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ABSTRACT

With the development of resistance to conventignaded synthetic insecticides, vector managementbaome
very difficult. Hence, scientists have interest botanicals. It is in this regard, present stwdys aimed to evaluate
the efficacy of aqueous extracf Spathodea campanulata leaves against the dewgcter Aedes aegypti. 4l
andElyy were shown at 0.79% and 0.88% of the leaf extrespectively. The aqueous leaf extract at 0.1 aD@
0.3% tested against the Ae. aegypti was foundatopg larval and pupal period. In the control @ak 10 days for

all the larvae to become pupae, whereas the aguestract at 0.1% and 0.2% took 19 days and 24 days
respectively. In 0.3% the larvae required 26 d&ysbecome pupae. The data highlights the importamice
Spathodea campanulata as a promising local platt wiosquitocidial activities.
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INTRODUCTION

Mosquitoes are major public health pests throughiee world. Among the 3492 species of mosquiteesrded
worldwide, more than a hundred species are capatbteansmitting various diseases to humans [1]. ddds
menace is particularly high in South East Asianntnes [2] and in recent years global warming reedlto the
spread of mosquitoes into temperate countries agldeh altitude regions and the people in theseoregiare
severely affected [3].

Among the thirteen genera of the family CulicidhesidesAnophelesand Culex, individuals of genus\edesare
considered dangerous because they cause significhfit health threat all over the world. One oé tthominant
species ofAedesshowing wide geographic distribution and spanrboth temperate and tropical climate zones is
Aedes aegyptAe. aegyptis a medium- sized blackish mosquito easily recghby a silvery- white Iyre- shaped
pattern of scales on its scutum. The colouratiobath males and females is similar. It is breedsmany types of
household containers, such as water storage jamisd tanks and plant or flower containers [4]. @aned to any
other species dAedes, Ae.aegypshows more dependency on human bloodABlaegypti breeds throughout the
year. The eggs laid singly on the side of contaire or above the water line and also on the wsteface.
Hatching can take place in 2 or 3 days. These nitses go through distinct stages of developmegd, éarva,
pupa and adult. The life cycle can be completeabiout 10 days. The adult life-span of a mosqgsite0-55 days
or approximately two months [6].
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Ae. aegyptiis generally known as a vector for an arboviresponsible for dengue fever, which is endemic to
Southeast Asia, the Pacific island area, Africa #medAmericas. This mosquito is also the vectoyedfow fever in
Central and South America and West Africa. Dengaeif has become an important public health protdsrthe
number of reported cases continues to increasesciedly with more severe forms of the disease, deng
hemorrhagic fever, and dengue shock syndrome, tir wiusual manifestations such as central nervgstem
involvement [7]. About two-thirds of the workipopulation lives in tropical and subtropical eas infested with
dengue vectors, mainkedes aegypiB].

Dengue or ‘break bone’ fever had been known inaumtry for every long time. Epidemic outbreaksdehgue
fever have also been reported in India. For ircgam 1980 a total of 4,601 cases were recordedrBOctober
2001, an outbreak of dengue resulting in 16 deatls reported in Chennai (Tamil Nadu) India [9].Qrtober,
2006, a total of 5,710 cases were recorded in In@alhi had the highest (1,637) patients. Tamilndddia had
307 patients; 103 deaths were also reported [hAOLO, there were a total of 28, 292 cases andiéaths [11]. In
2012 a total of 9,000 cases and 50 deaths wereteepim Madurai, Tirunelveli and Kanyakumari distsi (Tamil
Nadu) [12]. According to the Central Health Mimysof India in 2013, 17,000 people affected big tiisease, in
Tamilnadu alone 4,000 affected by dengue [13].

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

3,00,000 cases in Madras city alone [6]. Accaydim Central Health Secretary of India, in 2008,lakh people
affected by this disease. In Tamil Nadu alone &3 8ersons were affected by this disease [10RO0lB, a total of
500 cases were reported in Thirunelvali districuthakulam village) Tamilnadu, India [14]. These adises
devastate Indian economy every year [15].

At present, no effective vaccine is available fengue; therefore, the only way of reducing thedentce of this
disease is mosquito control [16]. The control mdthahould aim at the weakest link of the life cyofethe
mosquito, which is the larval stage. Larvicidingaisuccessful way of reducing mosquito densitigbeir breeding
places before they emerge into adults. During theature stage, mosquitoes are relatively immoléeaining
more concentrated than they are in the adult §iafje

Many control strategies for mosquitoes have beguested since the ancient times. Among the varoumsrol
measures, viz., mechanical control by source ofictadn [18] ; biological control, using endopathagebacteria
[19,20]; larivorous fish [21] as well as predatarthropods [22] and chemical control [23].

