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ABSTRACT

Millettia pachycarpa Benth. (family Fabaceae) isvall-known medicinal plant in the traditional
systems of Chinese and the Mizo tribes of Indiae @mits many uses is as an insecticide. The
extract of the root bark was examined for larvididad ovicidal activities against the dengue
vector mosquito Aedis aegypti Linn (Diptera: Cud&e). The early fourth instar larvae were
treated with serial concentrations of the plantragt (viz. 6.25, 12.5, 25, 50, 100 and 200 mg/L)
continuously for 24 h. Data indicate that the plantract exerted profound lethal activity (C

= 98.47 ppm at 24 h) on the larvae. For evaluat@nhe ovicidal activity, concentration was
increased until when there was complete inhibibbegg hatching. Mean percent hatchability of
the eggs was noted at different time intervals ftbefreshly laid eggs up to 24 h old. At high
concentration (200 mg/L) of the plant extract, thevas complete inhibition of egg hatching
(100% non-hatchability). The observation also iadexl that the percent hatchability was
inversely proportional to the concentration of #dract, and directly proportional to the age of
the eggs. Therefore, the extract of M. pachycagaat bark exhibited significant mosquitocidal
activity against A. aegypti.

Keywords. Aedis aegyptiegg, larvicidel.Cso, Millettia pachycarpaovicidal.

INTRODUCTION

Mosquitoes are the primary vectors for the mostdi@ and fatal diseases such as dengue,
malaria, yellow fever, filariasis, Japanese enchjhaand chickungunya. The vector-borne
diseases caused by different species of mosquitmestitute an unsurpassed health problem all
over the world, remaining as the leading cause atality. Aedes (Stegomyia) aegyptnn is a
dipteran mosquito that is disseminated throughloeiturban areas of the world with an immense
medical importance being a vector for dengue ireAand for dengue and yellow fever in Africa
and the Americas [1]. According to current estimateund 2.5 billion people are at now risk of
dengue, which become the most rapidly spreadinggoitwsborne viral disease. Further, the
disease incidence has increased thirtyfold inake30 years [2].
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There have been recurremitbreaks of dengue fever in India associated waiphd increase and
spread ofA. aegypti particularly in major towns and cities. In Mizarathe remotest north-
eastern state of India, there is also a recordrastt increase in the number of this mosquito,
which was otherwise unrecognized a decade agoadt) the principle urban places such as
Aizawl, Champhai and Kolasib are recently notetédhe highest in the incidence/Afaegypti
among the north eastern states of India [3].

The most reliable strategy of minimizing the ineide of mosquito-borne diseases is to eradicate
and control the mosquito vectors, which is perfafrpencipally by systematic treatment of the
breeding places through a combination of envirotalemanagement and application of
larvicides that do not harm other organisms in #&mwironment [4]. However, the most
commonly used larvicides are now in dire questioinheir sustained dissemination due to their
potential environmental pollution, and hazards uanhn health and other non-target organisms,
particularly when profusely applied where there @&gidemics. The situation is further
compounded by the fact that the most rampant mtsegiihave developed resistance to all
conventional larvicides [5]. These inevitable direas have prompted renewed interest in the
search and development of better or alternate vectotrol strategies that destroy the insects
over a wide range, with minimal effect to non-targeganisms and the environment. Therefore,
traditional practices using indigenous plants tuhto be a major potential alternative approach.
Millettia pachycarpa Benth. (family Fabaceae) is a leguminous perenniahbing tree
endemic to south-east Asia, where it is acclaimegld avwide range of medicinal applications in
various traditional practices. The root bark, sead leaf are commonly used as a blood tonic,
treatment of infertility, fish stupefying, anticarcand insecticidal agent [6,7]. A large number of
bioactvie compounds have been identified fromfitybich isoflavones such as erysenegalensein
E, isoerysenegalensein E, 6,8-diprenylorobol, méleins G and H, furowanin A and B, and
auriculasin were all demonstrated to have antigstriw activity [8,9]. Following the traditional
usage of the Mizo tribes of north-east India, theaet of the root bark was demonstrated to
have significant anthelmintic activity against tbestode Ralillietina echinobothrida [7,10,11].
The present investigation is an attempt to asdesdatrvicidal and ovicidal activities on A.

aegypti.
MATERIALSAND METHODS

Plant material

The fresh roots of M. pachycarpa were collecteanfrihe nearby forest of Aizawl (which
occupies the coordinate of 23.73° North and 92H&XSt, and situated at an altitude of 3,340 feet
above sea level), Mizoram, India. ldentificationdaauthentication of the plant material was
reported elsewhere [10].

