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ABSTRACT 

M11lllri11 is one of the OU1jor public hC41Lb problems in developing countries and its prevalence 

in Nigeria is dependent on the vector, A11ophe/c.s gambiae. The control or Anopheles is o 

mojor component of vector mnnogcmcnt but effectiveness hos been limited by factors like 

insecticide resistance, cost, toxicity on non-wget orgnnisms and environmcntBI pollution 

cooccmJ. ThCIC is on increasing intCTCSI in developing phmt-based insecticides os susto.inoble 

oltcmotives to chcmicol insecticides in mosquito control. This study ,vas designed to 

determine tho lo.rvieidol elli011cy or nqucous extruct or J,forlnga oleifera seeds on the l11IVae 

of Anopl,c/c.s gamblaa and its acute toxicity effects on mosquito fish (Poedfla retfc11/ata). 

The study involved extruction of toxic components in !,forl11ga olelfua seeds using aqueous 

extraction 1cchniquc. Five aliquots or concentrations (I 160, 1450, 2900, 5800 nnd 8700 

µg/mL) ,vere prepared by seriol dilutions from the cxtracL Three independent experiments 

,verc run in qundruplicntcs on 1440 labol'lltory reared third inslllr lo.r-.rnc of Anopheles 

ganrbfae; 1,venty la.rvnc per treatment ,vcre used and control group was exposed to distilled 

,valcr. Lo.rvicidnl plU'111Ilctcrs, morto.lity ond pupation ,verc recorded 24-hourly for 5 doys; 

lo.rvac were considered dead if they ,vcre immobile o.nd unable to reach ,voter surface. 1\vo 

independent toxicity experiments ,verc run in triplicates on 480 male mosquito fishes 

exposed to three gr:idcd treatments ( I 0, 20 and 30 mg/mL) of the extract. Behavioural 

responses, increased respiration, loss of orientetion, discoloration, rnolility and mortelity 

,verc observed hourly for 24 hours. Doto ,vcrc ano.lyscd using descriptive statistics, regression 

and probit nnolyscs at pg).05. Problt ,vns used to calculate the LCso ond LCto volucs of the 

extract on Anopheles larvae nnd mosquito fish. 

Lnrvicidnl cffcct.s across the conccntrulions ranged from 59.0%-99.3%; nt 2900 µg/ml, 59.0% 

morllllity wo.s observed within 24 hours o.nd this incrcnscd with exposure duration across the 

cillTercnt concentrntions. There ,vos o high line:ir rclotionship, (r=0.87) bCt\\'tcn larval 

morllllity and concentration of the exLrnct. The larval bioassay showed that the extract 

presented o. 24hour-LCso o.nd LC,o values of2505.8 and 6293.4µg/ml respectively. At lo,ver 

conccntrotions (1160 and 1450 µg/ml), the larvne lived as long as 7 days berorc pup:iling 
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,vhilc in the control pupation ,vas not delayed. Acute toxicity cvallllllion on the mosquito 

fishes g11vc a 96 hour- LC,o lllld LCto of24.0 11.lld 82.0 m&fml respectively and also sho,vcd 

th11t the fishes exhibited varying degrees of obonges such as concentration and time

dependent progressive declines in fish motility, discoloration. with a corresponding increase 

in respiration and in the proportion of dc11d fishes o.s concentration incre:ised unlike in the 

control. 

Moringa cxlr!lct ,vo.s highly toxic to Anopheles larvae, inhibited pup11e development and had 

low toxicity on Poccl/fa rctfc11la1a. This extract should be used to improve vector control 

with minim:il toxicity efTects on non-target orgll.llisms. 

KcY'vords: La.rvicidnl efficacy, Morfnga olcffcra, Anopheles gan,bfac, Acute toxicity 

effects, Poecf/fa retfculota 

\Vord Count: 451 
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CflAPTER ONE 

INTRODUCflON 

1.1 Dockgrouncl lnrormallon 

Mosquito-borne diseases are omong the leading causes of illnesses and deaths all over the 

world. 111c \Vorld Hcolth Organizotion estilDlltCS thnt more thon 300 million clinical coses 

Cllcb year arc attribut.ablc to mosquito-borne illnesses (WHO, 1998). Mosquitoes are found 

throughout the ,vorld o.nd arc nuisances, hosts and or vectors or m4nY disC4Se-cousing 

pnmsitic orgnnisms of public health importance. These diseases include malaria, filariasis, 

dengue fever, yellow fever, mosquito-borne viral cnccphnlitis among others. 

Molorio is one of the most severe public health problems ,vorld,vide. It is II leading cause of 

dc:ith ond disease in IJlJlllY developing countries including Nigerio, where young chlldren ond 

pregno.nt ,vomen arc the groups most affected. According to Gilles and \Vorn:ll, 1993, \VHO 

estlmotes 1h01 there arc 300-SOOmillion cases of clinical mnloria per ycnr ,vitb 1.4-1.6 million 

deaths, mainly among Arricon children ond it is by far the most irnportont insect tnmsmitted 

disease. In Nigeria, mohuia accounts for 25% of U-, mort.ality nnd 300/o of child mortality 

and 11 % of motcmol mortality. At least SO"/o of tho population \vilJ hnve at least one episode 

of OJJ1.liuia annu.ally, ,vhilo children thot arc aged below 5 years (about 24 million) \viii hove 2 

to 4 ottllcks of malaria nnnwilly. IL is nlso the reason for hospital attendance in 7 out of every 

IO potients seen in Nigerion Hospit.ols (Roll Baclc Moloria/Federol Ministry of Health, 200S). 

The vectors of hull\4D molarin nrc mosquitoes nnd they belong to the genus Anopheles. There 

are about 430 species of Anopheles mosquito nnd of these only obout 40 tnmsmit malaria in 

nature (CDC, 2004) nnd from these only obout 15 arc vectors of llllljor importnnce. Vector 

control is recognized a..s the mnjor mca.os of comboting mosquito-borne discoscs of public 

health importance. Insecticide based control mcosurcs such as indoor residWII spraying (IRS) 

arc the priocip3l methods used to ldll mosquitoes thnt bite indoors. Ho,vevcr, prolonged 

exposure to synthetic insecticides increases development or resistAnce mechanisms i n  the 

mosquitoes, hence leading to the resurgence of m3Jori3 and mosquito-borne diseases in 

different communities. 

l

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



BolDnicnl insecticides have been long touted os alternatives to synthetic chemical insecticides 

for vector and pest mnnagcmcnt because they pose little threat to hUl1Ulll and environmental 

health (Murroy, 2006) and several plants such os Azadlrac/,ta Ind/ca, have been identified 

with insecticidal and pC$ticidoJ properties either in the seeds, fruits, barks, roots or in their 

root exudes. The plllllt Aforinga olelfera (Lum) belongs 10 the family Moringacae and is  

commonly c111lcd drum stick tree, horse radish, \Vest lndi11 Bern tree or  "Miracle tree". It is a 

multipurpose crop indigenous to North West India (Cidomis cl al., 2003). ll is commonly 

plnntcd in Aliico 11S II living fence tree (Von Maydell, 1986). Af. oltlfera is a deciduous 

perennial tree ,vitb height bct\vccn IO and 15m. rather slender ,vith drooping branches 

(F/FRED, 1992). It is o fa.st gro,ving plant ,vbich produces leaves and pods th111 D.l'c edible by 

humo.ns and livestock. All pa.rts of the tree D.l'c used for their pham111cologjc1d, nutritional, 

ond cosme1ic propcnics. An alkaloid and ttiterpcnoids have been reported in Moringo (Don 

Pedro, 1990; lsmllD, 1993). 

1.2 Problen1 Stnlement 

Mosquito-borne diseases represent a significant threat to humnn henlth despite considerable 

n.1lion11I and in1cmo1ioool control efforts. Mosquito breeding Is o problem in Nigeria both in 

the ruroJ 11Dd urban D.l'CAS duo 10 va.rious rai.soos ranging from stagnant ,vatcr bodies to 

blocked druinagcs and nlmost nothing is  being dono to destroy the n1osquilo habitats, most 

times only indoor prevention mC4Surcs 5\Jch os indoor spraying using aerosols, insccticidc 

Treated Nets (ITNs) ore used ,vhere ovoilable and o.ffordllblc, also some medicinal plants ore 

used tnditionolly to repel adult mosquitoes. 

Control of mosquitoes ha.s been 11 major component of vector nnd disease management but 

the effectiveness of the avlliloblc vector control methods has been limited by various factors 

including insecticide resistance and environmental pollution concerns. Over the years, 

excessive exploitation of synthetic insecticides has resulted in serious problems like: 

• Development of resistance mechanism.

• Insecticide induced resurgence of insect pests.

• Adverse offcct& on non-target organisms.

• Deleterious effect& on the environment.
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• Pesticide mishcmdliog. abuses and consequences.

• ltlck of loc11I awarc:oc:ss on the use of ooturul products th111 ore rcadily

availoblc.

1.3 Rallonole ror Study 

TI1e selective pressure of conveotioolll synthetic insecticides has enhanced the rcsisUUJce of 

mosquito populations at 11n olanning rote, resulting in wide spread resurgence, undesiroble 

elfccts on non-torgct organisms and environmental and hwnM health concerns. Hence, 

increasing the demand for nC\Y products that are environmentally safe, target specific and 

c.1Sily degradable. 

Natural pcsticidcs including plo.nt derived products have received much attention due to their 

natural chemical defences against insect pests hence they now serve BS c(Tcctivc a.ltcmativc 

method to brood spectrum synthetic insecticides because they : 

• E£Tcctivcly reduce dependence on synthetic pesticides

• Reduce environmental pollution lllld injustice

• Enh11nce 11l3.Ximum protection 11nd safety among producers 11nd users,

• Arc less prone to pest resistance and resurgence due to their subtle and target specific

mechanisms of attacking pests

• Arc biodegradable thus reducing the ability to bio-accumulate in the environment

• Arc readily occcssible, hence a.re cheap affordable ll!ld availoble.

Larviciding is II key 11111tegy in vector control and cost can be reduced if lllrvicidcs ore 

mMufacrurcd locolly. Little is lalo,vn about the bio-insccticidol effects of pl11n1 extracts on 

mosquitoes of public hen Ith importance in Nigeria, though scvcrol srudics b11ve been carried 

out in other countries like Indio and Ir11n ,vhcrc plant exlnlcts have been utilized by 

communities as appropriate technology for cwbing dlscase ot the grassroots. 

The study seeks to integrate the use of J.forlnga into public health; employing its cxlrllct as 

Ill! effective bio-insccticidc on Anopheles mosquito IUld recommending the Moringo extract 

in mosquito control BS an altcTnlltivc and accessible bio-insccticidc to the proven toxic and 
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expensive synthetic insecticides. Anopheles mosquito was selected for this study because it 

has been implic111ed os o notorious vector of malaria and filariasis, two of  the disca.ses of 

crilic11l public health importance in Nigeria. 

1.4 Broad Objective of the study 

To test the relative bio-insecticidal potency of aqueous exltllcts of  Moring o/elfera on IQl'V11I 

development of Anopheles mosquito and assess its toxicological effects on Poccilia 

rctlc11/a1a. 

1.5 Specific Objectlvu or the study 

The spcci fie objectives ,verc 10: 

I. I!xtracl the active aqueous ingredients of the seeds.

2. Test lhe efficacy of the aqueous extract on the Anopheles species.

3. Determine the level of  susceptloility of the mosquito species population 10 the

aqueous oxtnlct

4. Establish the bio-efficacy of lo.rvieido components of the test seed on the mosquito

population.

5. Determine the impact of the extract on non-target orgllllisms using Pocci/ia rcJfculata

(Mosquito/Guppy fish) u a model.

4 
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CBAPTERTIVO 

LITERATURE REVIE\V 

2.1 Mmharlo Epidemiology 

Malo.no ho.s been ,vith man sinco prehistoric times. It hAS killed and still kills billions of 

people, tho url>on prcterm ond term bobics, infants and ndults including pregnant women 

(Adctokunbo ond Herbert, 2003, HlUISon ct.al, 2003). There aro 400 million coses of molnrio 

illness Cllch year nnd ol lcost one million people die nnnuoJly from mnlorio. Molnrio is o 

public health problem in more thlln 90 counlrics inhabited by oboul 2,400 million people i.e. 

about 400/o of the ,vorld's population. ll is endemic in o 10111! I 01 countries ond tmitoric., 

with the largest pcrcentogc in Africa (\VHO, 1998). World,vide prevalence or the disease is 

cstimoted ot 300-SOO million clinic11! coses each ye:ir (\VHO, 1998; \VHO, 2004, Mll!oviyo ct 

al, 2006). MortoUty estimates nre between 1.S-2.7 million people every year {WHO, 2004). 

In Africa, molorio is o lending health problem in Africa ,vith almost the entire population 

being 01 risk (Vnntodoosl and Vaziri, 2004). More thon 90% of oil molorio disease is in sub

s� Africa; Very fe,v countries nre Cree from the mo.lario ond more than 80% of the 

population is ol risk of it. Mortll!ity due to mll!ario is cslimoted o t  over 1 million deaths each 

year, the vast rnojorily occwring lllllong young children espcciDIJy in remote ruruJ nrCll.S with 

poor ac.cess lo he:ilth services (\VHO, 1998). Africa hos the most effective vector of tho 

disCDSe, i.e. the Anopheles mosquito, the most deodJy species of the plnsmodium os ,veil os 

the most conducive climatic condition for the mulliplicotion of both. 

Also up to 300/o of molario dcoths in Africa are in countries undergoing complex emergencies 

i.e. silUJltion in which wor, civil strife, food shortage nnd disploccmcnl ofTcct large civilian

populations (Roll Bock MD!ario & Complex Emergencies, 200S). During these events, deaths 

due to mnlnrio far exceeds those cnused by the issues or conflicts nt tho root of the 

emergency: poor living conditions in temporary comps and Affected 10,vns can both incruso 

vectors and ,vater borne di.sease transmission thus eroding an individull!'s immunity to 

molorio. 
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Ma14ria in Nigeria accounts for 30-50 % of morbidity, 25% mortality in Under- Five CU·s) 

children, 30% of childhood monality ond 11 % matemol mortolity. Approximotely 50"/o of 

Nigeria population have at least one episode of mal4ria per year, ,vhlle U-s children (moking 

up about 24 million) will have 24 episodes of molario 11.I1J1uolly. It is also the l'C3.SOn for 

hospital attcndonce in 7 out of every IO patients seen in Nigerian hospitals (Roll Bock 

Ma14ria, 2005).Mal4ria incidence is stable ond endemic all year round (\VHO, 2007). 

l!pldcmiological factors ore hosts (mon or animal), vector (mosquito), parasites (Plas111odla), 

fnvou:mblo environment for vector and parasite multiplication, social and economic factors. 

Mal4rio is non-immune to both sexes ond all ages arc susceptible to maloria infection. lnfonts 

moy have relative protection duo to maternal onlloodies acquired transplacentally ond also 

due to lo,vcr rotes of biting by vectors due to conscious protection or shielding from direct 

mosquito bites. Females bllve been found to bllvo lov.·cr plllUSltc rutc and mount stronger 

bwnou:ml immune responses thon males. 

2.2 l\fal:arla nod vulneroble groups 

Malaria alTects vulnerable groups including U-s chlldren and prcgruxnt ,vomen due to the 

lessened immunily in both groups. It thereby contribu1es to poverty and underdevelopment 

both for the individual, fo.mily, community and na1ion as a ,vhole because a large bulk of 

yearly income is spent on mnlmio and rclat.ed symptoms, prevention and trca1menL It also 

reduces economic productivity due to obscntecimi from school and work during malmio 

bouts. 

2.2.1 l\'l11l11rl11 and Children 

Malaria kills one child every 30 seconds, in absolute numbers, malmio kills 3000 U-s 

chlldren per day (\VJIO, 1998). 1l1ls fiir exceeds the mortality rate ofHN/AIDS. U-s African 

children arc chronic victims of malaria, suffering an averugc of 6 bouts a year. In fatally 

affiictcd children mortality is uswilly in less tb!ID 72bours of\er symptoms development. ln 

children of school ogc malaria is  uswilly one of the principal rcuons for poor school 

ettcnd11Dce. 
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2.2.2 l\1alarla and Prrgnant women 

M11laria Is particularly dangerous in pregrui.ncy. fl c11uses severe anaemia is a major 

contributor to maternal deaths in endemic areas, hence pregnant women ore al high risk of 

mlllnria. Non-immune pregnant women risk both acute and severe clinical disease result.Ing 

in up to 60% foetal loss and over I 0% matcm11l deaths, including 50% mortality for severe 

discnsc. Semi-immune pregnMt ,vomcn with malnrill infection risk severe anaemia and 

impaired foetal gTowtb even ,vhcn they do not &ho,v signs of acute clinical disease. An

estimated 10,000 of these ,vomen and 200,000 or their infMts die 11Mu11lly as a result of 

lllllUIT111 infection in  prcgruuicy. HIV infected ,vomen arc at inc.reased risk (WHO, 1998). 

2.2.J l\111l11rl11 and Other high risk groups 

Other high risk groups arc non-immune travellers, refugees, displaced persons, labourers 

entering endemic :ire:is. Malnrio epidemics related to political upheaval, economic difficulties 

and environmental problems also contribute dnunntically to deoth tolls l10d human suticring 

(\VHO, 1998). 

2.3 In1pac:1 or rnalorlo on public health 

Mosquito borne disea.scs such as malnria, filariosls, dengue fever and dengue haemorrhagic 

fever arc serious public health problems in tropical regions cspccia.lly Africa nnd Asia and 

these o.re transmitted to hUIDllllS through mosquito bites only (Apiwat et.al, 2006). Of all 

these disc:iscs, mrilario is the most importAot cspcciolly in developing countries (Votadoost 

and Voz.iri, 2004); it continues to be II major public heolth problem ca11Sing cnom1ous 

morbidity and mortality in ma.ny tropical and sub-tropical countries. Malaria llll'ccts the poor 

of the society thus exacerbating inequity in health llnd impeding development of any notion. 

The economic consequence ofrrllllaria related diseases are high ('VHO Fnctshect. 2007). 

