrations in the experiment described
in Section 2.7. They were allowed to mate in 30 · 30 ·
30 cm cages. Three days after the blood meal, eggs were
collected daily from the water in oviposition traps. Fecun-
dity was calculated as the number of the eggs laid in the
oviposition traps divided by the number of females in the
cage. Adult longevity was recorded for males and females.
Eggs collected from the fecundity tests were placed in an
enamel tray and observed for successful hatching.

2.9. Statistical analysis

Data from biology, mortality, oviposition deterrence
and effective concentrations were analyzed with ANOVA
of arcsine transformed percentages followed by Tukey�s
multiple range test (P 6 0.05) (Snedecor and Cochran,
1989; SAS Institute, 2001). Mortality was corrected using
Abbott�s (1925) formula.

3. Results

3.1. Effect of D. malabaricum on mortality of A. stephensi

Exposure to D. malabaricum extract in the larval diet
increased mortality of first to fourth instar A. stephensi in
a concentration-dependent manner (Table 1). The 4% con-
centration of leaf extract killed more than 97% of first
instars, 92% of fifth instars, 93% of pupae and 91% of
adults. Thus, lethal effects on larvae appear to greatly
reduce survival of adult mosquitoes. An EC50 value of D.

malabaricum extract against A. stephensi is shown in
Fig. 1. First instar larvae were most susceptible in bioassay
experiments with the lowest EC50 (0.9%).

3.2. Effect of D. malabaricum on biological parameters of
A. stephensi

Adult longevity and fecundity decreased markedly by
the D. malabaricum extract treatment (Figs. 2 and 3). In
addition to significantly lower survivorship, larval duration
was lengthened. The duration of larval instars and total
developmental time were prolonged even when larvae
were fed on lower concentrations of extract (0.10% and
0.25%). Larval duration was approximately 8 days for con-
trol larvae and gradually increased with D. malabaricum

extract concentration. Pupal duration increased and adult



Table 1
Percentage mortality of A. stephensi after treatment with D. malabaricum extracts at different concentrations

Treatments
(% concentration)

Larval mortality (%) Pupal mortality (%) Adult mortality (%)

Instar

1 2 3 4

Control 2.5 ± 0.2e 1.9 ± 0.1e 1.0 ± 0.1e 0.9 ± 0.1e 1.0 ± 0.1e 1.2 ± 0.1e

0.50 23.6 ± 2.5d 21.6 ± 1.8d 19.8 ± 1.5d 16.2 ± 1.9d 18.6 ± 1.5d 21.2 ± 1.6d

1.0 48.3 ± 3.9c 43.2 ± 4.7c 39.8 ± 4.4c 35.4 ± 4.1c 37.2 ± 4.0c 40.1 ± 4.2c

2.0 64.7 ± 5.6b 62.1 ± 5.9b 59.1 ± 6.2b 57.2 ± 6.0b 59.5 ± 6.5b 59.4 ± 6.0b

4.0 96.4 ± 4.6a 95.3 ± 5.6a 93.8 ± 7.0a 91.6 ± 7.5a 92.4 ± 7.4a 91.3 ± 7.2a

Means (±SE) within columns followed by the same letter are not significantly different (Tukey�s test, P 6 0.05).
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Fig. 1. Effective concentrations (EC50) of D. malabaricum against A.

stephensi. * Values are mean of five replicates and ±standard error.

Fig. 2. Means (±SE) duration of larval and pupal stages, adult longevity
of A. stephensi after treatment with different concentrations of D.

malabaricum. Means (±SE, standard error) followed by the same letters
above bars indicate no significant difference (P 6 0.05) according to a
Tukey test. * TLD, total larval duration; PD, pupal duration; AFL, adult
female longevity.

Fig. 3. Mean number of eggs (fecundity) laid by female A. stephensi after
treatment with D. malabaricum. Means (±SE, standard error) followed by
the same letters above bars indicate no significant difference (P 6 0.05)
according to a Tukey test.
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longevity decreased with exposure to increasing concentra-
tion of D. malabaricum extract (Fig. 2).

