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ABSTRACT

Schistosomiasis is one of the most widespread piaragections and the
third most prevalent parasitic disease in the wanlderms of overall
morbidity, socioeconomic and public health impoc&anlt is the most
prevalent of water borne and parasitic diseasesitaaffects over 240
million people worldwide. One approach to the cohof the disease is
the elimination of the intermediate host respomsilor its transmission.
The use of synthetic molluscicides is becoming uer owing to their
high cost and enviromental pollution. As a respllint molluscicides have
received considerable attention in the search faaper alternatives to
chemotherapy and synthetic molluscicides in schtoasis control. The
aim of this study was to determine the molluscicitivity of aqueous
and ethanol extracts from five plant speci€¢imum americanum,
Sonchus luxurians, Aloe secundiflora, Bridelia raitha and Croton

megalocarpusagainstBiomphalaria pfeifferiadult and juvenile snails.
Dried plant materials were ground into powder. Theye extracted using
ethanol and water. Phytochemicals were detectedchwtinclude;

flavonoids, saponins, tannins, alkaloids, glycosjdesteroids and

triterpenes.

Adult and juvenile snails were subjected to conediuins of 5 mgl/l,
10 mg/l, 20 mg/l and 40 mg/l of the aqueous andmethplant extracts.
Generally, onlyB. micranthawhich had molluscicidal effect against adult
and juvenile snailsB. micranthagxtracts that were found to have mollus-

cicidal effects, were screened for their miracitaad cercaricidal activity

xiii



againstSchistosoma mansoniiracidia and cercariae. Concentrations of
5 mg/l, 10 mg/l, 20 mg/l and 40 mg/l were used. Tduality of
B.micranthaaqueous extract to immobilise miracidia and ceasamwas
greater than that of the ethanol extract. From #tigly, B.micrantha

demonstrated molluscicidal, miracicidal and cedal effects.
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CHAPTER ONE

1.0: INTRODUCTION AND LITERATURE REVIEW

1.1: INTRODUCTION

Schistosomiasis is one of the most important putdialth problems after
malaria (Mohammed, 2009). It's a widespread dis@afgeting over 240
million people (WHO, 2013). It is found in tropicabuntries in Africa,
Caribbean, Middle East, South America and South Esis. However an
estimated 85% of the world’s cases of schistosdméae in Africa, where
prevalent rates can exceed 50% in local populatigenawick et al,
2006). Out of the infected, over 120 million arenpgomatic while over
20 million have severe disease (Hamed, 2010). kéur779 million are
at risk of infection in tropical and subtropicaleas of the world
(Steinmanret al, 2006). In Kenya, it is estimated that over ond#ion

people are infected with the disease (WHO, 2013).

Schistosomiasis is one of the most widespread piarasfections in
tropical and subtropical areas second to malariapublic health
importance and human impact (Engelsal., 2002). It's also the most
prevalent of the waterborne diseases and one afrdaest risks to health
in rural areas of developing countries (Jesél, 2003). It is a debilitating
disease that affects people who have contact wistterwharbouring
infected snails. The eggs of the parasite are gédpaesponsible for the
pathological effects of the disease, the symptofnshich depend upon
the intensity of infection (Hiratet al, 1993). Hypersensitivity reactions

against worms’ eggs trapped in the venules of wuaribody organs
1



(Hirata et al, 1993) produce varying degree of tissue lesiamsemia,
diarrhoea, abdominal pain, culminating in irrevielsieffects if not treated
and, sometimes death (Rabedibal, 1994). Among the affected organs,
the liver and the intestines are the major sitesgof depositions in human

schistosomiasis (Hiratt al, 1993).

Various factors are responsible for the increasgortance of schisto-
somiasis. The most significant factors are the edpay use of fresh water
in the tropics to meet the increase in demand tmdf production,

construction of irrigation system and dams leadingreation of new and
highly suitable habitats for the fresh water sndilsis plays a vital role in
the transmission of schistosomiasis. Other factordude: lack of

sufficiently trained health workers, inadequateesafater, high cost of

chemicals for snail control and therapeutic driidadseret al, 1989).

Schistosomes, the causative agents of the disems® dn indirect life
cycle requiring aquatic snails, as intermediate,Hos their transmission
to man. Thus reduction of the parasite transmittgmgils plays an
important role among the strategies to control dimease (Liuet al,
1997). It is generally considered that snail cdris@ne of the most rapid
and effective means of reducing transmission of istabomiasis
(McCullough et al, 1980; Fenwicket al, 1982; Klump & Chu, 1987).
Snails of the genuBiomphalariaare the intermediate host f&chisto-
soma mansonvith the grouppfeifferi being the most common in Kenya.
Currently there is no vaccine against schistosamiéSsenwick et al,

2006) and the drug of choice, Praziquantel faceptbblem of resistance;



in addition, re-infection occurs when treated pedphve repeated contact
with infested water (John, 2004; WHO, 1993; WHO83p Sanitation as
a means of control against schistosomiasis is estpenand involves
change of people’s culture thus posing challengeschistosomiasis
control. The molluscicide of choice is niclosamidg&/HO, 1985).
However commercial molluscicides are not frequenthed as a major
control mechanism due to cost implications anddibxieffects on non
target organisms such as fish (John, 2004; WHO5)19B8erefore a need
for search of a cheap, non-toxic and safer moldidei(Clarket al, 1997;
Massoudet al., 2003). Although the snail does not play an actile in
transmission of the parasite from one host to arpts do insect vectors,

it is an indispensable intermediate host for theettgment of the parasite.

The transmission of the infective stage of the gigrais accentuated
through shedding of the cercariae by the snail ondtthe various human
water contact activities (Dalton & Pole, 1978). Stbsomiasis can be
controlled by destroying the carrier snail and thteaking the life cycles
of the parasite (Amrita & Singh, 2001). Considematiof cost and
environmental effect of most molluscicides in catrase for the control
of schistosomiasis has generated the search fapehand less polluting
molluscicides, especially those of plant origin. Ilygard et al (1999)

expressed hope that plants showing molluscicidapenties could be used

on self-help basis to control diseases in rurasre



1.1.2: Different types of Schistosomes

Five most common species of schistosomes infect amancause human
schistomiasis. These areSchistosoma haematobiumSchistosoma
mansonj Schistosoma japonicyrchistosoma mekongnd Schistosoma
intercalatum Other species ofchistosomawhich parasitize man are
SchistosomanattheiandSchistosoma bovigiamed, 2010)Each causes a
different clinical presentation of the diseaSehistosoma haematobium
the most prevalent and widespread species in Afieestern Mediterra-
nean and the Middle EaSchistosoma mansoisi found in over 52 coun-
tries in Africa, Caribbean, eastern Mediterraneand Latin America.
Schistosomantercalatumis found in 10 countries in the rain forest bélt o
Africa in parts of Central and West Africa whisehistosom@ponicumis
found in Indonesia parts of China and Southeast.Astchistosoma

mekongis found in Cambodia and Laos, (Utzingsral, 2001).

1.1.3: Schistosomiasis

Schistomiasis has several presentations dependidgration of infection

and the particular parasite.

1.1.3.1: Acute Schistomiasis

Onset of egg laying in humans is sometimes assatiith an onset of
fever (Katayama fever). Acute schistosomiasis isyatemic, serum-
sickness-like illness that develops after severaéks in some but not
most individuals with new schistosomal infectioh.may correspond to
the ' cycle of egg deposition and is associated withkedperipheral

eosinophilia and circulating immune complexes. sltcharacterized by



fever, headache, lethargy, eruption of pale temgobamps associated
with severe itching (urticarial), rash, often painhepatomegaly and/or

spenomegaly and bronchospasm (Rasd.,2007).

1.1.3.2: Chronic Schistosomiasis

The pathology of chronic schistosomiasis resultsmfregg induced
immune response, granuloma formation and assocfédiestic changes.
Schistosome eggs are highly immunogenic and indigieous circulat-
ing and local immune responses. The immune responare lead to
obstruction of the colon and blood loss. The egdsrehe circulation and
lodge in organs causing granulomatous reactiongs Eglged in the liver
can lead to blood pressure (Aly & Hamed, 2006; Ham2006),
spleenomegaly, buildup of fluid in the abdomen, apdtentially
life-threatening dilations or swollen areas in thesophagus or
gastrointestinal tract that can tear and bleed usely (esophageal
varices). Rarely, central nervous system schist@simmmay develop; this
form is thought to result from aberrant migratidnadult worms or eggs
depositing in the spinal cord or brain. Signs ayihgoms are related to
the site of the granulomas in the central nervggtesn and can present as
transverse myelitis. Eosinophilia may be presen¢rfBanet al, 2005).
Schistosoma mansoand Schistosoma japonicumggs most commonly
lodge in the blood vessels of the liver or intestimd can cause diarrhoea,
constipation, and blood in the stool. Chronic inflaation can lead to
bowel wall ulceration, hyperplasia, polyposis amith heavy infections,

to periportal liver fibrosisSchistosoma haematobiwggs typically lodge



in the urinary tract and can cause dysuria and hemaCalcifications in
the bladder may appear late in the disease itl{Smal, 1975). Schisto-
somiasis may localize in different parts of the ypoadnd its localization
determines its particular clinical profile (Grysgell989).Schistosoma
haematobiuntauses urogenital schistosomiasis, wlihistosoma man-
soni Schistosoma japonicyntSchistosoma mekongind Schistosoma

intercalatumcauses intestinakchistosomiasis (Hamed, 2010).

1.1.4: Hosts of Schistosomes

Shistosomiasis is a snail-borne trematode infeatibhumans, domestic
and wild animals (Gryseels, 1989; Hamed, 2010).ist@$omiasis is
transmitted by species of freshwater snails belangio the family
Planorbidae (Gryseels, 1989). StrainsSohistosomapecies which infect
man vary widely in their ability to infect passiuigermediate snail hosts
(Hamed, 2010). Snails are indispensable intermediaists for the
development of schistosomes. The transmission efirifective stage of
the schistosomes is accentuated through sheddittiecfercariae by the
snail host and the various human water contactidet (Dalton & Pole,
1978). Snails of the genu&iomphalariaserve as intermediate hosts of
Schistosoma mansonilt has been observed in Venezuela that, a land
snail Achatina fulicacan also serve as a host $histosoma mansoni
(Hamed, 2010). Snails of the gerislinusserve as the intermediate hosts
of Schistosoma haematobitandSchistosoma intercalatyr®@ncomelania

species serve as the intermediate hosSdfistosoma japonicunand



snails of the genudythoglyphopsisand genusTricula serve as the

intermediate host ddchistosoma mekon@ehadet al, 2009).

