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ABSTRACT

Mosquitoes are important vectors of etiological aigeof diseases to humans and domestic animalspigsent
study aimed to investigate larvicidal, pupicidalicdal and ovipositional deterrent activity of rhahol leaves
extract of Spathodea campanulata against Aedespdiedihe methanolic leaf extract of S. campanuiagse found
most effective with L and LGy values. The decrease in hatchability was foundeodose dependent. The
mosquitoes were subjected to choice- ovipositiehard no- choice oviposition test. The extracigtoviposition
deterrence and effective repellence against Aedggi at different concentrations, with the olsdion on that
maximal eggs were laid in low concentration of éx¢ract and control. These results suggest thantie¢hanolic
leaf extract of S. campanulata have the potentidbe used as an ideal ecofriendly approach fordbstrol of
mosquitoes.
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INTRODUCTION

Mosquitoes are insects that have been around ére han 30 million years. And it seems that, dyrihose
million years, mosquitoes have been honing theiltssko that they are now experts at finding peciulebite.
Mosquitoes are common flying insects in the farttilgt are found around the world. There are abo00 3pecies.

Among the thirteen genera of the family CulicidbesidesAnophelesand Culex, individuals of genus\edesare
considered dangerous because they cause significhfit health threat all over the world. One loé tdominant
species ofAedesshowing wide geographic distribution and spanrinth temperate and tropical climate zones is
Aedes aegyptiAe. aegyptis a medium- sized blackish mosquito easily recaghby a silvery- white lyre- shaped
pattern of scales on its scutum. The colouratiobaih males and females is similar. It is breedsyamy types of
household containers, such as water storage jamsg tanks and plant or flower containers [1]. @ared to any
other species oAedes,Ae.aegypshows more dependency on human blood A2laegypti breeds throughout the
year. The eggs laid singly on the side of contsiret or above the water line and also on the waieface.
Hatching can take place in 2 or 3 days. These nitwss go through distinct stages of developmeyg, ¢arva,
pupa and adult. The life cycle can be completegbout 10 days. The adult life-span of a mosqgite0-55 days
or approximately two months [3].

Ae.aegyptis the only known potential vector of dengue arghn yellow fever [4,5]. This species of mosquitasw
shown to be a competent laboratory vector of Chikumya (CHIK) virus [6].Ae.aegyptihas also been noted to
transmit filariasis and encephalitis [7].

Dengue or ‘break bone’ fever had been known incmumtry for every long time. Epidemic outbreaksdehgue
fever have also been reported in India. For ircgaim 1980 a total of 4,601 cases were recordpdri3ctober

138
Pelagia Research Library



Ramanathapuram Sundaram Mohanrajet al Asian J. Plant Sci. Res., 2013, 3(4):138-149

2001, an outbreak of dengue resulting in 16 deaths reported in Chennai (Tamil Nadu) India [8].Ouctober,
2006, a total of 5,710 cases were recorded in Indlialhi had the highest (1,637) patients. Tamilndddia had
307 patients; 103 deaths were also reported [RQ0ID, there were a total of 28, 292 cases anddg&&ths [10]. In
2012 a total of 9,000 cases and 50 deaths wereteepim Madurai, Tirunelveli and Kanyakumari dists (Tamil
Nadu) [11].

Chikungunya, a febrile disease is caused by Chikoyg virus which is transmitted bye.aegypti There was an
outbreak of this disease in Calcutta in 1963-196d another in Madras (Chennai) in 1965 which gdse to

3,00,000 cases in Madras city alone [3]. Accaydim Central Health Secretary of India, in 2006,ldi people
affected by this disease. In Tamil Nadu alone 83,persons were affected by this disease [9]. fliiseases
devastate Indian economy every year [12].

At present, no effective vaccine is available fengue; therefore, the only way of reducing thedence of this
disease is mosquito control [13]. The control mdthehould aim at the weakest link of the life cyofethe
mosquito, which is the larval stage. During themiature stage, mosquitoes are relatively immob#epaining
more concentrated than they are in the adult §tdje

Many control strategies for mosquitoes have be@ugested since the ancient times. Among the varousrol
measures, viz., mechanical control by source oficgon [5] ; biological control, using endopathogebacteria
[15,16]; larivorous fish [17] as well as predatarthropods [18] and chemical control [19].

