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Abstract

Development of effective botanical mosquitocidampounds is essential to combat
increasing resistance rates and concern for thieoemuent. Thus, the present study aims
to evaluate the larvicidal, pupicidal and adultighotential of the methanolic extracts
from “Birbira” (M. ferrugineg plant seeds against the primary malaria vectoonpheles
arabiensis mosquitoes under laboratory and sindifal condition. Theipen“Birbira”
seeds were collected from the area around Jimmaetsily and shade dried at room
temperature. The dried plant seed materials wenglped using pestle and mortar. From
each sample 100 gram of the sieved powder of thet phaterials were macerated in
600ml of methanol for 72h in the ratio of 1:6. Téwdracts were evaporated to dryness in
rotary evaporator to obtain 52.5 gram of residue flesidue was dissolved separately in
acetone for stock solution from which differentttesncentrations were prepared through
serial dilution for the bioassay test. Thesk@alues of the extracts for the larvicidal and
pupicidal test of the laboratory Strain of An. aessis were 14.97 and 29.07 mg/L
whereas the Lggvalues for the field population of An. arabiensiglar simulated field
condition were 31.04 and 54.58mg/L respectivelye Tkso values for laboratory Strain
of the adulticidal test were 46.03, 34.86 and 2@wg/enf at lhour, 2hours and 3 hours
exposure time respectively and the corresponding, k&lues for the wild adults were
68.80, 56.57 and 44.55 mg/tah 1hour, 2hours and 3 hours exposure. The, L&lues
for laboratory Strain of larvae and pupae were 3@G6d 79.99mg/L and 82.78 and
148.25 mg/L for the field population under simuthtéeld test respectively. From the
findings it can concluded that the extracts frora eeds of “Birbira” MI. ferrugineg
showed potential mosquitocidal effect against Aabeensis mosquito larvae, pupae and
adult. This suggested that the plant seed extragt lme further used as a component in

integrated vector management program.
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Chapter one: Introduction

1.1 Background

Vector-borne diseases constitute the major catis®idity in most of the tropical and
subtropical countries. Mosquitoes are the most Igeagttor for several of these diseases
like malaria, filariasis, Japanese encephalitisgde fever and yellow feveRénugadevi,
Ramanathan, Shanmuga, & Thirunavukkarad@12). Malaria remains one of the highest
priority insect transmitted diseases around theldyavith Africa carrying the greatest
burden (Maharajet al., 2012).

Different strategies have been devised to redueegtavalence of malaria globally. The
malaria control strategy has a two-pronged appro@ecgeting the malaria parasite with
anti-malarial drugs and controlling the vector thigh the use of insecticides, targeting
both larval and adult life stages. However, ovaretisuccess has been hampered by the
development of insecticide resistance in mosqui{bdharajeet al.,2012) and growing
concerns about the potential health and environmhemgéks surrounding traditional
chemical pesticides have led environmental prataciigencies to ban or place severe
restrictions on the use of many pesticides thatewermerly used in mosquito control
programmes (Soltanet al., 2012). In Ethiopia, An. arabiensis the most important
malaria vector in the country, is strongly resistanDDT and pyrethroids (Yewhalaw et
al., 2011).

Vector control is by far the most successful mettiod reducing the incidences of
diseases, but the emergence of widespread inskrtigsistance and the potential
environmental issues associated with conventiopathgtic insecticides has indicated
that additional approaches to control the prolifieraof mosquito population would be
an urgent priority research. In concern to quditgafety of life on controlling mosquito

vectors has shifted steadily from the use of cotiveal chemicals toward alternative
insecticides that are target-specific, biodegragladatvironmentally safe and botanicals in
origin (Kishoreet al., 2011). Control measures directed against the llaamd other

immature stages of mosquito vectors are useful ooets of malaria control programs

in areas where mosquito breeding sites are actessidl relatively limited in number



and size (Tomass, Hadis, Taye, Mekonnen, & Pet&8sl1). Larval anopheline
mosquitoes can be controlled by using synthetidatal chemicals such as temephos,
fenthion, Malathion, chloropyrifos, and methopréi@MR, 2002). However, these life
stages of anopheline mosquitoes are reported teelaevalso different level of
physiological resistance against the aforementiosyathetic larvicides. In Ethiopia,
indoor residual spraying (IRS) and insecticidetedabed nets form the main malaria
vector control and implicating wide distribution @gsistance to this insecticide
(Yewhalawet al., 2013).

Botanical pesticides are promising in that they effective, environment — friendly,
easily biodegradable and also inexpensive. Besaldsese, the development of resistant
by vectors against plant derived bioactive molexutas not been reported so far
(Senthilkumar, & Venkatesalu, 2012). Ethnobotadnécal laboratory based studies have
revealed the existence of insecticidal plants lglanto different families in different
parts of the world. Crude solvent extracts of plaants belonging to different families are
shown to have various levels of bio activity agaidéferent developmental stages of
malaria vector mosquitoes (Tomas$ al.,, 2011). Indeed extracts or even pure
compounds from plant families have been establisbdak promising in the control of
mosquitoes and other insect pests, being effedivevarious stages of the insect
developmental growth (Jembere, Getahun, Negasley&8n 2011).

Birbira (M. ferruginea)is one of the plant families which is commonly Wmoas a fish
toxicant. In addition, extensive studies have bearried out for their medicinal
properties and toxicity properties against aquatganisms (KarunamoorthBishaw &
Mulat, 2009) Thus, this experiment is initiated with the olijges of investigating the
toxicity potential of the plant seed extract unkdoratory and simulated field condition

against one of the most important malaria vectan; arabiensisn Ethiopia.

1.2 Statement of the problem

Mosquitoes are the most important single groupnskects in terms of public health
concern that can transmit a number of diseasesdimgd malaria and also cause millions
of deaths each year (Senthilkumar and Venkate2allR). Malaria is one of the leading

causes of illness and death in the world transchitte the mosquito vector. According
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WHO report of 2011, about 3.3 billion people weteisk of malaria in 2010 in which
the disease killed estimated 655 000 persons atdd@6@he victims were children under
5 years of age, and 91% of the deaths occurre@& wethe WHO African Region
(WHO, 2011).

