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Preliminary screenings of 22 plant essential oils were tested for mortality of the mosquito larvae Culex
quinquefasciatus under laboratory conditions. Percent (%) mortality of the mosquito larvae were
obtained for each essential oil. At different exposure periods, viz. 1, 3, 6, 12 and 24 h among the 22
plant oils tested, eight oils viz., aniseed, calamus, cinnamon, clove, lemon, orange, thyme, and tulsi oils
gave promising results on larvicidal activity. For larvicidal screening bioassay, the mortality was
recorded at different exposure periods viz., 1, 3, 6, 12 and 24 h, and it was found that larval mortality
increased when exposure time increased. The clove oil was found to be the most effective treatment. In
the preliminary screening, clove oil gave 100% mortality at all exposure periods. Vetiver oil recorded
36.2, 61.2, 76.2, 87.5 and 100% mortality in 1, 3, 6, 12 and 24 h, respectively. Results of this study show
that the essential oils may be a potent source of natural larvicides.
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INTRODUCTION

Culex quinquefasciatus, a domestic mosquito mainly
found in urban areas is a vector of human filariasis in
India. C. quinquefasciatus acts as a vector of
Wucherreria bancrafti, Brugia malayi and Brugia timori,
which are responsible for lymphatic filariasis, a prevalent
disease in India. Filariasis is an endemic disease in many
parts of India especially in Kerala, Mysore, Tamil Nadu,
Andhra Pradesh and Maharashtra states. Lymphatic
filariasis infects 80 million people annually, of which 30
million cases exist in chronic infection. In India, 45 million
cases of lymphatic filariasis have been recorded (Bowers
et al., 1995).

The plant world comprises a rich storehouse of
phytochemicals which are widely used as alternatives to
synthetic insecticides. Secondary metabolites obtained
from plants have shown proven mosquito control poten-

tial. Chloroxylons wietenia DC. (Rutaceae) is a medicinal
as well as an aromatic tree of dry deciduous forests. It is
commonly known as East Indian Satin Wood. The
potential mosquitocidal activity of C. wietenia, is widely
known in tribal areas of South India, where it is common
for people in these forest areas to hang leaf garlands in
their houses to eradicate mosquitoes and other insects
(Ansari and Razdan, 1995).

Pyrethrin based products have been widely used to
protect people from mosquito bites through their repellent
and killing effects. Many other material products of
botanical origin especially, essential oils hold significant
promise in insect vector management (Skinner and
Johnson, 1980). Kiso and Hikino (1991) have reported
that the compounds vinblastine and vincristine obtained
from Catharanthus roseus inhibited cell division in
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Table 1. Plant essential oils selected for the bioassay experiments.
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Botanical name Family Common name
Pimpinella anisum Apiaceae Aniseed
Citrus bergamia Rutaceae Bergamot
Acorus calamus Aeraceae Calamus
Cinnamomum camphora Lauraceae Camphor
Cedrus atlantica Pinaceae Cedarwood
Cinnamomum veerum Lauraceae Cinnamon
Cybopogon nardus Poaceae Citronella
Myrtus caryophyllus Myrtaceae Clove
Eucalyptus globules Myrtaceae Eucalyptus
Pelargonium graveollens Geraniaceae Geranium
Citrus limon Rutaceae Lemon
Cybopogon flexuosus Poaceae Lemongrass
Citrus aurantifolia Rutaceae Lime
Gaultheria frgagrantissima Acanthaceae Luchi
Myritica fragrans Myristiceae Nutmeg
Citrus sinensis Rutaceae Orange
Cybopogon martini Lamiaceae Palmarosa
Pinus radiate Pinaceae Pine
Rosmarinus officinalis Lamiaceae Rose mary
Thymus vulgaris Labiatae Thyme
Ocimum sanctum Lamiaceae Tulsi
Vetiveria zizanioides Poaceae Vetiver
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fertilized mosquito eggs. Tulsi (Ocimum sanctum) is
known to have various insectidal properties (Saxena et
al., 1979). Extracts of Vitex species and Ocimum species
leaves have been traditionally known as natural
insecticides. Indian farmers have been using various
plant extracts as insecticides and pesticides (Ghosh,
2000).