Over and injudicious use of synthetic insecticiidtevector control has resulted in environment hdgahrough
persistence and accumulation of non-biodegradakle tomponents in the ecosystem, developmentsafciticide
resistance among mosquito species, biological nfiagtion in the food chain and toxic effects on tamthealth and
non-target organisms [20,21].

These inevitable dilemmas have promoted renewesteist in the search and development of better ternaite
vector control strategies that destroy the insecés a wide range, with minimal effect to non-targeganisms and
the environment.

During the last decade, various studies on naplaait products against mosquito vectors indicag¢entlas possible
alternatives to synthetic chemical insecticides33R More than 2000 plants species have beewkro produce
chemical factors and metabolites of value in thet gentrol programmes [24] and among these plamntglucts of
some 344 species have been reported to have anafrigctivities against mosquitoes [25].

Botanical insecticides also have potential usesh sas larvicidal, ovicidal, oviposition deterrenggpwth and
reproduction inhibitors, repellents, growth regigiat fecundity suppression, male sterility [26,2%pme of the
plant leaf extract tested for their diverse insgdal properties on the medically important mosogst are:
methanolic extracts derris elliptica leaves [28]; aqueous extract ®blanum nigrumeaves [29];acetone extract
of Solanum trilobatumeaves [30]; methanol, benzene and acetone laediatof Cassia fistula[31]; petroleum
ether extract of Azadirachta indica, Ocimum gratissimuand Hyptis suaveolendeaves [32];aqueous and
chloroform extracts of eucas asperéeaf [33];hexane extracts of leavesQifrus sinensig34]; aqueous extract of
Spathodea campanulataaves [35,36]; methanolic extract Dfichodesma africanurteaves andCleome rupicola
[37]; acetone, chloroform , methanol extracts Bfaraleria prionitis leaves [38]; methanolic extract Aftemisia
vulgaris leaves [39]; methanolic extracts biepeta catariaand Azadirachta indicaleaves [40]; ethyl acetate ,
aqueous, ethanol extract dflerium olender leaves [41]; methanol, ethanol, chloroform, acetoand
dichloromethane extracts Bfophytum sensitivuteaf [42]; ethanolic leaf extract dfeucas asper§43].

As far as our literature survey could ascertaininiormation was available on the larvicidal, puga, ovicidal
and ovipositional detterence effects of the expernital plant species given here agakestaegypti

The present study was therefore carried out touat@lmosquitocidal properties f campanulatanethanolic leaf
extract against the vector mosquid@. aegypti

Spathodeais a monotypic genus in the flowering plant famByjgnoniaceae. It contains the single species,
Spathodea campanulatavhich is commonly known as the African Tulip Trédame-of —the forest in English,
Rugtoora in Hindi, Patadi in Tamil. It is a treatlgrows between 7-25 m  (23-82ft) tall and reatio tropical
Africa. This tree is planted as ornamental tremubhout the tropics and much appreciated for és/\showy
reddish orange colour, campanulated flowerss tbimmonly planted as a street tree in south Tiladlu. The tree

is considered evergreen but it sheds leaves insdrgmers and hence it is a dry season deciduous tgee
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campanulatacommonly employed to control epilepsy. This spedias many uses in folk medicine. The flowers
are employed as diuretic and anti-inflammatory #hihe leaves are used against kidney diseasedjrairet
inflammation and as a antidote against animal p@is®he leaves have furnished Spathodol, cafféi @wd other
phenolic acids and flavonoids. The plant leafdedifor anti-plasmodial activity, anti-microbialtiatty and anti -
larvicidal activity [44,45,46]. The aim of the pesd study is therefore to find out the larviciqalpicidal, ovicidal
and ovipositional detterence effects of the methateaf extract of thé&. campanulataganist Aedes aegypti.

MATERIALS AND METHODS

Colonization of Aedes aegypti

Collection of eggs

The eggs ofAedes aegyptiwere collected from National Institute for Comnuable Disease (NICD),
Mettupalayam, Coimbatore, Tamil Nadu, India withexposure to any insecticide. The eggs were thenght to
the laboratory and transferred to enamel traysadoimg water and kept for larval hatching. Theyevbatched and
reared and have been still maintained for many ig¢io@as in the laboratory. The eggs and larvaainbd from
this stock were used for different experiments.