1.1.5: Life cycle of fresh water snails

All species ofBiomphalariaand Bulinus are hermaphrodite, possessing
both male and female organs and are capable efcsatfoss-fertilization.
The eggs are laid at intervals in batches of 5-eHkh batch being
enclosed in a mass of jelly-like material. The armjgus Oncomelania
snails, which may live for several years, have sgpasexes. The female
lays its eggs singly near the water margin (Gryse&989).The young
snails hatch after 6-8 days and reach maturity-ihweeks, depending on
the species and environmental conditions. A srait lup to 1000 eggs
during its life, which may last more than a yedremperature and food
availability are among the most important limitifagtors. For reproduc-
tion, temperatures between°22and 26C are usually optimal. A single

specimen can invadand populate a new habitat.

1.1.6: Life cycle ofSchistosoma mansoni

Schistosoma mansohas a typical trematode vertebrate — invertebifate
cycle. The parasite passes its life cycle in twiéfetent hosts, the
definitive host and a fresh water snail, the intedmte host (Engelst al,
2002). Schistosoma mansomale/female reproductive pair (Fig. 1 (a)) is
found predominantly in the mesenteric blood vessatsounding the large
intestine and ceacal region of the host. The afdmtale worm resides
within the adult male worm’s gynaecophoric canalohitis a modification

of the ventral surface of the male forming a gro(@gwele, 2004).
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Figure 1: developmemtal stageSchistosoma mansoni
(a): S. mansoni male/female reproductive pair. (b):S. mansoni egg.
(c): The miracidium stage ofS. mansoni. (d): The cercaria stage of

S. mansoni

Females release their eggs into the blood vesHe¢seggs have character-
istic lateral spine (Fig. 1 (b)). The eggs moveitite lumen of the host's
intestines and are emitted to the environment wite feaces. The
miracidium stage can be seen within the egg. Th&umamiracidium
hatches out of the eggs in response to temperdigh¢,and dilution of
feaces with water. The miracidium is a ciliated/éawhich is a free-living

life-cycle stage infective only to molluscs (Crew897) (Fig. 1 (c)).

The miracidium never feed and lives for about a.dBye miracidium
searches for a suitable water snBilofnphalaria pfeiffeni to act as inter-

mediate host. Once in contact with the snail hdlke miracidium



undergoes exploratory movement over the snail sertantil it reaches its
preferred site of penetration, usually the antgumtion of the lateral edge
of the foot (Stewart, 1998) and penetrates it. dvalhg penetration, the
miracidium transforms near the site of penetration develops within
48 hours into saccular mother sporocyst locatdtierregion of the host’s
head-foot or in the tentacles and mantle (Fatsi., 1968; Bloch, 1980).
Germ cells within the mother sporocyst then dividegoroduce daughter
sporocysts. The embryos of daughter sporocyst dewglop in the body
of the mother sporocyst, make their way to the stige glands, grow and
give rise to next stage in the life cycle, the a€ec stage (Faust al,

1968). The sporocyst produces cercariae througtuakesproduction and
the snail begins to shed cercariae into the watenral 4 weeks after
being infected (Bloch, 1980). The cercariae emefgas the snail in a
circadian rhythm dependent on ambient temperaturé kght. The

ceracariae never feed and live for about a daynFacsingle miracidium,
a few thousand cercariae results. The cercariddsfinal stage of the
larval development in the mollusc and has a bifiedtdail (Fig. 1 (d)).

A single miracidium produce cercariae of the same s

The cercaria propels itself by the aid of the lwied tail, swimming tail -
first through the water after leaving the snailg@e, 1997). The cercaria
exhibit a number of features that enable it to tecaan. They show bursts
of upward swimming to bring them to the surfacetha water, followed

by periods of passive sinking. They are also affédty other stimuli such



as shadows on the water, turbulence and chemieagi®eted from the

human skin such as fatty acids and amicidsa(Stewart, 1998).

Human skin penetration occurs in three stagespiéialiattachment to the
skin, creeping over the skin searching for a sietgenetration site, often
a hair follicle, and finally penetration of the skinto the epidermis using
proteolytic secretions from the cercarial post-abetar, then
pre-acetabular glands. The cercariae lose tailmglyrenetration and the
head transforms into an endoparasitic larva, thesgzssomule. Each schis-
tosomule spends a few days in the skin and thearenlhe circulation
starting at the dermal lymphatics and venules. Hieey feed on blood,
regurgitating the haem as haemozoin (Olivega al., 2000). The
schistosomule migrates to the lungs within 5-7 dpgst- penetration
(Beltran & Boissier, 2008), moves via circulationdareach the liver
which is the site of maturation and sexual difféigion (Amer, 1994). In
the liver, if it meets a partner of the opposite, sedevelops into adult and

the pair migrates to the mesenteric veins (Bel&doissier, 2008).

Male schistosomes undergo normal maturation and phobogical

development in the presence or absence of a fetmatlethe female
schistosomes do not mature without a male. Fendlestssomes from
single sex infections are under developed and éxfb immature
reproductive system. Although the maturation of férmale worm seems
to be dependent on the presence of the mature thalstimuli for female
growth and for reproductive development seem tdnblependent from

each other.
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The paired worms move against the flow of bloodheir final niche in

the mesenteric circulation where they begin egglpecton. Each female
lays approximately 300 eggs a day, which are degbsin the endothelial
lining of the venous capillary walls (Loverde & Gha991). In about a
month, the cercariae have developed into maturesteslomes that have
paired, migrated to the blood vessels and have rbéguroduce eggs.
Some of the eggs produced reach the outside emvéon by passing
through the wall of the intestine. The eggs move the lumen of the host
intestines and are released into the environmetit feiaces (Beltran &
Boissier, 2008). The rest are swept into the catboih and become lodged
within the host's tissues. The eggs, which becardgéd within the host's
tissues, are the major cause of pathology in sudustiasis (Biermaet

al., 2005).

1.1.7: Control of Schistosomiasis

Control falls into two parallel interdependent stgies; Control of the
disease in the human population and control ofstrassion of the

disesase (Cheet al, 2005).

1.1.7.1: Chemotherapy

Treatment of schistosomiasis is based on chemaiheveh praziquantel,
which is currently the available drug of choice &irforms of the disease
(Fenwick et al., 2006). However resistance to praziquantel has been
demonstrated in many schistosomiasis endemic arfetdme world (John,

2004; Fenwiclet al.,2006).
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1.1.7.2: Vacination

It is precisely the host immune response that giisesto the granulomas
responsible for the morbidity of schistosomiasis.anyl trials of

vaccinations are based on homologous or heterofogatigens. Bashtar
et al, (2006) found that schistosomal worm and eggganthad a potency
role in protection against schistosomiasis, whisartéd (2006) postulated
the excretory-secretory product iBésciola hepaticavorms, can be used
for production of a vaccine for immunization agaisshistosomiasis.
However, generating immunity through the use ofcirses is complex

and has not been successful so far.

1.1.7.3: Health Education

An improvement in hygiene is key to long term cohuf schistosomiasis.
By eliminating human wastes in fresh water bodpest of the complex
life cycle of the schistosome can be eliminatedniBnann & Steingruber,
1986). Defecation or urination in or near open waghould be avoided so
that snails have less chance of becoming infediedkines or toilets
should be constructed (Gryseels, 1989). A high oatreinfection demon-
strates the need for health education and it's ntiséeto ensure
community involvement in the construction and uk&oilities (Gryseels,

1989).

1.1.7.4; Sanitation

The installation of a safe water supply is, in mastas, the most cost-

effective control measure. It is important to pd®iwater for drinking,
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bathing and washing clothes as this encourage @dopttay away from
streams and ponds that are infested. People shauddl swimming,

wading, washing or bathing in water suspected téstation. However,
sanitation as a means of control against schist@asinis expensive and

involves change of people’s culture (Fenwatkal.,2006).

1.1.7.5: Environmental Management

Environmental management methods include drainfieg in, and the
lining of canals with concrete. These methods aregally expensive but

long-lasting (Gryseels, 1989).

1.1.7.6: Reduction of snail habitats

Association of snail with vegetation is attributedfeeding, protection or
reproduction as plants may provide surfaces forlagmg. The removal
of vegetation in irrigation ditches and canals ¢fi@re reduces the number
of snails (Ferguson, 1978). Where sufficient resesrare available,
canals can be lined with cement to prevent or redine growth of
vegetation. People can also remove plants fromeplaghere children
swim or where clothes or dishes are washed. Whaterwuantity is not a
limiting factor, raising and lowering water levelad increasing flow rates
can disturb snail habitats and their food sourBegid complete drainage
reduces the amount of vegetation and kills the Isnay desiccation

(Gryseels, 1989).
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1.1.7.7: Removal and destruction of snails

Snails can be removed from canals and watercow#bsdredges and
crushed or left to die of desiccation. This happengrigated areas of
Egypt and Sudan as a beneficial side-effect ofrefftm improve the flow

of water by removing mud from canal bottoms (@s}fs, 1989).

1.1.7.8: Biological Control of snails

Fishes such a$rematocranus placodoare employed in the control of
snails where the fish consider the snail as itéepred food. Tilapia fish
can be used for the biological control Bfomphalaria in fish ponds
(EI-Mannan, 2001). Investigations have shown thaté is a possibility of
using the Ghanaian strain of an ampullariid shahistes varicusfor the
biological control of Biomphalaria pfeifferi Adult and 2-week-old
L. varicuswere found to feed voraciously on the egg massdgwveniles

of Biomphalaria pfeiffer{Anto et al, 2005)

1.1.7.9: Snail control by use of molluscicides

The main objectives of mollusciciding are to decrease sriailst
population density, reduce snail/lhuman infectioteptial and eliminate
infected snails (WHO, 1980), thus breaking the tifele of the parasite
(Amrita & Singh, 2001). It is an important stratefpyr schistosomiasis
control (Joséet al, 2003) and at present, it's the most reliablehoetof
achieving drastic reductions in snail populatiomsity in short term and

in elimination of schistosomiasis (WHO, 2013).

14



1.2: Literature Review

1.2.1: Chemical molluscicides

Since 1911 about 700 chemicals have been screamenhdlluscicidal
activity; most have proved deleterious to the emvinent and currently,
only one chemical molluscicide namely, niclosami@ayluscide) is
available for field snail control. For practicaleus concentration of 0.6 — 1
mg/l is recommended with an exposure time of efghirs (McCullough,
1992). Molluscicides affect the metabolic actigtief the snail (Rawet
al., 1995). They act on different enzymes chieflysthof respiration and
carbohydrate metabolism (Sakran & Bakry, 2005; &h&t-Din, 2006).
This in turn affects energy production since gamids metabolise primar-
ily carbohydrates in order to promote energy préidac(Livingstone &
deZwaan, 1983). The wettable powder of niclosansdmstly, toxic, has
a lower dispersibility and precipitates rapidly £8b 2003). To ensure
rapid dispersion in water and to reduce the surtaosion involved in
transition from the solid to the liquid phase, Baabsorbed surfactants are
added to niclosamide preparation resulting in vergall suspended
particles (Zhangt al, 1996; Guido & Tadros, 2000). However, since the
surfactants readily absorb water, it can be damalyethg transport and
storage with small clumps forming that do not dispesvenly in the water
(Liu et al, 1998; Huanget al, 2003). The high costs of Bayluscide, its
impact on the community and its environmental dffdtave stimulated
interest in search for alternative molluscicides pfant origin

(McCulloughet al, 1980).
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1.2.2: Plant Molluscicides

Plant molluscides can provide an ideal source a¥ lkost, locally
produced, safe and effective molluscicide (Sgghal., 1996). The plants
can be cultivated locally instead of importing $ytic compounds
(Ndambaet al, 1994) and may provide an opportunity of incogbmg
snail control into the community - based Primaryalte Care (PHC)
approach of schistosomiasis control (Fenwatkal, 2006). The use of
plant products and extracts is also environmentaligeptable as an
alternative for effective control of aquatic snadlpulations (Adewunmi &
Sofowora, 1980; El-Sawgt al, 1981). Among the plants of great interest
are those which contain large quantities of samon8aponins possess
high toxicity against cold blood organisms inclglisnails (Hostettmann

et al.,2000).