Malaria is a disease caused by members of tho protozoan genus Pla.smodium, a wide spread 

group of sporozoans that parasites cells. Pour species co.n infect hwnnns: P. 010/e thllt causes 

mrilariac or quo.rt.ion mlllaria, P. vlva.x, simil11r foan causing ovolo 1DJ1lari11, P.n,alarlae which 

c11usc.s benign tertian m11loria nnd P .falclpan1n1, ,vhlch onuses malignant ten inn moluia. 
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A person gets malaria when bitten by a female mosquito that is looking for blood meal and is  

infected with mol11rl11. The parasite enters into the blood stream and t:ravel to the liver, ,vherc 

they multiply. \Vben they re-emerge into the blood. symptoms of it are characterized by 

chills, fever and enlarged spleen, aches and headaches (CDC, 2004). DilllThoea, coughing 

and skin discoloration (ycllo\ving of slcin) sometimes occur. These arc all indicators that the 

pnrasitcs have reproduced very rapidly, thereby clogging blood vessels and rupturing blood 

cells. Person wltl1 severe falcipnrum malaria may develop haemorrh11grng (bleeding 

problems), shock, kidney or 11\•cr failure. central nervous system problems and eventual 

d�th (CDC, 2004, Adctokunbo and Herbert, 2003) 

The evolution of resisl4nc::e to che-11p and �ily avllilablc drugs and insecticides , chMges in 

environmental conditions especially due lo climate changes lending to increasing epidemics, 

n1nlnutrition, economic factors, population movements omoog m.tlDy others hos worsened the 

situation IUld mode malaria not just a disease of public health import.once but also of grcnt 

socio-economic relevance and importance. 

2.4 Econondc Implication of nmlnrlo. 

The economic cost of malaria due lo cost of treatment, loss of productivity and reduced 

earnings due to lost days from ,vork may be os high ns 1.3% of economic groY .. lh per nnnum 

in countries with intense transmission (including Nige.ria), compounding these over the ycnrs 

thls loss h4s led to subslll.ntiol dilferc:nee in GDP between countries with or ,vithoul mnlnrlo. 

Malaria traps families and communities In o downward spiral of poverty and 

disproportionately affecting marginaliicd population and poor people ,vho cannot afford 

treatment or who have limited access to health care (\VHO, 2007). Direct costs include D

combination of personal and public expenditurcs on both prevention and treatment of  

dis�c. In countries ,vith very high malnrlo burden (e.g. Nigeria), the disease may account 

for llS much o.s 400/4 of public health expenditure, 30-50% of in-pDticnt admissions and up to 

600/4 of outpatient visits. Molario has lifelong cfTccts through inauscd poverty, impllircd 

Jc.uning and decreases attendllncc in work place and schools (\VHO, 2007), i t  is also a major 

cause of poor child development (Roll Back Malario/FMH, 2005). 
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The entire Nigeria population estimated at about 168 million are considered to be ot  risk of 

lll41aria ond this is compounded by increasing resistance to the seemingly cost elTective onti

malarial drugs ond insecticides. Poverty, ignorance of the public, weak health infrastructure 

at all level_s (LGAs, state and national levels) on: constraints to effectively combating the 

disease and Utis is manifested in weak surveillance systems in place, shoruige of drugs ond 

lab supplies, lack of environmental 11111Jlagement and poor sanilllry conditions among ltl.llllY 

others, above all , operational finAllces are inadcqu11te. Traditionally, mnlllri11 is seen as a

challenge for the hC4lth sector alone ,vilh little or no involvement by other sectors or the 

gencrul community (WHO, 2007, Roll Back Ma.Iorio, 2005). 

2.5 l\lalarla Control 

Malaria control in  Africa dccrea.sed tmncndously with the end of U1c eradication era of the 

60s v.•hen effective control methods were developed and implemented The little gpins in 

vector control at the time declined quickly to lllmost nothing by the c:orly 1970s. Renewed 

interest in tockling malorio problem s1411cd again to,vnrds the end of tho 1980s with tho cnll 

10 Africnn counlJies to evaluate or re-evaluate their malaria control silU4tion and in addition 

re-allocate ndcqunlc resources 10,vards lll41aria control efforts. 

In 1992, tho globnl ministerial conference in Amsterdam adopted a global strategy for 

llllllario control which ,vas also later adopted in 1993 by the \Vorld assembly, ,vith four basic 

technicnl elements: 

I. To provide Clllly diognosis and prompt tre4bncnt of mnlario through provision of

drugs ond treatment of those infected.

2. To plan and implement selective effective and sustniruible preventive mc11Surcs

including vector control

3. To detect c11rly, coolAin o r  prevent malaria epidemics in high risk arens

4. To strengthen locnl capacity in bnsic, applied rcsenn:h ond devclopmcnL In particular

the ecological, 50Ciol ond economic dctcrminllllts or the disease.

Tho objective of  vector control in llllllo.ria control is to reduce levels of transmission through 

reduction or wgcting of the mosquito vectors thus reducing m11lori11 morbidity 1111d mortality 

to Uie barest minimum.
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2.5.1 Vector control 

Effective vector control i s  defined as the applicotioo of torgeted site-specific activities that 

nro cost efTective. Moloria control with respect to vector control is  II big challenge due to 

mony factors ,yhich include: 

• Complexity of disease control process

• Complexity of lhc vectors.

• Expensiveness of control prognuns.

• Variation of disCASe p:inems 11nd trunsmission dynamics from place to place, by ond

according to climate o.nd environmcnllll circumstances.

Concerns about the environment give rise to the need 10 develop ond maintain 

environmentally sustainable methods of vector control that is llllDed at reducing rclillllce on 

chemical insecticides ond involving inter-scctorial collaboration. 

2.5.1 Lnrvicldlog 

Lo.rviciding involves the killing of \Ql'Vll\ stages of mosquitoes by the application of various 

forms or chemicals to I.he breeding sites. Tho most common chemicals uc insecticides or 

various groups, insect gro,vth regulators (\GRJ) or bacterial lorvicidcs. Lo.rvieiding is 

cfTectivc In localized ,vcll 11ccessiblc breeding sites and may be applied in conjunction ,vith 

other methods. 
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2.6 �IOSQUITOES 

2.6.t Sclcntlnc chuslncatlon 

Kingdom: 

Phylum: 

Class: 

Order. 

Family: 

Sub Families: 

Genera: 

Animalill 

Arthropoda 

lnsccta 

Dipiero 

Culicidae 

Toxohynchitinae 

Culiciruie 

Anophelinoe 

Anop/rele.r 

Cu/ex 

Aede.r 

Mar,sonla 

Hae111agogus 

Saber/res 

Psorop/rora (Knight & Stone, 1977) 

The genera listed above a.re the ones llwt IIJ'C most imponant as man- biting mosquitoes. In all

there are 34 gcncro of mosquitoes ,vith about 1300 species. 

Arthropods h11ve ll1e follo,ving chllt'acteristics 

• Composed of sevcrol parts or segments some of ,vbicb may be jointed or fused and

cons�uently segmentation may not be clearly visible.

• Body is covered ,vith exoskeleton (tough akin), 11 chemically hardened cuticle that

forms a protective shield

• The body normally h45 paired jointed legs and 110tcnn11e

• The hellrt is simple and dorso.l while the ganglionated nerve cord is venlnll but

eoMects to 11 dorsol l11rge ganglion in the head reg.ion coiled the 'brain'.
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• The coelom (body c11vity) is the space bchvccn the oJimcnllll)' canal and body ,villi

and is onen cllllcd a hacmococle bcc:ousc it contains the insect's blood.

Within the Phylum Arthropoda there are several olDSscs including the Class lnsecto which is 

the largest and mosquitoes belong to this clo.ss (WHO, 2003). There are over 2500 species of 

mosquiloes throughout the world. Mosquitoes a.re responsible for more bumlln deaths thon 

any olher living creature making them the most dllngerous creatures on earth. 

2.6.2 Distribution of mosquJtoes 

Mosquitoes hove world-wide distribution Ibey occur throughout the temperate and tropical 

regions nnd ex.lend tl10ir range oorth,vord into the Arctic Circle; the only o.rca from which 

Ibey a.re 11bscn1 is the Ant11ICtico. They a.re found 01 ctevotions DS high os 5500m nnd in mines 

ol depths of 1250m below sea level. Some genera have a restricted distribution nnd moy be 

confined to certoin regions and areas of the globe for example, the genus Hacn,agogus is 

found only in South nnd Ccntrnl America. Some mosquitoes moy be found in only n few 

countries or regions ,vhilc others lllC ,vidcspreod in wider regions nn exomple is Aedes 

aegyptf and Anoplleles species that is  widesp!Clld in the tropical regions of the ,vorld 

(Service, 1980). 

2.6.3 Public IlcolU�lcdlcal Importance or l\losqulloes 

Anopheles species nrc primorily of medical importance os vectors of  hwnan malorin 

(Pla.smodla spp.} but they a.re also vectors of liloriosis (W11cl1ereria bancroftl) nnd some 

nrboviru.scs. The genus Acdes contains imporlllnt 'vectors of yellow fever, enccpholitis 

viruses, dengue nnd several otl1cr a.rboviruscs (Service, 1980). Some C11fex species transmit 

W. boncroftl nnd a variety of nrboviruscs nnd /.fonsonia species LranSmit Brugfomalayl.

Psoropl,ora species ore important moinly os nuisance mosquitoes but also occosionally

transmil yellow fever nnd orboviru.ses. Haemogogus and Sabet/res species ore also vectors of

yellow fever nnd II few orborviruses. Several other mosquitoes in other gcoCIU aro also minor

vectors but of importance os they arc troublesome because of the serious biting nuisaocc they

cause to llll1D 11Dd nnimJlls (Service, I 980).
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• The coelom (body caviLy) is the space bel\veen the nlimcnLnry cnnal and body ,vall

and is onen cnllcd a hacmcx:ocle bccnuse i t  contn.ins the insect's blood.

\Vithin the Phylum Arthropoda there arc several classes includ.ing the Class lnsccta which is 

the largest and mosquitoes belong to this class (WHO, 2003). There arc over 2500 species of 

mosquitoes throughout the world. MosquiLocs arc responsible for more human deaths than 

any other living creature mnlc.ing U1cm the most dnngcrous cre.iturcs on earth. 
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countries or regions ,vhilc others arc ,vidcsprcnd in ,vider regions o.n example is  Aedes 

aegyptf and Anopheles species l11nt is  ,vidcsprc:id in the tropical regions of lhe ,vorld 

(Service, 1980).

2.6.3 Public llcallh/l\lcdJcal lmportancc or l\tosqultocs 

Anopheles species 1ue primarily of medicaJ importance as vectors of bwnan malw 

(P/asmodia spp.) but they arc also vectors of filnrinsis (W11c/1ereria bancrojlf) and some 

o.rboviruscs. The genus Aede.s conLains imporlAnt 'vectors of yellow fever, cncephnlitis 

viruses, dengue and several other arboviru.scs (Service, 1980). Some Cu/ex species trllnSmit 
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Psoropf1ora species arc imporl4nt mAinly os nuisance mosquitoes but also occasionally

transmit )'Cllow fever and arboviruscs. Haemagogiu and Sabethts species a.re also vectors or

yellow fever 1111d a rew o.rborviruscs. Severn! other mosquitoes in other genern o.rc nlso minor

vectors but or importance os they arc troublesome because of lho serious biting nuisance they

cnusc to ma.n 1111d nnimnls (Service, 1980).
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2.6.4 General Biology and life cycle of mosquitoes 

All mosquitoes must have water to complete their life cycle; these can range in qwility from 

melted sno,v to sewage effiucnt nnd cnn be in any contniner. Mosquitoes of different species 

lay their eggs in o vnricly of ,voter sources thot rnnge from sm11ll containen to lorge expnnsc 

of marshlond. In mosquito species identific.atioo, the type of  ,voter in which the larvae is 

found cnn be nn oid to its identification. Adult female mosquitoes sbo,v distinct preference 

for lhe type of ,voter sources in which to loy their eggs hence e:1ch species has its unique 

cnvironrncntol requirement for mointcnllllce of its life cycle (CDC, 2004). 

Mosquitoes have unique feeding hobits in thot it is only the adult fcmoles thot bite mnn ond 

other onl!1lllls, tho m11lcs only feed on plant juices. ln some species females prefer to feed on 

only one type of animal while in some they feed on o vnricty of onlmAls. The female 

mosquitoes hove to feed on sufficient blood meal to be oble to develop egg. lf not they die 

,vithout laying viable eggs. Ho,vcver, some species of mosquitoes bllve developed o means to 

lay viable eggs ,vithout getting blood meal (McCatierty, 1983). 

The Oight habits of mosquitoes depend on species type, most domestic species remain fairly 

close to their point of origin ,vhile some species kno,vn for their migration habits arc often D

nuisonce for from their breeding sites (MeCafTcrty, 1983). The Oight range for fem.ales is 

usuolly longer thnn tbllt of males. \Vind is also o major factor in the migration of mosquitoes 

though most mosquitoes stny ,vi thin a mile or two of their source, some hove been recorded 

os far os 75 miles Crom their breeding source (Service, 1980, CDC, 2004, MeCafferty, 1983). 

The life span of on adult mosquito is about o ,vcek for the mnles and about o month for 

females depending on factors such os tempenuurc, humidity, time of the year and sex of tho 

mosquito. Under the best condition in the tropics, the ovcrogc life spllll of o fcmnlo Anopheles 

mosquito is about 3wcck.s and a female continues to lny eggs throughout her lifetime and

most ,viU Joy between 1-3 batches of eggs during their life, though some moy Joy as lllllDY as 

seven botches. Species of mosqwtocs which overwinter os fertilized nnd hibcrnnting adults 

usunlly live for many monlh.s (McCoITerty, 1983). 
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There arc four common groups of mosquitoes viz: Aedes, Anopheles, Cu/a and Culiscto. 

And these all go through four scp11C11te and distinct stages of their life cycle (Pl11te 2.1) 

(Complete Met4!Tlorphosis) i.e. Bss -Larvll- Pup11 - AdulL Each of these slllgcs 11TC

rccogniuble by !heir special oppcOJUDce, the lorv11I and puplli st11ges are usUIIIIY spent in 

water (McCofl'erty, 1983; CDC, 2004). 

Egg 

Bggs ore usually laid one at a time 11nd they noot on the surface of the ,v11ter or d41llp soil. 

Anopheles Md Acdes species do not mnke egg raf\s but lay the eggs seplln!tely ,vhile Culc:c 

and Culiseto spp lt1y eggs in raf\s of hundred or more eggs. Cule:c. Culiseta and Anopheles 

lay their eggs on d41Tlp soil or Oood plains .. mosquito larvae usually emerge ,vithin 2�8 

hours (CDC, 2004). 

Mosquit.o larv11e arc commonly called wrigglers and must usu.ally live in ,vater for 7-14 days 

depending on ,vater ten1pcroturc. Larvae b11vo II well-developed he11d with mouth brushes 

used for feeding, a large thorrut and segmented abdomen ,vith no  legs. They come to the 

surface at frequent intervals to oblllin oxygen through a breathing apparatus (tube) <:4Ucd

siphon. Most larvae cm be found bMging from the ,v11ter surface. In conlrast to olhcr 

mosquito lorv11e, Anopheles larv11e lack this respiratory siphon and for this !hey position 

themselves parnllcl to the v.•oter surface. Larvae cat nlgne and micro-orgllllisms os well os 

organic matter in the water. Larv11c molt four times and ,vilh c;icb molt their size increases, 

the stages between molts 11re called insUl.rS. At the 4°' inslllr the lorvo reaches a length of 

almost ½ inch and ,vhcn it molts it becomes II pupn (Service, I 980, CDC, 2004). 

Pup:i 

The pupal stage is an aqU11tic resting non-feeding stage th11t ningcs from 1-4 days depending 

on species 11nd tempcrutureS, The mosquito pupae arc commonly c:illed tumblers bCC11usc 

,vhcn disturbed they dive in a jerking tumbling motion and then floats bock to tho surface. 

This is !ho timG when the mosquito turns into an aduJL It tokes about 2 days before lhe adult s 

fully developed. \Vbcn development is complete tho pupil! skin splits and the adult emerges. 
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Pllue 2.1: The nrccyclc or l\losqulto 

Source: McCnfrcrly, 1983 
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The pupa is lighter lhan WIiier and therefore Ooats at lhe surfoce, oxygen supply is through 

two brc;ithing tubes called "trumpets" (Service, 1980, CDC, 2004, McCaffcrty, 1983). 

Adult 

The newly emerged adults rest on the surface of the water for a short time to dry, for oll its 

pnns to hnrden; also to spl'Clld lhc wings out to dry properly before it can fly. \Vbc:n adults 

emerge from the oqu11tic stogcs they rruite and the female go in seo.n:h of blood meal lo obtain 

lhc protein necessary for lhc development of lhe eggs (Service, 1980, CDC, 2004, 

McCofferty, 1983). 

Cu/ex arc genCTlllly \VC:Lk fliers and generally do not move far from their bobitots, they ore 

painful and persistent biters but prefer to attack at dusk ond aner dark, they readily enter 

dwellings blood meals. Cullsera mosquitoes arc modCTDtcly aggressive biters, hiding in sluide 

during the doy (CDC, 2004, tvlcCafferty, 1983). 

Aedcs arc pllinf'ul and persistent biters, 11ttAcking during daylight hours, they do not enter 

dv,•ellings ond they prefer to bite nwnmo!J ond humans. They arc strong fliers end 11rc kno\\-n 

to fly lllllJlY miles from their breeding sources. Anopheles arc olso persistent biters and arc the 

only mosquito species ,vhich ore 5\lcccssful vectors or lhc mnlori11 p3r8.Sitc to m11n (Service, 

1980, CDC, 2004, l-,lcCaffcrty, 1983). 

1.7 Anopl,efes n1osqulto 

There arc about 430 species of Anopheles mosquitoes or these approximotely 40 species can 

transmit l1llllari11 in noture (CDC, 2004) and from these only about IS arc \'ectors or major 

importance. Some Anophellne.s prefer to bite anilllllls 11nd rarely aunsm11 malori11 parasite lO 

hwnllllS, others do not live long enough to 11l10\v the development of the pllrllSitc or the 

paruitc docs not seem able to develop in them. 

Tho vectors or human maJIIJ'ia all belena to the genus Anopheles. Anopheles mosquitoes are 

found worldwide ClXCc:pl Antarctica, different species tran.smil the p:uu.site depending on the 

region and environment. E.g. A. ganrbfae is lhc principal vector of mn!IIJ'io II disease ,vhicb 

afflicts over SOO million people and uuses more than I million deaths each year (Pubmcd, 

2008). Anophelu mosquitoes oro important vectors orlhc malaria p:uu.s11es, Plasnrodfum spp 
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and lymphutic filo.rio.sis paCII.Site JV. bancrofll in sub Sahorun Africo. ln Nigcrin W. bancrojll

is the ctiologicnl agent of lymphatic filo.riosis and Anopheles mosquitoes net as the effective 
vector or th.is parasite. 

2.7.1 Life singes of Anoplreles mosquito. 

1110 Anopheles mosquito undergoes complete metQJllOIJ)hosis i.e. Egg --Lo.rvn ..... Pupa -
Adult. 

Anopl1clcs egg 

As in other mosquitoes only remale o.nophcles bite and Lhcy use the proteins from their blood 

mClll to produce 11 botch of eggs that o.re lllid in relatively clean water such 11s irrig11tion ,vntcr, 

puddles, and 11UUShes. 