Maintenance of larvae

The larvae were reared in plastic cups. They waily provided with commercial fish food [4@} libitum. Water
was changed alternate days. The breeding mediwregularly checked and dead larvae were removsihat.
The normal cultures as well as breeding cups usedrfy experimental purpose during the presentysiete kept
closed with muslin cloth for preventing contamioatithrough foreign mosquitoes.

Maintenance of pupae and adult

The pupae were collected from culture trays andeviemsferred to glass beakers containing watedr kélp of a
sucker. The pupae containing glass beaker wertikepide mosquito cage for adult emergence. Tdueavas
made up of steel frame wrapped with mosquito rgttihe cage had a provision (a hole) for handtihgraterials
and animals placed inside. The hole was guardddavileeve which was useful to close suddenly hftarg used.

Blood feeding of adultAe.aegypti and egg laying
The females were fed by hand every alternate dageding mosquitoes on human arm for experimentadqses
was suggested by [48,49].

Both females and males were provided with 10% glacmlution as described by [50] on cotton wickke cotton
was always kept moist with the solution and chareeaty day.

An egg trap (cup) lined with filter paper contaigipure water was always placed at a corner of #ge.c This
arrangement made the collection of eggs easier.

Collection of plant materials

S. campanulat®. Beauv. (Family :Bignoniaceae) leaves weréectdd from Government Arts college campus,
Coimbatore, Southern India. The identificationtlod plants was authentified at BSI (Botanical &yref India),
Coimbatore.

Preparation of plant extract

The fresh leaves of the plaBt campanulatavere collected in our college campus area. Therehves brought to
the laboratory. The plant leaves were observedubrdor anykind of diseases or infection andauhd any, those
parts were separated and not used for the expetinéme selected leaves washed with distilled watesrder to
clean dust or any particle stuck to them. Therdheges kept for drying under shade at room tentpexd27+ 2C)
for about 2 weeks till they dried completely. Thaves were finely powdered using electric blend&s0g of leaf
powder was dissolved in 200ml of methanol (as &esd) and extracted in the Soxhlet apparatus forder a
mantle heater at 582. The methanol extract was concentrated usingcawn evaporator at 45C under low
pressure. After complete evaporation of the solvetite concentrated extract was collected and dtamea
refrigeratore for later use.

Preparation of stock solution and different concentations of leaf extract

1 g of the concentrated extract of leaveSotampanulatavas dissolved in 100ml of methanol and kept asksto
solution. This stock solution was used to prep&ee desired concentrations of the extract for exyosd the
mosquito larvae.
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Bioassay test

Bioassay tests were carried out for testing thieadffy of methanolic leaf extracts &. campanulatan Ae.aegypti
at different stages of development viz I, II, IHda IV instars and pupae. Instructions of WHO (1)9&s detailed by
[51] for conducting bioassay experiment with mosgjlarvae were carefully followed.

The values of L&, LCzg, LCso and LG and their 95% confidence limit of upper confidefiogt (UCL) and lower
confidence limit (LCL), regression and chi- squaatues were calculated using probit analysis[5Stje SPSS 17.0
(Statistical Package of Social Sciences) usedtétisical analysis.

Ovicidal assay
Effect of methanolic leaf extract d8. campanulatan the hatchability oAe.aegypteggs were determined adopting
the following procedure.

Twenty freshly laid eggs were exposed to a padicabncentration of a test compound. The hatcityabilwas
recorded after 96 hours from the initial time of #fxperiment. The time was fixed because it wasotstrated that
the completion of embryogeny occurs within 4 d&3] [

Hatching rate was calculated on the basis of nachlahility of eggs according to [54]. To ensure +atchability,
the eggs from any test container were collectegr &8 hours. Unhatched and decapped eggs wereasspand
counted using dissection microscope. Five reptinatwere conducted at each concentration of teapound.

The data were statistically examined using Studentéest.

Oviposition bioassay
Fifteen pairs of mosquitoes were kept in a cagenaaitained. They were blood fed every alternatg d

The effect of methanolic leaf extract 8f campanulat@n oviposition ofAe. aegyptiwas determined under two set
of conditions as suggested by [55,56,57].

