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Abstract Objective:malaria vector control is either by adult or larvae management. This study reports on the effectiverdoise of
ethanol and aqueous extracts of leaf and mature green fruits of Erladgtdjacca dodecandréle Herit) as a larvicide against
Anopheles gambig@®iptera: Culicidaemosquitoes.

Material & MethodsBatches of twenty freshly hatched or moulted largé 2, 39 and 4" instars) ofAn. gambiaavere transferred

using droppers into plastic containers measuring 6 cm mouth and 5.7 cm base diameter by 3.5 cm height arrangeattin sets. E
container contained an approximate of 33 millilitre solution cdidigular concentrationf leaf (shoot or midsection) or fruit extracts

of Endod. Endod plants were sourced from Nyando and Eldoret. The solutions were a serial dilution of 40, 20, 10, 5 and 5mg/100mls
of the crude extracts. Solutions of Neem and deltammettere used as positive control and that of water only as negative control.

Three replicates were set up for each concentration. WHO threshold of > 80 % mortality was used as standard to assess effectiveness
of the larvicide.

Results:Over 80% of all lavae (L1s, L2s, L3s and L4s) died from exposure to concentrations of 20mg and higher of ethanol extracts
of mature green fruits of Endod irrespective of source. Onijng{.00mls of aqueous extracts of Endod leaves of the shoot sourced
from Eldoret killed> 80% of exposed L1s. Higher mortalities were observed for extracts from leaves of the shoot of Endod than
those from the midsection.

Conclusion: Hgher doses of ethanol and water extracts of Endod leaves and fruits were lethal to all #aggarbéelarvae.
Keywords Anopheles gambiakarvae Phytolacca dodecandréeem Deltamethrin

Introduction The increasing negative effect of synthetic insecticides

Synthetic insecticides (Poopathi and Archana, 2010)1as made scientists seek for alternative-féeadly
have for a long time been used to manage extensivBeSt con®l methods (Poopathl and Archana, 2010;
morbidity and mortality within diseassdemic cantries Montasser et al., 2011). Botanicals suciPagtolacca
. . dodecandrahere after Endod have been found
(Boutayeb, 2006) due to Mosquitmrne diseases. .. . - .
) ] ) ) . promising as alternative larvicidals againSulex
Though effective this strategy is accompanied with ~_ . . .

i ' ) quinquefasciatus(Misganaw et al., 2012) andn.
sen_ous harm to human and other animals in thegambiae(Yugi et al., 2015) and pupicidals against
environment (Cartilla and De la Cruz, 2012). In cylex quinquefasciatugMisganaw et al., 2012).
addition continued use of Synthetic insecticides haSThere is also evidence of demonstrable microbial
been demonstrated to lead to reduced control due tactivity (Joshi et al., 2091 Though efficacy of Endod
development of resistant in insect populations (Charlegxtracts orAn. gambiadarvae has been demonstrated,

and Nielser_eRoux, 2000). no informatiorexists on the dose or amount of éxéracts
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that are effective on each larval stage. It is in line with2 Discussions

this that this studyvas designed to study and report Ethanol extracts of mature green fruits of Endod at
on the effective dose of crude ethanol and watetigher concentrations killedl@&xposed aquatic stages
extracts of mature green fruits and leaves afdehon  of An. gambiae Mortality percentages however,
larvae ofAn. gambiaén a laboratory set up. reduced with continued dilution. This trend was
similar to Ethanol extracts of Endod leaves although
1 Results observed mortalities were lower than that of fruit
The experiment was conducted for a period of eightextracts. Earlier the same tcehad been reported for
months using a total of 84,240 larvae (L1s, L2s, L3spowdered extracts of Endod @mn. gambiaelarvae
and L4s). WHO threshold of >80% mortality was used (Were, 2008). This demonstrates that extracts of
as standard to decide on the effestiess of the various ethanol and water extracts of Endod have similar
doses against the exposed lanke. L1s, concentration efficacies ahenopodium ambrosioidésmn (Jude et

of 20 mgs and 40 mgs of ethanol extracts of matureal., 2013) and Jatropha curcasL (Zewdneh et al.,
green fruits of Endod from Eldoret and Nyando 2011)againstAn. gambiaeand Anopheles arabiensis
respectively killed over 80% of the exposed larvae.larvaerespectively.

For aqueous extracts of Esatimature green fruits and  gyiracts from both mature green fruits and leaves of

leaves of the shoot, mortality of over 80% was observed:,qod were potent againsh gambiadarvae though

for concentrations of 40mgs only irrespective of sourcepotency of leaf extracts were lower than that of fruits.