A femnle Anophellne normnlly llUltCS only once in n lifetime and usually requires n blood 

meal before the eggs can develop .. Blood meals are usually \liken 2-3 days before the next 

batch of eggs are loid. About I 00-I 50 eggs ore laid on the wuter surfnco during ovipositlon

(Plate 2.2). Oviposition sites vury from small hoof prints and min pools to streams, swamps, 

canals, rivers, ponds, lakes and rice fields. Anopheles eggs arc not resist.ant to drying and 

hatch within 2-3 days although it may take up to 2-3 ,vcek.s in colder climates (CDC, 2004).

Anoplrele.s lorva 

L.nrvo blltchcs from the egg nfler about I or 2 dnys and generally noats pnrnllcl 10 the water 

surface unlike most other mosquito lo.rvac (Plate 2.2). Anopheles lorvoe develop thn>ugh four 

larvnl iosta.rS. The small lo.rva emerging from the egg is called the ltt insto.r. After I or 2 dnys 
it molts into the second instor, followed by the 3rd insur and 4111 instnr ot further intervals of 

about 2 doys each (CDC, 2004). 

The lorvo remoins in the 4°' instor stage for 3 or 4 days before molting onto the pupal stnge. 

Toe total time spent In the lo.rvnl pha.sc is gcncrolly 8-10 days at norm.al tropieol water 

tempcroturc. At lower tempcroturcs, the aquatic (lo.rval) stage takes longer to develop. UU'Vlle 

spend most of tho time feeding on lllgac, bncterla and other microorgmi5I1\ on tho surface 
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micro layer of lhe woter ond lhey b�the through spiracles locoted on lhc glh obdominol

segment ond hence must come to the surface frequently (CDC. 2004).

\Vhcn disturbed, hu:vo quickly swims to,vOids the bottom but soon returns to the surface to

trop oxygen. They S\vim either by jerking movements of the entire body or through

propulsion ,vith tho mouth brushes (CDC, 2004).

A11op/11:les pupo 

This is tho stnge in which a major transformation takes place i.e. from living in ,voter to

becoming o flying adult mosquito. It is a transitional, motile stage lhot is uniquely short lived.

Tho pupa is  shaped like o comm11 when viewed from the side; the head cind thorax nro

n1crgcd into o ccpholothorax with lhe abdomen curving around underneath (CDC, 2004,

Service, 1980). 

As with the lorvae, p upae must come to the surface frequently to breathe through o pair of

respiratory trumpets on the cephlllothoru.'I:. It stays just under the surfoce ond swims down

,vhen distu.rbcd but docs not feed. The pupal stage lasts for 2-3 days ofter ,vbich the dorsal

surface or the ccphlllolhorax splits to allow emergence orthe adult mos.quito (Service, 1980).

Anopheles adult 

The adult emerges from the pupal stage ond temporarily rests on the water surface until it is

dried ond able to fly. Soon oner emergence, the adults mate o.nd tho female goes in search or

its first blood mclll. If these cont.Din glll11etocytes or the malaria pnrosite i.e. Plasmood/11111

rpp, mnle and female gll.Illetcs or the parasite undergo rcrtitlz.otion in the mosquito stomach,

the zygotes develop into ooccysts on the outer surface of lhc stomach ,voll and sporozoitcs

develop in the oocystJ over o period or 12 days before populoting the mosquito's s111iva.ry

glonds. During subsequent feeds tho injection of slllivo into the host eo.rrics spoorozoitC$.

,vhich m11y establish o new malaria infection in the hosL Approximately 12 dllys is required

for sporowitcs development (CDC, 2004).

Too fcmolo usually mates only once because she receives aufficient spenn from II single

mating for oil subsequent egg bntches. Normolly the fcmolo tnlccs her fint blood meat only 
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ancr mating but sometimes tho first blood meal can be tnkcn by young virgin rem.ales. The 

first botch or eggs develops after one or two blood meals, ,vhile successive b:itches usually 

require only one blood mcnl. Males live for about o week. feeding on nectar and other 

sou.recs of sugar. Fcrnlllcs nlso reed on sugar sources ror energy (CDC. 2004). 

A.flcr obtaining o full blood mC11l females will rest for a fC\V dnys ,vbilc the blood is digested 

ond eggs IU'O developed. The process depends on temperature but usually takes 2-3 days in 

tropical conditions. Once eggs ore fully developed they lay them and resume host seeking. 

This cycle is repented until the remalc dies. Life spnn of rcrnale Anopheles is about a month 

or longer in captivity but most probllbly do not live longer thM 1-2 ,vecks in notu.re. Their 

chnnces of survival depend on tcrnpcrotu.re, humidity, environmental ractors but olso their 

nbility to successfully obtoin blood mcnl while nvoiding host defences {CDC, 2004, 

McC:uferty, 1983). 

2.7.2 ldcntlOcatlon of A11ophtlu mosquito. 

l11e identification of pupoc of Anopheles species is very difficult, so it is essenti:il that one is 

able to identify the adults correctly. As a rc.,ult when the pup:ic !lf'C obtained from the field 

they should be kept olive nnd allowed to emerge into adults to ollo,v for proper llnd corrcct 

idcnti.ticotion. 

Some Anopheline species ore similM in morphology, ,vhilc they ore actunlly different 

species. These species ore gencticolly related and kno,vn os sibling species Md are 

morphologically grouped under the same complex: An Cltlllllple is the Anopheles gomblae 

complex also called A. gan1biae sensu htto or s.l., ,vbicb blls seven different species viz: A. 

gan,blae scnsu stricto(s.s.), A. arablensfs, A. quadriannulatus species A , A. quadrlannulatus 

spedes B, A. bwan,bae, A. menu and A.melas. However, it is not possible to differentiate 

between these species by using an idcntificntion key that is based on external morphology 

(\VHO, 2003). Extcmlll ohtu11ctcristics of adult and larval onopbelincs \hot ore useful in 

species identification arc reviewed below: 
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nead: The head has o pnir of lo.rge compound eyes with n pnir of ontCMIIC joined to the head 

between the eyes. Below the nntenn11e is o pnir of palps ond it is composed of five parts in 

Anopl,ellne mosquitoes. The pnlps of Anopheles mosquito o.re o distinguishing feature from 

other mosquitoes as lhey a.re BS long as the proboscis, oaotber distinct feo ture is the spotted

,ving.s due lo the presence of discrete blocks of block and ,vhltc seBles on tho ,ving.s, tho 

nwnbcr, lensth and o.rrungement of these dark ond pale nrcns differs considerably in different 

species ond provide useful cho.rlletcrs for species idealilicotion. The pnlps are covered ,vith 

scales which mny be of different colours and used in species identification. A proboscis 

protrudes from the ventral port of the head ll!ld extends forward. ln both sCJtes the pnlps ore 

nbout BS long as tho proboscis and in males not in fem!lles they are enlarged (i.e. clubbed) at 

their ends (Plate 2.2) (Service, t 980, CDC, 2004). 

The bend is specialized for acquiring sensory information and for feeding. The antennae arc 

important for detecting host odour o.s ,veil o.s odours of brccdi.ng sites where the felllllles toy 

their eggs. The 111ltennae ore also useful to distinguish between the femolo and mole 

mosquito. On the female, the hairs of the lllltcnnoe ore few in number nnd shon while the 

IT\4le has very long hllirs on the antennae, ,vhich consequently gives them a bushy 

mouslllcho-lilc.e appearance on examination (\VHO, 2004). 

Thorax: lhe thorax has a pair of ,vings ond o pair of hailers on the upper surface llJld three 

pnirs of legs on the to,vcr or ventrnl surface. The ,vings have several veins on them. Each 

vein is given a number 04Jlle. The vein olong the front edge of the ,ving is called the costo 

o.nd the short vein behind it is called the subcost.11. There ore six other veins numbered 1-6 of 

which veins 2, 4 ond 5 nre forked (\VRO, 2004, Service, 1980). 

These veins nrc covered with scales which are u.su11lly bro,vn, black, ,vhitc or Cl'ClUD in color. 

The back edge of the ,ving hu fine scales. Mt111y Anophellnes have wings spotted with dork 

and plllo patches ,vhich together with these other characteristics arc used in species 

dc1c:nninotion. Toe thorax is spcciotiu,d for locomotion and in 1111 Anophcleses, the seutcllum 

is rounded in outline (WHO, 2004, Service, 1980). 
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Abdomen: the abdomen has eight similar segments and t\VO modified segments, the 911 and 

Hf'. The 9• segment bas o pm of spirocles while the 10111 is the o.rui1 p:in, on segments rv-VI 

arc found well developed fon-sluiped hoin, CAiied J»lmate bllin, thcso ore also sometimes 

present on segments 1-Tll. Each segmcot has up 10 four tcrgal pl111cs on its dors11I side. Thero 

is USUlllly a pair at the anterior and o second pair at the posterior of each segment and two 

accessory pl111es (Service 1980). 

The 9111 abdominal segment is fused with the 811 segment and carries the spiracles through 

which the larva brClllhcs. Oo each side or the 9,.. segment is a pee ten, which is II triangular 

plate with comb-like teeth. Most or the upper surface of the D.lllll segment is occupied by a

large tcrgal plate called the saddle. H11irs may arise from the saddle or from the Anal segment. 

On Ilic lower surface or the anal segment is a series of hairs c11lled the vcotntl brush, four 

1111:il gills extend from the anal segment (\VHO, 2004, Service, 1980). 

The 11bdomcn is specialized for food digestion and egg developmcoL This segmented body 

port expands considerably \vhen a fcm11lc llllces II blood meal. The blood is  digested over time 

serving DJ a source of protein for the production of eggs, which grudUJ1lly fill the abdomen 

(Service, 1980). 

2.7.J Life spon of n1osqulto 

Once ingested by a mosquito, nwaria pllr.lSitcs must undergo development within the 

mosquito before they 11rc infectious to hUIIWlS. The extrinsic iocublllion period, i.e. the time 

required for development In the mosqwto ranges from I 0-21 days, depending on lhe porasite 

species nnd the temperature. lf a mosquito docs not survive longer than the extrinsic 

incubation period, tllen she will not be able lo transmit any m:l.lari11 parasites. Ho,vcver, it is 

not possible 10 measuro the hfe span of mosquitoes directly in nal\lre, but indirect cstirnlltes 

of daily survivorship have been nude for scvcnal Anopl1tlcs species. 

The mean probability of da.ily survivordlip of A. gamblae in Nigeria is 0.80 ,vith &Mual 

mean life expectancy of 12.24 cl4ys (Olayemi ond An<le, 2008) while esumotcs of daily 

,urvivorsbip of tf. gamblae from Tanz.onia ranged from 0.77 to 0.84, this means that al the 

end or a day between 77% and 84 ¾ Wlll have survived. Auuming thii 1s constant through 

22 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



the adult life of 11 mosquito, less thlln 10"/o of the female population of A. gan,biac ,vould 

survive longer lhtm 11 14- day extrinsic incubation period. If daily survivorship incrcnsed to 

0.9, over 200/o of mosquit.ocs would survive longer than a 14-day extrinsic incubation period. 

Control mcru.u.rcs that rely on insecticides (e.g, indoor residwil spraying and IDJViciding) moy 

actually impoct mllhuia ttunsmission more through their effect on ndult longevity than 

through their effect on tho ndult mosquito population (CDC,2004). 

2.8 CONTROL OF l\lOSQUITOF.S 

More effort bas been made to control mosquitoes thllD IIDY other biting insect, such control 

measures hove been directed to specific vectors such the molnrio vectors, ycllo,v fever 

vectors and II host of other insect vectors of public health importance. These control 

me3.S\11'CS can be directed at eitber the IDllture (ndult) or immature oquntic stages or ot both 

stogcs simultaneously. 

These control measures cnn bo broadly grouped into two, vi� 

I. Control tlllgctod 111 immoturc s1agc.s

These include o.ll control meru.ures tlll'gctcd at the nqUL1tic stllge of development of the

mosquito vector, thus it to.rgets tlte egg. \arvo1 and possibly the pupal stage of the mosquito

and these include: 

a) BiologiClll control: the introduction of predators, parasites or pathogc:n to mosquito

bllbitot 10 control mosquito population, though often considered a 1U1turolist control

method, it is a process llult involvc.s the manipulation of the environment

E.ven though lhls control method does not CllUSe 1111y chemical pollution. they arc usually

difficult to  implement and mointllin. More over if prcdotors are used it is unlikely that

they will prey exclusively on the mosquito larvae and pupoe; they may also feed on

beneficial and or luum]ess insects.

b) Genetic method: involves the use of genetic m3nipulation and selective rco.ring to

produce mosquitoC5 llult are refroctory to infection ,vith humo.n diseases, such as mo1nrio

or fiJorial and then released into the environment to compete with the natural population

of susceptible ones and eventually replace them. Other methods include species

replacement, s1crilc-lTUlle release techniques. None or lhc.se methods arc simple and lhoy
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11\BY prove difficult to implement llwl more convcntiona.l insccticida.l methods (Service, 

1980). 

2.8.1 Pesticides 

Pesticides con be broadly defined as substances or o mixture of substances used in

preventing, repelling. mitigating or destroying pests; subst1111ces derived from plants,

microorganisms, orSQJ\ie nnd inorganic molecules orc olso included. Pesticides ore wed in

virtua.lly every,vhere; it is therefore not restricted to use on agriculturol fields. They ore wed

bccnwc the pests they ore designed to control, compete with !Illln for food. spread disCllSC,

destroy properties or jwt pose o nuisance. The modes of oction of pesticides vary depending

on activity of pest, life cycle spectrum of attack. Some work by interfering \vith the life cycle

of pests, they mt1y not ncccss.irily kill the pest but they stop them from reproducing

effectively. 

2.8.2 Insecticides 

These ore pesticides used specifically against insect pests. By definition, they ore agents of

chcmica.l, biologjcol origin that control insects C,.Vore & \Vhitocrc, 2004). Control may result

in killing the insect or olhef\vise preventing it from cngoging in behaviours deaned ho.rmful.

Insecticides moy be natural i.e. bio-insecticidcs or mlUUllllde i.e. synthetic and ore applied to

target insects in a myriad of formulations and delivery systems in form of sproys, b:i.its, sto,v

release diffusion. Toxicity levels of pesticides vory depending on active ingredient, risk to

hwtUn o.nd cnvironrnento.1 health, ability to break down rapidly and oecumulotion in the

ecosystem. 

2.8.3 Synthetic Insecticides

The discovery of synthetic insecticides sevcrol decades ago led to o n)Volution in pest o.nd

vector monogemenL The first synthetic brood specuum pesticides were tho orgono-ebloridcs

\Vhieb offered o revolution in the efficacy of pest control and were hailed as '\vonder sprays"

in the t950's to combat disease cortying insects like ncos and mosquitoes (Anno!, 2003).

These insecticides held their SW11Y, helping to rid many countries of tho scourge of dise&SC$

like molorio, bubonic fever among.st mDrlY others. Other synthetic insecticides \Yetc the
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organophosphotcs, cllrbDJlllllcs o.nd more recently pyrethroids. These chenlical pesticides

were very effective and become the main lOOI in vector and pest [IUUlllgcmcnt in crop

protection, livestock o.nd public health. 

Ho,vcvcr the wide scale use or the cnrly synthetic brood-spectrum pesticides pnrticulnrly

orgono-chlorincs ,vilh their prized chllfllcteristic of long persistence produced obviously

don1nging aide c!TcclS ond while the pests olso developed rcsistllDCO to ilS continued use.

Hence lhcir c!Tcclivcness is over shndowcd by the serious deleterious c£fects they pose on

non-tllrgct orgunisms, human, animals and the environment in general.

These pesticides ,vere discovered to be lethal to non-uugct organisms such os bcneficinl

insect vertebrates both in o.quntie 11Dd tcrrcsuiol ecosystem. Some ,vere extremely persistent

organic pollutnnts (POPs) ond undergo biooccumulation in the food chllin. Their active

ingredients o.nd metabolites ,vcro also round to impair rruunmnlion endocrine system, nctvous

system o.nd some were cnrcioogcnio (Bircch, ct a/.2006).

These pesticides ore ubiquitous llJld spread to every port of the environment and 1Jl4DY of

these, especially orgonochlorincs such os DDT lcnve residues in terrcstriol ond aquotio biot11,

accumulate in the fooo chain and lead to biologicol lllllgnificntion (Linccr et al, 1981), they

ore found in soils, sediments, rivers, food, plnnt and Dir, all of which constitute the effective

biotic and obiotic components of the environment.

The iodiscriminnte use or synthetic insecticide has caused untold deleterious damllge to our

environmental integrity." ln ony ,vnr, one must hove a sword (offensive wenpon) ond o shield

(defensive protecti on). \Vhen we choose to only use volatile, synthetic pesticide poisons to

"control" pests, we b.Dvc no sh ield, no protection ond our only ,vcapon is nttncking us not our

enemy. Since the advent of volotilc synthetic pesticide poisons in tbe 1940s o protrocted wor

against pest population have been waged and no,v our o.ir, water, rooo ,mother's milk. blooo

ond adipose tissue nil "normally" contnin significant residues of lhesc poisons, \heir

mct:abolitcS, Lheir "ioertS" and contnrninllJltsl We hove su.£fcrcd an ever incfClLSing amy or

health effects, dlll1lagcs and dcnths· yet our pest "enemy'' continues not only to nourish but to
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incrco.se. We have continually killed our own allies (the bcne!icial), poisoned our own ,voter, 

air, and food nod thereby sickened, wowided or killed ourselves 11Dd our o,vn forces and 

continwtlly ignored our enemy's ruuurul wcalcnesses and engaged in ,vo.rfnre using only one 

(useless) ,vcaponl We hllve totlllly forgouen bow to protect ourselves nod ho,v to 

successfully ,vagc ,var on our pest enemy. Indeed, we a.re losing the ,vu against these 

thous11Dd pests lllllinly because ,vc insist on using only synthetic pesticides" (Tvendten, 

2007). 

Extensive use of synthetic chemical insecticides for the control of vector borne diseases bas

created problen,s rclMed to but not limited to; 

• Physiological resistance of vectors including Insect resistance.

• Adverse effect on non-target organisms and environment

• High OpcratioDlll cost

• Pesticide mishllndling, abuse and misuse

• Overdcpcndence on synthetic insecticide and

• Low Community Acccptonce

(Bro,vn, I 986) 

2.8.4 lmp11tt or synthetic lnsccllcldcs on the Environment 

2.8.4.1 Development or Insect resistance 

Selection pressure on insect populations due to indiscriminate use of insecticide hove caused 

llWIY arthropod pest species, including human disC4Sc vectors like mosquitoes, to develop 

mechanisms of resistance to withstand insecticide lrClltmcnts (Naucn, 2007). Prolonged 

exposure of insecticide over several generations of mosquito like most other insects leads to 

resistant development, a capacity to survive contact with an insecticide. Mosquitoes can have 

many generations per year hence high levels of resistance arise very quickly. 