The greatest ovipositional activity index was observed in
the 4% D. malabaricum extract treatment (Fig. 4). Larvae
treated with the lower dose moulted into subsequent
instars. But late third and early fourth instars displayed
morphological deformities, which impeded their develop-
ment. The treated larvae were not able to pupate normally.
Larval–pupal intermediates were generated with pupal
cuticle covering the posterior part of the abdomen, while
the fore body retained typical larval characters.

4. Discussion

One of the greatest drawbacks of some chemical insecti-
cides is their persistence in the environment, promoting the
development of resistance in the insect. Development of
resistance is more a function of frequency of use and persis-
tence. Consequently, there is a need for alternative insecti-
cides, which are effective, but with fewer side effects and
rapid degradation, reducing the likelihood of resistance
development (Nivsarkar et al., 2001).

4.1. Effect of D. malabaricum on biology

and adult mortality of A. stephensi

The plant extracts tested in the present study are con-
sidered eco-friendly and are not toxic to vertebrates



Fig. 4. Oviposition activity index (%) for A. stephensi after treatment with
indicated concentrations of D. malabaricum extract. Means (±SE,
standard error) followed by the same letters above bars indicate no
significant difference (P 6 0.05) according to a Tukey test.
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(Govindachari et al., 1999). Crude or partially purified
plant extracts containing compounds exhibiting synergistic
or potentiating interactions have higher and longer-lasting
effects on target insects (Chockalingam et al., 1992). Effects
of D. malabaricum extracts at 1% or above on the mortal-
ity, reproduction, and egg hatchability reported in this
study confirm their potential for control of mosquito
populations.

Chemicals produced by plants in the Meliaceae often
exhibit IGR activity (Saxena et al., 1984; Jacobson, 1987;
Schmutterer, 1990; Senthil Nathan et al., 2005b,c), and is
the most important physiological effect of D. malabaricum

extracts on insects. Thus, the family Meliaceae has emerged
as a source of insecticides. Exposure of A. stephensi larvae
to sub-lethal doses of neem leaf extract in the laboratory
prolonged larval development and reduced pupal weight
(Murugan et al., 1996). In the field, delayed development
of surviving larvae and reduced pupal weight are com-
monly observed after treatment with neem (Zebitz, 1984,
1987; Dhar et al., 1996). Our results indicate that plant-
based compounds such as liminoids (compounds present
in Meliaceae seed) may be an effective alternative to con-
ventional synthetic insecticides for control of A. stephensi.
Plant extracts drastically reduced female fecundity and
longevity, with only a few adults surviving. Undoubtedly,
plant derived toxicants are an invaluable source of poten-
tial insecticides and could replaced current chemical
control programs. These and other naturally occurring
insecticides may play a more prominent role in mosquito
control programs in the future (Mordue and Blackwell,
1993), as vector control is progressively compromised by
the emergence of resistance in vector mosquitoes to con-
ventional synthetic insecticides, warranting either counter-
measures or development of alternative insecticides.

4.2. Effect of D. malabaricum on larval, pupal, adult

duration, reproduction of A. stephensi

Application of D. malabaricum extract greatly affected
the growth of A. stephensi. The lower dose treatments
affected development and mortality in a dose dependent
manner. After treatment with a higher dose of D. malabar-

icum extract, the larvae became abnormal and irregular in
movement, dying before reaching the pupal stage. Our
results clearly indicate that application of D. malabaricum
extract can disrupt normal feeding and physiology. Ovi-
position deterrence increased significantly with extract
concentration (Fig. 4). According to the definitions of
Dethier et al. (1960) and Isoe et al. (1995), oviposition
repellents are volatile compounds that cause gravid females
to move away from the oviposition medium after detection
from a distance, while deterrents are non-volatile contact
chemical stimuli that inhibit oviposition when present in
an otherwise suitable oviposition site. One or more active
components in the D. malabaricum extract (Dymalol,
Nymania-3, and other triterpenes) act as an oviposition
repellent and/or deterrent to A. stephensi (Govindachari
et al., 1994, 1999; Hisham et al., 2001). These results
suggest that at concentrations exceeding a certain thres-
hold, repellents can act as insecticides (Jeyabalan et al.,
2003).