For a plant to be considered as molluscicide, duh be registered in
concentrations up to 100 mg/l and be able to Ki9of the snails 24

hours after contact (Mott, 1987).

Mott (1987) reported the following criteria for ateal plant molluscicide:

» High toxicity against target organisms and lowexidily against

nontarget organisms at molluscicidal concentrations.

» Locally available, with high yield of molluscicidahaterial per

plant and per unit area of cultivated plants.

» The plant type is perennial rather than annuakoeyce by seeds

rather than tubers, drought resistant; semi aqoati@uatic for use
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directly, with high propagation and rapid growthtes high
adaptability to differing local environmental cotidns, high

resistance to pests, weeds, and grazing livestock.

Plant parts have a localization of high potencyelevn regenerat-
ing parts (berries, fruits, flowers and leaves)vegetative plant

tubers.

Molluscicidal material of seasonally producing pashould not

lose potency during storage for at least one year.

Active ingredients should be extractable by simgparatus and

commonly available solvents, preferably water.

Retention of molluscicidal potency under physiocheein
influence (pH, sunlight, temperature, silt, orgamatter and water
pollution) normally found in the endemic area dgritne annual

cycle (physiochemical stability).

A good knowledge of growing habits and requiremetusicity

and any medicinal properties of plant by local pedpan asset.

Cultural acceptability by means of absence of st and
ceremonial uses of plants and aversions on folkéord magic,

which might interfere with their use for snail canif is desirable.

Suitability of the same plant parts for other paldtiealth, local,

and industrial uses.
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Endod (Pytolacca dodecandrgPhytolaccaceae)) in Ethiopia was one of
the first plants that have been extensively studied found to be
molluscicidal (Strikland & Abdel-Wahab, 1991, Lemme& al, 1984).
Unfortunately; this plant has a high toxicity to maarget organisms
(Madsen, 1985). Extracts of the fruits Détrpleura tetrptergLegumino-
sae), have molluscicidaroperties comparable #hytolacca dodecandra
(Hostettmanret al, 2000). A field control project in Nigerjaoduced en-
couraging results with a large decrease in the murobBulinus globosus
shails at sites treated with concentrations of I ah methanol extract

(Adewunmi, 1984; Hostettmaret al, 2000).

In Tanzania,Bobgunnia madagascariensis one of the mospromising
plants for the control of schistosomoasis. It béarge fruits which were
shown tobe toxic to snails and each tree can carry up t6BRg of pods
(Mozley, 1939; Hostettmanret al, 2002). Water extracts exerted
significant molluscicidal activity againstBiomphalaria glabrata and
B. globosussnails up to dilutions of 100 mg of ground pods pee
(Hostettmanret al, 2000). Extracts from the leaves®ésbania sesbanan
(Leguminosae) have molluscicidal activity and a tpbliemical
investigation of the aerial parts revealed firesence of four saponins
(Hostettmannet al, 2000). The root ofDolichos kilimandscharicus
(Leguminosae) fronKenya was both molluscicidal and fungicidal, after
extraction. Thin Layer Chromatography (TLC) anadysndicated the
presence of saponins which were molluscicidal agaBiomphalaria

glabratasnails (Marstoret al.,1988). An active water extract of the stem

18



bark of Cussonia spicata(Aratiaceae) from Malawi, fractionated by
Medium Performance Liquid Chromatography (MPLC)silica gel, after
preliminary partitioning with n-butanol, was actimgainstBiomphalaria
glabrata snails at 12.5 ppm (Hostettmaret al 2000). Diospyros
usambarensigEbenaceae) is also a plant with a strong mollidaic
activity (4ppm), required to kill 100% of snailstexf 24h (Marstoret al.,

1988).

In Egypt, Ambrosia maritimawas found to have molluscicidal and
ovicidal activities and harmless to fish at 100 pp@herif & Elsawy,
1982). At 70 ppm,Bulinus truncatusand Biomphalaria alexandrina
stopped feeding, drifted downstream, and died $Blwvyet al, 1981). The
survival rate oBiomphalaria alexandrinanaintained in 120 ppm aqueous
solutions of Calendula micranthaand 82 ppm ofAnagillis arvensis
decreased gradually with time until th& @nd 18 week respectively,
when survival was zero. The comparable survivaé rat non-treated
control was 20%. The two plant extracts also redube hatchability of
snail egg — masses, the percentage of hatchingwiolly exposure to
Anagillis arvensis(114 ppm) andCalendula micranthg150 ppm) was
46% and 72% after 7 and 5 days exposure respegtigempared with

non - treated controls (97.29%Mostafa & Tantawy, 2000).

In Sudan, El —Kheir and EI-Tohami (1979) screenggl@nts used in folk
—medicine for molluscicidal activity. Eighteen pilanbelonging to 8

species, 6 genera and 5 families proved to posee#ascicidal activity.
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They were active againBulinus truncatusand 7 of them were also found
to be active againdiomphalaria pfeifferi The most potent plants parts
were those o6Gnidia kraussianaoot and stem anG@ardenia vogeliifruit
pulp. These were followed in activity Bipcadi fesoghlenskulb, Randia
nilotica root, bark and fruit andatropha aceroidseeds. The least active

samples were root and stemJattropha aethiopica

In another survey El- Kheir and EI-Tohami (197@ated different parts
of Gnidia kraussianaagainstBulinus truncatususing agueous screening
extracts and successive extraction of the powderedt parts with

different solvents of increasing polarity; petrafewether, cyclohexane,
benzene, chloroform, acetone and ethanol. Eachaxtaction was tested
for its molluscicidal activity. The results show#tht the boiled extracts
were more active than the cold water extracts of,retem and leaf. The
petroleum ether extracts of the roots and stem weeemost potent,

revealing LC50 (0.02 ppm), LC100 (0.07ppm) and LQ®05ppm),

LC100 (0.3 ppm), respectively. For the leaf, thieaabl extract was the

most potent, revealing LC 50 (3ppm), LC 100 (5ppm).

Elaminetal., (2005) evaluated the toxic doseB#lanites aegypticéruit
extract when applied naturally againgBulinus truncatus and
Biomphalaria pfeifferi The primary study showed that, the spraying of
eight kg of Balanites aegypticdruit extract in canals (width 5 meters)
caused 100% mortality of the targeted snails, wihigeLC90 of both types

of snails was 9ppm. Methanolic extractJaftropha curcashowed high
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toxicity with LC100-values of 25 ppm fdoBiomphalaria glabrataand
1 ppm forBulinus truncatusDodonaea viscosandHaplophyllum tuber-

culatumherbs also showed moluscicidal potency (Rug & Rlj#000).

The latex ofEuphorbia conspicu@Euphorbiaceae) has molluscicidal and
cercaricidal activities. It exhibited high acti@s against adult snails with
LCq values of 4.87ug mL™ and showed a lethal effect to the cercaria of
Schistosoma mansoat concentrations of 108y mL™ (Dos Santoet al,
2007). Howida (2005) screened seeds, stems, awbdeofJatropha
aceroides(Euphorbiaceae) plant for their molluscicidal aityivagainst
Bulinus truncatusThe aqueous screening revealed that the seedsamav
LC100 of 100 ppm, while the same concentratiorhefleaf killed 80% of
the snails and the stem extract showed LC50 of @®0(24h exposure).

In the Successive Organic Solvent Extraction (SQS$Eg chloroform

extract was superior in activity to the other estisa

A water extract of the seed d@orton macrostachysvas nearly as
effect tive as the major synthetic molluscicidesiagt Bulinustruncatus
in laboratory and field trials. The extract hascial potency against the
late stages oBiomphalaria pfeifferieggs, but it's nontoxic tdilapia
nilotica at the lethal concentration, LC90 fd@iomphalaria pfeifferi
(20ppm). However the seeds were reported to hagé hoxicity to
humans (Daffalla & Amin, 1976). Ali (1997) invesditgd the potency of
agueous, acetone, and ethanol extracts of leates, &ind flowers of

Pulicaria crispa (Asteraceae) againdd. pfeifferi snails in Sudan. The
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aqueous extracts of the leaves were most potenttl@dqueous and
acetone extracts did not lose activity againstlsrefter two months of
storage at -20°CSomia (1999) reported activity dP. crispa leaves
agueous extracts ooymnaea cailludisnails and anophline larvae with
LC50 and LC100 on concentrations of 1086.4 ppm ab6680 ppm,
respectively. However those extracts were not totdc non target
organisms such as fish and tadpoles. Somia (2068)faund that juve-
niles of B. pfeifferisnails were more susceptible to tRecrispaleaves
agueous extract than adult snails. Atta EI Mannaf@0l) showed
molluscicidal activity ofP. crispawhole plant againdt. natalensisn the

field.

Allium cepa(onion), Allium sativum(garlic) and dry powder dCapparis
spinosaas well as that of\cacia arabicaleaves have molluscicidal effect
on Biomphalaria alexandrinanails. The aerial parts dfelochia arenosa
plant was found to be 100% lethalBaomphalaria glabratasnails at 200
ng mL* and showed LB of 143ug mL™* (Mantawy & Mahmoud, 2002;
Mantawyet al, 2004; Alyet al, 2004).Commiphora molmalMyrrh) has
molluscicidal effect onBiomphalaria snails, where the number of
dead-snails increased with increasing time of exppsOne day-old egg
masses were more susceptible to the ovicidal efdéc€ommiphora
molmol than five-day old ones. Based on safety to man amdals,
Commiphora molmolvas recommended as a safe molluscicide (Massoud
et al.,2004; Al-Mathal & Fouad, 2006). The latex®@iphorbia splendens

var. hislopii is promising plant molluscicides because it mele¢srecom-
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mendations of the World Health Organization (WH®02). The re-
searchers found that 0.6 mgd lof the latex ofEuphorbia splendensar.
hislopii causes a sharp reduction in the reserves of giycogthe diges-
tive gland and elevation of the protein contenthie hemolymph oB.

glabrata (Mello-Silvaet al.,2006).
1.2.3: Molluscicidal Plants

1.2.3.1:Bridelia micrantha

Uses

A bark decoction is taken as a remedy for stomatte-and tapeworm.
The bark is also boiled to make a soup for treatiigrhoea in children,
or is mixed with milk and drunk as a tonic. A dettoc of roots is drunk
to cure aching joints. The leaf sap is used aspgfication to sore eyes
and, in a decoction with a number of other plafds,the treatment of
conjunctivitis. The root is used as a remedy fomese epigastric pain and
is applied to the scalp to relieve headache. A démo of the root is drunk
as a purgative, an anthelmintic or an antidote doison, as it causes
vomiting or diarrhoea that gets rid of the poisAn.infusion made from
the root is taken orally for coughs. The powderatkhs applied to burns
to speed healing. The plant is known to contairosaqs (Schmidet al.,
2002). All parts of the plant are used in tradiibmedicine. Traditionally,
it's used in the treatment of stomach ailments aigkases such as
gastritis, salmonellosis, gastro-enteritis, diaed@nd constipation, tape-
worms and as an emetic for poisons (causes vonifiige extracts of the

whole stem demonstrate antimicrobial activity biilnting the growth of
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Helicobacter pylori and Campylobacter jejuni/cali It is used as a
treatment for skin problems such as ulcers, baitsrashes; for respirato-
ry problems such as persistent cough, tuberculpesymonia, bronchitis
and pleurisy; as an analgesic (pain reliever); rasuaimalarial; for too-
thache and gum diseases; for painful menstruatitoprevent abortion; as
a stimulate and restorative tonic (alternative)féstifying pregnant wom-

en; for sickle cell anemia, and anemia in general.