Resistance of mosquitoes to particular insecticides h11S been documented ,vi thin fc,v )'ClU'S of 

introduction of such insecticides. Use of Insecticides in agriculture has often been implicated 

as contributing to resistance in mosquito populations and O\ICT 400 mosquito species have 

documented resistance to one or more inscclicidcs and pesticides in agriculture. 
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In terms of production of synthetic insecticides, lhe cost of developing nnd registering new 

pesticides is Dwesome, almost 60 million US dollar, pesticide manuCDcturcrs arc un,villing to 

risk investment on products ,vhose market life could be shortened by development of pest 

resistance (Shnnd, 1989). Insecticide resistance is a very importnnl problem becDUSC out of 

50-60 million species of insect on earth only about I million bllS been cl:issified and only 

about one thousand nrc pest of importance and already o,•er 500/4 of these one thousand pests 

arc rcsislnnt 10 these volatile (dangerous) synthetic pesticide (Tvcndtcn, 2007). 

2.8.4.2 Overdependence on synthetic lrucctlddc 

Synthetic insecticides arc fast acting, usually brood spectrum ,vilh effectiveness against wide 

variety of pests and hence for this rc11SOn they nrc commonly used in and around homes. In 

terms of economics, about 87 million pounds of pesticides arc used in and nround homes 

annually. Of this about 43% nnd 32% nre insecticides a:nd herbicides respectively. The 

remaining 25% is  made up of fungicides, rodcnticides, disinfectants and other chemicals (US 

EPA, 1978). Also, it hos been shown 1h01 85% of homco,vncrs store at least one or more 

household pesticide products (Subrnmanian, 2004). 

2.8.4.3 Pesticide mlsb:indllng and Abuse 

Although the use of pesticides especially insecticides in Africa represents a small fruction of 

the globlll total, its misuse and abuse is disproportionately high. Factors that ICDd 10 this high 

r:nc of misuse include the high illitCT11CY level, inocccssibility to suilllbly protective clothing 

(Birech ct al., 2006) and the need 10 speed lr:lck effect on pests and vectors. 

The rcsulunt effects of this misuse include hurnon poisoning. des!nlction of natural predators 

of pests, and non•tD.tgct organisms, Insecticide resistance, crop polllnDtion problems due to 

honey bee losses, domestic animal poisonings, co11t.amino1ed livestock products, aq�tic and 

wildlife losses ond contamination of undergiound water and rivers (Pimentel rt. of., 1980). 

Annually about l million cases of pesticide poisoning arc c.stinuted with about 20,0000

dC4ths mostly in developing countries, in the USA about 70,000 children wcro invoh'"Cd in 

common house-bold pcsticidc-rclAted (acute) poisoning or cxposuro ln 2004 (1\·cndtcn, 

2007). Also in some regions we of partlculu pesticides have become popular methods of 
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ln terms of production or synthetic insecticides, the cost or developing ll!ld registering new 

pesticides is awesome, almost 60 million US dollar, pesticide mnnufilcturcrs are un,villing to 

risk investment on products ,vhose market life could be shortened by development of pest 

rcsistnnce (SbD.lld, 1989). Insecticide rcsistaJJee is a very impor'lllllt problem because out of 

50-60 million species or insect on earth only about I million has been classified and only 

about one thousD.lld are pest of importll!lce and already over 50"/o of these one thousand pests 

are resislD.llt to these volatile (dangerous) synthetic pesticide (Tvcndtcn, 2007). 

2.8.4.2 Ovcrdcpendcncc on synthetic lnscctlcldc 

Synthetic insecticides ore fast acting, usually brood spectrum ,vith clTectivencss against ,vidc 

variety of pests and hence for this reason they are commonly used in lllld around homes. In 

terms of economics, about 87 million pounds of pesticides are used in and around homes 

annually. Of this about 43% D.lld 32% arc insecticides and herbicides respectively. Toe 

remaining 25% is Olllde up of fungicides, rodenticides, disinfectants and other chemicals (US 

EPA. 1978). Also, it bas been shown that 8S% of homco,vners store ot IC4St one or more 

household pesticide products (Subrruno.nian, 200-i). 

2.8.4.3 Pesticide mishandling nnd Abuse 

Although the use of pesticides espccinlly insecticides in Africa represents a small fruction of 

the globo.l tolo.l, its misuse .l.Dd abuse is disproportionately high. Factors that ltild to this high 

rate of misuse include the high illiteracy level, inaccessibility to suitably protective clothing 

(Birccb er al., 2006) and the need to rpccd track clTccl on pests o.nd vectors. 

Toe resultant effects of thi• misuse include humAII poisoning. destruction of natural predators 

of pests, and non-target orgo.nisms, insecticide rcsislDJlcc, crop pollin11tlon problems due to 

honey bee losses, domestic animal poisonings, conlllmlnated livestock products, aqUAtic and 

wildlife losses and con!AIJ\ination of undc,g.tound water and ri,•ers (Pimentel cl al., 1980). 

Annually about 1 million cases or pesticide poisoning a.re cstin'lltcd ,vilh about 20,0000

dealhJ mostly in developing countries, in the USA about 70,000 children ,vcrc invoh'Cd in 

common bousc--bold pesticide-related (acuto) poisoning or c.xposuro in 2004 (Tvmdtco, 

2007). Also In some rcgioOJ uso of particular pcstlcldcs have become popular methods of 
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sclf•hllCID, especially gaining notoriety among health cnre workers and the public (Eddleston, 
2000). 

Lack of od.cquntc kno,Yledge among pesticide handlers in developing countries have led to 
misuse in oll steps of 11pplication as is obvious in all stnges from point of purchase 
tranSporting, storage, application and subsequent disposal of empty pesticide contninCTS 
(\VHO, 1994). 
Synthetic pesticides affect ,vildlife and humans even babies' health but o concern more 
specific to these pesticides is the danger attached to the chronic regular intake as residues in 
the cnYironmcnt, thus the environmental concerns obout residual insecticides. 

2.8.4.4 Effect on non-target organisms and environment. 
Various adverse effects on non-tnrgct organisms have been linked to the use of synlhctie 
insecticides in the environment, these includes: 

I. Distribution of lnsecticldcs aod Insecticide residues In water bodies due to thtlr
ublquJtous noturc
A major soirn:c of ,voter cootominntion is the use of lnrge qu4Dtities of pesticides,
insecticides included cspecinlly in developing countries lo control insect vectors of
public health importo.nce. The persistent chemical residues in the ,votCTS to which
they arc opplied arc carried to adjacent llrctl.S by water movement aod the
contamiontion maybe of local OJ1luro or spread to coosidcroble dist.11nccs in time and

sp:ice.

Other sources of these residues in W11tcr include:

I. Land runoCTinto riven aod
2. Percolation into ground woters during the rainy seo.son u well as

3. Lcacblltes from domestic refuse dumps into ground water.

Osibanjo (1990) reported that the moxlmum residue values of Ollilllocblonno pesticides in

ground water were higher tblln in surface water and concluded thot there \Yll.S greater
• 

contamination of ground water than surface water, an example Is DDT which ,vu the lea.st

aolublc of the pesticides ,urveycd hence it WU 001 dctecled In surface or ground water samples
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bo,vever the more soluble metabolite ODE was detected in ground ,vatcr. There are di�t and 

indirect effects arising from the inlnlsion of pesticides into water, for instance fish kill is 

documented o.nd 01 least some ospccts of its effect (e.g. economic, recreationol oesthctic) arc 

readily apparent. However, the major subtle but significant effects that arc in the form of 

residues in aquatic bioto which biollll'lgnifics and bio accumulates along the food chain arc not so 

opp:ircnl. 

2. Distribution of lnsccllcldcs In air

The finding of ubiquitous DDT in areas remote from point of opplicotion points to the fact that 

!here nrc other methods of transport of these products. II wos found that DDT \VllS present in rain

and snow collected in vorious parts oflhc ,vorld and in atmospheric dust over the land and ocean.

Hence, atmospheric route is accepted os the llll'ljor route of long distan.cc movement of pesticides

in the environment.

The level of pesticides in the oir depends to II IDige extent on the intensity of pest control 

prognunmes using pesticides in thot Dicn. Kocmon ct al. (I 972) in II survey of pollution of La.kc 

Nakuru in Kenya suggested thnt ccrtoin tropicnl regions \vbcrc pesticides ,verc extensively used 

miay be imponan1 sources for the observed otmosphcric pollution. Thus o persistent insecticide 

like DDT is globnlly distributed considering its continued use and obviously in developing 

countries, continued use will extend its SIiiy in the environment with nJJ its oncndnnt health 

hazards. 

3. Effect on rruin
A rubstantial part of applied chemicals and their degraded products may persist for years in the 

bodies of oninllllJ including man. These smaU conccn1n1tiorus have S'Ubsta.ntial biological 

consequence,. They may cause cancer (Carclnogmic), may be rcspon.slble for birth defects 

(teraiogenic) or cause genetic altc:ratioDJ (Mutogenic). 

Literature reports on confirmed or 1uspcctcd chrooJc effects of pesticide residue contffllination 
on hwnan bcaJth exists worldwide o.nd the list gives serious cause for concern sto�y.
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I. Bmbryo mnlfomllltion possibly caused by contact during pregnancy with the

herbicide, Dinosct.

2. Danger of cancer from fungicide, the American environmental protection agency

(BP A), folllld five active substances lhllt arc cilher carcinogenic or  potentially
Clll'Cinogcnic. 28 pesticides containing lhcsc five active substances ,verc funhcr

OJlll!yzcd. Jt was found that the carcinogenic potcnti:tl was most frequent in fungicides

with 600/o follo,ve<l by  herbicides and insecticides.

3. A rare type of cancer ( non-Hndlcins' Lympholllll) was found six times as onen in

farmers who bad been spraying herbicides espccinlly 2 ,4-0 for more than 20 years

than in non- formers

4. Bronchinl cancer is diagoniscd 1,vice as onen in those exposed 10 pesticide in

agriculture thnn those ,vho ore not.

S. Alterotion., in bruin \VllVCS and neurologiClll abnormalities ,vere found in workers

whose blood scrum showed sub-ncute toxic level in Lindonc

6. It is interesting lo note thnt children ,vhose homes nnd gnrdcns arc treated with

pesticides hove 6.S times risk of Lcukilemin thnn children living in unt:rcnted

environment (Ru, I 996).

Orpnocblorinc pesticides grossly conlllrllinatcs hU111llll tissues nod relatively high levels of DDT, 

HCB, Lindanc and Endosulfnm in human breast milk hos been rcportcd(UNEP,2002) nod this is 
of concern in view of WHO's rigorous campnlgn that mothers' breast milk is best for children. It 
has n.lso been cstnblisbed from studies in South Africa that orgonochlorincs can be lr1ln.Sfcntd to
infanis via breast milk and adipose tissue showed high levels of DDT (637S µg/l:.g) ond 
HCB(46SO µwlcg). 

In Nigeria, occup3tional exposure affected levels in blood as high ns I 1,565 µg/kg of DOC. 95S 
µg/kg for Aldrin and 92 µg/kg for Dieldrin(UNEP, 2002).ln f11et the problem is mainly their 

chronic cCTcc:ts, for example DDT in the blood indicated very recent exposure ,vbcre.u DOB (a 
metabolite of 0D1) reflects tho chronic level of DDT exposure. One year was required for tho 
mct.abolis-m of  DOT Into DOB when voluntcm WC'fO fod with DDT dosag� (S-35 nwday) (Bl

Zorgani & Musa, 1976). 
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4. Effect on the Environment

One or the mnjor ,vays b y  which danger arise due 10 insecticide wage is when the cnvironmcn1 

becomes contnmina1ed ,vith a persis1en1 moleri11J so that food and ,vater all CllfT)' a low 

concentflltion, much loo lo,v to  be acutely poisonous but enough to maintain a constant level in 

the bodies or the population. Titis is the problem abou1 ,vhicb nations arc mosUy cooccmcd 

because the ,vhole human population and natural ra\lrul Clll1 be affected. 

5. DaIDJ1gc to non- target, non-adjacent animals and plants through the food chain

The effects or insecticide residues on animals and wildlife include dCllth of avi1111S o.ftcr eating 

grunular pesticides; llnirnals mny develop cancer, abnonnnl lhyroid function, decl'C4Sed fcrtiliiy, 

decreased hatching success, dCt1lllSculinizalion and fcminiution of mnles, o.Jtcrution of immune 

function CH=ond, 199S). Dieuuy inrakcs of meal, milk and milk products a.nd other 1111.imals 

fonn the g:rc11test sources of human exposure to these pcrsisten1 toxic subsr.ances in form of 

residues. 

Sometimes these insecticides o.rc applied directly 10 plants to control feeding pests, in such CIISCS

residues mny be  found much more in the aerial than in the plant rooL However, ,vith soils 

incorporated pesticides II vo.st majority of evidence indicates that more residues arc found in the 

root thm in I.he aerial portion. 

Osibanjo and Adegeyc( t 989) in a survey of orgonochlorine pesticide levels in 9 fruit species C1Dd 

16 vegetable species froml2 major to,vns in Nigeria compared values ,vith those of developed 

countries o.nd WHO/UNEP OEMS results and found thAt the residue concentrations detected 

were much lo,vcr than the codex limits (Codex Alimenta.rius Muimum Residue 

Limits){FAO/\VHO, 1986). 
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6. Effect on the soil

The nmount of pesticides, insecticides inclusive depends on the rote and frequency of application 

and olso on the type of chemical used i.e. ,vhether pttSistent or non-pcrsistcnL 

A comparison of occurrence and conccntnition of organocblorine pesticides in Nigerian soil to 

agriculhual soils in the United States of America sho,ved that the residue levels In Nigeria \V11.5

higher than those in the U.S. (Osibanjo, 1990). Understandably, the use of pesticides in the U.S 

as in most developed countries has been restricted hence the seemingly low residue levels 

wbere:is in Nigeria and in most developing countries such chemicals are still been used in high 

qtW1tities. In Sudan, Dicbloro-Oiphcnyl-Trichloroethane (DDT) and Hexncbloro-Cyclohexane 

(HCH) at levels of I 7,400ng/g and 880ng.lg respectively have been reponed (UNEP, 2002). 

However, the fact thot some qWU1tities arc still been detected af\cr long periods of discontinued 

use even in the advanced countries is II rcOcction of the prolonged persistence of organochlorine 

pesticides. \Vith other classes of insecticides like the organophosphatcs, cnrbarnatcs and 

pyrcthroids there are usually no residue problems though they a.re highly toxic to lllllmrnals. 

Edwards (1973) listed four possible eCTects on living organisms in soils contaminated ,vith the.so 

chemicals and these nre: 

I. Residues may be directly toxic to animal or plant lire in the soil hence affecting soil

fenility by eradication of fauna,

2. They may affect the orgllDisms genmlly to produce populations resistant to the

insecticides,

J. They may have sub-lethal cCTccts that result in alterations in behaviour or changes in

mct.nbolic or reproductive activity and

4 Th Y be !Aken into the bodies of soil flora and or f11unn and pused on to their• ey l'llJl 

organisms and hence may also affect neighbouring and successive crops.

7. Effect on food

Anim:ils and plants constitute the nujor food for nun a.nd pesticides applied to tho soil �

-L ... _.. hi b · tum arc eaten by anlmal1. During tho raidmco or these chemicalsaoso,.,.,.. by plants, w c IIl 

· 
-�ft, they undergo several chcmica_l a.nd blologiul tn.nafonnations to

tn the body of the o,l.l""'IIDS 
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fonn ne,v products. If crops nrc sprayed immediately prior to hnrvcst ,vilhout an appropriate 

waiting period even orgunophospbatc residues can persist until the food is in lhe ha.nds of the 

consumer. 

Aside from all the above,, lllllQy rcs�hcrs nround the world have identified various adverse 

effect or the use of synthetic insecticides "''hieh include: 

8. Damage to dC0omposers and pollinators

9. Secondnry pests outbreaks due to competitors being more affected or vulnerable to

pesticides lhon tho tnrgct pests or causing dam11ges to predlltors or other controls of

competitors

I 0. Damage to natural predators or target pests or other control meelllmisms thus leading 

to resurgence or pests to higher pre-treatment de.nsities. 

11. Deposition or  pesticides on buildingi, ,valls, paint works, machineries leads to

damages. (Ecological Agriculturo Projects, 1978)

Due to these attendant problems or synthetic insecticides, there is o current inclination to greener 

technology than ever since the advent of modem science. The era of  dependency on synthetic 

chemicals of the early and middle 20"' century prompted the synthesis of newer cbcmic11ls as o

p11nncc::i for all diseases and ailments. The conservative attitudes of some communities which 

depended on some natural products in preference to the synthetic were oncn credited to inerti11 or 

"backwardneu". But today modem societies finding themselves entwined in this web of their 

own crcation nrc willing to revert to nature for remedies 

Thus in response to this aJJ-pcrva.sivc use of synthetics in every ,valk of life be ii agriculture. 

clothing, preservation or healthcare is now paving wo.y for a sClll'Ch for cco-fricndly products. 

The side effects of the synthetic pesticides are oneo not less serious than the problem themselves 

because they cause environmenllll conlllmination and they IIJ'c a great risk to hwmm hClllth, as a 

consequence there has been an intense search for safer pesticides. 

Synthetic chemical insecticides hAve been used for controlJing insects with i:JCAI success in the
p:ut But the problcnu associ11ted with their usc and procumncnl has necessitated the c.�ploraLJon
of II more swulinablc oltemativc (Echewna, 1997). 
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ln  o.n111yzing the problems and the hC3llh impacts 11.SSocioted with leaving the insect pest

unchecked there is absolutely a need for the Scarth of bioactivc substnnces ,vbich b11vc

satisfuclory properties concerning their effect on the target pest, not expensive to produce o.nd

lllso cnvironmcntnlly safe nowadays md not later on (Shlllld, 1989).

The problems associated with the use of synthetic insecticides llllve given rise to tho need for 

effective, biodegradable pest control materillls ,vith minimal toiticity to the environment. One 

of the best ,vays to reduce synthetic chemical insecticides is 10 eliminate those products 

replacing them ,vith altemotive control method {Baker, 1984). 

Unless ,vc desire death of our race, we must stop releasing tonnes of vinually untested, 

UDStllble, synthetic pesticide poisons that are creating synergistic eontrunination that no one 

co.n honestly say they can truly assess all of the human health risks for and ,vhich still cannot 

even conlrol our pest enemy (Stephen, 2005). 

Recently there arc reported environmental and oconomic prcssurc.s that o.rc fostering 

heightening interest in tho development of commercial bio-pesticidcs, because a growing 

number of once highly effective chemical pesticides h11, •o become useless duo to o.l1111JUDg 

increase in tho rcsistnncc of insects to synthetic insecticides (Shand, 1989) 

2.8.S. Dotanlcal lnscctlcldc.1 
BoLo.nical pesticides arc IUllUl'!ll pcsticidol products derivable from plants and are available as 

alt=tive to synthetic pesticides. 
The attend4nt problems associated ,vlth the continued use of synthetic insecticides and the 

incrctlSed concern for the protection of the environment in its entirety w necessitated a 

reduction in use o f  the synthetic and an lncrcuc In the scan:h for better efficient, ecologically 

sound and environmentally safe insecticidcs. 1n recent times, more 11nention hAS been �d to 
studies of natural pesticides in pest and vector control because they an, the most cost 

effective and eovironmcnto.lly safe inputs in pest 111d vector manogerncnt. 
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Ph111ts were first used ogclinst biting insects by the ancient Greeks and arc still being used by 

o Jorge number of people todoy (Moore and Lcnglet, 2004) even in Africa. Advantages of

botanicnl pesticides include that most are plant ba.scd hence 111.11king them reodily accessible

ond they hove no persistent detrimental effects on_ the environment as they rapidly degrade to

harmless substnnccs.