Larval development was delayed and mortality rate ele-
vated by D. malabaricum at concentrations 1% and above.
These toxic effects may be independent of each other due to
the differences in the way the larvae were exposed to the
plant extracts. The results of this study will contribute to
the goal of reducing the use of synthetic insecticides, and
fostering further investigation of natural control tactics
botanical pesticides of various medically important pests.
Because botanical pesticides are often active against a lim-
ited number of species, less expensive, easily biodegradable,
and potentially suitable for use in mosquito control
programs (Alkofahi et al., 1989; Su and Mulla, 1999), they
represent potentially safer insect control agents. Plant alle-
lochemicals may be quite useful in increasing the efficacy of
biological control agents because plants produce a large
variety of compounds that increase their resistance to
insect attack (Berenbaum, 1988; Murugan et al., 1996; Sen-
thil Nathan et al., 2004, 2005a,b,c,d).

In conclusion, D. malabaricum leaf extract produced
more than 90% mortality of all instars of A. stephensi at
a concentration of 4% of leaf extract. Though larvicidal
activity was observed at higher doses, lower doses greatly
inhibited the reproductive potential of adults. These results
are very promising in developing new, effective and afford-
able approaches to control Anopheles mosquitoes, and thus
malaria. Studies on mode of action and synergism with bio-
cides under field conditions are in progress.



2082 S. Senthil Nathan et al. / Bioresource Technology 97 (2006) 2077–2083
Acknowledgements

The authors thank Prof. Dr. Thomas Sappington and
Prof. Dr. David G. Riley and two anonymous reviewers
for their comments on an earlier version of the manuscript.
The authors thank Mr. Karthikeyan, Technician, for his
effort collecting and preserving plant materials. Financial
help from Chonbuk National University is gratefully
acknowledged.

References

Abbot, W.S., 1925. A method of computing the effectiveness of an
insecticide. J. Econ. Ent. 18, 265–267.

Alkofahi, A., Rupprecht, J.K., Anderson, J.E., Mclaughlin, J.L.,
Mikolajczak, K.L., Scott, B.A., 1989. Search for new pesticides from
higher plants. In: Arnason, J.T., Philogene, B.J.R., Morand, P. (Eds.),
Insecticides of Plant Origin. American Chemical Society, Washington,
DC, pp. 25–43.

Ansari, M.A., Razdan, R.K., Tandon, M., Vasudevan, P., 2000a.
Larvicidal and repellent actions of Dalbergia sissoo Roxb. (F.
Leguminosae) oil against mosquitoes. Biores. Technol. 73, 207–211.

Ansari, M.A., Vasudevan, P., Tandon, M., Razdan, R.K., 2000b.
Larvicidal and mosquito repellent action of peppermint (Mentha

piperita) oil. Biores. Technol. 71, 267–271.
Ascher, K.R.S., Schmutterer, H., Zebitz, C.P.W., Naqvi, S.N.H., 1995.

The Persian lilac or Chinaberry tree, Melia azedarach L. In: Schmut-
terer, H. (Ed.), The Neem Tree. Source of Unique Natural Products
for Integrated Pest Management, Medicine, Industry and Other
Purposes. VCH, Weinheim, Germany, pp. 605–642.

Berenbaum, M.R., 1988. Allelochemicals in insect–microbe–plant inter-
actions. Agents provocaterurs in the coevolutionary arms race. In:
Barbosa, P., Lotourneau, D.K. (Eds.), Novel Aspects of Insect–Plant
Interactions. Wiley, New York.

Brown, A.W.A., 1986. Insecticide resistance in mosquitoes: a pragmatic
review. J. Am. Mos. Contr. Ass. 2, 123–139.

Butterworth, J.H., Morgan, E.D., 1971. Investigation of the locust feeding
inhibition of the seeds of the neem tree, Azadirachta indica. J. Insect
Physiol. 17, 969–977.