Choice oviposition test

Four egg traps containing any one of the conceatrst(0.1, 0.2 and 0.3%) of the test compound arol
(unchlorinated water) were placed inside the caijle ¥6 pairs of blood fed mosquitoes. After 24 tsuhe traps
were taken out and the eggs present in each wpagagely counted. The test was replicated 10 tifh@slays) for
each concentration of test compound.

No-choice oviposition test

Egg trap containing any one of the test conceptnatdf the test compound was placed at the tinteercage with
15 pairs of mosquitoes, along with a control tradter 24 hours, the containers were removed aedhtimber of
eggs were counted. The trial was repeated 3 tiore=ach concentration.

Oviposition Active Index (OAI) was calculated agaiked by [58] using the formula,
Nt —-NS
OAl =

Nt +NS
Where

Nt is the total number of eggs in test soluiand
NS s the total number of eggs in control

This would indicate wheather the effect of the coompd on oviposition is positive or negative.

Further, the percentage of oviposition deterremagppsition deterrent index of Lundgren, 1975) wig$ermined
according to the formula given by [59].

B-A
Oviposition Deterrent Index (ODI) = —=-100
AB
Where
A —is the number of eggs laid on treated
B — is the number of eggs laid on control.
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The data were statistically examined using Studéntest.
RESULTS AND DISCUSSION

Toxicity of methanolic leaf extract of S. campanulata to the developmental stages de.aegypti

Bioassay tests were conducted to find out the tiyxaf methanolic extract to I, Il, Ill, 1V instarand pupae of the
mosquitoes oAe. aegypti The data were subjected to Finney’'s method albipanalysis. The results expressed in
terms of LGq, LCs, LCs0and LGq/ 24 hours.

LC1o, LCs, LCso and LGy / 24 hours values of methanolic leaf extracSoftampanulata to | instar larvae was

0.084, 0.125, 0.242 and 0.398 % (24hrs), arslwkis found to gradually increase with the ageanfde. Pupae

showed the highest resistance to the methanod€ eldract ofS. campanulatas evident from the relatively higher
LC10,LCs0, LCspand LGy 24 hour values 0.240, 0.533, 0.561 and 0.71Bigp1).

Effect of methanolic leaf extract ofS. campanulata on hatching ofAe. aegypti eggs

Freshly laid eggs obtained from the general stdakasquitoes were tested for their hatching abilityelation to
the different concentrations of methanolic leafrast of S. campanulata Percent hatch of eggs placed in control
medium was 85 % where as in 0.20, 0.30, 0.40 &b@d % concentrations it was 55, 35, and 20 %0 0dbdose
completely arrested hatching eggs (Fig.2). Theasse in hatchability was found to be dose depénden

Effect of methanolic leaf extract ofS. campanulata on oviposition of Ae.aegypti

For determining the influence of methanolic leafrast of Spathodea campanulatan the ovipositional pattern of
Ae.aegyptithe mosquitoes were subjected to choice — ovipostest and no — choice oviposition test. Th&ada
were substituted under appropriate formulae toutaie oviposition active index (OAIl) and ovipositialeterrent
index (ODI). The results are furnished figures 3.&

Choice oviposition test

Mosquitoes showed more preference towards contidlrap for oviposition, though, media of different
concentrations of methanolic leaf extractSofcampanulatavere available along with control (Choice ovipasiti
test). The total number of eggs laid in ovitrapstaining any concentration of the methanoilc lestiract ofS.
campanulatavas always less than that in the control. Amormgttital number of eggs laid, 60.54 % was present in
control medium when placed along with ovitrapshw@.01, 0.10 and 0.20 % methanolic leaf extractSof
campanulata in which appeared 22.40, 11.42 and 5.617 % of eggpectively. This was also indicated by ODI
values (45.97, 68.25 and 83.01). Rate of ovipmsith ovitraps with any concentration of test coonmpds was
significantly (P<0.001) less than in control.