Following an increase in entomological surveillantenalaria-affected regions in recent
years, sufficient data have now been collectedotdien already strong suspicions that
the wide-scale use of insecticide-based malarigrabstrategies over the past decade has
been associated with the development of resistanseveral important vector species,
including Anopheles gambiadn. funestusandAn. ArabiensisResistance to at least one
class of insecticide has been identified in 64 toem with ongoing malaria transmission
in which 27 of these are in sub-Saharan Africa.sTthe global malaria community is
responding to the potential threat posed by emgngisecticide resistance; (WHO, 2013)

Extensive use of chemical insecticides for contrfovector borne diseases has created
problems related to physiological resistance totarscadverse environmental effects,
high operational cost and community acceptance {Bastevi et al., 2012). Historically,
the use of synthetic insecticides has been vepctde in reducing malaria transmission.
However, over time success has been hampered byldhelopment of insecticide
resistance in mosquitoes. Repeated use of synthsgcticides for mosquito control has
disrupted natural biological control systems and k® resurgences in mosquito
populations. It has also resulted undesirable tffen non-target organisms, and fostered
environmental and human health concern that iediat search for alternative control
measures (El-Sheikh, Hanan, Bosly, Naglaa, & $iyal2012).

In Africa, malaria threatens the lives and the lih@ods of more than 500 million
Africans and exerts such a huge public health butldet it has been considered as one of
the factors involved in the continued under develept of the continent as the whole
(Dadji, Jamesse, & Boyon2011). It continues to claim lives in African aties, despite
repeated control programs that have reduced, dwlmoinated, morbidity and mortality
from the disease. Malaria has been identified &®acontributor to slow economic
growth and investment in Africa because it expemsnthe most intense malaria

transmission in the world. This can be due to weotsistant to chemical insecticides.



Countries in sub Saharan Africa are of greatestcewn These countries are

characterized by high levels of malaria transmissiod widespread reports of resistance.
In some areas, resistance to all four classessetticides used for public health vector
control has been detected (WHO, 2012).

In Ethiopia, malaria is one of the most importaealth problems with nearly 52 million
(68%) of the populations being at risk to malangction. It is the leading cause of
morbidity and mortality (Yewhalaw et al., 2010) hiepia has reported resistance to all
four classes of insecticide, including widespread esistance to
Dichlorodiphenyltrichloroethane (DDT) and an in@gie@ frequency of resistance to
pyrethroids (WHO, 2012). Near Jimma, Ethiopia, lowasceptibility of populations of
An. arabiensis mosquitoes to DDT, permethrin, deltamethrin andlatheon was
documented (Yewhalawt al, 2010; 2011). This emergent resistance rendedd I&S
programs using DDT virtually ineffective, and thdfieacy of permethrin and
deltamethrin diminished (Yewhalast al, 2011).

Consequently, substances which are alternativeshtmical pesticides should be
developed. Even though many plant species fronerdifft families have been reported
for mosquitocidal activity, only very few botanisahave moved from laboratory to the
field use (Remia and Logaswamy, 2009). Therefdre present study focuses to evaluate
the mosquitocidal potential of the methanolic esttiat birbira seed under the laboratory

and simulated field condition.

1.3 Significance of the study

= It will provide baseline information on mosquitontecidal, pupicidal and

adulticidal effect of Birbira.

» |t could be used as an alternative for malaria arecontrol in the presence of

resistant mosquito populations and

* |t could also be used as a component in integnagetbr management



Chapter two: Literaturereview

2.1 Biology and Ecology of Anopheline M osquitoes

Mosquito serves as crucial vector for a numberrbbaruses (arthropod-borne viruses)
and parasites that are maintained in nature thrdaiglogical transmission between
susceptible vertebrate hosts by blood feeding @ptids responsible for encephalitis,
dengue, malaria, rift valley fever, yellow feverdaather infections (Kishore, Mishra,
Tiwari, & Tripathi, 2011).

Malaria is caused by blood-borne protozoan pamasaé the genusPlasmodium
Plasmodium falciparunis by far the most costly species in terms ofkifects on both
human life and economic progress. Mosquitoes of gaeusAnophelesfunction as
vectors for the’lasmodiunparasite and are thus essential for disease trasiemi Thus,
Anopheless the major genus responsible for malaria transioms.Vector-based malaria
control is promising because the way of malari@atibn is inextricably dependent on
the lifecycle of these mosquitoes. There are 0@€r ghecies of mosquito in this genus;
only 10% of these are suitable malaria vectors g(Jeis al., 2009). In Ethiopia,
Plasmodium falciparum and Plasmodium vivax are @madant parasite species
responsible for 60% and 40% of the infections, eeipely. Plasmodium malaria and
Plasmodium vale account for less than 1% of thex@gewhalaw et al., 2010).

Despite the many differences that exist within gemus, the lifecycle of alAnopheles
mosquitoes is generally the same: Eggs hatch ierywahere they undergo the transition
to larvae. A larva of Anopheles mosquito hatchesnfithe egg after about one or two
days and generally floats parallel under the wsitleface, since it needs to breathe air. It
feeds by taking up food from the water. When distdr, the larva quickly swims towards
the bottom but soon needs to return to the suttabeeathe (WHO, 2002) There are four
aquatic larval stages (first, second, third andtfoinstar), followed by an aquatic pupal
stage, before the adult emerges. Adults feed otanand other sugar sources and, within
days of emergence, adult males form mating swanteswhich females fly to mate. The
female must then take a blood meal before sheléestabday 50-200 eggs. Most adults

can live up to 2 weeks in the field, and longereamidboratory conditions, but within this



time period a female can take multiple blood meald transmit malarial parasites. The
knowledge on mosquito biology provides the basis dovariety of vector control
approaches (Jos# al.,2009).