Chockalingam, S., Kuppusamy, A., Manoharan, T., Murugavel, S.M.,
1992. Efficacy of insecticides, plant extracts and their synergistic
activity against the filarial vector, Culex quinquefasciatus. J. Ecobiol. 4,
95–98.

Dhar, R., Dawar, H., Garg, S., Basir, S.F., Talwar, G.P., 1996. Effect of
volatiles from neem and other natural-products on gonotrophic cycle
and oviposition of Anopheles stephensi and A. culicifacies (Diptera:
Culicidae). J. Med. Entomol. 33, 195–201.

Dethier, V.G., Browne, L.B., Smith, C.N., 1960. The designation of
chemicals in terms of the responses they elicit from insects. J. Eco.
Entomol. 53, 134–136.

Fagoonee, I., 1981. Behavioral response of Crocidolomia binotalis to neem.
In: Schmutterer, H., Ascher, K.R.S., Rembold, H. (Eds.), Natural
Pesticides from the Neem Tree. Proceedings of the First International
Neem Conference, Rottach-Egern, Eschborn. GTZ, Germany, pp.
109–120.

Finney, D.J., 1971. Probit Analysis, third ed. Cambridge University Press,
London, UK, p. 38.

Govindachari, T.R., Suresh, G., Krishna Kumari, G.N., Rajamannar, T.,
Partho, P.D., 1999. Nymania-3. A bioactive triterpenoid from
Dysoxylum malabaricum. Fitoterapia 70, 83–86.

Govindachari, T.R., Suresh, G., Krishna Kumari, G.N., 1994. Triterpe-
noids from Dysoxylum malabaricum. Phytochemistry 37, 1127–1129.

Hisham, A., Ajitha Bai, M.D., Jayakumar, G., Nair, M.S., Fujimoto, Y.,
2001. Triterpenoids from Dysoxylum malabaricum. Phytochemistry 56,
331–334.
Hwang, Y.S., Schultz, G.W., Axelord, H., Krame, W.L., Mulla, M.S.,
1982. Ovipositional repellency of fatty acids and their derivatives
against Culex and Aedes mosquitoes. Environ. Entomol. 11, 223–226.

Isoe, J., Millar, J.G., Beehler, J.W., 1995. Bioassay for Culex (Diptera:
Culicidae) mosquito oviposition attractants and stimulants. J. Med.
Entomol. 32, 475–483.

Jacobson, M., 1987. Neem research and cultivation in Western hemi-
sphere. In: Schmutterer, H., Ascher, K.R.S. (Eds.), Natural Pesticide
from the Neem Tree and Other Tropical Plants, Proceedings of the
Third International Neem Conference, (Naribi, Kenya). GTZ, Esch-
born, Germany, pp. 33–44.

Jeyabalan, D., Arul, N., Thangamathi, P., 2003. Studies on effects of
Pelargonium citrosa leaf extracts on malarial vector, Anopheles

stephensi Liston. Biores. Technol. 89, 185–189.
Jood, S., Kapoor, A.C., Singh, R., 1996. Evaluation of some plant

products against Trogoderma granarium everts in sorghum and their
effects on nutritional composition and organoleptic characteristics.
J. Stored Prod. Res. 32, 345–352.

Joshi, B.G., 1987. Use of neem products in tobacco in India. In:
Schmutterer, H., Ascher, K.R.S. (Eds.), Natural Pesticide from the
Neem Tree and Other Tropical Plants, Proceedings of the Third
International Neem Conference, (Naribi, Kenya). GTZ, Eschborn,
Germany, pp. 479–494.

Luo, X.D., Wu, S.H., Wu, D.G., Ma, Y.B., Qi, S.H., 2002. Novel
antifeeding limonoids from Dysoxylum hainanense. Tetrahedron 58,
7797–7804.

Mordue (Luntz), A.J., Blackwell, A., 1993. Azadirachtin an update. J.
Insect Physiol. 39, 903–924.