Preliminary research on medical propertiesBofdelia micrantha has
shown this herb to be beneficial in treating HIMDE as it cures diarrhoea
and stomach discomfort, which are common illnessesAIDS and
contributes to the well-being of the patient. Ist@so been shown to be a
possible principle inhibitor to HIV-1 reverse tranptase. Research
shows thaBridelia micranthacontains the sterol, taraxerol (a phytochem-
ical found in dandelions and seaweed to name a, fetich is used in
producing anti-cancer drugs. Taraxerol-3B-acetatproves tolerance of
exercise, removes fatigue and is an anti-aging;tamour, hepatoprotec-
tive, an antineoplastic agent and an immune stitaLBaidelia micrantha

is also used traditionally in Africa to treat psgtibgical problems such as

neurosis and psychosis (Coates, 2002).

1.2.3.2:Acacia nilotica

Uses

It is used as firewood and for fencing posts. Tdavés are eaten by most
browsers. The bark exudes an edible gum and is msslicinally. The

gum can also be used as glue. The Zulus take atimtof the bark as a
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cough remedy. The Voortrekkers made ink and dyas fihe pods (red,
black and yellow). Other parts of the tree weredusetreat eye diseases,
or as a tranquillizer and even as an aphrodisiamofextract was used in
the treatment of tuberculosis, impotence, diarrhb@@morrhages, tooth-
ache, dysentery and gonorrhoea. Extracts madetfrerteaves are used in
the treatment of menstrual problems, eye infecti@mes (specifically
those caused by leprosy), ulcers, indigestion airtorrhage (Van Wyk

et al,.2000).

1.2.3.3:Balanites aegyptiaca

Uses

Various parts oBalanites aegyptiac&ree have been used for medicinal
value. Traditionally is used in treatment of vasailments i.e. jaundice,

intestinal worm infection, wounds, malaria, symilepilepsy, dysentery,

constipation, diarrhea, hemorrhoid, stomach acasthma, and fever .Its

fruits and back have lethal properties to propsrt® snail intermediate

hosts, schistosome miracidia and cercariae andcéneariae of other

trematode (Chotha& Vaghasiya 2011).

1.2.3.4:Allium cepa

Uses

Commonly used as an ingredient in various warmedisand may also be
used as a main ingredient. It is believed to ligtitee balance of blood and
it's known to facilitate bowel movements, to rekeieadaches, coughs,
snake bites and hair loss. Theleaves have molidaticeffect on

Biomphalaria alexandrinanails. (Mantawy & Mahmoud, 2002;
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1.2.3.5:Phytolacca dodecandra

Uses

Common medicinal uses include treatment of skihirig (ringworm),
abortion, gonorrhea, leeches, intestinal wormshramt and rabies. The
plant has been extensively studied and found to n@luscicidal

(Strikland & Abdel-Wahab, 1991, Lemneaal, 1984).

1.2.3.6:Sesbhania seshanan

Uses

Dried leaves are used in some countries as a té&hvd considered to
have antibiotic, anti-helminthic, anti-tumour arnshtraceptive properties.
Extracts from the leaves dbesbania sesbanafLeguminosae) have
molluscicidal activity and a phytochemical inveatign of the aerial parts

revealed theresence of four saponins (Hostettmanal, 2000).

1.2.4: Secondary Phytochemicals

Molluscicidal plants are now getting more attentidihe molluscidal,
miracicidal and cercaricidal value of these platies in bioactive
phytochemical constituents that produce definitgspilogical action in
the targeted organism (Akinmoladwet al, 2007). Some of the most
important bioactive phytochemical constituents thbduce definite
physiological action are alkaloids, flavonoids tizusn terpenoids, saponins
and phenolic compounds. Different phytochemicalgehbeen found to

posses a wide range of activities.
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1.3: Problem Statement

Schistosomiasis is second to malaria in terms o$tmadespread and
important parasitic infections in tropical and sopical areas in terms of
public health importance. It's endemic in many paot tropical and sub
tropical areas of the world infecting over 240 roil people residing in
rural and agricultural areas (WHO, 2013) and ahkent779 million are at
risk (Steinmannet al, 2006). Snails are intermediate hosts of
schistosomes in which the transformation from nidfiaen to cercariae
occurs, therefore a need to attack and breakfineycle of schistosomes
through controlling of the snail. Currently there no vaccine or
preventive drug against schistosomiasis (Fenwetkal, 2006), and
treatment of schistosomiasis is based on chemathevih praziquantel,
which is currently the only available drug of cheifor all forms of the
disease (Fenwiclet al, 2006). However resistance to praziquantel has
been demonstrated in some schistosomiasis endeesas af the world
(Ojewele, 2004; Fenwickt al, 2006). Sanitation as a means of control
against schistosomiasis is expensive and involemnge of people’s
culture (Fenwicket al, 2006). Presently, the molluscicide of choice is
niclosamide (WHO, 1985). However commercial molicistes are
largely not being used as a major control mechandim to cost
implications, toxicity effects on non target orgams such as fish (WHO,
1985; Ojewele, 2004), increasing concern over tbssiple built up of
snail resistance of these molluscicides, deleteriong-term effects to the

environment mainly the aquatic biota such as gemdty and
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carcinogenic effects. This therefore brings tofthre a need to search for

a cheap and safe molluscicide (Clatkal, 1997; Massoudt al, 2003).

1.4: Justification and Significance of Research

The social-economic and health effects of schistugsis cannot be
underestimated. Infected children have retardeavir@and poor school
performance. The work capacity of rural inhabitaistseverely reduced
due to weakness and lethargy caused by the dis@dems &
McCollough, 1987). The high cost and environmemtiféct of mollus-
cicides in current use has generated the ideareésing plants for their
intrinsic molluscicidal properties in search of anceptable and self
sustaining substance (El-Sawyal, 1981). This could replace the costly
synthetic products (Martson & Hostettmann, 1991d aan improve the
accessibility of poor communities to molluscicidadents to treat their
water collections (Mott, 1987). Plant molluscicida®e environmentally
acceptable (Adewunmi & Sofowora, 1980 & El-Saetyal, 1981) and
therefore could be used on self-help basis to obdiseases in rural areas.
Snail control procedures using plant molluscicidbsrefore, remain
among the methods of choice for the control of Stolsomiasis (WHO,

1994).

1.5: Hypothesis

The aqueous and ethanol extractOafmum americanum, Sonchus luxu-
rians, Aloe secundiflora, Bridelia micranthand Croton megalocarpus
have no molluscicidal, activity oBiomphalariapfeifferi adult and juve-

nile snails.

28



1.6: Objectives

1.6.1: General objective

To determine the molluscicidal activity of aqueauns ethanol extracts of
Ocimum americanum, Sonchus luxurians, Aloe sedomalif Bridelia
micrantha,and Croton megalocarpusn Biomphalaria pfeifferiadult and

juvenile snails.

1.6.2: Specific objectives

1. To determine the phytochemicals in the selecteudt @atracts.

2. To determine the molluscicidal activity of the ague and ethanol
extracts of Ocimum americanum, Sonchus luxurians, Aloe
secundiflora, Bridelia micranthaand Croton megalocarpu®n
Biomphalariapfeifferiadult and juvenile snails.

3. To determine the miracicidal and cercaricidal attivof the
agueous and ethanol extractBoifdelia micranthapn Schistosoma

mansonimiracidia and cercariae.
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CHAPTER TWO

2.0: MATERIALS AND METHODS

2.1: Plants

The plants used in this study were selected omasés of information by
traditional healers to be useful in the treatmenh@minthes. Also the
plants of the family euphorbiaceae have previouseen used and
xhibited high molluscicidal activities against adshails and showed a
lethal effect to the cercariae 8tchistosoma mansofiDos Santost al,

2007).

2.1.1: Ocimum americanum

It is an erect, much branched herb. The flowersvandge to pale blue

(Fig.2 (a)) and the leaves are opposite (Fig.2 (b))

Figure 2: Stalks ofOcimum americanum

(a): Flowering stalk of O. americanum. (b): A mature stalk

of O. americanum
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2.1.2:Croton megal ocarpus

Description

Croton megalocarpugrows to 15-35 m; it has distinctive layering of
branches and a rather flat crown. Bark dark greygin, and crackling. It
is hardy and fast growing. Leaves are variableg,laval and pointed to
about 12 cm. The upper surface is dull green cstiig  with the pale,
silvery underside. Flowers are conspicuous but &yrt-lived; yellow
white, inserted in many-flowered, silver-buddederaes, up to 30 cm
long; a few female flowers towards the base, theaiader male. Fruit

turns from green to greyish-brown as it matureg @i

Figure 3: A Croton megalocarpus tree from Kagera region

Endocarp is hard and woody. Each fruit containsllipseid-ovoid or
oblong-ellipsoid seeds, 2.2-2.4 cm long and 1.2eidwide. Seeds white
when immature, grey-brown when mature, with a m@nwaaruncle

(ICRAF, 1992).
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2.1.3:Bridelia micrantha

Description

Bridelia micranthais a semi-deciduous to deciduous tree up to 2@lim t
with a dense rounded crown and tall, bare stenk &aryoung branches is
grey-brown and smooth while on older branches @emsit's dark brown
and rough, cracking into squares. Leaves havenalier margins entire or
slightly wavy. Inflorescence has flowers in axilaclusters containing

male and female flowers. Fruit is black (Coate€20(Fig 4)

Figure 4: Fruiting stalk of Bridelia micrantha

2.1.4: Aloe secundiflora

Description

Succulent, perennial herb, without stem or withrsigp to 30 cm long,

usually solitary, sometimes suckering to form sngatiups. Leaves about
20 in a dense rosette; stipules absent; petiolendpslade ovate-

lanceolate, apex long-acuminate, margin with dadkvin, sharp teeth, 3—6
mm long, 1-2 cm apart, surface smooth, dull greéen with horny mar-

gin; exudate yellow. Inflorescence consisting aferaes, 15-20 cm long,

lax, flowers arranged at one side; peduncle 1a1l6ng, with up to 12
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branches, the lower branches rebranched; bracte-acate, 3—-7 mm
long, pale brown, papery. Flowers bisexual, reguBamerous; pedicel
5-10 mm long; perianth tubular, 2.5-3.5 cm londlated around the
ovary, lobes 6, 12-17 mm long, rose-pink to du#irit, paler at mouth;
stamens 6, exserted; ovary superior, 3-cellede dtflorm, stigma head-
shaped, exserted. Fruit an oblong-ovoid capsuléou@b mm x 14 mm,
pale brown, dehiscing loculicidally and containsnp&eeds. The Seeds

are 8.5 mm long, blackish brown and with speckiRetdr & Mbilu, 2009)

(Fig. 5).

