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Abstract

This study was carried out to evaluate mosquitceltept and oviposition deterrent
activities ofSolanum nigrum againstmalaria vectoAnopheles stephensi. Hexane extract
of the seeds dfolanum nigrum was used for repellent and oviposition deterretividg
against mosquito vectoknopheles stephensi Liston (Diptera: Culicidae) in laboratory
bio-assays. Percent protection obtained ag#insstephenst was 100% in O hours and
81% after 6 hours at the 10% concentration of titeaet as compared to 100% after 6
hours at 2.5% DEET solution. The concentrationghefhexane extract of the seeds of
Solanum nigrum ranging between 0.03125% and 0.5% showed 27 &®9@viposition
deterrence in treated bowls as compared to untteaietrol. These observations show
that theSolanum nigrum seed extract is an effective personal protecti@asure and
oviposition deterrent against mosquito vectors.
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Introduction

Continued use of the synthetic chemical insectididsed intervention measures for
vector control has resulted in lower efficacy ok timsecticide in controlling the
medically important disease vectors. The operationantrol failure, namely
development of insecticide resistance in diseaszox® to commonly used synthetic
chemical insecticide in public health sprays haslenthe disease control more difficult
(Sharma 1996). Due to existing further risk of @lepment of wide spread insecticide
resistance in disease vectors and also due tooamv@ntal concern on use of synthetic
insecticides for vector control, interest on pokesiise of environment friendly natural
products such as extracts of plant parts increfsegector control.

The most effective compound of plant origin foe #ontrol of mosquitoes is pyrethrum
extract obtained fronChrysanthemum cinneraefolium flowers (Bruce-Chwatt 1985),
which has been used extensively as an insecticittekmock-down effect against adult
mosquitoes. Sukumagt. al (1991) listed 346 species from 276 genera and 8fliés

which have been tested against mosquitoes for warieffects such as toxicity,
oviposition deterrent and repellency. Some speadtdamily Solanaceae, namely
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Solanum nigrum and Solanum xanthocarpum, have shown mosquito larvicidal properties
(Singhet. al.2001, Singh and Bansal 2003) against diseasergedftore plant products
have been reported to have insecticidal and masqrepellent activity against
mosquitoes (Collingt. al. 1993, Sharmat. al. 1993, Matsudat. al. 1996, Duaet. al.
1996, Ansarkt. al. 2000).

Mosquito repellent and oviposition deterrent praipsrof plants can be exploited for
alternate vector control strategy. Mosquito repgfieare commonly used for personal
protection against mosquito bites and thus helpgrévention of the disease transmission.
Similarly oviposition deterrents can be used tovpré mosquitoes from egg laying in
container breeding habitats. Personal protecti@nagmosquito bites was reported for
the genusEucalyptus maculate citriodon (Collins et al. 1993) Azadirachta indica
(Sharmeet. al. 1993)Pelargonium citrosum (Matsudaet. al. 1996)Lantana camara (Dua

et. al. 1996) andMentha (Ansari et. al. 2000). So far DEET (Diethyl 1-3 methyl
Benzamide, also known as diethyl 1-m toluamidegyathetic chemical is the most
common mosquito repellent available on the mankbich has shown repellency against
mosquitoes and other biting insects (Mc Cethal. 1956)

This communication deal with the laboratory stediarried out to ascertain the repellent
and oviposition deterrent properties Sflanum nigrum againstAnopheles stephensi, a
mosquito vector of malaria. This plant is foundmany parts of India. The local names
are in Marathi- Kamuni, Tamil-Munatakali, Telugu-¢techipandi, Gujrati-Piludi, and
Hindi- Makoi, (Chopraet. al.1956) and are used mainly as antispasmodics, diuret
laxative and antidysentric (CSIR, 1992). This studgs carried out to evaluate the
repellent and oviposition deterrent propertieSa&num nigrum for use in vector control
and to protect humans from the mosquito bites.

Material and methods

Hexane Extract of seeds of Solanum nigrum

Ripe fruits were collected from the wiBblanum nigrum plants from villages in Delhi
state. Fruits were dried in shade and ground ® fiowder in an electric grinder. Hexane
extract of seeds was made essentially followingrttethod of (Mehra and Hiradhar).
Twenty five gram seed powdered material was exthdhree times in a soxhlet
apparatus using 750 ml normal hexane ¥50 he extract was made solvent free and the
final residue of hexane extract §lanum nigrum obtained, and then kept at 22@intil
testing for adult repellent activity.