Morgan, E.D., Thornton, M.D., 1973. Azadirachtin in the fruit of Melia

azedaiuch. Phytochemistry 12, 391–392.
Mulholland, D.A., Naidoo, N., 2000. Dammarane triterpenoids from

Dysoxylum muellerii. Biochem. Syst. Ecol. 28, 295–297.
Murugan, K., Babu, R., Jeyabalan, D., Senthil Kumar, N., Sivarama-

krishnan, S., 1996. Antipupational effect of neem oil and neem seed
kernel extract against mosquito larvae of Anopheles stephensi (Liston).
J. Ent. Res. 20, 137–139.

Muthukrishnan, J., Pushpalatha, E., 2001. Effects of plant extracts on
fecundity and fertility of mosquitoes. J. Appl. Entomol. 125, 31–35.

Nivsarkar, M., Cherian, B., Padh, H., 2001. Alpha-terthienyl. A plant-
derived new generation insecticide. Curr. Sci. 81, 667–672.

Pates, H., Curtis, C., 2005. Mosquito behavior and vector control. Ann.
Rev. Entomol. 50, 53–70.

Pushpalatha, E., Muthukrishnan, J., 1999. Efficacy of two tropical plant
extracts for the control of mosquitoes. J. Appl. Entomol. 123, 369–373.

Prajapati, V., Tripathi, A.K., Aggarwal, K.K., Khanuja, S.P.S., 2005.
Insecticidal, repellent and oviposition-deterrent activity of selected
essential oils against Anopheles stephensi, Aedes aegypti and Culex

quinquefasciatus. Biores. Technol.
Rajni, K., Bhat, R.M., 1994. Field evaluation of mosquito repellent action

of neem oil. Indian J. Malariol. 31, 122.
Rice, M.J., Sexton, S., Esmail, A.M., 1985. Antifeedant phytochemical

blocks oviposition by sheep blowfly. J. Aust. Ent. Soc. 24, 16.
Russell, G.B., Hunt, M.B., Bowers, W.S., Blunt, J.W., 1994. A sesqui-

terpenoid antirepellent from Dysoxylum spectabile. Phytochemistry
35, 1455–1456.

SAS Institute, 2001. The SAS System for Windows, Release 8.1. Cary,
NC.

Satasook, C., Isman, M.B., Ishibashi, F., Medbury, S., Wiriyachitra, P.,
Towers, G.H.N., 1994. Insecticidal bioactivity of crude extracts of
Aglaia species (Meliaceae). Biochem. Sys. Ecol. 22, 121–127.

Saxena, K.N., Rembold, H., 1984. Orientation and ovipositional response
of Heliothis armigera to certain neem constituents. In: Schmutterer, H.,
Ascher, K.R.S. (Eds.), Proceedings of the Second International Neem
Conference. Rauischholzhausen, Germany, pp. 199–210.

Saxena, R.C., Epino, P.B., Cheng-Wen, T., Puma, B.C., 1984. Neem,
chinaberry and custard apple. antifeedant and insecticidal effects of
seed oils on leafhopper and plant hopper pests of rice. In: Schmutterer,



S. Senthil Nathan et al. / Bioresource Technology 97 (2006) 2077–2083 2083
H., Ascher, K.R.S. (Eds.), Proceedings of the Second International
Neem Conference. Rauischholzhausen, Germany, pp. 403–412.

Saxena, R.C., Harshan, V., Saxena, A., Sukumaran, P., Sharma, M.C.,
Lakshmana Kumar, M., 1993. Larvicidal and chemosteritant activity
of Annona squamosa alkaloids against Anopheles stephensi. J. Am.
Mos. Con. Ass. 9, 84.

Schmutterer, H., 1990. Properties and potential of natural pesticides from
the neem tree, Azadirachta indica. Ann. Rev. Entomol. 35, 271–297.

Senthil Nathan, S., Chung, P.G., Murugan, K., 2004. Effect of botanicals
and bacterial toxin on the gut enzyme of Cnaphalocrocis medinalis.
Phytoparasitica 32, 433–443.