No - choice oviposition test

The ovipositional deterrence of methanolic leafaott of S.campanulataagainstAe aegyptiwas also confirmed by
the results of ‘no — choice test’ where ovitraphadiny one of the concentrations accompanied theadorPercent
oviposition in 0.01, 0.10 and 0.20 % of methandkaf extract ofS. campanulatavas 21.07, 19.61 and 10.52 %
which were significantly (P<0.001) less comparedtheir control counterparts 78.92, 80.38 and 8947
respectively. The data of no — choice ovipositiest clearly exhibited interference of methanoleaf extract of
S.campanulatan the oviposition preference of mosquitoes.

The results showed that the methanolic leaf extb&. campanulatapossesses significant larvicidal properties
againstAe. aegypti The findings agree with some of the previouorep

The leaf extract oAcalypha indicawith different solvents viz, benzene, chlorofoethyl acetate and methanol was
tested for larvicidal activity againgin stephensiand the LG, values/24hrs were observed to be 19.25, 27.78623.
and 15.03ppm respectively [60]; the leaf extracCaksia fistulawith different solvents viz, methanol, benzene,
acetone was tested for the larvicidal activity iagleAe. aegyptiand the 24hrs L& of the extract againske.
aegyptiwere 10.69, 18.27 and 23.95 mg/l respectively;[&ik}icidal efficacy of leaf extract d?avonia zeylanica
andAcacia ferruginegMalvaceae)were tested against the late third taiirlarvae ofCx.quinquefaciatusand their
LCs values were 2214.7 and 5362.6 ppm respectively; P hrs exposure to early fourth instar/Ad. aegypti
with hexane extract of the leavesGifrus sinensigesulted in 50% mortality at 446.84 ppm [34]; [68ported that
at 1 mg/ml the ethanol extract of the leaved @fitana camaracaused 84% larval mortality while the methanol
extract showed 48% mortality in the fourth instarvhe ofAe. aegypti[63]; found that the hexane extract of
Abutlion indicumleaves caused 100% mortality at 2000 ppm withgM@lue of 261.31 ppm against the larvae of
Ae. aegyptiat 24hrs; the LE& values of methanol, benzene, acetone leaf exti@cBemphis acidulaagainst
Cx.quinquefasciatuandAe. aegyptivere 10.81 ppm, 41.07 ppm, 53.22 ppm and 22.1Q gpB9 ppm, 57.66 ppm
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respectively [64]; the larvicidal efficacy was daténed of benzene, hexane, ethyl acetate, methandl
chloroform leaf extract ofCardiospermum halicacabumgainstCx. quinquefasciatuand Ae. aegyptithe LGy
values were 174.24, 193.31, 183.36, 150.44, 1546®% and 182.51, 200.02, 192.31, 156.80, 164.54 ppm
respectively [65]; the larvicidal activity of hexanacetone and methanol extracts of the leav@®ddalia asiatica
againstAe. aegyptandCx. quinquefasciatug/as investigated and the tfvalues were 133.80, 177.20 and 79.48
and 164.53, 175.28 and 87.87 ppm[66]; acetonecbetadict ofBiophytum sensitivurdisplayed the highest larvicidal
and pupicidal with LG, values of 21.79 and 13.05 mg/ ml agaiAst aegypti67]; methanolic leaf extract of
Spathodea campanulataere found most effective with Lg(LCqq)values of 1.343( 4.026), 1.607( 4.207), 1.981(
4.699), 2.165(4.852) and 2.432(4.861) I, II, IV, and pupa ofAn. stephengiespectively [68]; the LE/LCqyo values

of ethanolic leaf extract @cimum sancturagainstAnopheles stephensirvae ranged from 1.52 ppm to 6.44 ppm
and 7.38 ppm to 15.23 ppm respectively [69]; theidhd LGy24 h values of methanolic leaf extract Belonix
elata against early third instar €fulex quniquefasciatusere 124.84 mg /L and 213.88 mg/L respectively|;[#te
LCsoand LGq values of diethyl ether extracts Bhyllanthus emblicdeaves against % instar larvae ofAedes
aegyptiandCulex quinquefasciatusvere 114.77 ppm, 333.50 ppm and 82.65 ppm , 306p8n [71]; methanolic
leaf extract ofAreca catechiexhibited highest larvicidal activity followed hYicotana tabacunand Piper betle
with LCgy and LGq values of 124.28 and 95.75; 236.73 and 98.45;5818nd 122.99 ppm againsid?.nstar larvae

of Aedes aegypti[72]; the LG, values of 34.756 ug / ml ,31.351 ug/ml and 28ugi/ml were calculated of
Barleria prionitis leaves against 4 instar larvae of Culex tritaeniorhynchy88]; the LGy /24 hrs values of
methanolic leaf extract dfrtemisia vulgarisagainstCulex quinquefasciatusas 803.2ppm [39]; thHepeta cataria
shows highest mortality ratio at different concatitm of methanolic leaf extract with kgof 0.98 mg/L against 4