2.2 Malaria vector control

Vector control is a central and critical componehtall malaria control strategies. It
relies primarily on two interventions: long-lastimgsecticidal nets (LLINS) and indoor
residual spraying (IRS). The active ingredientsalbfWHO-recommended products for
IRS come from only four classes of insecticide:gblyroids, organochlorines (DDT),
organophosphates and carbamates. All currentlymewnded LLINs are treated with
pyrethroids. From the points of view of both safatd effectiveness, pyrethroids are the
best insecticides ever developed for public head#h They accounted for the majority of
IRS coverage worldwide in 2009 and were used irLBINs (José, Ramirez, Lindsey,
Garver, & Dimopoulos, 2009). The reliance of moderalaria control on pyrethroids
and the increasing resistance of malaria vectorthése products put current global
efforts at risk.Insecticide resistance is widespread and growing now reported in
nearly two thirds of countries with ongoing malatransmission and the resistance
occurred in all major vector species and to alsts of insecticides (WHO, 2012). The
prevention of malaria in Ethiopia has relied maialy early diagnosis and treatment of
infection and reduction of human-vector contactiftoor residual spraying (IRS) and
large-scale distribution of insecticide-treatedsn@i’Ns) and long-lasting insecticidal
nets (Yewhalaw et al., 2010).

Plant products have been used by traditional huotemmunities in many parts of the
world against the vectors and species of insedts. phytochemicals derived from plant
sources can act as larvicides, insect growth rémularepellents and ovipositional
attractants and have deterrent activities (Prabhdurugan, Nareshkumar,

Ramasubramanian, & Bragadeeswaran, 2011).
2.2.1 Environmental M anagement

Environmental management is defined by the WHO thg ‘planning, organization,

carrying out and monitoring of activities for theodification and/or manipulation of



environmental factors or their interaction with maith a view to preventing or

minimizing vector propagation and reducing man-epathogen contact” (Garg, 2010).
There are three categories: environmental modifinamanipulation to target the larval
stages of the mosquito life-cycle; and non pestigdrsonal protection. Environmental
management is typically applied to reduce the burak malaria over the long term
(Garg, 2010). Environmental management to contrallana consists of environmental
modification, manipulation, and changes in humamithdons and behavior ((Jose,
2009).

2.2.1.1 Environmental manipulation

It refers to activities that reduce larval breedsitgs through temporary changes. The
regular clearing of vegetation from water bodiesdepending on the vector species
elimination of shade or planting of shade trees mawvent egg deposition (vegetation
management). Flushing streams, periodically chantire water level of reservoirs or
changing water salinity can eliminate breeding ssitbut the impact on non-target

organisms must be critically evaluated (Garg, 2010)

2.2.1.2 Environmental modification

It aims to create a permanent or long-lasting éfbecland, water or vegetation to reduce
vector habitat and include draining wetlands by ¢heation of ditches or drains, land
leveling, filling depressions or covering waterkarand stagnant water were among the
approaches applied to prevent, eliminate or redheevector habitat. Initially, these
interventions required significant costs but thegntdbuted to the reduction or

elimination of mosquito breeding habitats (Gardl@0

2.2.2 Biological Control

Biological methods consist of the utilization oftx@l enemies of targeted mosquitoes
and of biological toxins to achieve effective veateanagement. They are typically most
feasible with easily identifiable breeding plac&iernatives under this category include
larvivorous fish, invertebrate predators, nematpBestozoa, fungi and bacteria (Walker,
2002). Larvivorous fish is most commonly used iis tmethod,Tilapia nilotica and

Gambusa affinispecies, (IPEP, 2006). Biological control agenésraore likely to cause
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significant mortality in permanent habitats thanephemeral habitats (William, 2005).
Agents that effectively suppress larval populatiander laboratory conditions often fail
under less favorable field conditions. Furthermdme)ogical control agents tend to be
more specific in terms of which mosquitoes they cantrol and which habitats they will
work in (Walker, 2002).

Predatory fish that eat mosquito larvae, partitylia the family Cyprinodontidae, have
been used for mosquito control. More recently, asdgers have evaluated native fish
species to identify appropriate local biologicahttol agents. In spite of widespread
recommendations for the use of fish and extensiberhtory data, reports of controlled
field experiments evaluating the effectiveness asfilorous fish in reducing malaria
transmission are fairly limited. In rural areashfimay be appropriate components of
malaria control if breeding sites are well knowrd dimited in number, but use of fish
may be less feasible where natural breeding sie®xtremely numerous. Fish may be
particularly useful in controlling malaria vectoassociated with rice fields (Bukhari,

Takken, Constantianus, & Koenraadt, 2011).

Two different species of bacteria of the genus Begithuringiensis israelensi@ti) and

B. sphaericugBs), have been widely demonstrated to be effeddwicides against both
anopheline and other mosquito species. Both BtiBsidunction as stomach poisons in
the mosquito larva midgut. Bti is an important paftmosquito control in the United
States Different formulations of Bti have been fdweffective against larvae of many
mosquito species, including the malaria vectdus. albimanus, An. sinensis, An.
culcifacies, An. sundaicus, An. stephensi, An. gambAn. arabiensis,and An.
maculatusThe lethal effect of Bti on mosquito larvae is adiyicaused by toxins on the
bacterial spore coat rather than an infection. Mostmulations use dead spores and
therefore do not persist or reproduce in the fiBlil.generally requires fairly clean water
to be effective, whereas Bs can be used successiullater with some organic pollution
(Walker, 2002).



2.2.3 Chemical Control

Early mosquito management relied on the use olsRagen (copper acetoarsenite) and
petroleum byproducts, but the use of these chemitas been discontinued because of
their high toxicity and pollution of water sourc&¥ith the discovery of DDT the focus of
malaria control strategies shifted to managingdithelt mosquito population and resulted
in the abandonment of early vector control appreactsoon after, the appearance of
insecticide-resistant mosquitoes, an increased@udjection of the application of DDT
because of its ecological impact, and changesearfabding behavior of certain vectors,
among other factors, eroded this optimism. Curyenihsecticide use still plays a
significant role in malaria control programs inviolg the use of insecticide- treated nets
and indoor residual spraying. However, Insectigiégistance in mosquitoes is another
roadblock to proper malaria control. Such resistdms hampered eradication efforts and

has been considered a serious threat to curreariaabntrol strategies (Jose, 2009).