Mosquito Strainsfor Repellency and Oviposition deterrence

Mosquito speciedAn. stephensi maintained at National Institute of Malaria Resbar
laboratory was used for these studies. Adult masgsiwere provided with 10% sucrose
solution. The 6 days old females starved for 12fibefore the experiment were used for
repellent properties and 6 days old blood fed gradults were used for oviposition
deterrent properties.
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Preparation of the Repellent and Control Replicates

500ml of 10% sugar solution was prepared in waBeifficient quantity of bleached
cotton was taken to be stacked into a 500 ml Stgof glass460_ml of above sugar
solution was poured in to the glass and the cottas socked.The cotton at the top was
stretched out side in to circular foam. Remaini®gidl was used to prepare repellent
formulation. To 40iml of the sugar solution required quantity of hexaextract
concentrate was mixed to arrive at the desired exnations, namely, 2.5%, 5%, and
10% and was poured evenly on the sugar soakedncottthe above Styrofoam glass.
Similarly DEET 2.5% in 10% sugar soaked cotton wwaspared for use as positive
control and only 10% sugar soaked cotton was usedegative controls. For hexane
extract of seed dfolanum nigrum, known quantity of residue extract was re-dissolve
hexane to make a 10% (w/v) stock solution. Varitast concentrations viz. 2.5%, 5%,
and 10% were prepared in distilled water usinghisesnade stock solution. Controls
were supplemented with the equal amount hexanedreeqtor the experiment without
extracts. Tween-80 was used as an emulsifier &%0.0oncentration in the final test
solution.

Repellency test

These studies were carried out in a room maintain&”C and 70% RH following the
procedure described in Protocols for Uniform Evabaraof Insecticides for use in Vector
Control (NIMR 2005). The prepared cages with thesquitoes were placed in the
room. In these cages, the Styrofoam glasses wittorcasoaked with three different
concentrations of seed hexane extracB@anum nigrum namely 2.5%, 5%, and 10%
sugar solution, DEET 2.5% (positive control) in 1@%gar solution and 10% sugar
solution (negative control) were placed in fourfeliént corners and one in the centre of
the cage. After five-minute landing counts were enatl 0, 1, 2, 4, 5, and 6 hours. The
cups were removed from the cage after the five taimlpservation at each interval of
time. For subsequent exposure the position of thps avere inter changed to different
corners. Landing rates of the mosquitoes on diffiecencentrations of the formulation of
hexane extract of seed 8blanum nigrum (2.5, 5, and 10 %), DEET (2.5%) and sugar
(10%) were recorded. Data was reported as meaheobbservations for each of the
formulation. Percent repellency was calculated syngi the following formula (Sharma
and Ansari 1994)

% Protection= [(Control-Treated)/Control] x100

Where Control is the mean number of mosquitoesitgndn negative control (10%
sugar solution); and Treated is the mean numbenasiquitoes landing on the repellents
(DEET and seed extract 8blanum nigrum).

Oviposition deterrent

Mosquitoes were maintained at National InstituteMaflaria Research laboratory. Lab
reared mosquito specids. stephensi was used for these studies. The experiments were
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run at room temperature and humidity following grecedure described in Protocols for
Uniform Evaluation of Insecticides for use in Veac@ontrol (NIMR 2005).Twenty
gravid femaleAn. stephensi were transferred to each mosquito in to experiaierdage.
Plastic bowls containing 100 ml of water were ttedewith seed extract to obtain test
solution 0.5 %, 0.25%, 0.125, 0.0625 and 0.0312Bthese cages, two bowls holding
100 ml of water were places of each case, onestteaatd the other with a solvent control
that contain 1% hexane. Three replicates for easltentration were run with cages
places side by side for each bioassay. The expetanwan 24 hours and the number of
eggs laid in treated and non-treated bowls wasrdecb Oviposition deterrence was
calculated as follows:

% Oviposition deterrence =

[(No. of eggs laid in control-No. of eggs laid ireated bowls)/No. of eggs laid in
control] x100

3.1. Statistical Analysis. A two way ANOVA was performed to test whetherrthes a
significant difference among the different concatiom(viz. 2.5%,5%,10% ) of the
extract and 2.5% DEET as also among different ¢asat(viz. Oh,1h,2h,4h and 6h).
Student t test was performed to find the differeneaveen the mean no of eggs laid in
treated and non-treated bowl.

Results

Results of laboratory testing of the repellent\agti of Solanum nigrum extract are
shown in table 1 & 2. Tablel show the mean no. obguitoes landing at different
concentrations of the extract and 2.5 % DEET inteoxrs. The % repellency @i
stephensi is given in table2. It is evident from the datattthee overall repellency rates of
the hexane extract @olanum nigrum varied between 80-100% (Table2). The hexane
extract of seed showed strong repellent activigiregy adultAnopheles stephensi (100%

in 0 hours and 81% in 6 hours) at the 10% concgotraAgainst DEET-2.5%An.
stephensi have shown 100% repellency in 6 hours. It was dotivat the effect of the
various concentrations differ significantly (p<0100 Similarly, the effect of durations
differed significantly (p=0.030).