Figure 5: Aloe secundiflora plant

2.1.5:Sonchus luxurians

Description

Annual or short-lived perennial herb.The stems,nbh@d from base.
Leaves grey-green, sessile, ovate or lanceolatetiine, the lower leaves
usually pinnately lobed while the upper leaves ligwentire or with few

lobes, with a very broad base, sagittate and byoadticulate, margins

dentate, apex acute to attenuate. Capitula setagather in dense clus-
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ters, mature capitula surrounded by bud capithky bases and the upper
part of the capitulum stalk with a white tomentyphyllaries green with
red-purple tinge on margins and apex, ovate toelalate, 3—15 mm long,
obtuse, the outer proximally tomentose, the in@brgus. Florets many;
corolla yellow, the outer orange beneath, tubendyical, distally pilose.
Achenes pale brown, narrowly ellipsoid, slighthatfened, angular and

ribbed, rugulose, glabrous (Fig. 6) (Eveeittal.,2007).

Fig. 6: A stalk of Sonchus luxurians

The barks oBridelia micranthaand Croton megalocarpusere collected
from Kiambu, Sonchus luxurianswhole plant was collected from
Nyandarua whileéDcimum americanurandAloe secundiflorglants were
collected from Machakos, after identification bytaxonomist. Whole
Ocimum americanum, Sonchus luxuriaasd Aloe secundifloragplants

were uprooted and separately packed in clearlyll&beplastic bags.
For Bridelia micranthaand Croton megalocarpysthe bark of the tree

were obtained and separately packed in clearlyl&bplastic bags.
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2.2: Plant identification

Voucher specimens of whol8onchus luxuriansOcimum americanum
and Aloe secundifloraplants, as well as the back parts &ridelia
micrantha and Croton megalocarpusvere submitted to the National

Museums of Kenya Herbarium for identification.

2.3: Plant drying

The three whole plant®®cimum americanum, Sonchus luxuriaasd
Aloe secundifloraand the barks ofBridelia micrantha and Croton
megalocarpuswere dried under shade for about two months. When
completely dry, they were ground into powder usamgelectrical grinder.

The powder was stored at room temperature.

2.4: Preparation of the plant extracts

2.4.1: Ethanol extraction

For the five plants, 100 g of the powder was soake800 ml of 70%
ethanol for one day (24 h). The solutions wererfdtl using filter paper
(Whatman No. 1) and subjected to freeze dryinggu&itoratory freeze
drier located in the School of Biological sciencesjversity of Nairobi.
The freeze dried materials constituted the ethaxdfact (Daset al,

2010).

2.4.2: Aqueous extraction

For each of the plants, 100 g of the powder wakesban 500 ml of
distilled water for three days (72 h) in order kract polar materials. The

solutions were filtered using filter paper (Whatméo. 1) and allowed to
35



freeze. The frozen material was then subjectedréez€& drying using
laboratory freeze drier located in the School obl&gical sciences,
University of Nairobi. The freeze dried materiatmstituted the aqueous

extract for each of the specific plants (zasl, 2010).

2.5: Phytochemical Screening of crude extracts

Phytochemical screening was performed using standamocedures
(Trease & Evans1989; Siddiqui & Ali, 1997; Harborne, 1998). The
various extracts were tested for triterpenes, Egeflavonoids, glycosides,

saponins, tannins and alkaloids.

2.5.1: Test for flavonoids

Two methods were used to test for flavonoids. Fidsiute ammonia
(5 ml) was added to a portion of an aqueous fédtraf the extract.
Concentrated sulphuric acid (1 ml) was then addegellow colouration

that disappeared on standing indicated the presaritaavonoids. Second,
a portion of the extract was heated with 10 ml thifykacetate over a
steam bath for 3 min. The mixture was thereafiezréd and 4 ml of the
filtrate shaken with 1 ml of dilute ammonia solutidA yellow colouration

indicated the presence of flavonoids.

2.5.2: Test for saponins

The extract was diluted with 20 ml of distilled watnd then agitated in a
graduated cylinder for 15 minutes. The formatioriiaim layer of foam

showed the presence of saponins. The frothing wasdwith 3 drops of
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olive oil and shaken vigorously after which it wabserved for the

formation of an emulsion.

2.5.3: Test for tannins

About 0.5 g of each extract was boiled in 10 mivater in a test tube and
then filtered. A few drops of 0.1% ferric chloridexs added and observed

for brownish green or a blue-black colouration.

2.5.4: Test for alkaloids

For each of the plants, 0.5 g of the extract wiaestwith 5 ml of 1% HCI

on a steam bath. The solution obtained was th&rdd and 1 ml of the
filtrate treated with two drops of Mayer’s reageharbidity of the extract
filtrate on addition of Mayer’s reagent was regar@e evidence for the

presence of alkaloids in the extract.

2.5.5: Test for sterols and triterpenes

For each of the plants, 10 ml of the extract waxed in a small beaker
(50 ml) and evaporated to dryness. The residuetrgated with 0.5 ml of
acetic anhydride and 0.5 ml of chloroform. The soluwas transferred
into a dry test tube and concentrated solution udprsiric acid (2 ml)
added slowly. Brownish red or violet rings at tleme of the contact with
the supernatant and green or violet colourationotdghthe presence of

sterols and triterpenes.

2.5.6: Test for glycosides

Two separate beakers were prepared. 1 g of eadhicemtas placed into

each of the two separate beakers. To one of thkebe® ml of dilute
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sulphuric acid was added while 5 ml of water wadeadto the other
beaker. The two beakers were heated for 3 — 5 méhthe contents
filtered into labelled test tubes. The filtratesrevenade alkaline with 5%
sodium hydroxide and heated with Fehling’s solufien3 min. Presence
of reddish precipitate in the acid filtrate and thésence of such

precipitate in the aqueous filtrate was regardegbagive for glycosides.

2.6: Snail collection and maintainance

Biomphalaria pfeifferi snails were collected from canals in Mwea
irrigation scheme. Snails were scooped out of tlemwusing a sieve
attached to a long pole. The snails were then glatelastic containers
with holes and lined with wet cotton wool. The pagksnails were
transported to Institute of Primate Research soain. Once in the snail
room, they were maintained in plastic trays cont@nsnail water and
daphnia, under controlled room temperature °q2528 °c) and constant
light for 12 h daily (12 h light and 12 h dark). & bnails were fed on dried

lettuce (Yoleet al, 1993).

2.7: Breeding of juvenile snails

Trays were prepared holding snail water, lettuak @daphnia. Into each of
the trays, 10 snails were placed. The snails wieoeved to lay eggs. Once
the snails had laid egg masses in the water, the wgre allowed to hatch
and the young ones allowed to grow in the samestvéth their mothers

(Yoleet al, 1993).
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2.8: Molluscicidal activity of adult snails

The plants were evaluated for molluscicidal agiviin adult snails as
follows: Groups of 10 snails were placed in plasbatainers holding 500
ml of distilled water. The set ups were left fort24nd snails were fed on
dried lettuce. Different concentrations; 5 mg/liti® mg/litre, 20 mg/litre
and 40 mg/litre of both the aqueous and the ethaxrwhcts of the five

plants were made.

Positive control was prepared as 1 mg/litre ofasamide (McCullough,
1992), and the negative control was 500 ml of lthstiwater only. After
24 h distilled water was discarded from the comesrholding 10 snails
each and replaced with 500 ml of the different aot8 concentrations,

positive control and a negative control preparation

Duplicate set — ups were set for each of the diffeconcentrations made.
The set ups were left for 24 h without feeding simails. After 24 h the
plant extracts were replaced with 500 ml of distllwater, without
feeding the snails with dried lettuce. After thel24h distilled water, the
snails were observed to determine whether they weael or alive. This
was done by; pocking the foot of the snail with @oaden applicator stick
where, lack of motion signified death of the snaibcation of the heart
and observation of the heart beat was done under dissecting
microscope. Lack of heart beat signified deathhef $nail (WHO 1985;

Yole et al, 1993).
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2.9: Molluscicidal activity of juvenile snails

The juvenile snails were cleaned and placed inggoef 10 in plastic
containers holding 500 ml of distilled water. Ther® procedure (2.8)

which had been used for adult snails was appligavieniles.

2.10: Activity of B. micrantha on Schistosoma mansoni miracidia

Bridelia micranthaagueous and ethanol extracts which were the arég o
that were found effective against both adults avenile snails were used

to test miracicidal activity.

New miracidia were hatched from eggs from faecaias of baboons
with Schistosoma mansowrhronic infection. The feacal samples were
obtained from the chronically infected baboons arahsferred into a
plastic jug. Water was added, and the mixtureestinvith a rod to mix
evenly. The mixture was passed through two sucoeséeves, a 600 um
sieve and a 250 um sieve to a collecting tray. délected sample was
transferred to urine jars and put in dark room3@min. After the 30 min
were over, the supernatant was poured out. Morerweas added to fill
up the urine jars and the jars kept in a dark réama further 30 min. This
process was repeated four times. After the foumtle,tthe supernatant was
poured out and the pellets transferred using apgnofo already prepared
petri dishes containing water and placed undet.lijhe set up was left

for a period of 30 min for the miracidia to hatch.

Different concentrations : 5 mg/litre, 10 mg/litre20 mg/litre and 40

mg/litre of both the aqueous and the ethanol etdraiBridelia micrantha
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were made. Ten miracidia were placed in 5 cm pdishes. Two
millilitres of each of the already prepared concatmins of the aqueous
and ethanol extracts were added to the 10 miradidithe 5 cm petri
dishes. A duplicate was set up for each conceotraPositive control had
2 ml of 1mg/litre niclosamide and negative conthald 2 ml distilled
water. Dead and surviving miracidia were countedeurthe dissecting
microscope, at 10, 20, 30 and 60 min interval fqreaiod of one hour.
Constant motion signified that the miracidia weli@eawhile no motion

signified death (WHO 1985; Yolet al, 1993).