" instar larvae ofAnopheles gambiaj@0]; LCspand LGy values of ethanolic leaf extractlofucas asperaganist
1%, 2"instar larvae and pupa oknopheles stephensias 4.31, 4.46 and 8.94% and 10.80,11.00 anc1%.2
[43]; the LGy and LGq values of methanol leaf extract 6&lotropis proceraaganist Aedes aegyptiAnopheles
stephensiand Culex quinquefasciatusthird instar larvae in 24 h were 63.24, 81.99,084and 237.07, 249.43,
251.58 ppm respectively [73]; the kralues of methanol leaf extract Bfiphorbia hirtaaganist the first to fourth
instars larvae and pupae Ahopheles stephensivere 137.40, 172.65, 217.81, 269.37 and 332.38 [pd]; the
petroleum ether crude extract@éntratherum anthelminticuteaves exhibited significant larvicidal activitganist
third instar larvae oAnopheles stephensiith LCsq values of 522.94, 154.21 and 70.51 ppm, respdgtafeer 24,

48 and 72 h [75]; the LEI(LCqyo) 24 h values of ethanolic leaf extract@élonix elatato 1,2, 3, 4 instars larva of
Aedes aegyptiwere 4.91(8.13),5.16(8.44), 5.95(7.76) and 6.823)% [76]; the LG (LCo) 24 h values of
methanolic leaf extract ofAlocasia macrorrhizafrom first instar to pupae ofnopheles stephensiere
126.55(278.81), 143.19(327.47), 165.10(380.01),118@21.04) and 205.68(456.92) ppm [77]; thedlCCq 24 h
values of petroleum ether leaf extractAlbe veraagainst the first to fourth instar larvae Aédes aegyptivere
162.74, 201.43, 253.30 and 300.05 ppm and 44218886, 563.18 and 612.96 ppm respectively [78];Li6g, 24

h values of acetone leaf extractTagates erectagainst the first instar to pupa Aédes aegyptiere 4.15, 4.93,
10.21, 23.22 and 48.17 ppm respectively [79]; tiRo(LCy) 24 h values of methanolic leaf extractArtemisia
nilagirica against the first to pupa @&nhopheles stephenand Aedes aegypivere 272.50(590.07), 311.40(688.81),
361.51(789.34), 442.51(901.59) and 477.23(959.30hn @nd 300.84(646.67), 338.79(726.07), 394.69(8)5.4
470.74(892.01) and 542.11(991.29) ppm respectij@dy; the LGy 24 h values of hexane, chloroform, ethyl
acetate, acetone and methanol leaf extracDrhosiphon thymiflorusagainst third instar larvae @fnopheles
stephensiwere 201.39,178.76, 158.06, 139.22 and 118.74 ppulex quinquefasciatusvere 228.13, 209.72,
183.35, 163.55 and 149.96 ppm aA@des aegyptivere 215.65, 197.91, 175.05, 154.80 and 137.26 ppm
respectively [81]; at 24 hrs exposure theimum tenuiflorunandDatura albaethyl acetate leaf extract against 4
instarAnopheledarvae the LG value were 44 mg/L and 46.00 mg/L respectivaipilary at 48 hrs LG, values
were 33.6 mg/L and 30.25 mg/L [82]; ethanolic estraf Cadaba indicadeaf had higher mortality with the valeus
of LCso 115.70, 96.09, 144.50, and 143.75 ppm ang,[225.46, 204.98, 233.82 and 260.86 ppm was obderve
after 24 h exposure agaist.aegypti[83].