Mosquito control has been becoming increasinglfialift because of the indiscriminate uses of sytithehemical

insecticides which have an adverse impact on théra@mment and disturb ecological balance. Majoufythe

chemical pesticides are harmful to man and aninsalsie of which are not easily degradable and sprgddxic

effects. The increased use of these insecticidgsenter into the food chain. They even result itation of genes
and these changes become prominent only after gdewerations [24].

These problems have warranted the need for dengl@lternative strategies using eco-friendly jiaid.

During the last decade, various studies on naplaat products against mosquito vectors indicatentlas possible
alternatives to synthetic chemical insecticides38h In this regard, India has a rich flora tlsatvidely distributed
throughout the country. More than 2000 plants gsetave been known to produce chemical factors and
metabolites of value in the pest control programf@@$and among these plants, products of somespédies have
been reported to have a variety of activities agamosquitoes [28].Phytochemicals are advantagdoego their
eco-safty, target- specificity, non developmentesistance, reduced number of applications, higleeeptability
and suitability for rural areas. Plants being rsciurce of bioactive chemicals [29] and so far themeo report of
resistance to plant extracts [30].

Botanical insecticides also have potential usesh sas larvicidal, ovicidal, oviposition deterrenggpwth and
reproduction inhibitors, repellents, growth regidat fecundity suppression, male sterility [31,33pbme of the
plant leaf extract tested for their diverse insedtl properties on the medically important mosost are:
methanolic extracts dderris elliptica leaves [33]; aqueous extract $blanum nigrunieaves [34];acetone extract
of Solanum trilobaturmeaves [35]; methanol, benzene and acetone ldaediatxof Cassia fistula[36]; petroleum
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ether extract of Azadirachta indica, Ocimum gratissimuand Hyptis suaveolensdeaves [37];aqueous and
chloroform extracts of.eucas asperdeaf [38]; methanol, petroleum ether, hexane attiof Pseudocalymma
alliaceumleaves[39]; agueous, methanolic extracGpathodea campanulateaves [40,41, 42]; methanol extract
of Agerantina adenophoréeaves [43] ; methanol extract gdomoea pes-caprakaves [44]; methanol, hexane,
benzene ,chloroform, ethyl acetate extracPihecellobium dulcdeaf [45]; petroleum ether extract Bbngamia
pinnataleaves [46]; acetone extract\éérnonia cinerea, Propis juliflora, Cassia tokeaves [47].

As far as our literature survey could ascertairinfiormation was available on the adult emergesmog prolong
larval duration effects of the experimental plgpcies given here agairst. aegypti

The present study was therefore carried out touat@lmosquitocidal properties 8f campanulataqueous leaf
extract against the vector mosquide. aegypti

Spathodeais a monotypic genus in the flowering plant famiygnoniaceae. It contains the single species,
Spathodea campanulafplate 1) which is commonly known as the Africamlip Tree, Flame-of —the forest in
English, Rugtoora in Hindi, Patadi in Tamil. Itastree that grows between 7-25 m (23-82ft) tall aative to
tropical Africa. This tree is planted as ornameitae throughout the tropics and much apprecifedts very
showy reddish orange colour, campanulated flowdirss commonly planted as a street tree in sdwmil Nadu.
The tree is considered evergreen but it sheds ¢eiavery summers and hence it is a dry season uegidtree.S.
campanulatacommonly employed to control epilepsy. This spedias many uses in folk medicine. The flowers
are employed as diuretic and anti-inflammatory whihe leaves are used against kidney diseasedjyrairet
inflammation and as a antidote against animal p@is®he leaves have furnished Spathodol, caffedt awd other
phenolic acids and flavonoids. The plant leafdsdufor anti-plasmodial activity, anti-microbialti@tty and anti -
larvicidal activity[48,49,50].

MATERIALSAND METHODS

Colonization of Aedes aegypti

Collection of eggs

The eggs ofAe. aegyptiwere collected from National Institute for Comnuatble Disease (NICD), Mettupalayam,
Coimbatore, Tamil Nadu, India without exposure ny asecticide. The eggs were then brought tdaheratory
and transferred to enamel trays containing waterkapt for larval hatching. They were hatched esated and
have been still maintained for many generationthénlaboratory. The eggs and larvae (Plate 3)imddafrom this
stock were used for different experiments.