2.11: Snail infection with Schistosoma mansoni

Miracidia were hatched from eggs from faecal sammk baboon with
Schistosoma mansonhronic infection as decribed in (2.10) above.eFiv
to eight miracidia were placed in each well of an&ll culture plate. One
snail was then transferred into each well contgiriire miracidia and the
set up was left for 30 min for the miracidia to pwrate. The infected
snails were transferred to clean trays with snaitew and they were fed
with dry lettuce. The infected snails were mairgairfor four weeks to

allow the development of the miracidia to cercatiéele et al, 1993).

2.12: Activity of Bridelia micrantha on Schistosoma mansoni cercariae

The infected snails were placed in a beaker congniwater and placed
under 200 watts lamp shielded with glass. They vedftefor a period of
one hour to shed the cercariae. The shed cercasae placed in each
well of a 24-well culture plate. Different conceations: 5 mg, 10 mg, 20

mg and 40 mg of both the aqueous and the ethan@otx of Bridelia
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micranthawere made. Ten cercariae were placed in 5 cm gdethies.
Then 2 ml of each of the already prepared concenis of the aqueous
and ethanol extracts were added to the 10 cercaridhe 5 cm petri
dishes. A duplicate was set up for each conceatraRositive control had
2 ml of 1 mgl/litre niclosamide and negative conthald 2 ml distilled
water. Dead and surviving cercariae were countegdkemuthe dissecting
microscope, at 10, 20, 30 and 60 min interval fqreaiod of one hour.
Constant motion signified that the cercariae weénee avhile no motion

signified death. (Yolet al, 1993).

2.13: Data analysis

Molluscicidal miracicidal and cercaricidal data wasalyzed by one way
ANOVA with help of SPSS (statistical package foe thocial sciences)
version 16. The Molluscicidal activity data was jgabed to ANOVA to

determine whether there were significant differeanc®nce significant
differences were identified, post hoc ANOVA was damith Dunnet Test
to compare each treatment with the positive corgroup The data was
also analyzed by Finney’s Probit analysis to ed@éntae LDs, of the

various aqueous and ethanol extracts. In all trayais, the probability

level/significance level used in the analysis w#s05.
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CHAPTER THREE

3.0: RESULTS

3.1: Yield of the extracts from the plants

Different yields were obtained when extraction wime using either
distilled water or 70% ethanol. The results obtdifer the aqueous and

the ethanol extracts are shown in Table 1.

Table 1:Yield of the aqueous and ethanol extracts

Part of the| Plant Yield in grams

plant used

Distilled water | Ethanol

Bridelia 10.81 6.74
micrantha

Bark
Croton 6.44 6.05

megalocarpus

Aloe secundifloral 4.78 3.72

Sonchus 8.95 2.17

Whole plant | luxurians

Ocimum 3.75 1.78

americanum
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3.2: Qualitative analysis of the crude extracts

Phytochemical screening of the crude plant extremtsaled differences
in the constituents of.s luxurians O. americanum A. secundiflora
B. micranthaand C. megalocarpuand their medium of extraction;
aqueous and ethanol. The phytochemicals tested flea@noids, sapon-
ins, tannins, alkaloids, glycosides, steroids artdrpenes. Tannins, fla-
vonoids and steroids/triterpenes were detectedtim éthanol and aqueous
crude extracts of all the plants tested. Alkaloigse detected in the etha-
nol and aqueous crude extract€ofmegalocarpuandA. secundifloraas
well as the ethanol crude extractsxfamericanunandB. micranthaand
agueous crude extracts 8f luxurians. Saponins were detected in the
ethanol and aqueous crude extractOohimericanum, Bmicranthaand
Sonchus luxurianas well as the aqueous crude extract€.omegalocar-
pusandAloe secundiflora Glycosides were detected in ethanol and aque-
ous crude extracts dD. americanum, Bmicranthaand S. luxuriansas
well as the aqueous crude extractsCofmegalocarpusind A. secundi-
flora. All the phytochemicals tested were detecte®iramericanunand
B. micranthaethanolic extracts while alkaloids were not detgédtetheir
agueous extracts. All the phytochemicals testedewadso detected in
agueous extracts @. megalocarpusnd A. secundiflorawhile saponins
and glycosides were not detected in their etharmsfitacts. The tested
phytochemicals were also detected in aqueous éxtafcS luxurians
while alkaloids were not detected in its ethanektract. In all the ethano-
lic extracts tested only i®. luxurians’ethanolic extract where alkaloids

were not detected. The results are shown in Table 2
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Table 2: Phytochemicals in the crude extractshad plants

Extracts
Phyto- OE |OA |BE |BA |CE |CA |AE |AA |SE |SA
chemicals E |E E E E E E E E E
Alkaloids + - + - + + + + - +
Saponins + + + + - + - + ¥ T
Tannins + | + + + + + + + + +
Flavonoids + + + + + + + + + T
Sterols/
Triterpenes | + | + | + + + + + + +| +
Glycosides | + + + + - + - + n +
KEY:
+ Present.
- Absent.

AAE  Aloe secundifloraqueous extract.
AEE  Aloe secundiflorathanolic extract.
BAE  Bridelia micranthaaqueous extract.

BEE Bridelia micranthaethanolic extract.

CAE Croton megalocarpuaqueous extract.

CEE Croton megalocarpusthanolic extract.

OAE  Ocimum americanuraqueous extract.

OEE Ocimum americanurathanolic extract.

SAE  Sonchus luxurianaqueous extract.

SEE Sonchus luxuriansthanolic extract.
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3.3: Molluscicidal activity

Molluscicidal activity of the aqueous and the ethlgplant extracts and
their different concentrations was observed on b adult and the
juvenile snails. The snails were observed undesediing microscope to
determine if dead or alive. Dead and surviving Isnaere counted at the

end of day three.

The various ethanol extracts had molluscicidal vétgti which was
significantly different among the various treatn®e(s ;= 31.636; p <
0.05). Dunnent test was used to compare all tlantrents groups with the
positive control groups. Only the comparisonBof micranthaethanolic
extracts with niclosamide gave a sig. level > O@5both juvenile and
adult snails at 0.73 and 0.51 respectiveley. Tierotomparison of the
other ethnolic extracts from the other plants wittlosamide gave a sig.
level< 0.05. Hence, only the ethanolic extractsBofmicranthahad a
molluscicidal activity which was not significantljifferent from that of

niclosamide.

Molluscicidal activity due to aqueous extracts wamificantly different
among all the treatmen(gs, 21 = 20.970; p < 0.05). Dunnet test showed
that only the comparison &. micranthaaqueous gave a sig. level > 0.05
for both juvenile and adult snails at 0.62 and (r&§pectively. Hence,
only the aqueous extracts Bf micranthahad a molluscicidal activity

which was not significantly different from that wiclosamide.
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3.4: Miracicidal activity

The various concentrations of the aqueous and ethartracts of
B.micrantha had significantly different miracicidal activity ithin 60
minutes E4, 15= 4.579; p < 0.05). Under multiple comparisons,afugs
obtained from the comparison of concentrationshef aqueous extracts
with niclosamide were > 0.05. In the ethanol exsacomparison of
20mg/l and 40 mg/l gave p. Values > 0.05 i.e 0.9Hence,
all the concentrations of the aqueous extractB.aficrantha(5, 10, 20
and 40 mg/l) and the 20 and 40 mg/l of the ethartiact ofB.micrantha

had a miracicidal activity similar to that of nislmide.

3.5: Cercaricidal activity

The various concentrations of the aqueous and ethartracts of
B.micrantha had significantly different cercaricidal activityithin 60
minutes F4 15= 3.949; p < 0.05).. Dunnet test showed that Peslu
obtained after comparison of all the concentratiohthe aqueous extract
of B.micranthawith niclosamide were > 0.05. Only comparison 0irgy/|

of ethanol extract oB.micranthagave a p. value > 0.05 i.e 0.407. Hence
5, 10, 20 and 40 mg/l of aqueous extractB .ohicranthatogether with 40
mg/l of the ethanolic extract dB.micrantha had cercaricidal activity

which was not significantly different from that of

3.6: LDso Determination

LDso was calculated using Finney Probit analysis metioocheasure the
dose that killed or immobilised 50% of the targegamisms within the

exposure period. Probit analysis is a method ofigalr analysis which
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involves conversion of the percentage mortalitie® iprobits and also
conversion of the concentrations into logarithiftting the logarithims
against the probits gives a straight line which barused to estimate the

LDsgvalue.

3.6.1: LDsg Determination of the extracts on adult snails

The aqueous extract Bfidelia micranthawas found to have a ldgvalue
of 24.98 mg/l and the ethanol extract gglvalue 19.01 mg/l. The other
extracts were found to have a ifvalue of above 100 mg/l. The results

are shown in Table 3.

Table 3: LDs5q values of the extracts on adult snails

Mean + SE
Plant species Aqueous Ethanol
S. luxurians 100.94 + 20.63 1422.69+329.90
B. micrantha 24.98 £ 3.35 19.01 +3.61
O. americanum 100.94 + 20.63 100.93 + 20.67
A. secundiflora 100.94 + 20.63 106.83 £17.82
C. megalocarpus 106.83 £ 17.83 100.93 £+ 20.67
Niclosamide 6.37+£2.72 6.37+£2.72
Distilled water 1422.69+329.90 1422.69+329.90
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3.6.2: LDsp Determination of the extracts on juvenile snails

The aqueous extracts @fridelia micranthawas found to have a L
value of 22.860 mg/l, while the ethanol extractsvi@und to have a L{g
value of 26.30 mg/l The other extracts from thesotblants were found to

have a L3y value of above 100 mg/l.The results are showreibld 4.

Table 4: LDsg values of the extracts on juvenile snails

Mean = SE
Plant species Aqueous Ethanol
S. luxurians 1422.69+329.90 1422.69 +
329.90
B. micrantha 22.86 +4.69 26.30+ 4.5
O. americanum 100.93 + 20.67 1422.69
+329.90
A. secundiflora 1422.69 + 329.90 100.93 + 20.6
C. megalocarpus 1422.69 + 329.90 1422.69 4
329.90
Niclosamide 6.37 £2.72 6.37 £ 2.7,
Distilled water 1422.69 + 329.90 1422.69 ¢
329.90
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3.6.3: LDsg Determination for Miracicidal and Cercaricidal activity

Bridelia micrantha aqueous extract had a ¢fvalue of 11.108 mg/l on
the S. mansonmiracidia and a LE) value of 4.465 mg/l on the cercariae.
The ethanol extract was found to have ad-Zalue of above 40 mg/l for

the miracidia and the cercariae. The results aversion Table 5.