(Figure 1). Potency of the extracts also differed with the vertical

For L2s, concentrations of 20 mg and 40 mg Ofposmon of leaves on the Endod plant such that ethanol
extracts of leaves found at the shoot were more potent

ethanol extrgcts of mature green fruits from Eld_oretthan those found at the midsection of the plant. This
and Nyando killed over 80% of exposed L1s resF)eCt'VEIyShowed that the probable distributiohthe bioactive

Mortality of over 80% was observed for concentrations ,, endod plant are such that fruits > leaves at the
of 40 mgs of extracts of leaves of the shoot andgpgot > |eaves at the midsection.
midsection of Endod from Nyando and Eldoret

respectively. Concentrations of 20 mg and 40 mgs ofEthanol extracts of Endod parts were more toxic th.an
aqueousextracts of mature green fruits from Eldoret aqueous extracts of the same parts for all concentrations

and Nyando killed over 80% of exposed L2s against An. gambiaelarvae. Solvent typaised in
respectively (Figure 2) extraction had been demonstrated determine

potency of extracted bioactives (Anupam et al., 2012)
For L3s, concentrations of 10 mg and 20 mg andas well as larviciding potency. This had been demonstrated
above of ethanol extractsf mature green fruits and for Solanum xanthocarpum Niohan et al., 2006),
leaves of the shoot of Endod from Eldcaet! Nyando ~ Euphorbia tirucalli (Singh et al., 2007)Eucalyptus
respectively killed over 80% of exposed L3s. The 9lobules Maurya et al., 2007)Citrulius colocynthis
same was observed for concentration of 40 mgs O](Sakthlvadlvel and Daniel, 2008},zad|rechta indica
ethanol extracts of leaves of the midsection of Endoo(Mgbemena, 2010) angolanum nigrun{Raghavendra

. . et al., 2009).
(Figure 3). For the L4s, more than 80fortality of ' )
exposed larvae was observed for concditraof Ethanol extracts of Endod parts sourced from Eldoret
10mgs and above for ethanektracts of mature were more potent timaof the same parts sourced from

green fruits irrespective of source (Figure 4). Nyando. This showed that geographical origin of the

_ plants played a role in the concentration and
Mortality of over 80% was observed for L1s and L3s gjstripution of bioactives within the plants (Anupam et

for ethanol and aqueous extracts respectively fory  2012). A similar observation had been made on
Neem while Deltamethrin killed all exposed larvae Endod parts (Were2008),Citrus sp,Ocimum sanctum
irrespedive of stage or concentratioifhe effects of and Azadirechta indica(Mgbemena, 2010) and
the extracts were considered significantly different atJatrophasp (Sakthivadivel and Daniel, 2008) just to
p < 0.05 (Table 1) for all exposed larval stages mention but a few.
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Figure 1Mortality of An. gambiadirst instars (L1) exposed to different concentratiof crude ethanol and water extract of Endod.
Error bars represents standard error of means

Figure 2 Mortality ofAn. gambiaesecond instars (L2) exposed to different concentrations of crude ethanol and water Endod extract.
Error bars rpresents standard error of means

This study demonstrates that crude ethanol and watdaboratory at Centre for Global research Institute/ Kenya
extracts oEndodare potent againgtn. gambiadarvae ~ medical resarch Institute (CGHR/KEMRIRink eyedAn.
at high doseslt also demonstrates that solvent type gambiaemosquitoes maintained at the laboratories and
used in the extraction influersectivity of extracts reared following standard techniquéag et al., 2097

from Endod irrespective of parts or geographical origin. Were used in the experimer#s.completely randomized
informal ,afteronly with controle experimentatiesign

3 Materials and Mef[hods _ (Kothari, 2003 was used to investigate the larvicidal
3.1 Study area, experimental mosquitoes and study effect of crude ethanol and water extracts of Ermicttie
design mosquito larvaeThe condition in the insectary was as

The experiments were conductedie Entomology  described elsewhe(®ugi et al., 201%
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Figure 3 Mortality & An. gambiaethird instars (L3) exposed to different concentrations of crude ethanol and water Endod extracts.
Error bars represents standard error of means

Figure 4 Mortality ofAn. gambiadourth instars (L4s) exposed to different centrations of crude ethanol and water Endod extract.
Error bars represents standard error of means

Table 1 Duncanes statistics on mortalities due to exposuka.ajambiadarvae to crude extracts of parts of Endod

Stage df Treatments
Parts of Endd used Neem Deltamethrin
Eldoret Nyando
Fruits Shoot Midsection Fruits Shoot Midsection
L1 4 0.0128 0.0001 0.0001 0.0145 0.1037 0.3729 0.0001 -
L2 4 0.0449 0.0229 0.0015 0.0660 0.0296 0.0001 0.0008 -
L3 4 0.0603 0.0234 0.2632 0.0399 0.0830 0.0490 0.0001 -
L4 4 0.1679 0.2245 0.0401 0.0037 0.0867 0.0356 0.9642 -