Many studies have shown the bioactivity of essential
oils against mosquitoes as growth inhibitors and/or
larvicides, adulticides, repellents, or oviposition
deterrents (Sukumar et al., 1991; Carvalho et al., 2003;
Cavalcanti et al., 2004; Ansari et al., 2005). Essential oils
from a large number of plants, including Ocimum spp,
Cymbopogon spp), Eucalyptus maculate citriodon
Pelargonium citrosum, Artemisia vulgaris, Lantana
camara, Mentha piperita, Vitex rotundifolia, Curcuma spp.
(Pitasawat et al., 2003), Conyza newii, Plectranthus
marrubioides, Tetradenia riparia, = Tarchonanthus
camphoratus, Lippia javanica and Lippia ukambensis
(Omolo et al., 2004), have been demonstrated to exhibit
good repellent properties against vector mosquitoes.
Paula et al. (2003) reported the chemical composition,
toxicity and mosquito repellency of Ocimum selloi oil.
Ocimum essential oils have been traditionally used to kill
or repel insects, and also to flavour food products.

In the present investigation, the essential oils were
selected in order to find out a new mosquitocidal
compound against filarial vector mosquito C.

quinquefasciatus. The plant essential oil is largely
cultivated throughout India and in all tropical countries.

MATERIALS AND METHODS
Plant essential oils

The plant essential oils were obtained from Tegraj and Co (P) Ltd,
Chennai,Tamil Nadu. Based on various biological effects on larvae,
the 22 essential oils were selected (Table 1).

Maintenance of larvae

The larvae of laboratory stock culture were reared in plastic troughs
(size 18 cm diameter x 19 cm height) and were maintained at 27 +
1°C, 75 to 85% RH, under 14:10 L/D photoperiod cycles. The
larvae were fed with dog biscuits and yeast at 3:1 ratio (per weight).
Water was changed alternate days. The breeding medium was
regularly checked and dead larvae were removed at sight and the
troughs in which larvae were maintained were kept closed with
muslin cloth to prevent contamination through foreign mosquitoes.

Screening assay

The selected plant oils were screened for larval toxicity by following
standard procedure as follows: In the preliminary screening a single
dose (500 ppm) of each oil was tested. Twenty fourth instar larvae
of C. quinquefasciatus were kept in a 500 ml glass beaker
containing 249 ml of dechlorinated water and 1.0 ml of desired plant
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Table 2. Preliminary screening of plant essential oils against fourth instar larvae of Culex quinquefasciatus at 500 ppm in different

exposure periods.

Larval mortality (%)