2.2.3.1 Control of immature stages of mosquitoes

Although control of the adult mosquitoes by usingecticides, either in indoor residual
spraying or by insecticide-treated materials, aneently the most widely used strategy ,
the control of larvae at their breeding sites isthar suitable option .The strategy may
reduce population of adult mosquitoes by propersaidctive larviciding in the breeding
habitats of mosquitoes (Msargfial.,2011). Control measures directed against thellarva
and other immature stages of mosquito vectors se&ulicomponents of malaria control
programs in areas where mosquito breeding siteaaressible and relatively limited in
number and size. Immature stages of mosquitoesdimg larvae are confined within
relatively small aquatic habitats and cannot rgadgcape control measures. Larval
anopheline mosquitoes can be controlled by usimghggic larvicidal chemicals such as
temephos, fenthion, malathion, chloropyrifos, arethmprene. However, these life stages
of anopheline mosquitoes are reported to develdferdnt level of physiological
resistance against the aforementioned synthetigcides and environmental hazards
(Zewdnehet al., 2011). Larviciding is killing of mosquito larvaend is always a
supplementary measure in the integrated vectoraoptograms. The organophosphate

temephos is always used. Environmental managemealvies physical changes to the



mosquito larval breeding habitat, but mosquito sepgion can also be achieved through
treating the breeding sites directly with chemigabiological agents that kill the larvae.
Chemical or biological larviciding for the controff malaria vectors is feasible and
effective when breeding sites are relatively few ane easily identified and treated
(Walker, 2002).

2.2.3.2 Control of adult mosquitoes

Indoor residual spraying or insecticide-treated enals are currently the most widely
used strategy for the control of the adult mosas{dsangiet.al, 201). Although four

classes of insecticide are recommended by WHO $er against adult mosquitoes in
public health programmes, in practice, modern-dajanea vector control has become
highly dependent on just one class of insecticidéhe- pyrethroids but their use as
larvicides is limited because of their toxicity non-target aquatic organisms including
fish. Currently, pyrethroids are used on all appLLINs and are the basis of the vast

majority of IRS programmes worldwide (WHO, 2013).

2.2.4 Botanicals (Phytochemicals)

Phytochemicals are botanicals which are naturatlyuring insecticides obtained from
floral resources. Applications of phytochemicalsmosquito control were in use since
the 1920s (Ghosh, Chowdhury, & Chandra, 2012). tdeeof powdered chrysanthemum
as an insecticide comes from Chinese record. Ther otatural products like pyrethrum,
derris, quassia, nicotine, hellebore, anabasinadiexchtin, d-limonene, camphor and
turpentine were among some important phytochemiegsécticides widely used in
developed countries. The discovery of DDT's arel shbsequent development of other
organochlorines, organophosphates and pyrethroipigsressed natural product research
as the problem for insect control were thoughtdieesl. However, high cost of synthetic
pyrethroids, environment and food safety concetims,unacceptability and toxicity of
many organophosphates and organochlorines, andasiog insecticide resistance on a
global scale argued for stimulated research towpadential botanicals (Kishoret al,
2011).
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At present, phytochemicals make up to one perakewbrld’s pesticide market. Several
groups of phytochemicals such as alkaloids, steroidrpenoids, essential oils and
phenolics from different plants have been repomeeviously for their insecticidal
activities (Ghoslet al.,2012).

2.2.5 Integrated vector management

Integrated vector management (IVM) is a decisiokdinga process for the management
of mosquito populations, involving a combination maéthods and strategies for long-
term maintenance of low levels of vectors. The paepof IVM is to protect public health
from diseases transmitted by mosquitoes, mainteaitliy environment through proper
use and disposal of pesticides and improve theativguality of life through practical

and effective pest control strategies (Gheshl.,2012).

The main approaches of IVM includ@) Source reduction and habitat management by
proper sanitation, water management in temporay @@rmanent water bodies and
channel irrigation. Vegetation management is aklscessary to eliminate protection and
food for mosquito larvae(ii) Larviciding by application of dipteran specific baga,
insect growth regulators, surface films and oilgpanded polystyrene beads,
phytochemicals, organophosphates and organochéofing Adulticiding by application
of synthetic pyrethroids, organophosphates andhsyict or plant derived repellents,
insecticide impregnated bed nets, genetic manipualatof vector speciegtc, (iv) Use

of mosquito density assessment in adult and laggabition and disease surveillance;
and (v) Application of biological control methods by usimgtomophagous bacteria,
fungi, microsporidians, predators and parasitesogBlet al, 2012). Application of
larvicide from botanical origin was extensivelydied as an essential component of IVM
and various mosquito control agents such as ocinenmtenone, capllin, quassin,
thymol, eugenol, neolignans, arborine and goniethé were developed (Ghosh al.,
2012).
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2.3 Insecticidal property of birbira (M. ferruginea)

The genudMilletia constitutes about 200 species in tropical and ephial Africa, Asia
and Australia. It occurs generally between 100002%50above sea level and in the region
where water is easily accessible such as streamnsrain forests. The seeds and roots of
these plants are used as insecticides and pestigidenany parts of the world, and
rotenone is responsible for their toxicity. Onelo sources for rotenone from Ethiopian

plants isM. ferruginea(Karunamoorthet al, 2009).

Rotenone works by inhibiting a biochemical procesgshe fish cells, resulting in an
inability of fish to use oxygen in the release néryy during normal body processes. It is
highly toxic for aquatic life, especially to fisfoxicity effects of rotenone to higher
animals could be acute oral, dermal, inhalatiorghoonic toxicity. It is more toxic when
inhaled than when ingested and it is hundredsmégi more toxic intravenously than
orally. Fats and oils increase absorption of robenand it is highly irritating to the skin
of rats (Ameha, 2004)
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Figure 1 Chemical structure of rotenone (chemical formula: CysH206) (Ameha,
2004)
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Chapter three: Objectives

3.1 General objectives

The main objective of this study is to investiggite toxicity potential of ‘Birbira’ seed

extract against the primary malaria vectdn. arabiensis
3.2 Specific objectives

» To evaluate the larvicidal effect of Birbira seedract (M. ferruginea)against
An. arabiensisnosquitdarvae under laboratory and simulated field cooditi
» o determine the (L&, LCq and LGg) of Birbira (M. ferruginea)
3.3 Hypothesis

Methanol extract of “Birbira” seed could have pdi@hnmosquito larvicidal, pupicidal
and adulticidal effect against Ararabiensisunder laboratory and simulated field

condition
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Chapter four: Materialsand M ethods

4.1 Study area and period

The laboratory test was done at the insectory aimda WHO Malaria Control Training
and research center. This study center is knowreaning of An. arabiensismosquito
vectors. It has well organized insectary laboratagilities. Due to this, the center was
selected to carry out the laboratory test usingharalic extract of birbira seed against
laboratory reared larvae, pupae and adul&moérabinsismosquito vector.