Bol.3.ll.icol insecticides hove long been touted o.s attractive o.ltcmativcs 10 synthetic 

insecticides in pest and vector management because I.bey pose litllo r.hrcat to the environment 

or hunun health (Mllmly, 2006). Numerous plant products hove been rcport.ed either as 

insecticides for killing lorvne or adult mosquit.ocs or o.s repellents for mosquito biting a.nd are 

one of the best nltcmntives for mosquito control (Brown, 1986, Sulrumor at. al., 1991). 

There arc about 3,000 plants ond trees \vith insecticidal and repellent properties in tho ,vorld 

(The Hindu, 2002). These fall into sevcrol eotcgorics including repellents, feed deterrents, 

toxins, growth regulators. So mnny plant lrCc.!I hove been invcstignled and proven 10 be active 

as insecticides. Some of tho common bol4nicols include pyrethruim. necm, Ryanio, Red 

squll, Denis Nicotine, Rotenone, Limonene, Ocimum, Citrus. So many plant trees and shrub 

plrt.S have been investigated and proven to be active ago.in.st insect pests. Natural pcsticidlll 

products, also enlled bo14nicol pesticides are o.vailable a.s olternatives to synthetic chemical 

fonnulations. Because most boto.nicol insecticides must be C3lcn by the in.sect pests, they are 

primarily harmful to these pests and do llnlc harm to beneficial insects. 

Most botanicals are rapid acting and arc of low 10 moderate toxicity to mammals. The mode 
of action of botanical insecticides gives it a compuutivo advontagc over synthetic 

insecticides that are usulllly broad 5J>CCtrum in action. BolDnlcol insecticides USU4lly must be 

ingested by the insect pest heocc they arc 5J>CCific in action and prinwily lwmIW to these

pests ond do little harm 10 beneficial insects or animals. 

One limitation of botanical lnsccdc:ldcs ls in their rapid breakdown ability while this nukes 11

less risky 10 heolth and the c:nvironmc:nt; this oncn creoles • need for precise liming or more

, _  1 , ,v • ..,... 200S) Also althouah oOc:n thouaht as natural and hcoeeucqucnl appl cation, , ..... �u, 
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assumed hamllcss, safety clolhing mus1 be ,vom when spraying 1hcse, even !hough their 

1oxici1y is low to \YQ.rm blooded animals some botllniC41 pcslicides hnvc been found 10 be 

1oxic lo fish and other cold blooded crea1ures nnd should be handled ,vith care (Relf & Luna, 

1997), some have also been found to be lelhnl 10 a wide range of insects including natural 

predators and parasitoids. 

E.�amplcs of aYllilable insecticides of  plan1 origin include bu1 are not limited to the foUo,ving: 

Derris dusl is a product derived from !he roo1 of several species of tropiC41 legumes (Ordish, 

1967), especially Dorris cl/iptica (Angus, 1978) and D. trlfollatc ,vhich grows in tropical 

Asia and pans o f  th.e Congo Basin. The active ingredient of derris dus1 is found to be lcthnl 10 

a wide range of insect spooies o.s ,veil as earthworms and fish; therefore ii is odviSllble 00110 

use the produc1 neor dorns nnd ,votcnvoys (US EPA, 1991, Endersby nnd Morgan, 1991). 

Quassia is mnde from !he bark and rool of Plcrasma q11assloldu, a Sou1h American ttcc. The 

spray is efrec1ive ng1W1S1 aphids and caterpillars which are small in size and also found to be 

safe on the larvae and odults of ladybirds. However as nn insecticide, quassio Is lethal 10 the 

larvae of hoverflics nnd may taint food crops if applied just before harvesting (Conochcr, 

1986). 

An insecticide can be extroctcd from the seeds and leaves of A:adirachtn indica AJuss, 

popularly called Nccm. The lrCC occur naturally in the hot, dfy tropics of Southern Gnd South 

Ea.stern .Aiio and !heir seed extract has been used as an insecticide throughout these regioru 

for thousnnds of years (Rice, I 989). The seeds contain lritctpCnoids kno,vn as azadiracbtin 

which has dclcrrent, ant1-fccdAnt, growth disrupting. nnti-ovipositionol and fecundity 

reducing properties on o range of insecLS (Scbmuncrcr, 1990). Nymphs or larvae of 

phytopbagus insects nnd u:pidopterou.s lo.rvne arc susceptible to ncem deriVlltivcs when they 

arc formulated 115 fccdiog poi.sons. This property makes neem suimblc for use in pest 

lllADagcmcnt 115 plll'ISitoids ore sp:irod, i t  docs not have an immediate knockdown effect on 

pests, but reduces feeding and death occurs within seven! days while the residual effect may 

persist for two to seven doys (Schmut1crer, t990). 
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Azadirachtin, Lhe key inscclicidnl ingredient found in tho nccm tree is o naturally occurring 

subslAnce thot belongs to OJl organic molecule clw called tctrunortritcrpenoids (Gra� 

SierTO, 1990) and the tree's mojor agent of battling insects is one of tJ1e most po,verful and 

safest natural bio-molccule os pesticide. In agriculture it is so potent that a mere trace of ii 

can prevent some insects from touching the pll111ts. It is similar in structure to insect hormone 

called "Ecdysones" which controls the process of melllmorphosis as the insects pass from 

larvo to pu po to adult and azndiracthin seems 10 be an "ecdysonc blocker''. As ii blocks the 

production and relcosc of vitnl honnoncs, leading 10 inability of insect to molt, thus br=king 

their life cycle. 

Nicoline extroctcd from the tobacco plant, Nfcotfanaa 1abac11n1 L, is highly loxic Lo 

rnommllls bu1 brew do\vn ,vithin 24hours; ii is also a powerful insecticide on the IDJVDe of 

Lcpidoptcro ond other pests ,vbilc olso been lethal 10 some beneficial insects nnd carth,vorms 

(Conncher, 1986; Bennett, 1988). 

Rotenonc acts ns o stomncb poison o.nd is effective up to 48 hours ancr application; ii hu a 

synergistic effect when applied with pyrclhrum which is cxtraclcd from the flowers of 

Chrysanthtn111m clncrar/acfoliun1 or C.rosc11m (Conochcr, 1986, Bennett. 1988). It kills 

aphids o.nd eaterpillors bul also oCfects other arthropod predators such as hover birds, 

laccv.rings ond h1dybird larvae. 

2.9 l\1orlnga olclrcn1 Lam. 

2.9.l SclcntJne duslncotlon 

Kingdom: Plan I.De 

(Unranked): Angiosperms 

(Unranked): Eudicots 

(Unranked): Rosids 

Order: Brassicales 

Family: Moringaceoc 

Genus: Moringo 

Species /,lorlngo orborca

/tforlngo bonfona

/tlorlnga concancnsfs
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Morlnga drouliardii 

Morlnga liildebrandll/ 

Moringa longit11ba 

A1orlnga oleifera 

Aforinga ovalifolia 

Aforinga peregrina 

Morlnga pyg,r,aea 

A1oringa rivae 

Aforinga nupo/lana 

J.1oringa s/cnopl!lala 

2.9.2 Description 

J.foringa is the only genus in the fllJllily Moringacue. And it comprises 13 species, which 

spa.n II range of life forms, from tiny herbs to massive trees; 11ll from tropical and s-ub-tropiclll 

cli.mntcs. The t.DXon nnme 1'1orlnga comes from the Ta.miVM11l11y11lo.m ,vord n,urnngakkAi 

(\Vikipedi11, 2009). 

The most widely kno,vn species is J.forfnga olcifcra, 11 multi-purpose tree nntive to north 

"''cstcm Indi11 (Gid4mis e/ at., 2003, Olson, 2001), and ,vhich is commonly referred to ,vhcn 

the DDrne Aforlnga is used. The African species, J.f. stcnopetala, is also ,videly gro,vn, but to 

a much lesser eJ:tcnt th11n Af. olelfera. Id. olclfcra, is commonly referred to ns "J.forlnga",

Drumstick trcO, horse nidish or \Vest lndi11.11 Ben tree. Its other names such as !\lirocle tree,

mother's best friend e.Lc. are in recognition of Its versatility and use. lo Nigeria it MS so

=y nnmes depending on ethnic or local lnnguagcs including E,v6 116 (Yoruba), Okocbi

cgbu (Ibo) and Zogale (Ha\lSII). It is commonly planted In Africa as II living fence nee (Von-

Maydcll, 1986) nod also used as forage for livestock.

2.9.3 Botany 

A decidous, perennial trcO with height between 10 and IS m. rothcr slender '"ith drooping

branches (P/FRED, 1992). 11 ia II fast growing plo.nt which produces leaves and pods wt 111'0

edible by humans and Hvestoclc. It hAS o eon white wood and corky, gummy bark. Root MS
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the UIStc of horseradish. Boch compound lco.f contains 3.9 very thin leaflets dispersed on a 

compound tripinnote (3 times pinnate) sllllk. Flowers o.re ,vhito ond frogrunt, producing long 
pendulous, 9 ribbed pods, 3- onglcd winged seeds. Propagation is by seeds ond stem cuttings. 
ln cultivation. it is often cut bock t11U1willy to Im or IC$$ and ollowcd to re-gro,v so that pods 

ll!ld leaves rcmoin ,vithin orm's reach. 

2.9.4 Distribution 

Moringa is gro,vn m.o.inly in semi-arid, tropical and sub-tropicol arC3S. It gro,vs best in dry 

sandy soil, tolerates poor soil including coa.stal oreas. It is drought resistant and grows in 

procticlllly oll kinds or ,veil drained soils and conserves ,vater by shedding leaves during the 
dry scnson. It is ,vidcly cultivated ond nnturoliz.ed in 1ropicnl Africa, CcnlIDl ond South 
America, Sri Lnnka, Indio, Mexico, Mah1ysia and the Philippines. It is grown in settled llffllS
o.s a backyurd vegetable ond os a border plant. 

The }.forlnga IJ"Ce is considered one of the world's most useful trees; olmost every pllrt of it 
con be used for food or hos some bcncliciol property. It is a troditiorllll food plant which hos 
potentials of improving nutrition, boosting food security, fostering rural development ond 
support sustoinllble land core (National RcsClllch Council, 2006). 

2.9.S Ecology 
Aforlnga ecology ranges from sub- tropical Ory to moist through tropiea.l very dry to moist 
forest life zones, it prcfm neutral to slightly acidic soils (pJ.l or 4.5-8) and grows best in ,veil 
drained loam clay loam ond tolerates cloy soils but docs not grow well if water logged., it 
thrives in sub-tropical ond tropical climates flowering fruiting freely continuously. It grows 

best on dry sandy soil (James, 1983).

It requires an o.nnUAI ruinfall or between 2S0-3000mm. it ls drou&}lt rcsistAnt tree thou&}! in

drought conditions it moy Jose its leaves but rccovm when the rains arrive.. It gro,vs best at

altitudes up 10 600m but ,viii BJOW at altitudes or 1000m. It ,vill survive in a ternpcn_ture

nngc of 25-40.C but is known 10 tolerate tempcnituro of 4s·c and light f_ro11J (HORA.

2002). 

39 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



II loses its leaves from DC()cmber to January and new gro,vth slllr\S in February - M11rch. It 

produces crcnm coloured flowers ot 8 n,onlhs and lhe no,vcring season begins in January and 

continues through lo March. F'ruils ripen from April lo June. The pods ore triAngular in cross 

section, 30-50 cm long and contain oily, block, 3 winged seeds (HORA. 2002). 

2. 9.6 Chemistry

The pod contains per 100g. 86 .9g H20, 2 .Sg protein, O.lg fat, 8 .5g total cartobydratc, 4.8g

fibre, 2.0g ash, 30mg C11, 110mg P, 5.3mg Fe, 1841U Vitllmin A ,  0.2mg niacin, 120mg

llSCOrbie ocid, 310�1g Cu and 1.8µg l.

Le3ves contoin 7.Sg H20, 6.7g protein, 1.7g fat, 14.3g tollll carbohydrate, 0.9g fibre, 2.3g

11Sh, 440mg C.o, 70mg P, 7n,g F'c, 11,300 IU  villlmin A, 120 µg vitamin B, 0.8mg nicotinic

acid, 220mg 11Scorbic acid and 7.4mg locophcrol per 100g. Estrogenic $\lbstanccs, including

p.sitosterol, an anti-tumour compound and II pcctinestarose ore reported. P1crrygospermin, o

bt1e1ericidal Md fungicidnl compound, isolated from J.·forlnga bu on LO� subcutaneously

injected in mice and rol.5 of3S0 to 400 mg.lkg body wcighL

2.10.7 Utlllutlon 
All parts of the� can be used in o variety of v.•oys vir: 

a. Human food 

The leaves a.re full of viwnins, ore good as food, low in fots and c11rbohydrates ond rich in

minerals, iron ond viwnin B (HORA, 2002). Of oil the plant po.rts used, the leaves o.rc the

most utilized. The leaves can be used in the some ,vay as spin4ch and a.re used to !Mke tea

for a variety of medicinal purposes 11Dd ore also consumed as snlttd. The seed conuiins 35-40

% oil which eo.n be used for cooking. gives good soap, does not turn rancid and also bums

without smoke (HORA, 2002; Jomes, 1983; Burkhill, 1966).

In Asia. the flowers of J.f. oleifua arc mixed together with other foods since they o.rc rich in

Co .. , }(*, wucs, alkaloids, quercetin 11Dd K.aernpferol (Rangoswani &. Sn:nkanuubramian.

1946; R,am:ichandran el. al., 1980). Roots hove wte simihu to ho11crodish and can be used 10

make aouce ,imllar to boraerodish sauce at the seedling stage of the plant. Gum fu:lm the

plant bArk cllll be used to ,cason food.
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Pl11c 2.3:

(Source: 

Fruiting bninch or 1\forinin olcift:ra tree 

Goo�lc in111gcs) 
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b. Animal fodder

Rwninants and poultry browse the bark, leaves and young shoots or Aforinga, livestock diets 

arc improved by the addition of Moringa plants parts {HORA, 2002). The dry pods ha.,e 

adequate charocleristics to be used as substratum for lob animal bedding (Farias tt. al, 2004). 

c. \Vatcr purification

Leaves and fruits or Moringa possess coagulotory properties hence nre used in \\'alcr 

purification. Water extracts obtnined from dry seeds have been used due to their excellent 

turbid water coagulation properties ottributnble to the presence of cationic electrolytes (John, 

1988; Oossenschmidt et. al., 1995; Ndnbigcngcscrc ct. al., 1995).

Treatment of impure ,wter ,vith Moringa seed po"·dcr removes 90-99 % of b:lctcrio in
contaminntc.d ,voter (HORA, 2002; Von Maydell, 1986; Olayemi 1111d Alabi, 1994) and offers 
the advant.oge of being o natural purification agent \\ith minimal environmental hnza.rd. lt.s 
use in ,va1er purification replaces chemicals such as aluminium sulphate which arc dMgcrous i 
to the environment and expensive. It is a cheaper altcmotive to mcchnnical filtration. 

ln Brazil, seed po,vder suspension have been intr0duccd efficiently into the North East region 
due to the tree's good adaptation to arid areas as an ottcmpl to improve hygiene habits and 
life quality. help to reduce child mortality and collaborate ,vith the sustainable development 
of the region (Morton, 1991; Gerdes, 1997; FerTCiro ct. al. 2008) 

• 

• 
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• 

Platt 2 . .$: Pods of lofnringa oleifero 
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d. Natural medicines

Every pD.rt of Aforlnga has been effectively used against various ailments. Leaf extracts sho,v
antioxidnnt nnd bypocholcsterolacmic nctivities (Iqbal & Blumger, 2006; Chumnrk et.
al.2008). Leaves can be rubbed agninst the temple to rcllcve headaches, around bleeding sites

to stop bleeding; extracts can be used ngninst bacterial or fungal skin infection (HDRA,

2002; Jnmes, 1983). 

Aforlnga is nlso good in treating mnlnulrition due to its high fibre content (1-IDRA, 2002 nnd 

James, 1983), this is particulnrly of interest in region ,vherc malnutrition is II problem nnd in 

people living with HIV/ATOS infection nnd it is n c1.1rTCnt plant promoted by the \VHO in 

combnting malnutrition in children nnd other wlnerable groups to boost immunity to 

infections. Moringa populnrly cnlled mother's best friend in the Asinn contine.nt has been 
' 

advocated BS "1111tural nutrition for the tropics." The leaves cnn be eaten ro,v or stored BS

dried powder for mnny months ,vithout refrigerating ,vithout nny loss of nutritional value, it 

l is espc<:ially promising in the tropics bccousc it is usunlly in full leaf at the end of the dry � 

SCtlSOn when other foods arc typicnlly sco.rce (Jed, 2005). The flower juices improves the 
l quality and flow of breast milk in nursing mothers nnd is also useful for urinruy problems BS 

it encourages urinntion. Pods acl 11S de-,vormers nod in trcllting mnlnulrition nnd diarrhoea. 

Sccd.s arc used for their o.ntibiotic nnti-infinrnmotory properties to treat rheumatism, arthritis, 

gout, cramp and boils and they ore also used IIS relaxnnt for epilepsy. 
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Place 2.5: Winged s«ds of 1\lorlnga ol�lfua (l\1ag: ll)
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c. Fertilizer

The seed cake obtained after oil extruction contains high levels or protein and makes a good
fertilizer in agriculture (HORA, 2002). 

r. Living fence

l,for/11ga provide wind protection and shade hence it is used o.s a living fence (Hausa) tree
especially in the arid regions and in the north of Nigeria (Von Maydell, 1986; 1-IDRA, 2002).

g. Alley cropping

It has large tap roots and fe\V lateral roots hence it docs not compete for nutrients \vith crops, 

its many protein-rich leaves also provide nutrients to neighbouring crops; they arc good at 

rccllliming marginal land (HORA, 2002). 

b. Bio-pesticides/ Naturul pesticides

Leaves possess fungicidal properties particularly against Pytl,/11111 spp that causes damping

off disease of seedlings (HORA, 2002); ethanol extracts of the leaves were also found to be

cfTcctivc against plant nematodes i11 vn•o and /n vitro (Knnu, 2005). The seeds possess

antimicrobial (Ali el al. 2004, CbW1llg ct.al. 2007), anti-inflnmmatory, antispasmodic,

diuretic and anti tumor properties (Cnrcercs ct. al. 1992, Guevara ti. al. 1999).