S. campanulatdeaves have furnished Spathodol, caffeic acidnphe acids and flavonoids [84, 46 ,85]. These
compounds may jointly (or) independently contribtddarvicidal activity againsfe. aegypti The phytochemicals
interfered with proper functioning of mitochondnmore specifically at the porton transforming si{88] and
phytochemicals primarily effect the midgut epitheli and secondarily affect the gastric caeca andnpighian
tubules in mosquito larvae [87,88]. The death eéted larvae may be due to the inability of the lbimay bodies to
swallow sufficient volume of air to split the oldutecle and expand the new one during ecdysis omto
metamorphosis inhibiting effect of the plant extradich is possibly based on the disturbance ofrtbemonal
regulation [89].

The crude methanol and benzene leaf extracCafdiospermum halicacaburaxerted 100% reduction of egg
hatching at 300 ppm againGk.quinquefasciatuand inAe. aegyptil00% reduction of egg hatching at 400 ppm
[65]; methanol and ethyl actate leaf extracofdrographis paniculat&xerted 100% reduction of egg hatching at
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200 ppm againsCx.quinquefasciatuand at 250 ppm againde aegypti[90]; aqueous leaf extract @falotropis
proceratreatment at 1000 ppi@x. tritaeniorhynchusand Cx. geliduseggs resulted in to 100% ovicidal activity
[91]; methanol, benzene leaf extract@dssia fistulavas tested for ovicidal activity againse. aegyptand in 120
mg/l of methanol leaf extract 100% reduction wasesbed where as in benzene leaf extract 100% rieduaias
observed in 140 mg/l [31]; an acetone extracdofanum trilobatuneaves was evaluated for its ovicidal activity on
the Cx.quinquefasciatuandCx. tritaeniorhynchusby exposing eggs ranging concentrations of 506-ggpm of the
extract and a 100 ppm of the extract killed all #ggs from both the species [30]; in the laborateggs of
Cx.quinquefasciatuandAe. aegyptivere tested at 1000 ppm concentration ethyl azetdiract ofSwertia chirata
leaves shows 23% egg hatchability [92]; mortalitg €gg hatchability) was observed 100 percent etitlyl acetate
and methanol extracts @&ndrographis paniculata, Eclipta prostrata and Téeg erectaleaves at 998.85 mg/I
againstAn. subpictug93]; at a dose of 82.5 mg/ml the ethanolic leaf extefcHyptis suaveolensompletely
inhibited An.gambiaéhatching whereas the aqueous extract could inbithit 70.42% egg hatching at the same dose
[94]; the crude methanol leaf extract Bfvatamia coronariaexerted zero hatchability (100% mortality) at 250
ppm, 200 and 150 ppm , f@x. quinquefasciatys\e. aegyptandAn. stephengiespectively and the curde methanol
leaf extract ofCaesalpinia pulcherrima&xerted zero hatchability (100% martality) at 33680 and 225 ppm faEx.
guinquefasciatusAe. aegyptandAn. stephengiespectively [95]; hundred percent ovicidal at¢tds were observed
at 350 ppm and 450 ppm of methanol, benzene, asetxnact ofPemphis aciduldeaves [64]; aqueous extract of
Leucas asperavas found to be ovicidal againse. aegypti, An.stepherendCx.quinquefasciatuwith hatchability
values of 39.4 and 21.2; 42.4 and 27.8; 50.6 and Bercent at 500 and 1000 ppm respectively [96iidal
activity with ethyl acetate , aqueous solutionaethl leaf extract oerium oleanderngainstAnopheles stephenat
100,150,200,250,and 300 ppm were calculated. Witth extract at a concentration of 100 ppm, thegrgage of
hatchability was very high and nil hatchability swveecorded when the concentration of extract weseased to
300 ppm in the case of aqueous and ethanol ex#ra;tat 300 ppm of ethanolic leaf extract Gklosia argentea
Anthocephalus cadamba, Gnetum ula, Solena ampldisScand Srermacoce hispidshowed 100% ovicidal
activity aganistAnopheles stephensi, Aedes aegypti and Culexniddg/nchug97]; percent hatch of eggs placed
in control medium was 80% where as in 0.1%, 0.288t0and 0.6% concentrations of aqueous leaf exthct
Spathodea campanulatgainstAedes aegyptivas 65, 46, 40 and 2%. 0.8% dose completely addsitching eggs
[36]. In the case of ovicidal activity, exposurefi@eshly laid eggs was more effective than thathef older eggs
[98].