The simulated field study was conducted in theag# of Asendabo, Ethiopia (7° 45’ N,
37° 13’ E, elevation 1750 meters above sea ledskndabo is located approximately 50
km far from Jimma, and is known to receive abow@rith of rainfall per year. In the wet
season, the average temperature is approximatetZ 2Malaria is endemic in the area
whereAn. arabiensiss the dominant malaria vector and breeds proliffaa the borrow
pits commonly found near houses (Trudel, & Bomblgl1). Furthermore, Asendabo is
known to have mosquito field study site which isnooonly called as Gilgel Gibe
malaria vector field research center. For this srashe site was chosen to execute the
simulated field test against the mosquito vectdre Bverall laboratory and field study

was conducted from February to April 2013.
4.2 Birbira plant specimen collection and preparation of plant powder

The plant materials d¥1. ferruginearipen berries were collected from the trees grgwin
in Jimma town, near Jimma University. The coverthefberries were removed by hands
and the ripen seeds were separately collectedttbegpulped seeds. The de-pulped seeds
were then shade dried before being crushed andgreddThe dried seed materials were
crushed, powdered and meshed at 0.5mm mesh sizg msirtar and pestle. The meshed
seed powder was then stored at 4°C.
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Figure3 Preparation of Birbir@\. ferruginea)powder using crushed with mortar and

pestle
4.3 Extraction of the plant seed and prepar ation of stock solutions

The powdered seed of Birbira (800gm) was macenat#td2.4 L methanol in 1:6 (W/V)
using Erlenmeyer flasks and placed on bath shakeocan temperature for 72 hours.
After 72 hrs, the mixture was filtered with Whatmam 1 filter paper. Finally, the extract
was concentrated in the rotary evaporator in otdeemove the solvent and the residue
obtained was stored at 4°C till used for experiment

Crude methanol seed extract of Birb{M. ferruginea)wasnot readily soluble in water.
Therefore, stock solution was always prepared loingdthe extract residue to acetone
and different test concentration ranging from 5mg/L140mg/L were prepared through

serial dilution and used for larvicidal, pupicidald adulticidal activities under laboratory
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and simulated field conditions (Zewdnetal., 2011Vievek and Sumangal2008) The
volume of stock solution was 20 ml of 1%, obtaitgdweighing 200mg of the powder

and adding 20 ml of solvent to it. The control vea$ up with acetone solvent (WHO,
2005; Kamaragt al.,2010 andZewdneh et al., 2011)

Figure4 Birbira seed extract residue

4.4 M osquito sampling and rearing

For laboratory bioassay; the larvae, pupae andtsaddilAn. arabiensisvere obtained
from the insectary of Adama WHO Malaria Control iffag and Research Center. The
adults were given a blood meal from a rabbit placeesting cages for blood feeding by
females. Glass Petri dishes having water lined viligr paper was kept inside the cage
for oviposition The larvae were made to feed witdwdered yeast and the colony was
kept at 272 °C with 80%-90% relative humidity uitiie formation of pupad he pupae
were then collected from the culture trays anddiemed to glassups containing water

andthe glass cupvas kept in a mosquito cage for adult emergence.

For the simulated field trial, Wild population @hn. Arabiensismosquito larvag2"

instar) were collected from the village of Asendabound Gilgel Gibe River wheren.

16



Arabiensisis the most dominant vect@frudel and Bomblies, 2011) through dipping
method from their natural breeding sites. The Larwaere then carefully taken to the
Gilgel Gibe Vector Biology Laboratory and kept ilagtic trays containing raw water for
rearing and feed with yeast until they become edflyinstar larvae for the simulated
field application of larvicidal test. They were red at room temperature (Z529C).
The field collected larvae population was also mademerge into pupae and adults for
the pupicidal and adulticidal activities of the mtlaextract under d simulate field
condition. Pupae were transferred from the trays toip containing raw water and were
maintained in cages (30cmx30cmx30 cm) where aduftsrged. The adults were then
continuously provided with sugar solution to feedito

4.5 Experimental design

Experimental study desigwas set under the laboratory and simulated fielddiion.
The experiment consisted of three factors namalgididal, pupicidal and adulticidal
activities at the laboratory and field conditioradd treatment level was designed with
four replicates, positive and negative controlsr IBboratory and field larvicidal test, 25
mosquito vectors were used in each of the tests QWBO005). For pupicidal and
adulticidal activities 20 and 15 mosquitoes weredusespectively (Muhammad and
Umair, 2012; Nawaet al.,2011). .

4.6 Bioassays

A series of bioassays were implemented following gnotocol recommended by the
World Health Organization; guidelines for laborgtaand field testing of mosquito
larvicides (WHO, 2005) and guide lines for testingsquito adulticides (WHO, 2006).
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Figure5: Schematic diagram of study design (R = replicales treatments)

4.6.1 Test for larvicidal activity

The larvicidal bioassay was tested under laboratony simulated field condition. An.

arabiensis were used to test the larvicidal agtiaf birbira seed extract. For the

laboratory trial of larvicidal activity, a laboratocolony of mosquito larvae was used
from the insectary of Adama WHO malaria controlrieg and research center. Batches
of 25 late third instar larvae oRAn. arabiensiswere transferred into each test
concentration of methanol seed extract by meandrayfpers. Larval mortalities were

recorded after 24 hours of exposure in each coratént of the test solutions.