L Blofucl, Fuel ,vood, energy and olbcr uses 
The wood is light and is a good fuel for cooking, but it is not suitable for building. The bark 

can serve for t.ann.ing and can be beaten into eotllSC fibre to make rope or m11ts. 

The wood produces blue dye; chipping from the ,\'ood can be used in p:ipcr making. The tree
al rod · · used 'ln the textile industry and is a potential source of ,vood for so p uces V1scosc resin 

the • d (V I al J 976) The lenves arc oJso used to clean cooking utensils 
paper m ustry crma e . ., 

and even walls (1-IDRA, 20Q2). 
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CHAPTER TH.REE

METHODOLOGY

3.1 Study Design 

A laboratory based experimental study design was employed and this was carried out in two

pbasCS viz.: A larval bioassay to test the larval efficacy of the aqueous extract of }.{. oleifera

(AEMOS) on 3rd instar larvae of Anopl,eles mosquito and a toxicity experiment to assess the
acute and chronic toxicological effects of the AEMOS on Poecllla rttlrulara commonly referred

to as Mosquito or Guppy fish. Complete R.nndomiz.cd Block Design was used for the study. 

3.2 l\lalerlab and mclbod1 

3.2.l Seed Sampling 

The plant, M.. oleifera(Lam) commonly called J.loringa or Drumstick tree was used in this study 

and the plant part used ,vas the seed (Kernel). 

The method of seed collection and handling ,vas according to Vyas and Mistry, (1996).

Pwposive sampling was applied due to the plant's ubiquitous distribution In Nigeria and 

particularly Ibadan. The seeds used in this study \\'tre collected from Akobo area of Ibadan, Oyo 

State, Nigeria. 

• 

• 
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l.l.l Seed Processing

n,e process CArried out on the seed before extraction arc summarized in a now chart below

Ha_rvc.sting of seed 

Seed cleaning

Depulping or fruit 

De-cortic11tloo or seed 

• Pulvcri.sallon of seeds 

Seed p0,vder storage

d processing
Fll,J.1 The now chart or !,forlnga stc 
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111rvestlng: Fully,maturcd pods ,vere plucked from the 1,foringa trees. The matured pods were 

p
taiisb bro,vn in  colour at the time of eoUcction this wus done to avoid breaking up of the pods

lcldin& to dispersion of the seeds on the tree once they become fully brown on the tree as the

inech,anism of dispcl'liion is winci. 

Clcaoing! The pods were cleaned by hand sorting to SCJ>llllltc foreign mutc:rinls such os dust, 
sand. stones and lei\ under shade to dry at ambient temperature before dcpulping ,vos carried out. 

Dtpulpiog of fruiu: The pods ,vcrc left to dry under shade for 72 hours and were turned over 

C\'Ct'f 12 houl'li to prevent rotting of the pods due to fermentation of carbohydrate and microbial 

growth on the pods whjch will invariably affect the quality of the seeds. Afler Ws the pods ,vcrc 

ckpulped to detach the seeds from the pods and the seeds ,vcre immediately lei\ to air dry before 
they v.i:re stored in o container to maintain freshness. 

• 

De-tor1icalioo of seed: The essence of dehulling was lo remove th.e seed coat ,vhich might 
reduce the efficiency of cxtrnction due to absorption of solvent by the shells or pulp. The 
dchulling process was done manually, by cnrcfully exerting pressure on the seed using pestle and 
mortar to separate the kernel from the seeds just os is done locnlly. The resulting sample ,vn.s 
\\'UUIO\\'ed and sieved and handpicked to obtain pure seed kernels ,vhieh ,vcrc ,vhitish in colour 
and soft to touch. 

PuJvcri:zalion of seeds: Toi, was carried out to ensure maximum contact bet\\i:cn the solvent 
IDd kernel constituents nnd 10 incrense the surface area of the SDJllplc. The seed kernels ,vcrc
pulverized using an electric blender. The particles \\'Cre pulverized to approximately 0.3-I .25mm 

lo allow for increased surface area pcne1n1tion of the solvent. 

"··-' d .. -. immediutely stored in an air tight container until used for- powder storage: the pow er ,.,,..., 
. . I"' f the powder used for the study W1l.1 7 days. After the

cxtzaction, the maxunurn storage ue o 
• d' •• ...1ed and the process repented, this ,,'IIS to ensure thut there
, -day the powder not used were ,s�u 

. f th pie used for the study.was no deterioration in the quality o e S3lll 
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3.2J Extraction procedures 

Distilled ,vater ,vas added to the powdered s d · th ec 1n e proporuon of I seed (approx. 200 mg) per
10 rnl of distilled ,vntcr (Gerdes, 1997 Ferreira ti aJ 2oo9) Th h 1 . • · ·, . . e ,v o e nuxture \\'DS then surred 
for 60 minutes 111 room temperature C2S°C) using a magnetic stirrer nnd then filtered through
WbattnAl'I No. I pnpcr. Soluble solids concentration of the AEMOS •• ,. · 'd · 

was WACn into cons1 cratJon 
aad was calculated for the mass present in the wuter cx·tract to · th · Id · ·gh r I bl give C y,c 1n WCI t O SO U e 
solids per weight of powdered seeds. 

This was done just before use in tho laboratory to ensure purity and no bio-dcgradntion of active
ing,cdients before the toxicity test nnd lo limit possible fermentation.

JJ Experimentlll Animals 

J.3.1 l\tosquilo larvae breeding 

Anopheles gamblae s.s., the most notorious vector of malnrin in Africa nnd the principal vector 
of Lymphatic filariasis in sub- Saharan Africa (Okumu el. al., 2007, WHO, 1997) was used in 

this study to assess the lo.rvicidnl effectiveness of the wntcr extract of AL o/elftra seeds. 

• 

I 

l" i.nstat larvae of A. gambiae s.s .• ,vcrc obuuncd from ll1l cslllblishcd colony reared in the . 
l iosectary of the Molecular Entomology lllld Vector Control unit, J>ublic Health Division, Nigerin 

Institute of Medical Research, Yaba, Lagos, under greenhouse conditions (25-J0°C, Relntive 
humidity 60-70¾) following standard operating procedures for mosquito maintenance (\VHO, 
1975) and modified by Adebnyo et. al. (1999). 

The fcmalo ndult A. ganiblat s.s,(Kisumu) from alrcndy cst11blishcd colony in the laboratory
V.'tfe fed with blood mcal from exposed skin of cxpcrimcntnl nnimllls (Guinea pigs) in a netted 
cage ()7xJOx28 cm) at ambient temperature overnight in a dnlk room. Also moistened filter 

pa,,..... 11 I d o'istcned cotton wool 40d mounted on petri dishes in the cage 10r•• \lone gen y p ace on m 

• .... 1·,.,. · · · f ·1 • Acr 24 hours the moistened filter papers \\�re filled \\ith
, ... , 1 ...... OV1pos11Jon o mosqu1 o. N• 

L...,-L_ f b 1 ··--' .,.,. !Aid singly on tho papers. The tilter papers containing the
,-;OQ o rown-blnck co o= e_.,. 

r rred • lo bowls of wntcr in the insccwy. Within 48 hoW"S, theeggs were then carefully tr11JU1e 1n  
floating -�-11ct to the wntcr surface o.nd examined to

eggs had ruitched to larvae and were seen .--

. Tbc Jorvac obuuned were fed ad llbtun, ,vith baby fishconfirm that they were Anapht/ts spee1cs. 
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_,i (approximately 0.015g) ,vhich was evenly spread across lhe water surface daily in lhe

bowls; the bo,vls ,verc covered ,Yith plastic mosquito net to prevent intrusion of predators of the

Jarvac and escape of emerged adult. The culture medium was maintained according to the

standard mnintcnnncc procedure (\VHO, 1975) until used for the bio11SS11y i.e. third instnr stnges. 

JJ.2 Sampling or Potcilia rtticu/ata (Mosquito/Guppy flsb)
P. rtticulata, commonly called mosquit.o or guppy fish ,vas used for the toxicity test nnd wus

obtained from the open drains of the Nigeria institute of Medical Research, Yaba, Lagos. The

fishes \YCl"C left to acclirnati?.C for 8 weeks nnd \lo'Cre kept in well aerated holding tanks under

standard conditions of light (12h with alternate day and night cycles) nnd temperatures 27 * 2°C, 

'l\ith access to commercial fish feed dicL The investigational protocol \YllS in accordance with 

iDtemational standard on the care and use of experimental animals (EEC, 1986, Ferreira er. al.,

2009). 

• 
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_.i (apProximately O.O I Sg) which was evenly spread across the water surface daily in the

l,oVlfs; the bo,vls ,verc coven:d with plastic mosquito oet to prevent intrusion or predators or the

i.vac and escape of emerged adult. The culture medium was maintained according to the

,widard maintenance procedure {\VHO, 1975) until used for the bioassay i.e. third inslllr stJlgcs.

JJJ Sampling of Potcilia reticufata (Mosquito/Guppy fish)

P. rttlculato, commonly called mosquito or guppy fish ,vas used for the toxicity test and wns
obtained from the open drains or the Nigeria institute of Medico.I Research, Yaba, Lagos. The

lisbcs were left to acclimatize for 8 weeks and Y,erc kepi in ,,•ell aerated holding tanks under

stmfard conditions of light (12h with o.Jtcmot.e day and night cycles) and temperatures 27 :t: 2°C
-.ith access to commercial fish feed diet. The investlgational protocol was in accordance with
illlemational standard on the care and use or experimental animals (EEC, 1986, Ferreira tf. at.,

2009).
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I 'x 

I 

0)J'e) 

Pbte 3.1: Acclimatisation of the mosquito ruhcs in the laboratory. (�g: xS) 
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Pbtc 3.2: The guppy f1.1hes jwt before the 101icity usay. (?\tag: x50) 
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J,4 Data Collectlon

J.4.1 Evaluation or AEl\10S on larvae of A. gamblae s.s. (Larval Dloassay)

The larvicidal clTcct of lhe aqueous cxtruct of M. o/c/fera (AEMOS) on 3"' insta.rs larvae of A.

gombfac s . .  s, ,vos carried out under greenhouse conditions. Preliminary Lcsts were carried out to

de1crmine the range of lcthol concentration., and the most susceptible instor stage of the larvae. 

All the concentrations above 8700 µg.fmL gave rise to 100"/o mortality within 24 hours. 

Sub.scqucntly, further trials ,verc carried out ot lower concentrations to properly monitor the 

dJcct of the extract on the lorvoo. Five aliquots from the stock aolution \Vere prepared by serial

dilution method (I 160, 1450, 2900, 5800 and 8700 µg.fmL).

1bitC independent C."<pcrimcnts ,vcro clUTicd out in four replicates each. Distilled water was used 
as negative control and 20 larvae per treatment were used (\VHO, 1996 & \VHO, 2005). The 

JDOSqllito larvae ,vcrc treated ,vith lhc extracts according to the methodology dcscnl>cd by WHO 

(1981). Twenty lnrvne of A. gambiae s.s. were inttoduced in different test concentrations of the 

• 

atrilct a.long with control containing distilled wntcr without llllY test solution. AJ\er adding the 
I, 

larvae, I.be gla.ss dishes were kept in the laboratory, four replicates were maintained for each 
conccnJrotion nnd mortality observed nod recorded 24 hourly for 5 days at room temperature. 
Larvte 'l\'CTC considered dc:ad if they ,vcre immobile and unable to n:acb the wnlcr surface a.flcr

Tt1DOvn! into clean ,voter and II further observation for 24 hours. 

3.4.2 Toxicity Evaluation on P. rct/cu/ata, (Guppy fish) 

Tl.cnty guppies per trc4trncnt ,vcrc exposed to different concentrations of the AE�10S; 3

aliquot, Crom lhe stock solution were prepared by aerial dilution method (10, 20 and 30 mgll..)

'th I · • di u'lled water without any test solution. Treatrncnl ,vas inlroduccd
wt cootro conl01rung s 
-�"-ml . d • tn'plicotcs wo.s setup for the experiment and lhc tollll ,-olwne
,......, y, two mdepen cnl tests 1n

r 
· 

ml I ienL Tho behavioural conditions and mortality in �cho medium used wo.s 200 per trea n 

fi ti ... cnnnso of tho test organism to aqueous extract Alon11.r:a
attup wa, observed 10 as to de inc 1c •-r-

leed. 
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• 

parameters such as bchoviourol responses, increased respiration, loss of orientotion,

disOoloration, motility and mortality \vcre monitored and recorded hourly for the first six hours

Qlld there af\er three hourly for the rest 24 hour period (Ferreira et. al., (2009), Ghosh (1984), 

Poget & Bomes (1964) ond Tumer(1965). 

Toe investigational protocol was canicd out in controlled cnviroM1cntol conditions in well 

aerated holding tanks under sto.ndllrd conditions of light (12h with oltcmotc cloy o.nd night cycles) 

and 1empe1"3tures 27 :!: 2°C , \vith access 10 commercial fish feed diet so os to define the response 

of the test organism lo the Aforlnga seed cxlnlct and it \Vas in occordo.ncc ,vith inremotional 

5llllldord on the care and use of experimental animols (EBC Directive, (1986); American Public 

Health Association (1987); Ferreira et. al., (2009)). 
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.. 

Plate 3.3: Larval bioamy setup in the laboratory
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Plate 3.4: Larval bioas:say replicates arnngcn1cnt 
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Plate J.S: Toxicity usay on P. re.ticulata (1:uppy fish) in 1hc labon11ory 
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Pl11r 3.6: Aqut0us e11n1c1 of Al. ol�ifun sctd (AE�IOS) prior 10 u,r 

I 
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3,s 0111 Analyses 

J.S.I Lan-lddal Bloassay Statistical Analyses

DllJ were analysed using both descriptive and inferential slJltistics, tho control mortlllity was 

corrected using Abbott's ronnula (\VHO, 2003) and Log-Probit 1UWysis was carried out to 

determine the median (LCso) and 90% lethal concentrotions (LCto) vaJucs, their 95% confidence 

mtcrv11ls were obtained by the method (FiMey, 1971). Regrc&.sion o.naJysis was carried out to 

comp:ue and determine the strength or relation bcrn·ecn lhe doses administered llnd mortality 

observed in the mosquito population used in the study. Statistica 7 prognun and SPSS Sonw111c 

\'ersion 15 were used for the analyses at p--0.05 

J.5.l Toxlcologlcal analysis (l\losqulto ruh assay)

The 1£M> and LC,o values and their 95% conlidcnco int«vllls were obtained using the Log

Probit aDAlysis method (Finney, 1971) at p--0.05 level of significance. Data were also analysed 

using descriptive sllltistics and inferential statistics. Regression analysis wu carried out to 

comp�.-e and determine the strength of relation bchvccn the doses administered and mortaJity 

obsc?vcd during the study. SPSS Sofi\varc version I 5 wos used for the anaJysis. 
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CIJAPTER FOUR

RESULTS 

This chapter presents the results of the aqueous extroction process, the physical characteristics of 

the extract and the results oblllined from the lo.rvicida.1 bioll.SS3y on A. gamblae s.s., the

b(hsvioural responses of P. rclictilara os \VCU os the result obtained from the acute toxicity 11.SSay 

on mosquito fishes at different levels of concentration and over a range or exposure period. 

4.1 The Soluble solids yield 

}.f. alelfera seed hos importllllt medicinal propenies lllld value and is an clTcclive antimicrobial 

agmt whose insecticidal properties and toxicological effects on non-uu-gct organisms a.re being 

considered in our current investigation. Table 4.1 shO\VS the physical characterislics of the 

aqueous extract or Al. oleifera seed powder \vilh respect to \Ycigbt, colour, and smell. Soluble 

solids concentralion of the nqueous extract of Af. olelfera \VD.S tnkcn into considcrntion in the 

experiment and \Vas calculated for the mass present in the extruci. The yield or 37%,v/\V (i.e. 

37mg of soluble solids in I 00mg of po,vdercd seeds) ,vos obt.oined from the extn1ct. This served 

as the basis for the different concentrations used throughout the study. 
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Table 4.1: Physical cbaraclcrisdcs of lbe aqueous utncl of Al. oleif�ra sttd powder

Panmeten 

Soluble solids (w/\v) 

Colour 
Smell 
Taste 
AppeMll!lCe 

Sttd Powder 

100mg 

White 

Nutty smell 
Aspartame sweetness 
Fine Powdc-r 
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Aqutous Extract 

37mg 

TrllllSlucenl 
Mild 
Bla.nd 
Clear 
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4J Laniddal Properties/ Rcsulu 

4.2.1 Lan•lddal activity of lbc aqueous c.rtncl of Jloringa o/eifcra seed (AE!\10S) on
Anopheles gambiae s.s. 

As5cssmmts or the efficacy of difTcrcot pbytocbemicals obtained from va.riou.s plants have been 

carried out by resea.rchcrs on different species of mosquito in lhc field of vce1or control 

(Promisiri ct. al.2006; Okurnu et. al., 2007 and Ferreira et. al., 2009). The result of our 

c:ipcrimcot sbo\ved that the aqueous cxln!ct or!,,£ aleifcra seeds \VOS lelhal 10 J"' inslAr slogc of 

A. gambfae s.s. larvae. T3ble 4.2 shO\VS the mean mortality (%) of larvae of A. ga111blae s.s.

CJCposed 10 difTercnt conecnlrations of the aqueous cx1111ct (AEMOS) over 120 hours cxpoSW"C

time. A closer look reveals that significant diffcrmce.s exist in lhc mortality te,·cls over the

exposure dut11tioo Deross the difTercnt concentrations (p<O.OS}. The crude AEMOS at 8700µg/rnl

caused 94.67:5.03% monality of 3rd in.star larv11e ,vithin 24 hours and lethal effects \Vere still
observed in lower concenlrations as exposure time increased. MortAlily patlcm ,vas 001 the same

al each treatmen1 level over the period of exposure as monali1y for the AEMOS increased as lhe
canccntn1tion and exposure time increased showing II proei,:ssion in larval death In o dose
dcpcndco, rn,oocr over the period or exposure (Fig4. I}.