The methanolic extract treated eggs exhibited dayed hatchability and this may be due to the actid
phytochemicals present in the extract. The extrzay inhibit the hatchability of the eggs by in&ihg with their
chorion [99]. Eggs and egg shells treated with fpéattracts become damaged probably due to endosmeédter
the initial phase of swelling, eggs become desit;dtdlowed by shrinkage and death of larvae trapywithin [100].
It is also evident from the present study on expmsaf Ae. aegyptieggs to the methanolic leaf extract ®f
campanulata The treated eggs contained developed embryascthsion of the egg was incomplete [98].

The findings of the present investigation were caraple with other ovicidal studies and revealed tihe
methanolicS. campanulatéeaf extracts possesses ovicidal activity agaheseggs ofe aegypti.

Oviposition active index for both ethanolic leaftract of Ocimum kilimandscharicunfOK) and @imum suave
(OS) experiments egg lay in a negative side rariged -1% to -0.19%. It was showed that OS and G#ed
ovipoistion inAn. gambiae [101]; ethanolic extract odPongamia pinnata, Coleus forskohdindDatura stramonium
leaves reduced egg laying by 97.62%, 77.3%, 100%nspAe. aegyptiand 59.10%, 39.22%, 82% against
Cx.quinquefasciatusit higher concentration (0.1%) [102]; the ethanddiaf extract ofSloanum trilobatumwas
tested under laboratory conditions for ovipositidaterrent activities against the adélh.stephensiand the
concentrations of 0.01, 0.025, 0.05, 0.075 and Ord8ticed egg laying by females from 18 to 99% [1QBD%
oviposition deterrency was obtained wilhelia azedarachleaf extract at Ig/L againshe. aegypti[104]; the
oviposition active index (OAIl) value of acetonehydt acetate, and methanol extracts Aégle marmelos,
Andrographis lineateand Cocculus hirsutugeaf at 500 ppm againgtn. subpictusvere -0.86, -0.87, -0.90, -0.78
and -0.87, -0.86, -0.91, -0.94 and -0.86 respdgtard the OAI values revealed that the solvenhipétracts have
deterrent effect, and they caused a remarkabletimeg@sponse resulting an oviposition of very feggs [105];
ethanolic leaf extract oAndrographis paniculatabserved againsin. stephensand OAI values for the species
were -0.28, -0.45, -0.49 and -0.59 for extractoemrations of 29, 35, 41 and 46 ppm respectiv&B6]; in
oviposition deterrent activity, the highest concativn of (0.1%) ethanolic leaf extract @ftex negundgroduce
94.2% in Ae.aegypti96.4% inAn.stephensand 99.8% irCx. quinquefasciatu§l07]; the highest concentration of
(0.1%) acetone, chloroform, hexane, petroleum ettmal ethanol extracts @nnona squamoséeaves produce
oviposition deterrent activity 99.6% against. stephensi92.4% agains€x. quinquefasciatuand 92.4% against
Ae. aegyptirespectively [108].
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Theoviposition is one of the most important eventshia life cycle of mosquito[109]. If oviposition is prevented
the mosquito life cycle is disrupteshd population growth is reduced. The presentasiijpn study shows that ti
methanolic leaf extract db. campanulal act as oviposition deterrent, this indicates 1Ae. aegyptimosquitoes
were acutely sensitive to phytochemical stimuld aespond to the odour of the leaf extract. Thenstrodoul
produced by higher concentration methanolic leaf xract produce maximum effectivrepellence against
oviposition. Themosquitoes are known to select or reject theirifipeaviposition sites by sensing chemical sigr
that are detected by sensory receptors on theraa [110].

The findings of the @sent investigation revealed that methanolic lgtthet of S. campanula possess remarkable
larvicidal, pupicidal, ovicidal and ovipositionalctivity against theAedes aegyf. The present finding is
encouraging as the plant extract seems to be specific, effective at low dose and easily avagadhd the stud

is of great importance in formulation of an effeetivector control strategy based on environmerniahdly
alternative(plant origin) insecticid
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