Maintenance of larvae

The larvae were reared in plastic cups. They weaily provided with commercial fish food [5&f libitum. Water
was changed alternate days. The breeding mediwsragailarly checked and dead larvae were removsitlat.
The normal cultures as well as breeding cups usedrfy experimental purpose during the presentysiete kept
closed with muslin cloth for preventing contamioatthrough foreign mosquitoes.

M aintenance of pupae and adult

The pupae were collected from culture trays andcevikemsferred to glass beakers containing watdr élp of a
sucker. The pupae containing glass beaker wereikepde mosquito cage for adult emergence. Tdueovas
made up of steel frame wrapped with mosquito ngttifihe cage had a provision (a hole) for handiihgaterials
and animals placed inside. The hole was guardddavdieeve which was useful to close suddenly aferg used.

Blood feeding of adult Ae.aegypti and egg laying
The females were fed by hand every alternate d@eding mosquitoes on human arm for experimentgdgses
was suggested by [52,53].

Both females and males were provided with 10% glacsolution as described by [54]on cotton wick&e Totton
was always kept moist with the solution and chargesty day.

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

S. campanulat®. Beauv. (Family : Bignoniaceae) leaves (P2atevere collected from Government Arts college
campus, Coimbatore, Southern India. The ideatifon of the plants was authentified at BSI (BatahiSurvey of
India), Coimbatore.

Preparation of plant extract

The fresh leaves of the plaBit campanulatavere collected in our college campus area. Therldaves brought to
the laboratory. The plant leaves were observedubréor any kind of diseases or infection andafind any, those
parts were separated and not used for the experinTdre selected leaves washed with distilled watesrder to
clean dust or any particle stuck to them. Thenahees kept for drying under shade at room tentperg27+ 2C)
for about 2 weeks till they dried completely. Tleaves were finely powdered using electric blendbifferent
concentrations of the leaf extract was preparkithdaa particular amount of leaf powder in glasaker containing
a known quantity of unchlorinated filtered tap wateThe solution was allowed to stand for 72 hrsl dime
suspension was filtered through Whatman No.1 fifi@per. For instance, 2g powder mixed in 200 nwafer for
getting experimental medium of 1%. This soluticesvused for experiments.

Adult emergenceinhibition (El) bioassay

A series of sub lethal concentrations (0.2, 0.8, 0.8, 1, 1.2 and 1.4) were prepared. THerBtar larvae were
introduced into each of the concentration cupse [Bivae were fed by fish foad libitumtill they become pupae
The pupae were kept separately in the net cageunt ¢the adults emerged. Mortality of the laryagpae and the
adults was recorded at 24 hrs intervals. At thet @& observation period, the impact is expresseHI&0 based on
the number of larvae that do not develop succdgsfitb viable adults. In recording EI % for eacbncentration,
moribund and dead larvae and pupae, as well a$ adhgdquitoes not completely separated from the Ipcgse,

were considered as dead. The experiments werpextophen all larvae (or) pupae in the controls diedmerged
as adults. Results of each concentration obtadmegach occasion were subjected to computer ldgitpaoalysis,

Elsg and Ebg values (in percent) were estimated by linear i€gjom analysis [32].

Laboratory assay for larval duration

To determine the effect of aqueous leaf extrac.ofampanulatan the length (duration) of the larval stage (egg-
pupation) of different concentrations (0.1 to Q&3 solutions were prepared. 50 freshly laid egg® placed in the
treated water and allowed to hatch and developédéurt The medium was watched every 24 hours. dta¢ larval
duration in days was recorded from hatching to papa In parallel, the duration of larval stagesaalculated for
the larvae reared in untreated water for compariSbh

The data were statistically examined using Stutdemest.
RESULTSAND DISCUSSION

Effect of aqueous leaf extract of S. campanulata on adult emer gence inhibition (EI)

The statistical data of adult emergence inhibifigl activity of aqueous leaf extract 8f campanulataagainstAe.
aegyptipresented in (Fig. 1). klandElg were shown at 0.79% and 0.88% of the leaf extespectively. This
reflects the possible insect growth regulatorydtstiof the extract againgte. aegypti

Effect of aqueous leaf extract of S. campanulata on total larval duration of Ae. aegypti

The aqueous leaf extract at 0.1, 0.2 and 0.3%demjainst thé\e. aegyptiwas found to prolong larval and pupal
period. In the control it took 10 days for all thevae to become pupae, whereas the aqueous teatrad % and
0.2% took 19 days and 24 days respectively. 1808 larvae required 26 days to become pupae Zig.