Preparation of the plant extract

The root barks were peeled off, thoroughly washét deionized water, cut into small pieces,
and dried in a hot air oven at 50°C. The driedspanere crushed to fine powder and then
refluxed with ethanol (100g/L) for 8 h at 60°C,described earlier [7,10]. The solution obtained
was filtered through Whatman filter paper (No. hyldhe solution was evaporated to complete
dryness at 50°C. The crude extract was obtaineddeep brown powdered material, which was
then refrigerated at 4°C until further use. Theyneld from such extraction was 7.07%. 1 h prior
to experimental assay, varying concentrations efetktract, viz. 6.25, 12.5, 25, 50, 100 and 200
mg/L, were prepared by dissolving in double-distll water, supplemented with 1%
dimethylsulfoxide (DMSO).
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Larvicidal assay

Collection of A. aegyptieggs, rearing of larvae, data recording and asse¥sof larvicidal
activity were performed as per the guidelines of WIHL2]. To synchronize and promote
hatching, larval food (3:1 mixture of biscuit anelagt powder) was added to the culture medium
24 h before adding the eggs. Experiments were ateddor 24 h at the temperature of 25£2°C
in an automated glass-chambered incubator. Homagemapulation of late third or early fourth
instars (5 days old and ~5 mm in length) were olethifive to seven days later. For bioassay
test, larvae were taken in 5 batches, each camgisif 25 individuals, and introduced in
disposable containers containing the desired cdrateon of the plant extract. Different
concentrations of the test samples were used. danidium consisted of only distilled water
with 1% DMSO. All the test solutions were maintalna 7 cm depth. Each test was repeated
three times. The numbers of dead larvae were cdwiter 24 h of exposure, and the percentage
mortality was recorded from the average of fiveliogppes. Death was confirmed when larvae
failed to respond upon probing with a needle in $l@hon or the cervical region. Percentage
mortality was corrected using Abbot’s formula [13]:

X-Y
Mortality (%) = v 100

where X is percentage survival of the control graan Y is that of the treated group.

Ovicidal assay

Ovicidal activity was determined using the methddSa and Mulla [14]. The egg raft .
aegyptiwas introduced into nine glass vials. Of these miials, eight were each filled with test
solution of 6.25, 12.5, 25, 50, 100 and 200 mg/fhg @mne was filled with deionised water
supplemented with 1% DMSO that served as a conffble egg raft/eggs containing
approximately 100 eggs were laid (within 4 h, mafsthe egg rafts/eggs were laid) in the culture
medium and routinely collected at 4 h interval a4 h. Egg raft/eggs were selected from the
different time intervals at random and individualignsferred to the different concentration of
extract for 3 h. After treatment, the egg raft/edgsn each concentration were individually
transferred to distilled water cups for hatchingeTotal number of hatched and unhatched eggs
was assessed after counting the eggs under mig®sémch test was replicated in five and
repeated three times.

Data analyses

Data from all replicates were pooled for analykiSsowas calculated from a log dosage-probit
mortality regression line based on the method ahé&y, using computer software programme,
BioStat 2008 version 5.5, AnalystSoft Inc., VancewyvCanada. Data were presented as
meanzstandard deviation. Comparison of the effioaag estimated using Student‘test and
significant level was consideredRk 0.05.

RESULTS

The efficacy ofM. pachycarparoot bark extract on the fourth instar larvae/fofaegyptiis

presented in Table 1. The larvicidal effect of fflant extract was clearly dependent on the
concentration of the extracts. All the larvae maiméd in the control medium survived for 24 h,
thus, no mortality for the control experiment. Evanthe lowest concentration (6.25 mg/L)
tested, the plant extract caused mortality as hagh 26.32%, and mortality at higher
concentrations such as 12.5, 25, 50 and 100 mg/te wd.65, 54.84, 76.75 and 92.52,
respectively. Complete mortality (100%) was obséngn the larvae only at the highest
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concentration, 200 mg/L. Therefore, the lethal ewmt@ation (LGy) of the extract was
determined to be 98.47, with the lower and uppe@fidence limits (95%) of 85.59 and 107.17,
respectively.

Table 1. Lethal activity of an ethanolic extract of Millettia pachycarpa root bark at different concentrations
against fourth instar larvae of Aedes aegypti.

| ncubation mediumConcentration Mortality (%) LCx 95% Confidencelimits
(mg/L) (ppm) L ower Upper
0 (Control) 0
6.25 26.32 + 0.22*
M. oach 125 41.65 + 0.51*
ex'tfaii ycarpa 25 54.84 + 0.87°98.47 + 0.685.59 + 0.8307.17 + 0.42
50 76.75 + 0.94*
100 92.52 + 0.40*

200 100.00 + 0.62*
n =5; * P < 0.05 using Student’s t-test in comparisto the control.

Hatchability of the eggs ofA. aegypti after exposure to different concentrations Mf
pachycarparoot bark extract is shown in Table 2. The residady indicates that the higher
level of ovicidal activity by the plant extract walserved in the early stage of egg development.
In the control medium (water supplemented with DNJSBe eggs showed full (100%)
hatchability at every age. At the highest conceinmna(200 mg/L), no egg of any age was
detected to develop, thus, no hatchability. Infobitof egg hatching was clearly proportional to
the concentration of the plant extract. From tiseilts also, it is quite apparent that susceptybilit
to the plant extract decreases with age, as theggyuage groups of egg rafts/eggs showed a
poor hatchability when exposed to higher conceiotmatof the extract, and older age groups of
egg rafts/eggs showed a high hatchability rate wégmosed to lower concentrations of the
extract.