For the simulated field larvicidal activity, metladic extract of birbira seed was tested
against field-collected mosquito larvae Ahopheles arabiensisround Gilgel Gibe
River. For the larvicidal test, trays were filled with ravater and placed outdoor (in the
natural environment). The trays were given 24 hdonditioning. Batches of 25 field-
collected late third instar larvae of tnopheles arabiensisnosquito species were
transferred into each test trays and larval food wdded (yeast). After 3 h of larval
acclimation, the trays were treated with selectesides of birbira seed extract (10, 20,

40, 60, 80 and 100 mg)LEqual volume of raw water was used as a negatw&ol and
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abates chemical (0.5 ml/L) was used as positivarcbriThe trays were covered with
nylon mesh screen to prevent other mosquitoeshar absects from laying eggs and to
protect the water from falling debris. Four replesawere set up for each concentration
and an equal number of controls were simultaneousbd. Values of pH and water
temperature were recorded throughout the evaluatiarval mortalities were recorded

after 24 hours of exposure in each concentratiorthef test solutions. Larvae were

confirmed dead when they failed to move after prgbihem with a needle at their
cervical region (WHO, 2005).

Figure6 Picture showing larvicidal test under laboratcopdition
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Figure7 Picture showing larvicidal test at simulateddiebndition

4.6.2 Test for pupicidal activity

A laboratory colony of mosquito pupae was usedtii@r laboratory pupicidal activity
while the wild pupae that were emerged from thé&dfieollected larvae were used for
field pupicidal test. Experiments were carried with a series of six to eight treatment

levels for laboratory and field pupicidal test resfively, each with 4 replicates.

For laboratory trial, twenty freshly emerged pupae shifted into a beaker of 250ml
capacity that contained 200ml of distilled watemheTextract of Birbira Nlilletia
ferrugineg seeds was added at different concentrations itheotest beaker and then
placed in the mosquito cage at the laboratory wkererged adults were recorded after
48 hours. Each treatment was replicated four tiemesrepeated at three different days.
The same volume of negative control and 0.5mg/Temephos was used as positive
control (El-SheikhZt al.,2012).

For the field bioassay, twenty freshly emergediypiipae were transferred in to a beaker

of 250ml capacity holding 200ml of water and thezated with different concentration
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of methanol extract of birbira seed. Finally, tmheated beakers were placed in to the
mosquito cages and then placed outdoor where echexgelts were counted after 48

hours.

Figure8 Picture showing pupicidal test at laboratory ¢bod

4.6.3 Test for adulticidal

Laboratory colonies ofn. arabiensisnosquitoes were reared and maintained at 2 + 2
and 70-90 % per cent relative humidity in the inegcof Adama WHO Malaria Control
Training and Research Center. Larvae were feed eastypowder as nutrient. Adult
mosquitoes were reared in cages and feed with ggusolution. Female mosquitoes were
periodically blood-fed on rabbits for egg produntiandAn. arabiensisnosquitoes were
used for the adulticidal activities. For the adudtal activity of wild adult, mosquito
larvae were collected from their natural breediitg around Gilgel Gibe malaria field

research center and brought in the center for eeneggin to adults.

The bioassay procedure of WHO Guidelines for tgstimosquito adulticides (WHO,
2006) was employed against the adult mosquito’sispdAn.arabinsi3. The birbira seed

extract was diluted with acetone and distilled wabemake different test concentrations.
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The diluted seed extract was impregnated on what fit@r paper. What man filter
paper consisting of only methanol was used as ativegcontrol and propoxur was used
as a positive control (Marimuttet al.,2011).

The bioassay was conducted in an experimentalokisisting of two plastic tubes. One
tube was used to expose the mosquitoes to the gdaut extract and another tube was
used to hold the mosquitoes before and after tpesxe periodsBatches of 15 female
adult mosquitoes (3 days old glucose feed, bloadvetl) were collected and gently
transferred into a plastic holding tube. The motps were allowed to acclimatize in the
holding tube for 1 h and then exposed to test plet h, 2h and 3h. At the end of 1h,
2h, 3h exposure periods, the mosquitoes were taesf back to the holding tube and
kept 24 h for recovery period. A pad of cotton shkvith glucose solution was placed
on the mesh screen in thée during the holding period of 24 The test was undertaken
at 27°C = 2°C and 70% -90% relative humiditfortality of the mosquitoes was
recorded after 24 hrs.

Figure 9: Adult mosquitoes in the holding and exposing tube
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4.7 Study variables

4.7.1 Dependent variables

The dependent variable for this study is the nunolbelead mosquito larvae, pupae, and

adults of An. arabiensis.

4.7.2 Independent variables

The independent variables include
» Concentration of the seed extracts,
= EXxposure time,

4.8 Conceptual frame work

Concentration

Time

Number of dead
mosquitoas

(A.arabiensis) larvas

pupas and adults
Te tu:
EERREESEN Relative
Humidity

pH

Figure 10: Conceptual frame work of the study
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4.9 Data analysis

Data were coded, entered, and analyzed using SR&®w version 16.0. The average
larval mortality data were subjected to probit geel for calculating L&, LCq, and
LCos. Statistical significance of the data anfividlues were calculated using SPSS soft

ware.package. p< 0.05 were considered significarnnd the analysis.

4.10 Data quality control

The bioassay test for each treatment was repe#ée times with new batch of
concentration and different batches of mosquitadorec The test was carried out in the
insectory laboratory of Adama Malaria Training aresearch center reference strain
mosquito vector for about 31 years and each test @oducted in the presence of
replicate controls. There was also progress regudtclose supervision by the advisors
both at laboratory and field. During the bioassest,tthere were malaria experts or
entomological technicians who had been workinghe NMCP for over 30 years at

Asendabo field vector biology laboratory who praddme strong technical support.

4.11 Ethical consider ations

The study protocol was read and approved by Jimniadisity College of public health
and medical science research and ethical Committee
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Chapter five: Results
5.1 Laboratory bioassay

5.1.1. Larvicidal effect

The larvicidal effect of birbira seed extract agaifaboratory strain ofn. arabiensis
showed 100 % mortality at 60mg/L. Similarly, 100 ®@rtality was observed in 0.5
mg/L temephos (positive control) and no mortalitgsaobserved in the negative control
containing 200ml distilled water with 1ml of acegomhe p-value is less than 0.05 which
shows that variation in the concentration of mettianextract Birbira seed determines
differences in mortality. The mortality response different concentrations and the

corresponding lethal concentrations at differenb{sowere given in the table 1 below.