The statistical data of adult emergence inhibitigh activity of aqueous leaf extract 8f campanulataagainstAe.
aegyptiwas found to be 0.79% and 0.88% ag Bhd E}, respectively. The obtained results agree withesofithe
previous studies.

Effective El was found in leaf acetone extracthwd Aegle marmelgsethyl acetate extract éindrographis lineate

methanol leaf etracts @occulus hirsutusandTagetes erectagainstAn. subpictugElsq= 128.14, 79.39, 143.97
and 92.82 ppm; B4=713.53, 293.70, 682.72 and 582.59 ppm)[56]; adulergence inhibition (El) activity of
Calotropis proceraleaves againsfn. arabiensisand Cx. quinquefasciatysEl so — El g9 was shown at 277.90 —
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677.64 ppm and 183.65453.94 ppm respective[31]; 50% ofadult emergence inhibition (s) were 374.97 and
1180.32 ppm of aqueous leaf extractRicinus communisgainst % instar larvae ofAn. arabiensisand Cx.
quinquefasciatus[32] emergence inhibition (Esg) of 15Q, particle sized leaf powder Vinca roseawas found to
be most effective oAe. aegyptivith the (Esg) of 24.81 mg/100 ml of water [57].

This reflects the activity of the plant extractspassible insect growth regulator agaiAe. aegypti. The failure in
adult emergence could be duenisufficient availability of chitin during metamorpsis resulting in death of larvi
and pupae entangled in the weak integur

The aqueous leaf extract 8f campanulat tested against th&e. aegyptiat 0.1, 0.2 and 0.3% were found to
showing prolonged larval and pupal period. Thaultesof present study are comparable with earleports.
Results of hexane, diethyl ether, dichloromethame ethyl acetate extracts Murraya koenigi leaf revealed that
treated individuals took prolonged larval and p period when compared to control in all specieAe. aegypti,
An. stephensandCx. quinquefasciatt, tested and the larval and pupal period laste® fand 3days ilAe. aegypti
11 and 4 inAn. stephensilO and 4 dayCx. quinquefasciatysnd in the case of control it was 8 and 2 dayarval
duration significantly increased in treated indivéds and total development periocAe. aegypti, An. stepherand
Cx.quinquefasciatusvas 12,(000 ppm) 15(1000 ppm) and 14 (1000 ppm) days réispdc and 10 days i
control[58]; [59}Yeported the prevention of pupation upto day 7 egade of 1000 ppm in the immature Ae.
aegyptiin ethanolic extract o€assia holosericea; Leucas asp leaf (5@, 1000 ppm) showed prolonged lar
and pupal periods amorfe. aegypti, Cx. quinquefasciatand An. stephensilt took 8 days for all the extracts
become pupae; whereas in the aqueous extrackititbalays folAe. aegyptand 9 days in the case An. stephensi
and Cx. quinquefasciatyi$0]; the hexane, dimethyl ether, dioromethane and ethyl acetate extraciAbutilon
indicum leaf againstAe. aegypti Cx. quinquefasciatus. .. stephensshowed that larval and pupal periods w
prolonged with an overall increases in the developtal perio[61]; There was a delay in the developmenCx.
pipineslarvae to pupal stage (21days) when the secondritestvae were exposed to concentral 40 and 20
mg/ml of methanolic leaf extract Azadirachta exce[&2]; exposure ofAn. stephendarvae to su-lethal doses of
neem leaves in the laboratory prolonged larval kgreent[63].
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50 90
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Fig. 1. Elso, Elgvalues (%) of aqueous leaf extract of Spathodea campanulata against Aedes aegypti

In the present study, lengthening of larval andabyeriods indicates the interference of the-active compounds
of leaf extract ofS. campanulatavith the normal hormonal activity coordination &iet metabolic process of t
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developing stages. Prolongation of developmentogeof mosquito larvae treated with plant extrastere
generally attributed to interference of the actigredients of th extracts with the endocrine system [€

The screening of locally available medicinal plafais mosquito control would generate local emplogimeeduce
dependence on expensive imported products andlatenipcal efforts to enhance public healt is in this regard,
the study adds to the knowledge on the efficadhelocal plantS. campanulata.
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Fig.2. Changein development time (days) of Aedes aegypti larvareared in different concentrations of the aqueous leaf extract of
Spathodea campanulata and control

Plate 1: Showsthe tree Spathodea campanulata from which leaves collected for this study
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Plate 2 : Showsthe leaves of Spathodea campanulata with which the extract was prepared

-

LIIAR

Plate 3: Showsthelife cycle of Aedes aegypti
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