Table 2. Inhibitory activity of an extract of Millettia pachycarpa root bark on the eggs of Aedes aegypti.

Per centage of egg hatching
Age of eggs (h) Concentration of the plant extract (mg/L)
0 625 125 25 50 100 200

0-4 100 584 316 NH NH NH NH
4-8 100 75.7 48.2 225 NH NH NH
8-12 100 83.1 639 443 285 NH NH

12-16 100 92.8 86.0 62.7 382 NH NH

16-20 100 100 953 78.2 56.7 26.8 NH

20-24 100 100 100 82.7 67.4 435 NH
n = 5; NH = No hatchability (i.e. 100% mortality).

DISCUSSION

Results from the present study clearly provideddence that the extract &fl. pachycarpa
contains a mosquitocidal component. A number ohiglahave been investigated for their
mosquitocidal propertiefgeratum conyzoideg&nacardium occidentaljsArgemone mexicana
Azadirachta indica Carapa guianensjsCassia fistula Copaifera langsdorffii Cymbopogon
winterianus C. citratus Jatropha curcusand Solenostemma argeéportedly have significant
potential in the control c€ulexandAnophelespecies [15-20].

Several plants are also documented to be activiesiga aegypti Gusmacet al.[22] reported
that the ethanol extracts Derris urucuwere effective against the fourth instar larvaghviCsg
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of 17.6 ppm. A closely related species of the presevestigation, the methanol extract of
Millettia dura seed caused significant larvicidal activity @e@f 3.5 ppm) on the second instar
larvae [23]. The essential oils bfppia sidoidesexhibited larvicidal effects more potent than
temephos used in Brazil [24, 25]. Similarly, ess#ndils from L. multiflora exhibited larvicidal
and ovicidal activity [27]. Thirteen oils from 4llamts were demonstrated to induce 100%
mortality after 24 h, or even after shorter perjdtie best oils indicated Lsgranging between 1
and 101.3 ppm againgt. aegypti between 9.7 and 101.4 ppm fAnophelesstephensiand
between 1 and 50.2 ppm fGr quinquefasciatug28]. The essential oil of the stalks and leavies o
Croton argyrophylloidesC. nepetaefoliusC. sonderianugandC. zehntnerishowed significant
mortality [29]. Moraiset al [30] also showed that methyleugenol and alphaeonp ofC.
nepetaefoliusndicated LGp of 84 ppm;a-pinene and-pinene ofC. argyrophyloidesndicated
LCso of 102 ppm; andu-pinene, B-phelandrene, and trans-caryophyllene Gf sonderianus
indicated LG of 104 ppm, and that &. zenhtnerivas 28 ppm.

Derris elliptica showed LGy values between 11.2 and 18.84 ppm agaistaegypti C.
guinquefasciatusAnopheles dirusndMansonia uniformig21]. Shalaaret al.[31] showed high
activity of Callitris glaucophyllaagainstA. aegyptiand Culex annulirostrisCurcuma zedoaria
rhizome volatile oil exhibited pronounced lethatiaty against the fourth instar larvae éf
aegyptiwith an LGy of 33.45 ppm [32]. To the essential oil from theeds ofZanthoxylum
armatum C. quinquefasciatusvas the most sensitive (k&of 49 ppm) followed byA. aegypti
(LCsp of 54 ppm) andA. stephens{LCsy of 58 ppm) [33]. Eleven of the 84 Brazilian plant
extracts studied showed significant activities agaihe larvae of. aegyptiwith best results for
the extracts oAnnona crassiflorgroot bark, LGy of 0.71 ppm; root wood, L{g of 8.94 ppm)
and A. glabra (seed, LGy of 0.06 ppm) [34]. The 24 h L concentration of the methanol,
benzene and acetone extract ©f fistula were observed at 10.69, 18.27 and 23.95 ppm,
respectively [35]. Significantly high larvicidal taaties were demonstrated for the ethanolic
extracts ofP. longumwhite P. nigrumand blackP. nigrum(LCso values were 0.248, 0.356, and
0.405 ppm, respectively) [36].

CONCLUSION

Of its many traditional usell. Pachycarpais a well-known insecticidal plant in Chinese and
Mizo practices. The present investigation showg tha extract of the root bark in deed
exhibited significant R < 0.05) lethal activity and egg hatching inhibitiopam the mosquito
Aedes aegyptiThe efficacy of the plant extract is comparabléehose of the many of the well-
established insecticidal plants. Therefore, thesgme study presents the rationale for the
traditional usage of the plant, and warrants furihgestigation on the mode of action of the
plant on the mosquito, and the active principleoiued.
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