Laboratory larvicidal
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Figure 11 Larvicidal effect of “Birbira” M. ferrugineg seed extract against malaria

vector mosquitoeAnopheles arabiensisnder laboratory condition

As indicated in the figure above (Figure 12) thesea linear relationship between
concentrations of the Birbira seed extract and atitytof laboratory strain larvae. The R
square value (0.993) above indicates that 99.3 fi@atian in mortality of laboratory

strain larvae is explained by concentration diffeeof the seed extract.

5.1.2 Laboratory strain pupicidal

The pupicidal percent mortality for the laboratosyrain pupae was increased by
increasing extract concentration with p-value lgsm 0.05 that showed the finding is
statistically significant. Thus, there is differenim mortality of laboratory strain pupae
with variation in the concentration of the Birbsaed extract. The highest mortality was
observed at 80ppm of the plant extract and 0.5ppteraephos (positive control). No
mortality was detected in the negative control aomnhg 200ml of distilled water with

1ml of acetone.
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Laboratory pupicidal

Legend
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Figure 13 Pupicidal effect of “Birbira” |. ferruginea)seed extract against malaria
vector mosquitoes; Anopheles arabiensis under dabigr condition

The graph above (Fig.13) indicates that the maytali laboratory strain mosquito pupae
is proportional with the concentration of the seattact. It can also be seen from the R
square value that about 93 % mortality of the labmy strain is explained by difference
in concentration of the seed extract
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5.1.3 Laboratory strain adult bioassay

The finding of Birbira seed extract against laboratstrain of An. arabiensis adult
revealed that mortality of the adult mosquito irmses with the extract concentration and
exposure time .The highest mortality value was olegk at 80ppm of two hours and
100ppm of three hours. The p-value at one hour,aars and three hours is less than
0.01 which is statistically significant. From thggatistical value it can be explained that
the difference in mortality of the laboratory straadult is different at different

concentration and exposure time.
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Figure 14 Adulticidal effect of Birbira” (M. ferruginea)seed extract against laboratory
strain malaria vector mosquitoésyopheles arabiensis

The figure above shows that mortality of laboratoeared strain ofAn. arabiensis
mosquito vector increases with concentration angoswtre time. No mortality was
observed in the control and the highest mortalias wbserved at 80mg/L of 3 hrs and
100mg/L of 2 hrs exposures and 100 % mortality whserved using propoxur as a
positive control. It can also be seen from the lyrdgat the mortality of increases with

exposure time.
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5.2 Simulated field bioassay

5.2.1 Larvicidal bioassay

The finding of the bioassay showed that larval addyt of wild populations ofAn.
arabiensiswas different according to concentration of theaot used used. The p-value
for the bioassay is less than 0.001 that showssttally significance of the result. Thus
the variation in mortality of wild adult mosquit@pulation is due to the difference of the
seed extract.

Field larvicidal
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Figure 15 Larvicidal effect of Birbira” (M. ferruginea)seed extract against malaria

vector mosquitoes; Anopheles arabiensis under atealifield condition

5.2.2 Wild Pupicidal bioassay

The bioassay result in wild pupicidal revealed timatrtality of the pupae is different at
different concentration of Birbira seed extractiagban. arabiensis under simulated field
condition. The highest mortality in the bioassayswdserved at 140ppm. No mortality
was observed in the negative control while 100 %tatity was detected at 0.5 ppm

temephos
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Field pupicidal
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Figure 16. Pupicidal result of methanol extract®ifbira” (M. ferruginea) seed against

malaria vector mosquitoeAnopheles arabiensis under simulated field conditio
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5. 2.3 Wild adulticidal bioassay

The finding of bioassay against wild populationAof. arabiensis indicated that mortality
of the wild population increases with concentratidrihe extract and exposure time.eTh

p-value is (p<0.001) which is statistically sigo#dnt that shows There was significant (p
< 0.05)variation in mortality among different cont@tion of the extract and exposure

time.

Table 6: Adulticidal result of methanol extract‘@&irbira” (M. ferruginea)seed extract
against wild malaria vector mosquitoésjopheles arabiensia one hour, two hours and

three hours exposur
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Figure 17 Adulticidal effect of Birbira” (M. ferruginea) seed extract against wild
populationmalaria vector mosquitoedn. arabiensis in one hour, two hours and three

hours exposure

The figure 18 above revealed that mortality of vttt mosquitoes din. arabiensis
increases with plant extract concentration and supotime. It can be seen from the
figure that highest mortality was observed at catregion of 100mg/L and 3 hrs

exposure time.

In general the lethal concentration of wild pupagieater than the lethal concentration
of laboratory strain pupae and the lethal concéntraf wild larvae population is greater

than that of the laboratory strain larvae in adl tdthal points.

Table 7: Summary on LC values for larvicidal angipidal result under laboratory and

field condition
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LC point Lab larvae Lab pupae Field larvae Field pupae

LCso 15 29 31 44
LCqo 37 80 83 116
LCgo 76 182 184 225

Lab=Laboratory, LC = Lethal concentration
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Larvae and pupae at labratory and simulative field

Figure 18: LC values for larvicidal and pupicidal result endaboratory and field

condition

The figure 19 above shows that wild mosquito vectdiAn.arabinsishave higher lethal
concentration than the laboratory strains. Theré@lso indicates that pupae have got

higher lethal concentration as compared to theakarv
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Chapter six: Discussion

The present study revealed that, the mosquito@ffaict of “Birbira” seed extract
againstAn.arabinsisfemales varied according to the concentration efektracts used.
The concentrations tested have indicated mortaligoportional to the level of
concentration at three different stages (larvagpapuand adult) ofAn. arabiensis
mosquitoes under laboratory and simulated fieldddam.