Senthil Nathan, S., Kalaivani, K., Murugan, K., 2005a. Effects of neem
limonoids on malaria vector Anopheles stephensi Liston (Diptera:
Culicidae). Acta Tropica 96 (1), 47–55.

Senthil Nathan, S., Kalaivani, K., Murugan, K., Chung, P.G., 2005b. The
toxicity and physiological effect of neem limonoids on Cnaphalocrocis

medinalis (Guenée) the rice leaffolder. Pest. Biochem. Physiol. 81, 113–
122.

Senthil Nathan, S., Kalaivani, K., Murugan, K., Chung, P.G., 2005c.
Efficacy of neem limonoids on Cnaphalocrocis medinalis (Guenée)
(Lepidoptera: Pyralidae) the rice leaffolder. Crop Prot. 24 (8), 760–763.

Senthil Nathan, S., Savitha, G., Dency, K.G., Narmadha, A., Suganya,
L., Chung, P.G., 2005d. Efficacy of Melia azedarach L. extract on the
malarial vector Anopheles stephensi Liston (Diptera: Culicidae). Biores.
Technol.

Singh, S., Garg, H.S., Khanna, N.M., 1976. Dysobinin, a new tetranor-
triterpene from Dysoxylum binectariferum. Phytochemistry 15, 2001–
2002.
Snedecor, G.W., Cochran, W.G., 1989. Statistical Methods, eighth ed.
Iowa State University Press, Ames, Iowa.

Su, T., Mulla, M.S., 1999. Oviposition bioassay responses of Culex tarsalis

and Culex quinquefasciatus to neem products containing azadirachtin.
Entomol. Exper. Appl. 91, 337–345.

Vanucci, C., Lange, C., Lhommet, G., Dupont, B., Davoust, D.,
Vauchot, B., Clement, J.L., Brunck, F., 1992. An insect antifeedant
limonoid from seed of Khaya ivorensis. Phytochemistry 31, 3003–
3004.

Warthen Jr., J.D., Stokes, J.B., Jacobson, M., Kozempel, M.P., 1984.
Estimation of azadirachtin content in neem extracts and formulations.
J. Liq. Chromatogr. 7, 591–598.

Xie, Y.S., Isman, M.B., Gunning, P., MacKinnon, S., Arnason, J.T.,
Taylor, D.R., Sanchez, P., Hasbun, C., Towers, G.H.N., 1994.
Biological activity of extracts of Trichilia species and the limonoid
hirtin against lepidopteran larvae. Biochem. Syst. Ecol. 22, 129–
136.

Yadav, T.D., 1985. Antiovipositional and ovicidal toxicity of neem
(Azadirachta indica A. Juss) oil against three species of Callosobruchus.
Neem Newsletter 2, 5–6.

Zebitz, C.P.W., 1984. Effects of some crude and azadirachtin enriched
neem Azadirachita indica seed kernel extracts on larvae of Aedes

aegypti. Entomol. Exp. Appl. 35, 11–14.
Zebitz, C.P.W., 1987. Potential of neem seed kernel extracts in mosquito

control. In: Schmutterer, H., Ascher, K.R.S. (Eds.), Natural Pesticide
from the Neem Tree and other Tropical Plants. Proceedings of the
Third International Neem Conference, (Nairobi, Kenya). GTZ,
Eschborn, Germany, p. 53.


	Effects of Dysoxylum malabaricum Bedd. (Meliaceae) extract on the malarial vector Anopheles stephensi Liston (Diptera: Culicidae)
	Introduction
	Methods
	Mosquito culture
	Methanolic extracts of D. malabaricum leaves
	Preparation of stock solution
	Larvacidal assay
	Adulticidal assay
	Oviposition assay
	Larval and pupal stages assay
	Fecundity and adult longevity
	Statistical analysis

	Results
	Effect of D. malabaricum on mortality of A. stephensi
	Effect of D. malabaricum on biological parameters of �A. stephensi

	Discussion
	Effect of D. malabaricum on biology �and adult mortality of A. stephensi
	Effect of D. malabaricum on larval, pupal, adult duration, reproduction of A. stephensi

	Acknowledgements
	References