Table 5: LDsg values of aqueous and ethanol extractB.aficranthaon

Schistosoma mansomiiracidia and cercariae

Extract LD 50 value (mg/l)
Miracidia Cercariae
Agueous extract 11.108 4.465
Ethanol extract 67.011 44.821
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CHAPTER FOUR

4.0: DISCUSSION

4.1: Yield of the extracts from the plants

Some of the properties affecting the choice oflaest are the quantity of
phytochemicals to be extracted and, promotion gfidrgphysiologic

absorption of the extract (Eloff, 1998). Successfigtermination of
biologically active compounds from plant matermlargely dependent on
the type of solvent used in the extraction proced&ioff, 1998). There-
fore the quantity of phytochemicals extracted cdudddue to the type of
solvent used. In both the aqueous and the ethartrhcts, Aloe

secundiflorahad the highest yield. When water was used astdtum of

extraction, the extract yield was higher compamdvhen ethanol was
used as the solvent in all the plants used.Thdtsesliowed that distilled
water is a better extractor than ethanol, yieldigher quantities of the
extract than ethanol. This could be because watar universal solvent,

used to extract plant products (Dasal, 2010).

4.2: Qualitative analysis of the crude extracts

Phytochemicals are non- nutritive plant chemichit have protective or
disease preventive properties. Presence of phytaché components in
these extracts illustrate that there are bioactieenponents in these
extracts. Phytochemical screening of the crude tpéxtracts revealed

some differences in the constituents ®bnchus luxuriansOcimum
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americanum Aloe secundifloraBridelia micranthaand Croton megalo-

carpusand depending on the medium of extraction.

Tannins, flavonoids and steroids/triterpenes weteated in both ethanol
and aqueous crude extracts of all the plants tesikdloids were detected
in both the ethanol and aqueous crude extractsrofon megalocarpus
and Aloe secundifloraAlkaloids were also detected in the ethanol crude
extracts ofOcimum americanurand Bridelia micranthaand in aqueous
crude extracts ofSonchus luxuriansAlkaloids are intermediate polar
compounds and as such would be extracted by intBatee polar
compounds like ethanol (Kotze & Eloff, 2002). Howeyvbecause of the
structural diversity of alkaloids, there is no dengnethod of their
extraction from natural raw materials. Most methedploit the property
of most alkaloids to be soluble in organic solvemi$ not in water, and
the opposite tendency of their salts (Manske, 1966) this reason, the
absence of alkaloids in the agueous extractBrafelia micranthaand
Ocimum americanunand yet they were present in their ethanol exdract
may indicate that their occurrence in these plantt in form of salts of
organic solvents. The absence of alkaloids inethanol crude extract of
Sonchus luxurianand yet they were present in the agueous extragt m
indicate that their occurrence in these plants iform of salts of organic
solvents. However, most alkaloids are presenterrdfiv plants in the form

of salts of organic acids (Manske, 1965).
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Saponins were detected in the ethanol and aqueau® @xtracts of
Ocimumamericanum, Bridelianicranthaand Sonchus luxurianas well
as the aqueous crude extracts Gfoton megalocarpusand Aloe
secundiflora Saponins frequently are isolated by boiling intmaeol
(Oleszeket al, 1992). However, saponins have special structeslres
and in general it is difficult to use a single teiclue for extraction of
saponins. For this reason, the absence of saponihe ethanol extracts
of C. megalocarpuandA. secundifloraand yet they were present in their
agueous extracts may indicate that saponins fronoua sources have

different extraction procedures (Yadav & Munin, 2D1

Glycosides were detected in ethanol and aqueoutde cextracts ofO.
americanum, BmicranthaandS. luxuriansas well as the aqueous crude
extracts ofC.megalocarpusind A. secundifloraGlycosides are water so-
luble compounds. However, some glycosides are Eolabalcohol. The
absence of glycosides in the ethanol extract€.ofmegalocarpusnd A.
secundifloramay indicate that the glycosides in these plardsresoluble

in alcohol.

4.3: Activity of the plant extracts on the adult ar juvenile snails

In both the aqueous and ethanol extraBsdelia micranthahad the
highest effect on the juvenile and adult snailse Tignificant value
obtained after the analysis is 0.000. This sigaiiicvalue is < 0.05.
Hence, we conclude that the various ethanol ane@e extracts had

molluscicidal activity which was significantly défent among the various
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treatments. On comparison to niclosamiBlemicranthaethanolic extract
gave a significant level > 0.05 for both juveniledaadult snails of 0.73
and 0.51 respectiveley. Hence only the ethanolicaek of B. micrantha
had a molluscicidal activity which was not signéitly different from that
of niclosamide. For the aqueous extracts, comparsoB. micrantha
agueous extracts with niclosamide gave a signifitarel > 0.05 for both
juvenile and adult snails i.e 0.62 and 0.53 respelgt Hence only the
agueous extracts @&. micranthahad a molluscicidal activity which was
not significantly different from that of niclosangid Comparison of the
other ethnolic and agueous extracts from the gitaants with niclosamide

gave a significant level < 0.05.

The aqueous extract 8f micranthawas more effective (significant value
0.53) than the ethanol extract (significant valuB1) The adult snails
were more susceptible ®. micranthaextracts than the juvenile snails.
The death of the snails B. micranthaaqueous and ethanol extracts could
be due to the findings that the plant is knowndntain saponins (Schmidt
et al., 2002). The molluscicidal activity of the saponimay be due to
their characteristic detergent effect on the saftiyomembranes of the
molluscs. However, saponins are structurally deessd have multiple
effects in animal cells (Francet al, 2002). A large number of saponins
have an effect on the cell membrane’s permeabldityeither forming
pores in the membranes altering sodium- patassiumd ealcium
magnesium ATPase activity or insertion of the hythabic saponin
nucleus into the lipid bilayer. Others have theligbio lower serum

cholesterol land increase cholinesterase actiitiofjaet al, 2005).
54



It is difficult to establish clear functionality énstructure - activity
relationships regarding the effects of saponinsiafogical systems due to
the complexity of their cellular reactions (Franeisal, 2002). Thus there
is need for further reseach for a clear explanationthe molluscicidal
activity of B. micranthaaqueous and ethanol extracts while all the exdract
from the other four plants showed no molluscicigetivity yet they were
found to have saponim&. micranthahas prospects to warrant further
research towards development of a molluscicide whiay give solution

to the control of schistosomiasis transmissionrails.

4.4: Miracicidal activity of Bridelia micrantha

Analysis of significant value obtained is 0.13 whis < 0.05. The various
concentrations of the aqueous and ethanol ext@fcB®.micranthahad

significantly different miracicidal activity withir60 minutes. Significant
values obtained from the comparison of concentnatiof the aqueous
extracts with niclosamide were > 0.05. (5 mg/l,a@/I, 20 mg/l and 40
mg/l gave p values of 0.744, 0 .949, 0 .981 an@ r@spectively. In the
ethanol extracts comparison of 20mg/l and 40 maykeg. values of 0.921
(P > 0.05). Hence all the concentrations of theeaqgs extracts of
B.micrantha(5, 10, 20 and 40 mg/l), 20 and 40 mg/I of theaath extract

of B.micranthahad a miracicidal activity similar to that of reslamide.

4.5: Cercaricidal activity of Bridelia micrantha

Various concentrations of the aqueous and ethati@as ofB.micrantha
had significantly different cercaricidal activity ithin 60 minutes.

A p value of 0.22 which is < 0.05 was obtained.
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After comparison of all the concentrations of thgueous extract of
B.micranthawith niclosamide p value > 0.05 were obtained. phalues
were 0.058, 0.298, 0.058 and 0 .298 for 5 mg/ljmidl, 20 mg/l and 40
mg/l respectively. Only comparison of 40mg/l of atbl extract of
B.micranthagave a p. value > 0.05 0.407. Hence the 5 mg/mg0, 20
mg/l and 40 mg/l concentrations of aqueous extraatsthe 40 mg/l of the
ethanol extract oB.micranthahad cercaricidal activity which was not
significantly different from that of niclosamide twin the 60 minutes
period. The number of dead cercariae in the ethamrtrthcts remained

fairly constant with varying time of exposure.

4.6: LDsg Determination

LDsg is the dose required to kill half the members @aésted population
after specified test duration. pof the extracts was determined to
measure the dose that killed or immobilised 50%heftarget organisms
within the treatment period. Lfpfigures are frequently used as a general
indicator of a substance's acute toxicity (Flem&nglunt, 2000). A large
LDsp, means it takes a large quantity of the materiatdase a toxic
response (Walker & Lupien, 2000). k< 100 mg/l indicates that the the
substance is highly toxic, ldg> 100 < 500 mg/l indicates that the the
substance is moderately toxic, > 500 < 1000 mg/l indicates that the
the substance is weakly toxic while > 1000 mg/I indicates that the the
substance is non toxic (Ngueaal, 2011).

Among the extracts used on adult sndlgnicranthaagueous extract was

highly toxic on adult snails; LE<100mg/l while S. luxurians,
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O. americanum, A. secundiflo@nd C. megalocarpusqueous extracts
were moderately toxic; LE>100< 500mg/I B.micranthaethanol extract
was highly toxic; LBe<100mg/l, O. americanum, A. secundiflorand

C. megalocarpuswere moderately toxic; LE>100< 500mg/l while
S. luxurianswas non toxic on the adult snails; 481000mg/l. The aque-
ous extract oBridelia micranthawas found to have a lgvalue of 24.98

mg/l, while its ethanol extract was found to haueDgovalue 19.01 mg/l.

When these extracts were tested on the juvenilélssrB.micrantha
agueous extract was highly toxic; §100mg/l, O.americanumwas
moderately toxic; LIy>100< 500mg/l whileS. luxurians, A. secundiflora,
and C. megalocarpsi were non toxic on juvenile snails; Lgg>1000mg/I.
For the ethanol extract®.micranthawas highly toxic; LBy<100mg/l,
A. secundiflorawas moderately toxic; L{>100< 500mg/I.S. luxurians,
O. americanumand C. megalocarpuswere non toxic on juvenile snalils;
LDso>1000mg/l. The aqueous extract d. micranthawas found to have
a LDsp value of 22.86 mg/l, while the ethanol extracts oB. micrantha
was found to have a Lggvalue of 26.30 mg/l. For the juvenile snails the
agueous extract d8. micranthawas more efficacious with a lspvalue
of 22.86 mg/l than the ethanol extracts, with ad.alue of 26.30 mg/I.
For plant to be considered to be a molluscicidehduld be registered in
concentrations of up to 100 mg/l (Mott, 1987). Tdencentrations oB.

micranthawere therefore within the acceptable concentration

On testing the efficaciouBridelia micranthaon theSchistosoma mansoni

miracidia, the aqueous extract had as¢.lalue of 11.108 mg/l, while the
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ethanol extract was found to have ash®alue of above 40 mg/l. There-
fore the other extracts required a higher dose #@&mmg/l to kill the
miracidia.The miracidia were more susceptible ®dqueous extract than
to the ethanol extract. On testing the efficaciBudelia micranthaon the
Schistosoma mansonercariae, the aqueous extract had gob@lue of
4.465 mgl/l, while the ethanol extract was foundh&we a L3y value of
above 40 mg/l. For the cercariae, the aqueousatxifd. micranthawas
more efficacious with a LE) value of 4.465 mg/l, than the ethanol extract,
with a LDsg value of above 40 mg/l. Therefore the other exsraequired

a dose higher than 40 mg/l to kill the cercariae.