Table 2 show the oviposition deterrent activitySofanum nigrum extract against gravid
female Anopheles stephensi. The data showed that exposure to plant extrdgbited
overall oviposition in treated bowels and the numeb&f eggs laid were comparatively
lower in treated bowels than those in untreatedl®awnespective of the total number of
eggs laid both on treated or untreated bowls (Tahlét the highest concentrations the
hexanes extract reduced egg laying by 99.55%. ReseNealed significant difference
between the no.of egg laid in treated and nondcehbw! (p< 0.0019)
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Discussion

The extract made frorBolanum nigrum seeds possessed significant repellent properties
against Anstephensi. 10% concentration produced 100% repellency wxtdour which

is similar to that reported for currently used $wtic compound DEET, A13-35765,
A13-37220 and CIC-4 (Schreck and Mc 1994, Colersanal. 1993). The percent
repellency ofSolanum nigrum extract at different observation periods (Ohr,, Bir, 4hr

and 6hr) ranged from 66.71-100%. From the obsemath on the repellency and
oviposition deterrence against the important disaactor it can be concluded that the
dose of 10% and 0.25% could be used for the acigetvie desired level of protection
against bites and reduce ovipositiorAof stephensi.

However, these results pertain to the effectivemessage experiments using only sugar
solution as attractant. Further isolation and jpeatfon could lead to identify more potent
compound. In laboratory oviposition deterrent téls¢ seed extract &olanum nigrum
greatly reduced the number of eggs deposited byidyran. stephensi. At the highest
concentrations the extracts (0.5%) an egg lying redsiced up to 99%. Tawatssh al.
(2001) demonstrated under laboratory conditions tbkatile oils derived from turmeric
(Curcuma longa), citronella grassQymbopogon winterianus), and hairy basil@cimum
americanum) with the addition of 5% vanillin were effective repelling both diurnal and
nocturnal mosquitoes for up to six hours. When camag with the study of Sharnsh

al. (1995), the protective effect againsh. stephensi, of hexane extract ofolanum
nigrum seems to be higher than that of neem oil (37.5é)ection of a repellent for
further development cannot be based on the resudiay one test against a single insect
because mosquito responses to repellents varynwéhd among species (Rutledge
al.1983, Rutledgest. al. 1978). The protectiomagainst Cx tritaeniorhynchus and Cx.
guinquefasciatus, the vectors of Japanese encephalitis (Bram 1Béidakaet. al .1979)
and filariasis (Sasa 1976, Guptavaetj al. 1971), respectively, is considered as
satisfactory. The hexane-extractg&mlanum nigrum seeds may also protect against other
mosquito vector species. Further studies shouldinwestigated against different
mosquito vectors under both laboratory and fieldditions. Several methods enhancing
the efficacy of repellent, such as purificatiortiod active fraction, increase in persistence
and duration of repellency need to be studied.

Present studies data showed the repellency ando®itign deterrence againgin.
stephensi vector of malaria. It can be concluded that dos&086 and 0.25% could be
used for achieving the desired level of protectgainst landing and reduce egg laying
of this mosquito. However, these results pertaithtoeffectiveness in cage experiments
using only sugar solution as attractant. Thush&mrtonfirmation by testing this repellent
in lab. A subject to evaluate the repellency efischeeded. Further research is being
continued to develop new repellents from a natarain that not only offer effective
anti-mosquito products but are also bio-rationtdraktives to synthetic chemicals.
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Table 1. Mean landing and Percent repellency sgegdat of Solanum nigrum against
An. stephensi at different conc.

Doses% No. of mosquito landing

0 hour (%) 1 hour 2 hours 4 hours 6 hours
Tre-2.5 1.33(86.23)| 1.00(87.50) 2.00 (72.71) 26871) | 2.33 (66.71)
Tre-5 0.33(92.58)| 0.66 (91.75) 0.66(90.99) 1&M{1) | 1.66 (76.28)
Tre-10 0.00 (100.00)0.33 (95.87) | 0.33(95.44) 0.66 (90.57]  1.33 (81.00
DEET 2.5 | 0.00 (100.00)0.00 (100.00) 0.33 (95.49) | 0.33(95.28) | 0.00 (100.00
Control 9.66 8.00 7.33 7.00 7.00

Table-2 Oviposition deterrent activity 86lanum nigrum against gravid femalan.

stephensi

Concentration No. of eggs in Bowl (%) Oviposition
(4) Treated Non treated peterrence

0.5 3.66+1.2 830.6638.1 99.55

0.25 10.664.5 790.664.2 98.65

0.125 262.664.8 750.664.5 64.97

0.0625 481.664.2 720.66%.2 33.10

0.03125 511.334.3 700.3338.2 27.00
P<0.001
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