The larvicidal effect of the plant extract agaiBSinstar larvae of laboratory strain was
different according to concentration of the extnawatler laboratory conditions. The larval
mortality percent was increased by increasing ektreoncentration. The highest

mortality for the crude extract of the birbira saetler laboratory trial was recorded at
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60mg/L (100%). Temephos which was used as posttrgrol, a standard insecticide,
achieved 100% mortality at, 0.5mg /L. The 56.Cgo and Lcos Values for the laboratory
larvicidal tests were 14.97, 36.65 and 73.03 mgApectively (p < 0.005). Similar results
were obtained by (Zewdnett al., 2011) using methanol extracts &dtropha curcasl
againstAnopheles arabiensigrvae (Diptera:Culicidae); (El-Sheiklet al., 2012) using
methanolic extracts of leaves and seeds frbmbbulus terrestris(Zygophyllaceae) tested
against 3rd instar larvae and adults of mosquitypheles arabiensis;he results from
the field trial of methanolic birbira see extragfamst ¥ instar wild mosquito vector
showed that as the concentration of the extraceased, percentage mortality was also
increased. The highest mortality for the simulafiett trial was observed at 100mg/L
(100%). Temephos was used as a positive controtansed 100% mortality at 0.5mg/L
after 24 hours for the wild population. The dg{1 Cgo andcgg vValues for the simulated
field trial of the larvicidal tests were 31.04, 82, and184.15 respectively (p <0.05).
Similar finding was obtained by (El-Sheildt al., 2012) using methanolic extracts of
leaves and seeds froffiibulus terrestris(Zygophyllaceae) against 3rd instar larvae and
adults mosquitoAnopheles arabiensigShrankhlaet al., 2012) using methanol extract
of Pseudocalymma alliaceuand Allium sativumagainst larvae of malaria vector. The
LC values (LGo, LCqo and LGy) for the field collected wild larvae were greatiean the
laboratory reared larvae at all points. This migatdue to the fact that the wild larvae
population is more resistant than the laboratorgirstas the wild larvae have already
adapted to the different environmental variatiorcamtrast to the susceptible laboratory
reared larvae.

Results obtained in the present study showed Heataxicity of methanol birbira seed
extracts against 3rd instar larvae Af. arabiensiswas also extended to the pupae
causing 100% mortality at the concentrations of §nand 140mg/L for the laboratory
and field trial of pupicidal test respectively. Theghest pupicidal effect for the
laboratory trial was observed at 80mg/L (100 %)le/hi00 % mortality under the field
condition was observed at concentration of 140mghich is equivalent to 100 %
mortality upon exposure to 0.5 mg/L of temephosnubal. Similar finding was
obtained on the study conducted by (Muhammad anditJr8012) using plant extract

evaluation of mosquitocidal activity dfloringa oleiferaseeds against mosquito vector.
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This showed that wild pupae are more resistant wpgosure to the plant extract than
the laboratory reared ones. From the above la@icisult it can also be seen that pupae
are more resistant than the corresponding larvanofrabiensidoth at the laboratory
and field condition. The L&, LCgo and Lcoo Values for the laboratory pupicidal activities
were 29, 79, and 182 and 54, 148 and 334 mg/L Herdimulated field trial of the
pupicidal bioassay respectively (p <0.001) botheurldboratory and field condition of
pupicidal result.0.625mg/cifl00 %) respectively. From this result of wild aéhitial
test, it can be seen that with the same concemtraif the extract having different
exposure time results to variation in mortality Qu3l). The LG, LCop andLcos Values for
the laboratory strain adulticidal activities wea:one hour; 0.29, 0.80 and 1.80mg/cm
at two hours; 0.22, 0.62 and 1.55mg’aand at three hours; 0.19, 0.48 and 1.03 mg/cm
respectively.For the simulated field trial of the adulticidaktethe LGo, LCg0 and Lcoo
values were 0.43,0.96 and 1.84mgfdor one hour exposure; 0.35, 0.69 and 1.22mg/cm
for two hours exposure and 0.28, 0.67 and 1.38nfgfomthree hours exposure time
respectively and it is statistically significantrabigh all the test concentrations and
exposure time (p<0.001). No mortality was obseriwethe control. This finding agree
with results obtained by (Marimuthu and Rajama2@ll1) using methanol extract of
mosquito adulticidal and repellent activities otdrucal extracts against malarial vector,
Anopheles stephensi Liston (Diptera:Culicidae).

Results of log-probit analysis at 95% confidenoesleevealed that L, LCoo and Lcoo
values gradually decreased with the exposure tinteextract concentration. However
the value increases for the wild mosquitoes as emetpwith laboratory reared .This
might due to the fact that the field collected motzps are more resistant than the
laboratory reared which are more susceptible upposire to the plant extract in all the
three stages dAn. arabiensisnosquito vectors.

In general, the finding of the present study resgahat the methanol extract of birbira
seed has potential mosquitocidal effect againsptimeary malaria vectorn. arabiensis
larvae, pupae and adults of laboratory strain aitd population in Ethiopia. This could
be due to the high dermal irritating or inhalation,chronic toxicity nature of rotenone

which is the dominant compound in the birbira seed.
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Chapter seven: Conclusions and recommendations

7.1 CONCLUSIONS

The present study revealed that the larvicidal,igdal and adulticidal effects of crude
methanol seed extract of birbirl€llitia ferruginea)against the late third instar larvae,
pupae and adults &n. Arabiensisimportant vector of malaria in Ethiopia both hét

laboratory and field condition. The methanol exsaobtained from the seeds of
“Birbira” (Mellitia ferruginea) possesseghe larvicidal, pupicidal andadulticidal

activity against Anopheles arabiensis mosquito isge¢hat could be utilized for
development botanical insecticide as supplemerttargynthetic insecticides. Hence, it
could be concluded that methanol extracts birb#@dsusedin the present study would

act as larvicidalpupicidal, adulticidal againgn. arabiensisnosquito vector.

7.2 Recommendations

Future large scale field studies should point ughenlarvicidal and pupicidal activities
of methanol seed extract of birbirsl.(ferruginea)againstAn. arabiensisnosquitoes in
Ethiopia. Future field studies are also recommeridetetermine the residual activities of
the methanol seed extract of birbifd. (ferruginea)under natural field condition. It is
also recommended to conduct further study on lataic pupicidal and adulticidal
potential of the seed extract using different sotsg¢o compare the lethal concentrations

at the laboratory and field condition
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