The mosquito larvae exposed 10 the differenl conccntrntioos sho\ved beh11vioural effects such as

imbility to swim to the top \Vithin 45 minute of exposure, reduction in wriggling role of the

wvac. Generally, all the cooecn1111tions of Ibo AE�fOS used (1160- 8700 µg/rnl) sho�ed

reduction in the wriggling rote or the larvae and tho IIIJ'Vicidal efTcct was due to the action or the

Al!MOS which increased with incre.,.se in concentnuion (Fig 4 I}. In the con1rol experiment.

b I · · ..- not d',flierent from oorTMI IIDd they noo1ed normally a.od noowcvcr, arvae acuv111cs w .. ,w 

mortality was observed throughout the period of the siudy.
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Tablt -4.2: !\lean mortall1y (¼) or J� lns11r larvae or A. 1.,,,,,,,.,4 s.J. upoffd 10 ,queou., 

Ull"IICI or Al. Olt'.lft'.ro St't'd (AEl\10S) 

CoDrcntnlion (pa/ml) 2 4 hoW"S 

S100 94.67:tS.03 

89.00:tl .00 

59 00:tS.20 

1450 2J.3lt:S.n 

1160 12.67:t.S.SI 

�iwi Mortality(%) 

48 ho1111 72 how-a 96 houn 

97.67*2.52 99.33:t:l.15 99.33:tl.1 S 

92.33*2.08 94 67:tl.lS 91.00tl.65 

72.67:M.04 85.33±4.62 90.33*.3 .2S 

33.00:.f:0.00 35.33:!:0.SS 39.00:tl.OO 

13.672:S.S I 13.67:t.S.51 15.00t:7.8 I 
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120 

100 

80 

60 

40 

20 

O+--

72 

Exposure Time(Hrs) 

•1160ug/ml
D1450ug/ml

•2900uglml
a5800ug/ml
•8700ug/ml

Fig 4.1: Larvicidal activity or aqueous c.itract or /ti. oleifcra on larvae or A. Kamhiae 

s.s. 111 72 hours or uposure. 
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4J.2 Dose Response relAtiomblp or AEl\10S and A. gamblae S..f.

All the coneentrutions \Vere lethal to the larvae but with dilTercnt degree of effectiveness as 

shown in Fig 4.2, ,vhilo at the dilTerent concentrations the exposed larvae responded to the

1re2tmeots in 11 d.ose dependent manner. The effect of the AEMOS on larval activity was evident 

00 introduction of the extract and even hours after exposure. Moribund larvae sank to the bottom 

or the test solution but \vhen touched with o pin or dropping pipette, they responded ,vith little 

body movement to move away from the orc:i of disturb11J1ce. Larval monoliry increased across 

the 11Utment levels as the coneentrotion increased giving o sigmoid-like curve upon onolysis. 

This pointed to the fact that mortality was caused by the introduction of the extract ,vhile zero 

percent monolity ,vas observed in the control. AU dead IIJld monl>und larvae \vcrc removed from 

I.be solution as soon as sighted using picking pins. 
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1160 1<450 2900 

DOSE (ug/ml) 

5800 8700 

-+-2<4hrs 
--<48hrs 

72hrs 
--96hrs 

Fig 4.2: The larvicidal effectiveness of aqurous extract or ,,l oldfua seed at different 

conceotnt. ions within 96-hours or exposure. 
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UJ Pattern of cffectivcn�s of AErt10S on A. gan,bia� s.s.

1be trend of effectiveness of the AEMOS llS a larvicide Bl different concentrations is shown in

fjg.4.3. The graph sho\vs that at 24 hours the rate of larval mortality increased as the dose

joaCISCd across the different trcalmcnt levels with the lowest mortality (12.7%) observed for the

)eaSt concentrotion (1160 µg/ml) ,vhilc Bl the highest concentration it ,vas over 94% mortality.

ID relation to exposure time, the effect of the larvicidc at higher cooccntrutions (2900 µg/ml) ot

41 bo111S "-'BS more than twice that recorded at lo,vcr concentrations ((1450,l 160 µg/mf).(Fig. 

4.3). The optimum effect,(94. 7%) wns observed in 24 boUIS in the highest concentrotion(8700 

µsfml) wbereos lower concentrutions(S800, 2900 µg/mJ) ottaincd this only after 48 hours of 

exposure ond the lowest concentration (1160 µg/ml) wns only oble to produce 15% lorvieidal 

effect et the end of the experiment. The result of the AN OVA for comparing mortality across the 

diffcrtnt treatments is shown in Tables 4.3 011d 4.4. The result indicated that mortality records 

over the exposure period \Vere signitiC1111tly different nmong the lrclltmcnt groups. (p< 0.0S). Jt 

was also observed thot at higher concentrations there was complete inhibition of pupation during 

!be periods of exposure \Vhilc at lower concentrations some of the larvae in spite of being Jrd

instar larvae lived as long as 7 days before they either pupated or died . 

• 
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-- 1 I 60u""11 
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- -� 2!100uf'ml 
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24 48 72 96 
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I 

Fig 4.3: Pa«tm of Dos�Responst rtl11ionship ac difTercnl Exposure periods 
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Tablt 4.3 Significance of AEMOS treatment., lo Anophtlts gamblat1 larvae mortality

Source of 
V1rl11don ss d( 1\1S F P-value

-Between
Tre,tmCIIIS 22571.3 4 5642.83 111.19 0.00 

\VilhiD treatments 761.25 IS 50.75 

To141 23332.55 19 

, 
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Table 4.4: Significance or ex-posure time to Anophtles gamblae larvae mortality in AEl\10S

Source or 
Variation 

Exposure time 

Treatments 

Error 

ss 

22637.S2 

437.16 

23413.93 

df 

4 

3 

12 

71 

1\1S 
S6S9.38 

145.72 

28.27 

F 
200.18 

S. IS

P-value
0.00

0.02
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Table 4.4: Significance or erposure time to Anopl1tles gombioe larvae mortality In A.El\10S

Source or 

Variation 

Exposure time 

Treatments 

Error 

ss 

22637.S2 

437.16 

23413.93 

4 

3 

12 

71 

1\1S 
S6S9.38 

14S.72 

28.27 

F P-valuc

200.18 0.00

S.IS 0.02
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4.1.4 Lttbal cooccotnations detcrmln11tloo or the AEt.10S.

The result of lhc Regression nnnlysis (Fig.4.4) shows thnt !here wns o high linear relationship

1,etwccn mortality of lhc mosquito larvae and the concentrations of the AEMOS based on the 

cotffieicnt of Determination vnlucs (r-0.87) ,vith a linear cqlllltion of (Y=O.Olx+l2.41). The

median anti-larval potency CLCso) of the extract at 24 hours was 2505.Sµg/ml while the lethal 

concentration that results in 90% mortality of lhe population (LC,o) ,vns 6293.4µ!iml, a.s 

projected by logruilhm of the cooccntrntion in base 2. The median anti-larval potency (LCso) of 

the extract at 96 hours was I 754.7µglnll while the corTCSponding LC,o ,vas 3396.7µglml, as 

projected by logarithm of the concentrotion in base 2. 

, 
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X Variable 1 

y = 0.0108x + 12.4 

• y

• ,,...,..,y

Fig 4.4: Regression ,\na_lysis showing the line Iii plot of larval mortalily on 
c:onc:entration 
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Table 4.5: Leiba! concentralloos or AEl\10S oo larvae or A. gamblae s.s. after 24-hour
uposurc 

T\mc(Hrs) 

LCso' 

96' 

1754.7 (1248.3-2427-4) 

241

2SOS.8 (2271.6-2760.7) 

LC,03396.7(2448.8�634.7) 6293.4(5-ISS.2-7528.6) 

• lloun aJlcr oposurc
, LC \'llues "'Cl"Cdctmnincd by Probit Anl11)ffl (Finney, 1971)
All conccotralians were in µsfml \l.ith 9S% collfidcncc intcn,ais In brackets.

74 

•

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



�J Toxicity ossoy lnvohing P. ret/culata (mosquito fish) 

4J.1 Observed BehavlouraV Definltl,•c Cbaraclerlsllcs

Toe bchaviouml responses observed in the toxicity assoy shows lltal the guppies exhibited

variations in their tolcruncc lo aqueous cxtrocts of l.f. oleifera. Tobie 4.S sho,vs lhot upon

addition of the toxicant, there were dilTerent toxicity effects and the treatment had varying 

dcgJcc of effect on the fishes throughout the period of observation. All the lre4trnent levels 

induced erratic movements and swimming in the fishes as soon as the cxtrocl ,vas added into the 

medium. This efTcct ,vos observed to reduce as the exposure time increased in llll the treatment 

Je-,·els (Table 4.5). 

Tbe effect of llte dosages on ya,vning (air gulping) mechanism of the fishes wos observed to 

increase in the first hour of exposure 10 the extrnct ond lltis incrc:iscd with exposure time (Table 

4.5). Reduced activity (dullness) ,vas not observed in oU the media ofter exposure to the 

tnatmenl but this was noticed in the higher doses (20 and 30 mg/L) ofter 18 hours cxposuro to 

the extract (Table 4.5). Loss of  reflex wos also observed ,vithin the first hour of exposure 10 the 

treatment and continued in the higher concentrations till 24 hours of exposure in the medium 

before there ,vas a gradual restoration of reflex. This indicates thot as the concentror:ion increased 
the propensity 10 loss in reflex increased in the fishes (Table 4.5). Discoloumtion of fishes ,vas 
observed at the highest concentrnlion (30mg/L) oner 24 hours exposure lo the extract All other 

tn:a1men1 levels showed no discoloration on the fishes throughout the experiment (Table 4.5). 
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Table 4,6: Bcbavioural Pattern or P. rdiculata during a 24-Hour toxicity testing

EJposure nme/ Behaviour 

eoncentratlon(mg/L) 

Erratic Behaviour

r,wnlna (Air gulping) 

Reduced Activity 
(Oullne.u) 

lonof Reflex 

OiscolouraUon 

K.ey. + =Present 

-•Absent 

1 Hr. 

0 10 20 30 

+ + + + 

. + + +

• . . . 

. + + +

. . . . 

6 Hrs. 

10 20 30 

+ + +

. • . 

• • . 

. + + 

. . • 
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Table 4.6: Dcbavlounil Patlcm or P. rdiculata during a 24-Hour toxicity testing

EJposure llmc/ Behaviour 

eoncentratlon(mg/L) 

Erntlc Behaviour 

Yawning (Afr gulping) 

Reduced Actlvlty 
(Dullness) 

IDss of Reflex 

Oiscoloura tlon 

Key. + "'Present

-•Absent 

1 Hr. 

0 10 20 30 

+ + + + 

. + + + 

. . . . 

• + + + 

• • . .

6 Hrs. 

10 20 30 

+ + +

. • .

. . . 

. + + 

. . • 

76 

12 Hrs. 18 Hrs. 

10 20 30 10 20 30 

. . + . . . 

. . • • . . 

. + + . . + 

. . + + + .

. . . . . . 

24 Hrs. 

10 20 30 

. - . 

- . . 

+ + +

r 

• + + 

• • 
. - + t; I 

.,, . 
(; . .
(' . 
-

ff.

'• 
�, 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



1be effect of the doses on the swimming ability of the fishes within lhe 24-hour exposure period

st,owcd that c:mtic s,vimming increased as the conccnt.nition incrwed, (Fig..4.5) and at the

highest conccntrotion (30mg/L) this was observed to be highest at t 2 hours of exposure to the

ueatmenl. 

1be effect of exposure lime on the guppies in terms of loss or reflex ,vas directly proportionoJ,

(Fig. 4.6). In essence, loss of reflex increased ns the exposure time increased ,vith the highest

obser\led at 18 hours or exposure lo lhc treatment The effect of the diITcrent concentrntion.s on 

loss or reflex ,vas also described (Fig 4. 7) and i t  sbo,vs tl1ot as the concenlIDtion incrcnscd the 

propensity to loss in reOex increased in the fishes, hence, the fishes exposed 10 the higher 
coocentrations exhibited more reflex loss tendencies within lhc exposure lime. 

4J.2 Acute toxic.tty evaluation • 
The lethD.I concentrotion (LCso) or the AEMOS on P. retlculata ancr 24 hour exposure using , 
Probit lllllllysis ,vus, 36.4(34.2-39.4) mg/L. as projected by logarithm of the concentration in bnsc 
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Fig 4.6: £1Tttt or exposure time on loss or rcncx in guppies 
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CHAPTER FIVE

DISCUSSION 

Control of Anopheles mosquito is essential as it is the mnjor and primary vector of malaria,

61Jriasis, nnd mnny other nrtluopod-vector related diseases in sub-Saharan Africa; and they

constitute 1111 intolerable biting nuisance (Collins and Pnskc,vitz, 1995; Oln.unu et. al, 2007).
Recently. there have been concerted efforts at promoting botanicals as environment friendly 

pesticides, microbial sprays, nnd insect gro\vth regulators llmidst other control measures (Senthil 
me! Kalnivoni, 2005, Cetin el.al. 2004). The diversity of plant species is huge Md 
pb)tochcrnicals obtained from them arc important sources of safe and biodegradable chemicals 

111,jeh can be screened for mosquito and insecticidal activities and tested for mnmmalinn toxicity 
(Mittal and Subbaroo, 2003). A survey of literature on control of different species of mosquitoes 
lt\ffl that assessment of the efficacy of different phyto-chemicals obtained from vnrious plants 
ha\'e been carried out by a number of researchers in the field of vector control (Sukumar ti.

al,1991, NWllllk\vo el. al., 201 J., Njom and Ezc, 2011). 

Biottchnologists ond entomologists agree that efficiency of mosquito control shouJd be \vith 
1ckctivity for the specific target organism. In this study, CvalWltion of the aqueous extract of Af. 
oltiftro seed against third instar larvae of A. gambioe s.s. in the loborntory sho\\rcd that it was 
luvicidal to lhe mosquito species ond ,vilh very minimal toxic reactions observed in the non-
11/get animal, P. rellculata.

S.I Efficacy or the aqueous ext met or /llorlngn o/elftrn seed (AEMOS) 
n.. A f M I 1,r. ...... (AEMOS) \VB.S observed to have slo\\1 11ction on the •oc qucous extract o . o e'Jera = 

· . t 1·ons the AEMOS is a natural product lllld a-.osqw10 larvnc, especially in the lo,vcr concen rn 1 , 

mtlc quantity of it \viii still yield lhe desired result over time. In previous studies 32.1 ppm or de

oiled 850, .. n)ity of Cu/ex qufnq11tfacfoh1.S ofter 12 days of exposurenccm seed extract gave 70 mo, ... 
(sin b ed that the oction of nccm oil fonnulntion ,vas&h. 1984). Olcumu et.al (2001) nlso o scrv . . 
,1-.. 1 "od The implicotion then 1s thnt 1f at lower._ 8nd increased the mosquito larvo pen · . 

ccd th O II makes It a potentially cost-elT�uvc
CClnccntraiions the effec t \\ill still be produ ' c 

I As be ded ed 11 1 • 5 of mosquito contro • can uc rom'll'\ICidc as lilllc of It con achieve much in term 
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die response pancm, an increase in concentration of the ABMOS i, diICClly proportional 10
11nicidal cfTcc1ivcncss over the t"<posun: period (Fig 4.3).

With respect to time, several factors arc responsible for the Anophtlu mortality observed in the 

different conccnlnltions. The main effect is possibly due to tracheal flooding and chemical 

10-cic,ty. Hence it is imponant that further studies be carried out to clearly de1enrune and 
asa:ruin lhat the meclumism of toxicity of the product olfccts the midgut epithelium and 
sccond3rily the gastric cacca and the moJphigian tubules in the A. gamblae s.s mosquito. It i,
Ibo pmincnt to suggest that the histopathological effect on the larvae m11y differ qua.Jit11tlvely 
.:cording to concentrations assayed and the duration of the treatment on the A. gam.blat 
,.1complcx 

B.ued on 6.odtngs_ it is like!) th.at treating of the 3nt instars would result in more efficient control 
'4'hilc pving enough time in days or hours to act on the molqUitoc.s' breeding medium. tbOJ 
prod11C1D& posill'� outcomes unlike most synthetic chemical, which though may lulvc quick 
k:nockdov.n effects on the m�ui10 population but with gmit cn,•ironmcntlll conscquencn 
mirlnd•n& c:nvuoamcntal imballll'ICC and rc5istAncc in the long run. 

5.2 S1Uttptibilil)' or A. gomblat s.s. to AE�IOS. 

The rault or the wvaJ suscq,cibility tcSt revealed thAl all the concentrations lndi.ad monalicy

"-'1UWI 24 houn or the "posure 1ndlcatlna th.st the IIIIVIC \lo'Cl'C susceptible to the AEMOS The

l\igh AnopNI,, larval moruhry �cd IClOSS the conccntnu.lon.1 '4ilhln 24 houri lndlcain it.s

� toxicit) to the lar\-ae "'hm compared to rnorullty in the conll'OI The effcctl\'C'IICSJ ""'IS

fun.ha PfO\cd by Abbons' (192.S) ronnula all thc cooccntrllions or AE."10S C''llm_� in w

apcrln,cnt w,...,'Cd \-.r}Ul& dqlccs of eff«tl,cnas oo tarval morulity on the m01qwto lw\11e

IDd optimum effect Y,"1$ ba,soj (!ti the pmod or ex�
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Atdts toga/ hnve been established to cause behavioural chnngcs nnd larval mortali1y (Park tf. al.,

2002), Leaf extract of Lantana camara llnd Catharantl11is roseus were found 10 be highly toxic to

Atdu atgypll even 81 very low doses (Remia & LogQS\vnmy, 2010), Af. olelfora extract in

combination ,vith Trlchoderma soil sprinkle (a bio-control agent) ,vas highly effective ogains1 

Scltroti11m ro/ftil , lhe couso1ivc agen1 of the damping off and stem rot disease in co,vpca with 

more lho.n 94 % and 70 % disease control in the green house ond field respectively (Adandonon 

t10I. 2006). 

Ajayi (2008) found that methanol cxlrllcl of .\,f. oleifara roo1 was l111Vicidal 10 Anopheline lovoe; 

an e,'llluotion of the activity of Pinus longifolla (Pine) oil ogninst mosqui10 sho,ved thot ii hod 

both larvicidal and repellent oc1ivity ogains1 vnrious species of mosquitoes (Ansnri et.al. 2005)

while aqueous cxtracl of Solanun, l'//losun, berry ,,-ere found 10 be highJy lavicidal on the dengue 

1'tcior Stegomyla aegypt/ (Chowdhury et. al., 2008). 

Tot study confirmed that the Moringa cxlroct is on effective larvicide since the con1tol hod 
minimal effect (i.e. less than 20 %mortnlity) on mosqui1ocs according 10 \VHO standard for 
ltsting po1cn1ial larvicide cffcc1ivcness (\VHO, 2003) nnd it is cer111in that 1he larvicidol cffecrs 
obStfVed ,verc due 10 the AEMOS. 