Essential ol 1h 3h 6h 12 h 24 h
Aniseed 91.2+0.6° 100 + 0.0 100 +0.0™ 100 + 0.0 100 + 0.0/
Bergamot 11.2+0.2" 18.7+0.7°  30.0+0.5" 45.0 +0.4° 61.2+ 0.8°
Calamus 21.2+0.2% 32.5+0.2° 43.7+0.3 66.2 + 0.4 100 + 0.0/
Camphor 0? 2.25+0.0° 7.5+0.2" 20.0 + 0.9 38.7+ 0.4°
Cedarwood 18.7 +0.4° 30.0+0.2° 40.0 +0.3' 58.7 +0.6' 68.7 +0.8"
Cinnamon 475+0.8° 83.7+ 0.5% 100 +0.0™ 100 + 0.0 100 +0.0'
Citronella 8.75+0.3° 20.0 + 0.5% 35.0+0.4" 52.5+0.6' 93.7+ 0.4
Clove 100 + 0.0 100 + 0.0 100 +0.0™ 100 + 0.0 100 £ 0.0/
Eucalyptus 0? 3.7+0.2 12.5 + 0.5™ 26.2 +0.4° 38.8+0.4°
Geranium 0? 2.5+0.4° 15.0 + 0.5% 25.0 + 0.4° 36.2+0.7°
Lemon 23.7+0.2° 40.0+ 0.5 53.7 +0.7¢ 86.2 + 0.8 100 £ 0.0/
Lemongrass 0? 1.2+0.3 3.75+0.4% 16.2 +0.6° 28.7+0.5"
Lime 13.7 + 0.4 225+0.2° 38.7 £ 0.6 57.5+0.6' 67.+0.6°
Luchi 5.0+0.4° 21.2+0.4° 33.7+ 0.7hi 58.75+0.6' 73.7+1.1
Nutmeg 10+0.8° 15.0+ 0.9  30.0+0.9%" 40.0 +0.8° 56.2 + 0.2%
Orange 28.7+0.2° 437+0.8 58.7 + 0.2 75.0+0.4" 100 + 0.0
Palmarosa 5.0 +0.8™ 12.5+0.90°  28.7+0.9%" 37.5+0.8° 52.5 +0.2°
Pine 2.7+02%® 11.2+0.2° 21.2 + 0.4 35.0+0.7° 55.0 + 0.7%
Rose mary 1.2+0.4° 13.7+0.7° 25.0 + 0.4f° 36.2+0.7° 82.5+0.5"
Thyme 425+0.2' 57.5+0.6° 68.7 + 0.2l 80.0 +0.4" 100 + 0
Tulsi 47.5+0.2% 68.7 + 0.6i 92.5+0.6" 100 + 0.0 100 £ 0/
Vetiver 36.2 +0.4% 61.2 +0.6° 76.2+0.8" 87.5+0.6 100 £ 0/
Reference pesticide (temephos 1 ppm) 40.0 +0.8% 65.0 + 0.4" 100 +0.0™ 100 + 0¥ 100 £ 0/
Control (Tween 80 0.01%) 0* 0* 0* 0? 0?

Each value (mean = S.E.) represents mean of four replicates, Mean values followed by same letters in a column are not significantly different at

P<0.05 level (Tukey’s test).

essential oil concentrations. The larvae were collected by dropper,
placed onto filter paper strips and immediately transferred to the
beaker containing test solutions. Five replicates for each
concentration were maintained. In the control, 1.0 ml of Tween 80
(0.01%) in 249 ml of dechlorinated water was added. Mortality of
larvae was recorded after 1, 3, 6, 12 and 24 h of treatment. While
recording the percentage mortalities for each concentration, the
moribund and dead larvae in five replicates were combined. It has
been described that dead larvae are those that cannot be induced
to move when they are probed with a needle in the siphon or the
cervical region; moribund larvae are those incapable of rising to the
surface (Hasan and Deo, 1994).

Statistical analysis

The larvicidal mortality was corrected by Abbott’s formula (Abbott,
1925). Percentages of mortality were determined and transformed
to arcsine square root values for analysis of variance (ANOVA).

Tukey's test (P < 0.05) was used to analyze for significant
differences among the test essential oils against mosquitoes.

RESULTS AND DISCUSSION

All the 22 plant oils were screened against the larvae of

C. quinquefasciatus for larvicidal activity. The results are
given in Table 2. Among the 22 plant oils tested, eight
oils viz., aniseed, calamus, cinnamon, clove, lemon,
orange, thyme, and tulsi oils gave promising results on
larvicidal activity. For the larvicidal screening bioassay,
the mortality was recorded at different exposure periods
viz.,, 1, 3, 6, 12 and 24 h, and it was found that larval
mortality increased when exposure time increased. The
clove oil was found to be the most effective treatment. In
the preliminary screening, clove oil gave 100 percent
mortality at all exposure periods.