Note 1 P is the probability for the level of significance. P was considered significant at p < 0.05
2 df is the degree of freedom of the considered units
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3.2 Deltamethrin (KOTab 1-2-3%) and plant materials Acknowledgements
acquisition and preparation We thank Patience Akoth, Charlotte Awuor,|da Ochienge
Deltamethrin (KOTab _:|2_3®) was acquired and Trevor Omondi and Richard Amito, for helping culture all

prepared as described (Yugi et al., 2015). Fresh |eaver§osquitoes used in this study. We thank Kisumu Polytechnic
' for equipments for the extractions of the crude extracts from

(shoot and midsection) and _mature_ g_reen fruits 0fEndod and Neem plants, Centre for Global Health Research/Kenya
Endod andFresh leaves ohzadirachta indicgNeem), Medical Research Institute (CGHR/KEMRI) for mosquitoes,

were acquired, identified and voucher specimen|aporatory space and equipments, VIRED International for
deposited as described elsewhere (Yugi et al., 2015)roviding transportation and logistics for sourcing for Endod
The plant parts were dried in a shade at roomand Neem parts. We also thank National Commission for
temperature, grounded and extracts obtained usin§cience, Technology and Invation (NACOSTI), Kenya for
ethanol and water as described in details elsewherfinding this project.

(Tilahun et al., 2003Parekhet al., 2005Das et al., References

2010;Yugi et aI., 2015). Anupam G., Nandita C., and Goutam C., 2012, Plant extracts as potential
mosquito larvicides. Indian Journal of Medical Research, 1355981

The extracts were Concentratw freeze drylng us|ng Boutayeb, A., 2006, The Double burden of communiabld norconmu-
nicable diseases in developing countri€gnsactions of the Royal

a rotary vacuum evaporator at -4a°C to obtain Society of Tropical Medicine and Hygier®0(3): 191199
essential oil that was théwept in airtight glass bottles http://dx.doi.org/10.1016/}.trstmh.2005.07.021

. . Catilla P., and De la Cruz J., 2012, Termiticidal Potentigbtaichytarpheta
to serve as stockuantity. From the freezeried stock, Jamaicensis (LYah, 1: 15

80mg were weighed and serial dilutions made to obtaircharles C., and NielsdreRoux C., 2000, Mosquitocidal Bacterial Toxins:
different concentrations of 40. 20. 10. 10. 5 and 2.5 mg Diversity, Mode of Action and Resistance. Phenomena, 95(Suppl 1):

201-206
in 100mis of rain harvested water. http://dx.doi.org/10.1590/s00722762000000700034
Das K., Tiwari R.K.S., and Shrivastava D.K., 2010, Techniques for
3.3 Larvicidal bioassays evaluation of medicinal plant products as antimicrobial agent: Current
.. Lo . . methods and future trends. Journal of Medicinal Plants Research, 4(2):
Larvicidal activities were tested in accordanwith 104111

the WHO procedure (WHO, 1996) and as describetas N.G, Goswami D., and Rabha B., 2007, Preliminary evaluation of

elsewhere (Yugi et al 2015Morta|ity rate were mosquito larvicidal efficacy of plant extractiournal of Vector Borne
N Diseases44: 145148

regiStered after 24 hour exposure periOd and Iarvalloshi B., Sah G.PBasnet B.B., Bhatt M.R., Sharma D., Subedi K., Pandey

morta”ty calculatedfor each concentration using the J., and Malla R., 2011, Phytochemical extraction and antimicrobial
formula: properties of different medicinal plan®®cimum sanctun{Tulsi), Eugenia

caryophyllata (Clove), Achyranthes bidentatgDatiwan) andAzadirachta
indica(Neem).Journal of Microbiology and Antimicrobial3(1): 1-7
Jude D.B., Petola A.S., Sali A.N., Judith L.N., Maximilienne N., Julius E.O.,

and Rose GF.L., 2018arvicidal and Repellent Potential Ghenopodium
Standard WHO procedures were dst assess ambrosioidesLinn Essentl Oil againstAnopheles gambia&iles

effectiveness of the extracts as larvicide at a mortality  (Diptera: Culicidae)The Open Entomology Journat 16-22

. http://dx.doi.org/10.2174/1874407901307010016
0
rate of > 80% (WHO' 2005)' Moribund and dead Kothari C.R., 2004, Research design: researcthodelogy, methods and

larvae were collected and disposed off in a septic tank. techniques. ™ edition. New Age International Publishers, New Delhi,
India, 4750
3.4 Data analysis Maurya P., Mohan L., Sharma P., Batabyal L., and Srivastava C.N., 2007,
. . . Larvicidal effcacy ofAloe barbadensisind Cannabis sativeagainst
Data obtained from the bloassays was entered in excel the malariavectorAnopheles stepher®iptera: Culicidae)Entomological

spreadshest for ease of handling. The relationship Reserves37: 153156
b h ff . d fth ith http://dx.doi.org/10.1111/j.1748967.2007.00105.x
etween the effective doses of the extracts wit respeq\}igbemena I.C., 2010, Comparative evaluation ofitétal potentials of

to parts of Endod used was determined using three plant extracts oiedes aegyptdournal of American Sciencé:

L. L. . . 435440
descrlptlve statisticsOne way analySlS of variance Misganaw N., Moges S., Tadele M., Tesera M., Temesgen T., and Raja N.,
(ANOVA) was used to assess the level of significance 2012, Evaluation of Multi Potential Bioactive Endo®hytolacca
. . g dodecandrgLe Herit) Berries Extracts Against Immature Filaridgctor
of the \arious doses on larvae mortallty. All statistical Culex quinquefasciatusSay (Diptera: Culicidae)Research Journabf
analysis was performed usiggS statistical package Environmental and Earth Sciences, 4(7):-693
Mohan L., Sharma P., and Shrivastava C.N., 2006, Evaluati@olahum

version 20. xanthocarpunextacts as a synergist for cypermethrin agdestae of
L filarial vector Culex quinquefasciatugSay). Entomological Reserves

Competlng Interest 36: 220225

The authors declare that they have no competing interest. http:/dx.doi.org/10.1111/j.1748967.2006.00037.x




Journal of Mosquito Research2015, Vol.5, No.11, 1-6
http://jmr.biopublisher.ca

Montasser S.A., Shamseldean M.M., Mahmoud Y.A., lbrahim S.A., and Tilahun G., Eguale T., and Kassa2003,Effect of Endod on parasitic leech,
Sharaby A., 2011, Plant Extracts as Alternative Botanical Insecticides Lymnatis niloticaBulletin of Animal Health and Productipbl: 75-81
for Control the Grasshopper Heteracris littoralis Ramb. (Orthoptera: Were P.K., 2008, Efficacy d?hytolacca dodecandran Anopheles gambiae

Acrididae) with Reference to Histological Changas the Reproductive mosquito larvae. A PhD thesis submitted to the School of
System. Journal of Basic Application of Science Resources, 1(9): Environmental Studies, Moi University, Supervisor: Oke@wuor,
1031-1038 J.B., pp. 78143

Parekh J., Jadeja D., and Chanda S. 2005, Efficacy of aqueous angyno 1996, Report of the WHO informal Consultation on Evaluation
methanol extracts of some medicinal plants for potential antibacterial and Testing of InsecticideSeneva, 37

acti\(ity. Turkish Jownal of Biology, 29: 29&{[0 . s WHO 2005, Guidelines for laboratory and field testing of mosquito
Poopathi S., and Archana B., 2010, Mosquitocidal bacterial toRmsillus larvicides. Vrld health organization communicable disease control,

sphaericusandBacillus thuringiensis serovar israelensidode of action, ) s - .
cytopathological effects and mechanism of resistance, S0¢T): 65 prevention and eradication who pesticide evaluation scheme.
Raghavend K., Singh S.P, Subbarao S.K., and Dash A.P., 2009, Laboratoer _VX';O/EIES/ZIV)HOPEng;CEFT/iOOi' J.'g R d Vulule JM.. 2014
studies on mosquito larvicidal efficacy of aqueous & hexane extracts of ugi J.O., Okeyewour J.B., Atieli F, Amito R., and Vulule JM., '
dried fruit ofSolanum nigruntinn. Indian Journal of Medic&esources 30 Knockdown effect of crude ethanol edts ofPhytolacca dodecandran

7477 Anopheles gambiagdults.Journal of Mosquito Researet(18): 7
Sakthivadivel M., and Daniel T.,028, Evaluation of certain insecticidal http://dx.doi.org/10.5376/jmr.2014.04.0018
plants for the control of vector mosquitaéz Culexquinquefasciatus Yugi J.0., OkeyeOwuor J.B., Auma C.AJuma J.I., and Vulule J.M., 2015,
Anopheles stephenand Aedes aegyptiApplication of Entomological Larviciding potency of water and ethanol extracts Rifytolacca
Zoology, 43: 57-63 dodecandra(Ls Herit) on Anopheles gambiagDiptera: Culicidae)
http://dx.doi.org/10.1303/aez.2008.57 Journal of Mosquito Researd(2): 1-6
Singh R.K., Dhiman R.C., Mittal P.K., 2007, Studies on mosquito larvicidal Zewdneh T., Mamuye H., Asegid T., Yalemtsehay M., Bagene P., 2011,
properties ofEucalyptus citriodoraHook (family Myrtaceae)Journal Larvicidal effects ofJatropha curcad.. againstAnopheles arabiensis
of Communicable Disease®9: 233236 (Diptera:Culicidea).CNCS Mekelle University 3(1):5264


https://www.researchgate.net/publication/282962563