SJ Biocfficacy of larvicidc componcnl of AEl\tOS. 
Several \\'Orks have been carried out 10 dcmonstrnlc the potency nnd bio efficacy of pl11n1 based 
larvicidcs which arc non-toxic to man and domestic animals to serve as basis for lbe 
development of safer agents in lhe control of mosquito ID.Mic. Generally, various rcsenrcbcrs 
h:wc also intensified the usc of bio-control 11gen1s for inlcgroted management of specific diseases
in rcccn1 times (Ponmurugon and Boby, 2006) and ne1v control methodologies aim 01 reducing
-.,.. • b d. · d ... · ncrivity by using II combinotion of chcmicaJ-biologicol·--iUIIO rec 1ng SIICS on ,,111ng 
tonllOt methods lhol suil several advocated bio-control methods lo rtduce the populolion of
mosquito and to reduce the ma.n-vector contocl (Service, J 9BO).

n.., t f /./ oft/faro seeds enhanced high larvicidol acti\'ity
11»s study found Iha! the 11quc11us c,c1roc 0 

· bl 5 , Early reports on the use or plant extract� againstlfAinst the third inslor larvoe of A gam at · · 
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IJ)OS(luilo larvae shows lhnt chemicals from plant extrncts have IIIIVici<W effects on mosquitoes

lfflOD& other effects. Campbell et.al., (1933) rq>orted LMt e:xtrnct from the RussillD weed, 

Aftaba.sls aphylla ,vo.s lnrvicidol to Culex sp larvae. Ajayi (2008) screened 48 mcdicinoJ plonts in 

Nigeria for their nntimicrobiol oclivity and 23 of these plants (47.9 %) caused over 700/o 

mortality of the test orgnnism including Anophelinc ond Culicinc huvae. In a similnr ,vork done 

by Nath el. al., (2006) it ,vas indicated that root extract of Af. olcifera showed Lnrvicidol activity 

1pirut Aedes alboplctr,s nnd Cule.x qutnquefasclatus at higher doses. 

lbe report of this ,vork has relevance to the study of Pmbhu et. al., (2011} who evolwiled the 

tAMcidal and pupicidal potential of the seed extract of M. olclfcra against the malarial vector A.

Jltphen.sf and found that the plllDt extract exhibited larvicidal activities on different instars and 

pupation of the mosquito species. 

S.4 Prolongatlon or Devclopn1ental period

The mode of action of the ex Inlet as i t  impacted on the development of the larvae ,vas studied
and ii was found thill there ,vns delay i n  the development of tho larvae lo the pupal slllge aficr
expo!llrC of the third instnr larvae 10 all the concentrations of tho exlnlcl and this wns espcci111Jy
ooted in the lower concentrations.

The benefits of larval prolongation is that mosquito Jnrvac numbers llnl reduced due to the longer 

periods needed for new generations to complete the mosquito life cycle (Hnrvctz & Cunins,

1967) and many studies have dra,vn anention to the effects of plant extracts on growth

retardation and elongation of devclopmcnllll periods on mosquito species. Okumu et. al., 2007

found that exposure o f  A. ganiblae larvae 10 Azadirachta lndlca oil formulation resulted in

prolonged lnrval periods, significant reductions in growth indices and pupation. �1ohtnr et. al.,

(1999) reported that a methanol-aqueous cxtrllCl of Ntrlum lndtcum leaf al I 00mg/L had

elongation elTecl on the prcimogio period for all the larval instors of Aedu aeg,ptl treated

tompared 10 the control. Promisiri et. al., (2006) poshed that Ibero was delay in tho development

or A d, l th •I slllgc ancr exposure to three medicinal plants, Afammta
t u aogyptf arvae to c pup� 

sla111ensfs, Antthurn grawoleru and Annona murlcata. Mwangi and Mukiaroa. (1988) wo

"'-· -·ed . f ,,, ll l"···I fruit lcemel extract had gro,vth inhibition nctivity 111
VU>CrV that o Cracllon o roe a VO ""'"' 
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1ow concentrntion on mosquito lnrvao. However Ferreira ct. al .• (2009) found that water extract
of Al. oleifcra seeds did not demonstrate capacity Lo prevent egg luatchiog on Acdes acgypti.

The effect on prolongation or developmental period reported in this study moy bo due to the
prdcnce of low juvenile hormone levels in the larvae or else it may be due to chemical 
coropounds in the plant extract suppressing the presence of ccdysonc; preventing normal 
pup3tion and preventing movement to the next dcvclopment.ttl stage thu.s preventing adult 
emergence from occurring ,vith the resultant effect of reducing the mosquito popul111ioo. 

S5 Dose response effect or AEl\10S on A. gamblae s.s. h1niae. 

Tue larvicidnl activity of the aqueous extract used in this study against A. gan,blae s.s. was 
obscn•cd Lo incrcaso as the dose increased hence there ,vas an increasing progression toward 
bn11e de:ith over the period of exposure of the larvnc to tho lrc4lments in n dose dependent 
uwmer. Srudics on plnnt derived insecticides sho,v that some of these bnvo dose dependent 
mode of nctioo against target orgunisn1s and the trend from this experiment suppons the work of 
Okwnu et. al., 2007 which showed that the h1rvicidal 11ctivi1y of nccrn oil fonnulntion against A.

gambiae was observed 10 d�c as the dose decreased. This ,v11S same in the investigation of 
the efficacy of two bol4nicals against A.edcs acgyptl. (Remia & uigB.S\vamy, 2010). 

Studies with water exlnlct of !,{. o/cifera seeds showed a 24hour-LCso value of 1260 ug/ml 

•gain.st 3 rd instar larvae of A.edu aegyptl (Ferreira ct. al .. 2009), nlso mcthnnolic extract of A!.

olelfera seeds were found huvicidal agi1iM1 3rd instar lnrvne or A. sttphtnsls ,vith Leso and

LCtovalucs of 72.Sppm and J39.8ppm respectively (Prnbhu ti.al., 2011), Noth et. al., (2006),

indicated lhnt root cxtroot of!,,{, alclfcro showed an LC,o of 498.2 and 486.60 ppm respectively

•s;ainst Aedu a/bop/cflu 11nd Cu/ex qulnquefasclatus. In contrust, the present study showed 96

bour·LCso value of AEMOS 111 l7S4.7µg/ml and 11 24 hour· LC10 value of250S.8µsfml on A.

gamb/ac s.s. Larvicidal activity IJ\JIY vary depending on the mosqul10 species and gcognphicnl

loc11· h I cd 11i·., invariobly will dc1crmine the level of susceptibility of the10n w ere p ant was sourc • 
mo.., • · th d also the wcjnht of $0lublc $0lic:b content present I.D the plllllt..,u110 species to c extract an &' 
Qlract respectively. 
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s.6 Effect or AEl\·10S on P. rctlc11/ata (guppy fish) behaviour 
11,c induction of erratic S\Vimming on lhe fishes upon addition of the cx1n1c1 shO\YS that the

extract is o toxicnnt but this behavioural effect reduced with exposure tJme ond lhis is so because

or the biodegrod!ible component of lhe exlrnct which enabled the fishes 10 overcome the effect 

within hours of exposure to the product. 

Air gulping ability of the fishes ,vas olso affected os the fishes btid to reach for air by s,vimming 

10 the top of the ,vater medium for oir, this ,vas initiated due to excillltion induced by the addition 

or the cxln\Ct in the medium. This effect was also reduced ,vitb exposure time, sho,ving that the 

e!Tcct was ll!lnsitional in nature os it ,vas not observed agoin throughout the duration of the study 

and the behaviour of the fishes in the treatment medium ,verc compllrDble to ,vhat wQS oblllin11ble 

in the conlTOI medium all through the srudy. This report agrees with the ,vork of IIlllllY 

l'C$cartbcrs who worked on the toxicity of different ebcmicllls and their effects on fishes (Balza

tJ al.1989, Muniyan and Veeraroghavan 1999, Ayuba o.nd Ofojekwu 2002, Chung-Min Liao et 

al 2003 and Ayoluode et. al., 2011.). Promisiri et. al., 2006 reported that Afamnrco slamensis,

Al,t1hum graveolens ond Annona m11rlcora demonstruted no or very lo,v toxicity to guppies at 

cooccotrations active to mosquito larvae. 

Reduced activity as a behavioural parameter ,vas not observed Crom the onset of the experiment 

as the fishes were in on excited state for about 12 hours after exposure o.nd the reduced activity 

observed later afier about 18 hours of exposure wo.s pos.,ibly due to fatigue Crom excitation 

ruulting from the introduction of the toxieo.nt al a higher dose. 1l1is they overcame after 24

hours and the behaviour of the fishes were complll'Dblc in all the lrelltmcnl groups including

control. This observation is al variance witl1 the observation of Adcdopo er. al., (2009), who

observed that the behoviout11l changes noted in rots following aqueous cxlJ't1..cl of A{ .  alelfua

administration wu slight dullness at the onset of administration and the nnimAls later bOC4mo

active aner some hours of exposure to the doses .
• 

"" • high d ex,.,.,;coced continued loss of renex till 24 houn aner• oe guppies exposed to oses ,, •. · 

d h e loss of reOe.x was tnnsicnt. This effect llll\y be due toexposure unlike in lhe lower oses w er 
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lbc higher dos:ige of extroct in lhe medium which resulted in prolongotion of the cffocl on the

cXposcd guppies In terms of locomotive obility.

0i1COlora1lon is onother paromctcr used to indicate toxlcant exposure in fishes. In this study it 

v.'IS observed that ot the lo,vcr conccntroUons there wu no discolorution while in the hlgher 

conecnlnltions discoloration became obvioUJ ofter 24 hoffl of exposure. This indicates that at 
higher doses the oxtroct mny lead to discoloration of the fishes but ot the level of the lo,ver doses 
there moy be no discoloration effect on the non-lorget aquatic llllim.als residing in the aquatic 

medium in tho environment. 

These bcb:ivio11111I cITccts arc good pointers ond indicators of the cfTcct of this aqueoUJ cx1rac1 on 

the oon- 111rget oqWltic organisms in the n11turo.l environment but suffice to soy lhat lhc dosages 

used in the toxicity study of the guppies ore ,V11y higher tlum the dosages found to be la.rvicidal to 
the .Anopheles llll'Vne in the llll'Val bioa.ssay c.uricd out in this study. The highest concenll'ation 
found to be effectively llll'Vicidal to tho A. gamblae s.s. wDS 8700up/ml and this scivcd as the 
blSis for the determination of doses for the guppy toxicity IC$ls in 11ccord11nce ,vith toxicity IC$I 
regulation {i.e. I 0-fold of the doses found larvicidal to larvae). 

In essence, this implies that in the real application of the aqueous cx1n1c1 to water bodies as a 
bio-luvicidc for the control of the molllliol vector, ,1. gamblae s.s., there m:iy never be a time 
v.'bai the dosage administered will be a.s much as to cowc adverse behovioural clTeclS In tcnns 
of ducoloration as observed in this study. A criticol observation shO\\'S th111 there was a 
rtlationship between the dosage and cxposurc time on the behaviour of the guppy fishes in the 
medium throughout tho study and in the words of Choochote �,. al. 1999, not only C:4n mcdic:in.,J 
plant exlrlct be effective but they moy also greatly reduce the risk of adverse ecological effects
and they do 001 induce insecticide resistance in mosquito and since these chccnica.ls arc tal'Cll 
lrom medicinal plants, they 11re ei1pccted to have lo\v human toxicity ond o high dcgrco of
biodcgrada.tion. 
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S.7 Acute To:rlcty test on Poecl//a rniculata

Toe acute toxicity assay in the present s1udy showed that the aqueous extract had a 24 hour

LC.0 va.Juc of 36.4µiyml; lhis sbo,ved that the extract had lethal effect on the guppies at higher

concentrations. This report agrees ,vith the work of many authors {Bnlz.n et al.1989, t.,funiynn 

and Veernraghavan 1999, Ayubo nnd Ofojckwu 2002 and Chung-Min Lioo et al. 2003 and 

A)'Otunde eJ. al., 2011.) ,vho worked on tho toxicity or different chemicals 10 fresh,voter fishes. 

Promisiri et. al., 2006 reported that Man,mea sfamensls, Anethum graveoleru and Annona

1,111rlcata dc.monstrated no or very lo,v toxicity to guppies nt concentrations active to mosquito 

(11'\-ac. Some plant extracts though hove potcntinl ns ltuvicides hove also been found to be lethal 

to guppies and non-target anlmals. Kac11,farla galanga and S1e111011a t11berosa extracts ,vere 

found to be toxic at concentrations of SOµg/mJ (Promisiri et. al., 2006) ,vhilc /.{. alelfera seed 

cxtraet at 200ml1/L ,vere found to have toxicity and mutagcnic effects on guppies, protozoan and 

bxtma (Ndabigengesere et. al., 1995) ond this is f111' higher th11n tho dose found to be larvicidal 

to mosquitoes in this srudy. 

A(. oftf/era seed extracts hove CMI ier been reported to be non-toxio and recommended for 

coagulation of raw water ,vhen comp3!'Cd to inorganic or synthetic organic coagulants being 11S

cllicien1 as aluminium salts (Olsen, 1987, Oloyemi & Alobi, 1994, Ndabigeogeserc &. Na.rasich, 

1998 and Schwarz, 2000) and dramatically decreasing clay and bac1eria contents (Madsen d. al.,

1987, Brom ct. al., 2002, GhebreMicheal et. al., 2005) in developing countries. The report from 

lhis sludy provides clue(s) to what could be expec1ed from a more in-depth inves1igotion of 
Alorlnga based extraclS on the mahlrial vector A. gamblac s.s.
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CBAPTERSIX

CONCLUSIONS AND RECOl\ll\fENDATJONS

6.1 Conthuloo, 

'Ibis study shows thot lhe aqueous cxtrnct of /If. oleffera seed \VBS very effective on A. gamblae

s.s. to minimize its role in malnria transmission os IIIIVal mortalities ,vere observed ,vilh the use
of lbo respective concenlJ'lltion doses ,vithin the exposure periods. In line ,vith the objectives of
this study 1111d from the perspective of covi.ronmcota) health, the A. gambiae s.s. ,vere effectively
controlled by direct mortlllity or inhibition of growth, thus, forcing them 10 remain ot the non
mfcctivc stage of their lifccycle ,vitbout causing any advel'$e effect on the environment 111ld
directly or indireclly sofcgull.rding health of the public.

Also, higher cooccntrntions (20 mg/L, 30 mg/L) of the extract of A1oringa used in this study 
acned corresponding toxic effects nod death of guppies (P. retlc11/ata) tested for the purpose o f  
assessing the selective nnd acute toxicologicnl impact of the plant extract on ecology. 

The toxic effects on behaviour observed in this experiment showed thot the extract is rich in 
1t1xic ingredients ,vbicb may exert some toxicologically related effects on the target organisms 
with minimal effects on the non-t.arget organism. Thus, Moringa extract bnsed on their activity 
IDlY be used to control the malnria vector, A. gambiae s.s. lllld will not be toxic to non-target 
organism if used within the do5llge& lethal to the mosquito larvae. 

Rcl1tivcly this study sho,vs that the aqueous extract of Aforinga could be useful for IIINicidaJ 

purposes in Anopbcline control. Appropria1e bio-technology measures could be adapted to

iq,rovc its yield and activity in future because according to Essien el al., (1983), higher plants

CO!l51itutc a llllljor area of resources for 111J1Dkind especially in the third world lllld hence need to

�ully '-·- th M re 50 the study of Bwkhill,(1994) also empha.siz.es that the""'ness ese resources. o 
cm · ,, larviciding purposes serves u altcmJ1tivc to aynthcticetcnt use of plant resources ,or 
•b · , • • 'd , ·-�cc whlch could 1141un1lly occur in addition to higher cost• emtcats In case of 1nsec11c1 e res1s .. , ... 

llld cnvironmcnllll pollution. 
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6.2 Recon1meodAtlons 

Based on the findings of this study nod the potentials of the Aforinga plant, tho foUowing nrc
recommended: 

I. Public enlightenment c11mpaign and 11,varencss
There is n need to embnrk on focused 11nd aggressive public nwnrmcss cnrnpoign to educate
the Nigerian public on the dangers of continued use of synthetic chemicals and tho need to go
b3Ck to the abandoned indigenous techniques and t�hnologies including tho uso of natural
products lh:lt are compatible with the environment ond non- toxic to mnn and his
environment. This will also include public sensitisations and mobiliution through
involvement of the mcdlo {Print and l1l4$$ media), Political support through policy ond
advocney, mass education on tho importance of the Aforlnga tree, to promote its cultivation
in Nigeri11, so that every household CIID have access to the many potentials of the tree.

2. l\loss 11nd sustainable production or !,fori11ga seeds.

The production of Moringa seeds should not be lim.ited to large sc.aJe industries, individunls

and communities CllD b e  cncourogcd to cultivate tho plant to ensure availability, affordability

and suslllinobility. The local production of the seed C:411 also SCTVc os a SOUl'CC of income to

the unemployed. The technology employed in this study ensures that oven individuals in the

community can locally produce the extract after observing the various steps highlighted in
the methodology for seed processing and extraction. The advantage is lh:lt cnvi.ronmc:null 
mnoogemcnt of the communities will now be mnde C3SY through community level approach 

and pllrticipotion and os individuals toke CllJ'C of their immediate environment the cumulative 
result will be O cleaner society, free from insttt vectors and vtttor-bome disenses. 

3. Production of Aforl11ga-bnscd lan1cldc

Morlnga-bescd products have been shown Lo exhibit a vlide range of effects that arc

potentially uscrul for vector control in agriculture, Ph.Dmuiey and medicine but presently

f th ha b m.llde Ot commercial quantities in Nigeria for household ornone o csc vc ccn 
· � 

· of these product, for homo we con be stimulated throu£hcommun11y use. Mnnu,actunng

I . l'k th noh•-1 products such as Btl (Bacillus thuringcnsls) ,viU notocaJ businesses nod un I CO CT ,w� 

'd Ni'geria but rather I! sustoincd con bo an avenue forrequire importation from outs1 c 
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economic revenue generation through exportation lo other countries. These producLs could 

also be incorporated ns part of ingrcdicnt.s 10 provide chemical fnunework for locally

available insecticides for synergistic cffect.s in the formulotlon or new products. 

4. Fltld appllcotlon

The result of this study is recommended for field trials, little qu:mtity of the extract can go a
long way in achieving the desired result. Appropriate dispersing equipment o.nd dilution
factors should be considered to ensure effectiveness on application sites. The concentmtions
of extract prepared will determine its effectiveness; also e.�posure time has effect on tho
luvicidol activity of the product. It should be noted that only the quantity or extract needed at
a time should be prepnred to ensure that its biodegrodotion does not occur. 

S. Integrated Vector Management

The incorporation of Aforinga-b:i.sed larvicide into the intcgliltcd vector m11nogement

prognunme will complement the awilable trodition111 methods of mosquito control. This ,viii

lead to o more efficient control of mosquito population ond discnso transmission reduction,

thus, minimizing the prevalence of lllJllorio ond its economic impacts in Nigeria.

6J Future Research 

Future research should aim ot the following: 
i. Aforlnga seed extraction using organic 50lvcnts to compare quality and quo.ntity of

..

II. 

iii. 

Iv. 

v. 

vi. 

yield.

Determination of active ingredients of the cxtruct
Study on the shelf life ond stobility of the active ingredicnlS ot dilfercnt tcmpcratun:s

CbJrncteriz..otion of tho cxtmct

Field trials of Moringo as O lorvicidc
. b 1 _, lty effectJ of the cxtn10t on non- target oniDUlls.

Extensive reseorc on o .... c 
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