Vetiver oil recorded 36.2, 61.2, 76.2, 87.5 and 100%
mortality in 1, 3, 6, 12 and 24 h, respectively. The lowest
mortality of 28.7% was recorded at 500 ppm
concentration in lemongrass oil after 24 h exposure. In
the temephos treatment, larval mortality of 40, 65 and
100% was recorded at 1 ppm concentration in 1, 3 and 6
h treatments.

Vector control by means of chemicals is creating many
unwanted effects including emergence of pesticide
resistance in vector mosquitoes (Chandra et al., 1998).
Botanical insecticides may serve as suitable alternatives



to synthetic insecticides in future as they are relatively
safe, biodegradable and are readily available in many
areas of the world (Prabakar and Jebanesan, 2004).
Interest in the development of natural products has been
revived during the last two decades. Plants are
considered as rich source of bioactive chemicals and
they may be an alternative source of mosquito control
agents. Natural products of plant origin with insecticidal
properties have been tried in the recent past for control of
variety of insect pests and vectors (Wink, 1993). More
than 2000 plant species have been reported to possess
chemicals with pest control properties (Ahmed et al.,
1984) and among them about 344 species of plants have
been known to possess some degree of activity against
the mosquitoes (Sukumar et al., 1991).

Though several plants from different families have been
reported for insecticidal activity only a few botanicals like
neem based insecticides have moved from the laboratory
to field use, which might be due to the light and heat
stability of neem compounds compared to synthetic
insecticides (Green et al., 1991). In the present study, 22
essential oils registered larvicidal, pupicidal, adulticidal,
ovicidal, oviposition deterrent, growth regulator regulating
and histopathological effects. Plenty of literature is
available with regard to bioefficacy of volatile oils against
vector mosquitoes.

The most successful method to minimize the incidence
of mosquito borne diseases is by means of eradicating
the mosquito vector through systematic treatment of their
breeding places with the help of larvicides (Cetin et al.,
2004). Chemical pesticides that are applied in water
bodies are not only killing mosquito larvae but also killing
non-target organisms. In addition chemical pesticides
select for resistance in mosquitoes. As an alternative to
chemical pesticides volatile oils are largely studied
against C. quinquefasciatus mosquito. In the present
study, the larvicidal activity was tested at 500 ppm
concentration. Among the 22 essential oils, eight oils
registered high larvicidal activity. The larval mortality was
found to be directly proportional to the exposure period.
Clove oil was found to be the most toxic to the larvae
since it registered 100% mortality from 1 h treatment
period onwards.

The present investigation revealed that the essential
oils possess remarkable larvicidal activity against the
tested mosquito C. quinquefasciatus. The control of
selected mosquito by affecting their survival by essential
oils was found evident. Further purification and
characterization of the bioactive compound of effective
oils are underway in our laboratory.

ACKNOWLEDGEMENTS

We are deeply indebted to the Director, Entomology
Research Institute, Loyola College, Chennai, for his
interest to promote research activities.

Ramar et al. 6483

REFERENCES

Abbott WS (1925). A method of computing the effectiveness of an
insecticide. J. Econ. Entomol. 18:265-266.

Ahmed S, Graivge M, Hylin JW, Mitchell WC, Listinger JA (1984). Some
promising plant species for use as pest control agents under
traditional farming system.In: Schmutterer, H. and K.R.S. Ascher
(eds.) Proc. 2" International Neem Conference, Rauischolzhausen,
Germany. pp. 565-580.

Ansari MA, Mittal PK, Razdan RK, Sreehari U (2005). Larvicidal and
mosquito repellent activities of Pine (Pinus longifolia, Family:
Pinaceae) oil. J. Vect. Borne Dis. 42:95-99.

Ansari MA, Razdan RK (1995). Relative efficacy of various oils in
repelling mosquitoes. Ind. J. Malariol. 32:104-11.