Water is a universal extracter. The higher susb#ipyi of the miracidia

and the cercariae to the aqueous extract tharetettianol extract may be
due to presence of some phytochemicals especiatlget extracted by
water which have different structures form thoseaeted by ethanol (Sen

et al, 1998b)

4.7: Conclusion

In this study distilled water and 70% ethanol wesed for extraction of
crude plant extracts from five plants. Distilledteraproved to be a better
extractor. There are appreciable numbers of congthat are present in
the ten extracts. They include alkaloids, sapontasnins, flavonoids
sterols/triterpenes and glycosid€ut of the tested plant extract samples
B. micranthahas proven to be the best plant extract in maltical
effects.The plant extract also had ability to d®sttercariae and to a less

extent the miracidia. Ethanol extracts, 8f micrantha was more
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efficacious on the adult snails with a lower g[¥alue than the aqueous
extract. For the juvenile snails, the miracidia d@he cercariae, aqueous
extract ofB. micranthawas more efficacious with a lower kpvalue than

the ethanol extract.

Generally the adult snails were found to be moseesptible to the lethal
effects of the plant extracts than the juvenileilsn&@he cercariae were
found to be more susceptible to the lethal effe€the plant extracts than
miracidia and there are no obvious explanationshfese differences.

This study has been able to demonstrate significaotluscicidal,
miracicidal and cercaricidal activity iB.micranthawhich could be used
in control of schistosomiasis. The results sugtfestB.micranthaextract

has highly promising properties.

4.8: Recommendations

1. The extracts dB.micranthashould be further analyzed to isolate the
probable molluscicidal, miracicidal and cercidial principles in them.

2. Toxicity studies of the effective plants shoalgo be done to determine
the safety indices of the extracts.

3. In this study, th8. micranthaextracts were made from only one part of
the plant. It is suggested that many plantspand also of varied ages
be used since there are variations in theraatation of the chemical

compounds in various plant parts with time.
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Appendix I: Multiple comparisons-Molluscicidal activity

Ethanol extract vs Juvenile
snails

Dunnett t (2-sided)

95% Confidence Interval

Mean Dif-
(J) Treat- |ference (I Lower
(I) Treatments ments J) Sig. | Bound Upper Bound
Distilled water Niclosamidd - - ,
10.00000 99912 6444 "7-3553
S.luxurians Niclosamide - - ]
10.00000{ '°%912 644 "7:3553
B.micrantha  Niclosamidd -6.50000| .073 -9.1448 -3.8551
O.americanum Niclosamide - - ,
10.00000 99912 6444 "7-3553
A.secundiflor Niclosamidg - ]
-9.75000( .009 12.3941 -7.1052
C.megalocarpuNiclosamidg - - ]
10.00000 99912 6444 "7-3553
Ethanol extract vs adult sna
Dunnett t (2-sided)
95% Confidence Interval
Mean Dif-
(J) Treat- |[ference (I Upper
(I) Treatments ments J) Sig. Lower Bound Bound
Distilled water Niclosamidg - ) i
10.00000) .000 -13.2783 -6.721
S.luxurians Niclosamidd -9.75000| .00d -13.0283 -6.47171
B.micrantha  Niclosamidd -6.75000| .051 -10.0287  -3.4711
O.americanum Niclosamidd -9.75000| .000Q -13.0283 -6.47171
A.secundiflor Niclosamidd -9.75000| .000Q -13.0283 -6.4711
C.megalocarpuNiclosamidg -9.50000( .00dQ -12.7784 -6.2211
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Appendix II: Multiple Comparisons- Molluscicidal activity

Aqueous extracts vs Juvenile snails

Dunnett t (2-sided)

(J) Treat-
(I) Treatments ments

Mean Dif-
ference

(I-9)

Std.
Error

95% Confidenct
Interval

Sig.

Lower
Bound

Upper
Bound

Distilled water Niclosamidd

10.00000

1.1700¢

.000

-13.2647

-6.735§

S.luxurians Niclosamide

10.00000

1.1700¢4

.000

-13.2647

-6.735§

B.micrantha  Niclosamidd

-6.25000

1.1700¢

.062

-9.5147

-2.985§

O.americanum Niclosamide

-9.75000

1.1700¢4

.000

-13.0147

-6.485§

A.secundiflor;  Niclosamidd

10.00000

1.1700¢4

.000

-13.2647

-6.735§

C.megalocarpuNiclosamidg

10.00000

1.1700¢4

.000

-13.2647

-6.735§

Aqueous extract vs adult
snails

Dunnett t (2-sided)

(J) Treat-
(I) Treatments ments

Mean Dif-
ference

(I-9)

Std.
Error

95% Confidencsd
Interval

Sig.

Lower
Bound

Upper
Bound

Distilled water Niclosamidd

10.00000

1.37144

.000

-13.826(

-6.174(

S.luxurians Niclosamide

10.00000

1.371448

.000

-13.826(

-6.174(

B.micrantha  Niclosamidd

-5.75000

1.37144§

.053

-9.576(

-1.924(

O.americanum Niclosamide

-9.75000

1.37144§

.000

-13.576(

-5.924(

77



A.secundiflor. Niclosamidd -9.75000|1.37144.000-13.576( -5.924(

C.megalocarpuNiclosamidg -9.75000|1.37144.004-13.576( -5.924(

*, The mean difference is significant at the 0.0
level.
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Appendix Ill: Multiple Comparisons -Miracicidal act ivity

Multiple Comparisons using Dunnet test-Miracicidativity

Miracicidal activity of the Aqueous extracts of

B.micrantha

Dunnett t (2-sided)

95% Confidencsd

(I) Concen- (J) Concen- Interval
tration of tration of Mean Dif-
B.micrantha B.micrantha | ference| Std. Lower | Upper
extracts extracts (1-9) Error | Sig. | Bound | Bound
5mg/l Niclosamide | -1.7500(1.828027 .744 -6.7354 3.235¢
10 mg/I Niclosamide | -1.0000(1.82807 .949 -5.9854 3.985¢
20 mg/l Niclosamide| -.750001.8280% .981 -5.735q 4.235¢
40 mg/l Niclosamide .000001.828091.00q -4.985q 4.985¢
Miracicidal activity of the Ethnol extracts o
B.micrantha
Dunnett t (2-sided)

95% Confidenct
(I) Concen- (J) Concen- Interval
tration of tration of Mean Dif-
B.micrantha B.micrantha | ference | Std. Lower | Upper
extracts extracts (1-9) Error | Sig.| Bound| Bound
5mg/l Niclosamide | -3.75000|1.19379 .024 -7.005] -.4943
10 mg/I Niclosamide | -3.75000[1.19379 .029 -7.0057 -.4943
20 mg/l Niclosamide| -.750001.19373 .921 -4.0057 2.505]
40 mg/l Niclosamide| -.750001.19373 .921 -4.0057 2.505]

*. The mean difference is significant at the 0.6&l.
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Appendix IV: Multiple Comparisons -Cercaricidal activity

Cercaricidal activity of the Aqueous extracts of

B.micrantha

Dunnett t (2-sided)

95% Confi-
() Concentra-(J) Concentra- dence Interva
tion of tion of Mean Dif-
B.micrantha B.micrantha ference | Std. Er Lower| Upper
extracts extracts (1-9) ror |[Sig.|Bound| Bound
5mg/l Niclosamide / - ]
-3.5000( 1.31977.058 70997 .0993
10 mg/I Niclosamide 1 - ]
-2.2500(1.31977.298 5 8493 1.3493
20mgt - Niclosamide {4 50000|1.31974.056 , o] -4007
7.5994
40mgfl - Niclosamide {5 550001.31974.29¢ . | 1.3493
5.8491
Cercaricidal activity of the Ethanol extracts
B.micrantha
Dunnett t (2-sided)
95% Coni-
(I) Concentra-(J) Concentrg dence Interva
tion of tion of Mean Dif-
B.micrantha B.micrantha | ference |[Std. Er- Lower| Upper
extracts extracts (1-9) ror | Sig.|{Bound Bound
Smg/l Niclosamide | 3 75006(1.17614 .02d . .. -542:
6.957
10 mg/ Niclosamide | 3 50004(1.17614 .031 1 -.2924
6.707
20 mg/l Niclosamide | 3 75000(1.17614 .02 1 -5424
6.957
40 mg/l Niclosamide | 4 75004 1.17614 .407 4.057] 1457
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Cercaricidal activity of the Aqueous extracts of

B.micrantha

Dunnett t (2-sided)

95% Confi-
() Concentra-(J) Concentra- dence Interva
tion of tion of Mean Dif-
B.micrantha B.micrantha ference |Std. Er- Lower| Upper
extracts extracts (1-9) ror |Sig.|Bound Bound
5mg/l Niclosamide / - ]
-3.5000(¢ 1.31974.0594 7 099: .0993
10 mg/ Niclosamide |5 250001.31971.29¢ ;. .., 1.3493
5.8493
20 mg/ Niclosamide I 4 00000| 1.31971.05¢ , .o 4007
7.5993
40mgfl - Niclosamide {5 550001.31974.29¢ . | 1.349]
5.8493
Cercaricidal activity of the Ethanol extracts
B.micrantha
Dunnett t (2-sided)
95% Confi-
(I) Concentra-(J) Concentrg dence Interva
tion of tion of Mean Dif-
B.micrantha B.micrantha | ference |Std. Er Lower| Upper
extracts extracts (1-9) ror | Sig.|Bound Bound
Smg/l Niclosamide | - 3 75006(1.17619 .02 1 -5424
6.957
10 mg/l Niclosamide | - 3 50006(1.17619 .031 1 -.2923
6.707
20 mg/l Niclosamide | 3 75006(1.17614 .02 . -] -542
6.957
40 mg/l Niclosamide 11 750011761 .407 , o] 1.457

*. The mean difference is significant at the 0.6%&ell.
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Appendix V: Graph showing yield of the extracts ofthe five plants.
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Appendix VI: Graph showing activity of aqueous extacts on adult snails
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Appendix VII: Graph showing activity of ethanol extracts on adult

snails
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Appendix VIII: Graph showing activity of aqueous exracts on

juvenile snails
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Appendix IX: Graph showing activity of ethanol extracts on juvenile
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Appendix X: Graph showing miracidal activity of agueous extract of
Bridelia Micrantha
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Appendix XI: Graph showing miracidal activity of ethanol extract of

Bridelia micrantha

120

100 -

80 1

60 4

40 4

20 1

Mean percentage of mobile miracidia

10 20 30 60

Duration in minutes
‘l Distilled water O Niclosamide O 5mg/L ® 10mg/L @ 20mg/L ® 40mg/L ‘

Appendix XlI: Graph showing cercaricidal activity of aqueous extract

oBridelia micrantha
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AppendixXIll: Graph showing cercaricidal activity o f ethanol extract

oBridelia micrantha
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