Barnard, D.R., 1999. Repellency of essential oils to mosquitoes
(Diptera: Culicidae). J. Med. Entomol. 36:625-629.

Bowers WS, Sener B, Evans H, Bingal F, Erodogan | (1995). Activity of
Turkish medicinal plants against mosquitoes Aedes aegypti and
Anooopheles gambiae. Insect Sci. Appl. 16:339 - 342.

Carvalho AFU, Melo VMM, Craveiro AA, Machado MIL, Bantim B,
Rabelo EF (2003). In : Memorias Do Instituto-Oswaldo Cruz. 11
Fortaleza, CE, Brazil. 98:569-571.

Cavalcanti ESB, de Morais CC, Lima MAA, Santana EWP (2004).
Larvicidal activity of essential oils from Brazilian plants against Aedes
aegypti L. Mem. I. Oswaldo Cruz 99:541-544.

Cetin B, Ozer H, Kuscu H (2004). Economics of drip irrigation for apple
(Malus domestica) orchards in Turkey. N. Z. J. Crop Hortic. Sci.
32:349-354.

Chandra F, Darrit F, Darder M, Cuany A, Doannio JMC, Pasteur N,
Guillet P (1998).Prethroid resistance in Culex quinquefasciatus form
West Africa. Med. Vet. Entomol. 12:359-366.

Ghosh GK (2000). In: Biopesticide and Integrated pest Management
A.P.H. publishing corporation, New Delhi. pp. 400-446.

Green MM, Singer JM, Sutherland DJ, Hibben CR (1991). Larvicidal
activity of Tagetes minuta (Mari gold) towards Aedes aegypti. J. Am.
Mosq. Control Assoc. 7:283-286.

Hasan SB, Deo PG (1994). Ocimum sanctum seeds for mosquito
control. Int. Pest Control 36:20-21.

Kiso Y, Hikino H (1991). In: Plant Biochemistry and it's Bioactivity.
Academic Press, London. pp. 219-233.

Omolo MO, Okinyo D, Ndiege 10, Lwande W, Hassanali A (2004).
Repellency of essential oils of some Kenyan plants against
Anopheles gambiae. Phytochemistry 65:2797-2802.

Paula JP, Gomes Carneiro MR, Paumgartten FJR, De Paula JP (2003).
Studies on effect of Ocimum selloi oil against the adult mosquitoes. J.
Ethnopharmacol. 24(88):253-260.

Pitasawat B, Choochote W, Tuetun B, Tippawangkosol P, Kanjanapothi
D, Jitpakdi A, Riyong D (2003). Repellency of aromatic turmeric
Curcuma aromatica under laboratory and field conditions. J. Vect.
Ecol. 28:234-240.

Prabakar K, Jebanesan A (2004). Larvicidal efficacy of some
Cucurbitacious plant leaf extracts against Culex quinquefasciatus
(Say). Bioresour. Technol. 95(1):113-114.

Saxena BP, Koul O, Tikku A, Atal CK, Suri, OP, Suri KA (1979).
Aristolochic - acid an insect chemosterilant from Aristolochia
bracteata retz. Ind. J. Expt. Biol. 17:354.

Skinner WA, Johnson HL (1980). The design of insect repellents. In:
Ariens, E.T. (Ed.), Drug Design, vol. 10. Academic Press, New York.
pp. 277-305.

Sukumar K, Perich MJ, Boobar LR (1991). Botanical derivatives in
mosquito control: A review. J. Am. Mosg. Control Assoc. 7:210-237.
Wink M (1993). Production and application of phytochemicals from an
agricultural perspective. In van Beek, T. A. and H. Breteler, editors.
eds. Phytochemistry and agriculture. Oxford, United Kingdom

Clarendon Press. pp. 171-213.


http://www.ncbi.nlm.nih.gov/pubmed/15207304?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15207304?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15207304?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15207304?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum

