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ABSTRACT

A study to determine th vitro andin vivo anticoccidial activities oKhaya senegalensisaf
extracts orEimeria tenellainfection in broilers was conducted. A preliminary investigation was
carried out using three plants nameéfytaya senegalensis, Guiera senegaleasigTamarindus
indica to sdect the one with the most anticoccidial activity. The leaves were extracted by
maceration method for 72 hours using 70% methanol and the partial purification of the dried
crude methanol extracts done. The separated portions of the extracts were thaeebglT hin

Layer Chromatography (TLC). The chromatography result showeKtimta senegalensizas
phenols and flavonoids. Thelbutanol fractions were tested forvitro anticoccidial activities on

the sporulation time of thEimeria tenellaoocysts.Khaya senegalensis-butanol fraction had

the most anticoccidial activity in which there was total sporulation inhibition (100%) while
Guiera senegalensibad the least anti coccidial activity with 49% sporulation inhibitidhe
maximum tolerated dose (MD)) was determined using gradedses of the Hbutanolextractsof

Khaya senegalensat 11 mg/kg, 33mg/kg, 99mg/kg, 297mg/kg and 89Img/kg administered
orally to 4 weeks old birds at the same pemddch weredivided into groups AE respectively

while group F birds were given Orl/bird of distilled water as control. The high survival rate of
100% in the five treated groups of the maximum tolerated dose experiment indicated the high
safety margin ofKhaya senegalensisven at a dose of 891mg/kg. Theogressive weight
increase in both the treated (11mg/kg) and un treated group shows the ability of the extract to
improve weight gain. The histopathological lesions had some degree of 1tepicity seen. A
chronic toxicity study was also conducted usihg rrbutanol portion of thextractsof Khaya
senegalensisTwo groups of 7 birds each (1 and 2) of 4 weeks of age breiens usedvith

group 1 chickens orally dosed with 56@y/kg of the rbutanol fraction of the extract daily for
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two weeks. Group 2erved as the control group and ebitt was given distilled water at 0.2ml.

The gross lesions showed that 5®3/kg given over a two weeks period had effects on the
internal organs of the birds as revealed by the hypertrophied, congested kidneys.idevafuat

the modulatory effect of the-lputanol fraction of the crude methanol extracts Kifaya
senegalensiagainstE tenellain broilers was carried out using one hundred and twenty, 4-week
old birds which were obtained from the National Animal Producdod Research Institute
(NAPRI), Shika, Zaria. The higher mean oocyts count in the infected untreated(¢88t)than

the treated groufwo weeks post infectiorindicated that the extract had some inhibitory effects

on oocyst count. Among the extract &ated birdsthe high oocyst count by the ig/kg group

(17%) suggests the dose was not adequate to prevent oocyst production whilertpék@had

lower oocyst counts (12%) which was comparable to the group treated with normal dose of
Amprolium (10%) ad thus was the effective dose 2 weeks post treatridsb.the phenols at a

dose of 99mg/kgused to treat thénfected birdsthree weeks post treatmemeduced oocysts
count by 2%.The presence of schizonts and merozoites in caecal scrappings shotved tha
reproductive activities of the parasites were not completely halted even after treatment. It also
shows that the endogenous stages were not susceptible to the extracts at all doses although the
population in the treated infected groups were lower thasettseen in the infected un treated
group. The survival percentage was higher in the treated groups compared to the infected un
treated groug55%). Among the treated groups, the survival rate was numerically higher in the
33 mg/kg (85%) treated grouphile the least was in the group treated witm@®kg (70%). The
infected groups had slightly lower Packed Cell volume (PCV) even after treatment with the
extracts than the uninfected or Amprolium treated group. In this experiment the lowest PCV was

24.680 at thethird week post infection in the 33mg/kg treated group. The histopathological
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lesions observed included very severe lesions including severe villous atrophy and fusion of the
villi. In conclusion,the in vitro and in vivo modesl were found to beiseful toos for rapid
screening of anticoccidial activity tfie plant preparations againstmeriatenellaparasiteslt is
recommended that recommended that extrakthafya senegalensan be given at a dose of 11
mg/kg as a natural growth promoter. Also anticoccidialitro activity of K senegalensias it
relatesto in vivo anticoccidial activity is an interesting area for more research. Detailed studies
are needed to isolate, characterize and evaluate the actimponents and the mechanism of
action of the identified active principles iKhaya senegalensisaves as well as other parts of

the plant.



Chapter One

1.0 Introduction
Coccidiosis is one of the most detrimental and lethal management diseases of Gyoltke ét
al., 2013;Khan et al, 200§. Chickens are susceptible to at least nine (9) species of Coccidia
(but only five are pathogeriqJordan,1990). The most common and pathogenic species are
Eimeria tenellawhich causes caecal coccidiosis dhitheria necatrix(Gyorke et al, 2013),
while Eimeria acervulina and Eimeria maxima cause chronic intestinal coccidiosis
(Chandrakesamt al, 2009). The disease may be acute omaolu (Takagiet al, 2006) and is
associated with haemorrhagic diarrhoea, emaciation, growth retardation and sometimes death
(Takagiet al, 2006). Birds of any age may be affected but problems are not common in chicks

under two weeks of age (Wright, 2005).

Poultry keeping is the dminant form of livestock production in developing count(idsmanet
al.,2009. In Nigeria, the rising cost of poultry feeds, problems of drug residues and incubial
resistance to diseases have become major problems militating against the poultry industry (Ogbe
et al, 2008). Porte(1998) estimated that feddr poultry comprise roghly 66 % of thetotal
production costs for layetbroiler chickens or turkeys. In addition, severe enteric damage by
bacterial infection will cause overt illness and high mortality in a poultry flock (Elmulskaraf

al., 2006). Coccidiosis has remainee timost important poultry disease in Nigeria (Oleasl.,

2006). Lawalet al. (2008) showed that the infection can occur in both local chickens and exotic
birds with the former serving mainly as reservoir hosts. Management systems (deep litter, cage
and fee range) have also been shown to be of no barriers to the occurrence of avian coccidiosis
in Zaria (Lawalet al.,2001). The disease causes considerable economic losses in both the layer

and broiler industries/-Quraishyet al, 2009; Chandrakesagh d., 2009;Yin et al, 2013.



Anticoccidial drugs have been in use for more than 50 years and presently almost all commercial
broilers are reared with the agents in their feeds (Chapman, 2001; ChandretkasaR009).

The development of drugesistantfield strains and the necessity fortidrawal periodprior to
slaughter prompted the exploitation of alternative methods for controlling coccidiosis @ulpo

al., 2007). Consequently, due to the ban on antimicrobial growth promoters (AGP), the use of

plant extracts has gained attention in animal feed strategies and formulationst(@ip2006).

There is an increasing use of medicinal plants and plant products as alternatives to orthodox
medicine especially in developing nationiKail and Ajabonna, @07). Plants native to Nigeria

have been experimented and shown to have some anti coccidial activities (Anosa and Okoro,
2011) with the bark oKhaya senegalensissed to treat coccidiosis, helminthosis and diarrhoea

in poultry (Gefuet al, 2000). Similaly, Tamarindus indicavorks as a pwative, diaphorectic

and an artelminthic and is also said to have anti trypanosomal actiMtClrkle et al, 1996;

Gefu et al, 2000Q. Gueira senegalensis widely used in traditional medicine in West Africa
(Maleset al.,1998) and is known to have antimicrobial effects (San@&gal., 1997). Khaya
senegalensjGueira senegalensesnd Tamarindus indicaare widely used asmedicinal plants in

West Africa (Maleset al., 1998) and aralso known to have antimicrobial effects (Sanogar

al., 1997.

This study is being carried out to detemmithe possible effects of the leaf extracts ofptlaats
named aboven the causative agents of avian coccidiosis and to compare them with tladtand

conventional treatment.



1.1 Statement of Research Problem

Host specific coccidiosis is caused Wyimeria species which belong to the Phylum
Apicomplexa, Family Eimeridae and geridsneria. It is the major parasitic disease of poultry
causing substantial economic losses due to malabsorption, bad feed conversion rate, reduced
weight gain and mortality (Fornaet al, 2013).Although some clinical eimerial infections may

be unimportant (GerhdlJr, 2014)they can cause considerable depression in feed efficiency and
egg production, which accounts for 70%tlwe total coccidiosis diseasentrol costCoccidiosis

is a disease of poor management and mortalities due to the disease are rankedfsacaoiral
diseases of poultry (Hadipoet al, 2013).The disease is responsible fo16% of all broiler
mortalities and incidence of the disease in commercial poultry ranges fi@¥fUsmaret al.,

2011). The poultry industry is facing problems igh include drug resistance, lack of new
anticoccidial productgand consumer demanding decrease in the use of drugs in animal feeds
(Hafez, 2008)The extensive use of prophylactic anticoccidial drugs has led to the development
of drug resistant strains dEimeria against all products introduced (Chapmd997).Live
vaccines can restore drug sensitivity and proved to be efficient in controlling the disease but they
are expensive and have adverse effects on early chick gf@¥ilttams, 2002) Also the contol

of coccidiosis in replacement birds namely broiler breeders and egg producing stock is a
continuing problem since most anticoccidials cannot be given to birds in egg production , yet
most adult birds live in an infected environment (Usnednal., 2011) This suggests that
coccidiosis is likely to have a greater impact on the pralitgbof broiler meat and egg
productiors in future (Sunhwaet al.,2014).There is therefore an urgent need to seek alternative

strategies to control coccidiosis.



1.2 Justification

Viral and protozoan diseases are the most outstanding infectious diseases militating against
productive poultry industries in NigerigAbdu et al, 2007. Prominent amonghe protozoan
diseases isoccidiosis. Cocidiosis is a protozoan diasecommonly occurring under intensive
management system (Biet al, 2006) where pathogenic population of the causative agent
Eimeriaspecie (Obastt al,2006) easily builds up causing significant economsgsés through
reduction in weightfeed consumjon and mortality(Gyorkeet al,2013). It currently represents

one of the greatest challenges the broiler industryespecially in the production of broiler
chickens (Bliss, 2007). The economic losses are significant being estimated at more than 3
billion US dollars annuallworldwide (Gyorkeet al, 2013). In the United States, well over 600
million dollars are lost annually @éuto coccidiosigBliss, 2007). Although coccidiosis is known

to be endemic in Nigerjdhere is a deartbf accurate data aime economic impact (Obasi al.,

2006. There are records of losses due to the disease at clinical and sub clinical levels and cost of
control measures are appreciable and reprehengitidaset al., 2006; Mikail and Ajabonna,

2007).

In recent times,here has beeimcreasingglobal interest in ethnomedical and ethneeternary
practicesespecially as it relates to the use of medicinal plants in treating various ailments. In the
developed world, this move is in response to the production of aninessfrism industrial
chemical inputs and the need to discover new therapeutic substances of natural origin with
possibly low toxicity to man and animals. In Africa this is borne out of economics and

affordability (Alawaet d., 2003;Tipu et al, 2009.



Khaya senegalensis a well known medicinal plantS@leet al, 2008; Ndjonkagt al, 2011;
Kolawole, et al, 2012;lbrahimet al, 2013 and theactive compounds dfhaya senegalensis
have been described by Yaahal (2013) and\akataniet al (2002) Proximateanalysis oK.
senegalensif¢eaves revealed that they are rich in dry matter, organic matter, minerals, gross
energy and crude protein (AbeMlarethet al,, 2014).In Nigeria, the bark oKhaya senegalensis

is used to treat coccidiosis, helminthosis, amoebic dysentery and diarrhoea in poultret(Gefu
al., 2000). It has also been reported to have some therapeutic effects dggiestosoma
species (Otuet al, 2009). Anti oxidants and flavonoids are posgibtandidates in natural
products which occur naturally (Tahest al, 20(®) with many medicinal plants been good
sources (Emami, 200@nd are stored in different parts of some plaBisakuniet al, 2001;
Brisibe et al, 2009. The identification of phaolic compoundsn Khayasenegalensis/hich are

also atioxidants has been indicated to have anticoccidial activitiddaidoo et al, 2008;
Meskerem and Boonkaewwan, 2Q18xidants can be produced at elevated rates under-patho
physiological conditions (Meskerem and Boonkaewwan, 2@I3nolic compounds could be a
major determinant of antioxidant potentials of foods and are therefore a natural source of
antioxidants(Aberoumand and Deokule, 2008Yowever, the effects of leadxtracts of the
plants on Coccidia another important profmman parasite is not known. The pressttdy is
therefore conceived to bridge this gap of knowledge and probably contribute towards finding

solutions to effectivéreatment andontrol of avian coccidiosis in Nigeria.



1.3 Aim of the study:

The aim of the study isotdetermine the lemical constituents anahticoccidial activitiesof
extracts ofKhaya senegalensisavesusing experimentaEimeriainfection in broilers

1.4 Objectivesof the study:

The objectives of the study are to

i Fractionate the methanol extracts #&haya senegalensisGuiera senegalensisand

Tamarindus indica

ii. Evaluate thein vitro anticoccidial effect ofthe extracts ofKhaya senegalensisGuiera

senegalensiandTamarindus indica.

iii: Evaluate then vivo anticoccidial effect of the extracts.

1.5 Research Question

Do aqueous and-butanol fraction of therudemethanol extracts d¢haya senegalensis, Guiera
senegalensiand Tamarindus indicehave anticoccidial effects agairtsimeria tenellainfection

in broilersin vivoandin vitro?



Chapter Two

2.0 Literature Review

2.1 Avian cocciodiosis

Avian coccidiosis is one of the most common and important diseases in poultry production
caused by protozoan parasites ofgleausEimeria(Perez Carbajalet al, 2010). Host specific
coccidiosisis the major prasitic disease of poultry causiggbstantial economic losses due to
malabsorption, bad feed conversion rate, reduceghwejain andmortality (Fornaceet al,

2013). In poultrymostspecieof Eimeriainfect various sites ithe intestine (Gerhold Jr, 2014).
Seven species dimeriahave been recognized to specifically parasitize the domestic chicken
(Gallus gallug with differing levels of pathogenicity and specific areas of localization within the
digestive tract (Fornacet al, 2013). The disease is characterized by enteritis and diarrhoea
which can become bloody with certalitimeria species (Dakpogan and Salifou, 2013). The
replication of Eimeria sporozoitesin the epithelial cefl of the intestinal tract causirigssue
damage with esulting interruption of digestive processes or nutrient absorption, dehydration
and blood loss (Dakpogan and Salifou, 2013). The macroscopingesi the digestive tract
predispose the infected bird® many gastrointestinal bacterial pwyl diseases such as
clostridiosis, salmonellosis and collibacillosis odrironnois and Zadjian, 2011)Certain
immunosyppressivev i r a | di seases such as infections bur
anaemia infectious viral disease also exacerxateidiosis (Lanckrierét al, 2010). Coccidiosis

is a disease of poor managem@dakpogan and Salifou, 20%3hortalities due to the disease are

ranked second after viral diseasdpoultry (Hadipouret al, 2013).



2.1.1 The Causative Agents of Aviafoccidiosis

Coccidiosis is caused bgimeria species which belong to thenjglum Apicomplexa, Family
Eimeridaeand genusimeria (Amin et al, 2014).They areintracellular protozoan parasites
(Lillehoj and Trout, 1996). Nearly 180&imeria species have baereportel affecting the
intestinalmucosa of different animals and birdsl (Natouraet al., 2002; Hamidinejatet al,
2010 Amin et al, 2019. Among these, nin&imeria species have been reported to affect the
domestic fows (Bachayaet al, 2012; PereXarbajalet al, 2010; Nematollahiet al, 2009).
These include the highly pathogenic species identifidimegria tenella, E maxima, E brunette
and E necatrix (Amin et al, 2014).E acervulina, E mivatand E mitis are reported as less
pathayenic ance haganiandE praecoxreported as mildAmin et al, 2014). Among the seven
species oEimeriacommonly detected in infected chickefstenellais one of the most virulent

and the only one for which the genome has been sequenced éRel2012).

Eimeria tenellais one of the most ubiquitous (Pastal, 2010) and most pathogenic (Ables
al., 2008).1t is a significant cause of intestinal disease in chickens worldwide (Gstchb
2014). It is an intracellular obligate protozoan parasite (Akbas, 2008) having a complex life
cycle of seven day(Cachoet al, 2014) duringwhich it undergoes intracellular development
and proliferates through characteristic intracellular esagonfined to the caecal epithelium

(Cachoet al, 2014). It causes caecal coccidiosis (Astiral, 2014).

Coccidia are almost universally present in poultry raising operations, but clinical disease occurs
only after ingestion of relatively large numben$ sporulated oocysts by susceptible birds

(Gerhold Jr, 2014). Both clinically infected and recovered birds shed oocysts in their droppings



which contaminate feed, dust, water, litter and soil (Gerhold0dr4). The infectivédorm of the
parasite is th@ocyst which sporulates two dagfter following excretion through the faeces in

the natural environment and can be ingested by a susceptible host (Dakpogan and Salifou, 2013).

Eimeria tenellainhabits the caeca (rarely adjacent intestinal tissues) cabeimgrrhge and
inflammation(Meskerem and Boonkaewwan, 2013). It is known as caecal or bloody coccidiosis
and can be recognized by the accumulation of blood in the caeca and by bloody droppings

(Meskerem and Boonkaewwan, 2013).

2.2Morphology

The protozan parasites may be foumd poultry operationsand exiss as a highly resistant
oocystin litter. The oocysts vary in size withmaximabeing the largest (about 2039u) andE

mitis, the smallest (about %46 ). Reid and Long (1979) established that oocystimkria
species cannot be distinguished simply using their morphology. The oocysts are categorized
according to size with minute variations in length and width. These categories are small, medium

andlarge (Price and Barta, 2010).

i) The small category includes:

i) E. acervulina

i) E. mitis

iv) E. mivati

Medium size category:

i) E.necatrix ii) E. praecox



iii) E.tenella iv) Ebrunetti
C. Large size: E. maxima
2.3Life cycle

The life cycle ofEimeriacomprises intracellular, extracellular, asexual and sexual stslye{
al., 2004;Kitandu and Juranova, 2006). It does not require intermediate host (Chauhan and Roy,
2007) and also has a self limiting life cyatbaracterized by high tissue and host specificity

(Hafez, 2008). The life cycle can also be divided into two distinct phases:

Internal phase (schizogony and gametogony) in which the parasite multiplies in different parts of
the intestinal tract and the omts are excreted in the faeces (Hafez, 2008; Price and Barta,

2010).

The external phase (sporogynguring which the oocystsinderge@s a final process called
sporulation before they are infective. Sporulation requires warmti88@), moisture and
oxygen(Hafez, 2008). Unsporulated oocysts are released to the environment via the faeces of
poultry (Prince and Barta, 2010). The unsporulated oocyst is non infective; however, after
approximately 48 hours at optimum temperature?¢30and oxygen tension, theooysts
sporulate (Price and Barta, 2005). The sporulated oocyst is tetrasporic and dizoic with four
sporocysts that contain two infective sporozoites withinmth@rice and Barta, 2010). The
infective oocysts can remain viable in the litter for an extemquiéd (months to years under

ideal condition) until transmitted faeeatally to a definitive host (Price and Barta, 2010).

After uptake of oocyts by the bird, sporozoites are releagkith ente the gut epithelial cells.

The invasion may occur -6 hous after the oocysts are ingested and form first generation
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schizonts two dayafter infection (Klinkenberg and Heesterbeek, 2005). The grinding action of
the gizzard releases the sporocysts from the oocysts while enzymatic action of trypsin, bile and
carlon dioxide in the upper intestinal tract releases the sporozoites from the sporocysts (Allen
and Fetterer, 2002). The sporozoites infect intestinal host epithelial cells in the gut linnings in
various regions depending on the specie&iaferia (Price andBarta, 2010). The invasion of

host cells byEimeria specie is a complex multistep process that begins with the apical
attachment of the parasite to the host cell (Jiahgal, 2012). This is followed by rapid
internalization to form an intracellular, pair@phorous vacuole (PV) in which the newly
invaded parasites becomes enclosed enabling its survival within the host (Tedlare2004).

The PV serves to protect the parasite against lysis by the host cell and constitutes a barrier
between host cell mabolites (Entzerotlet al, 1998). During the invasion process, specialized
secretory organelles known as micronemes, rhoptries and dense gmanbkeparasiteeliver

cargo proteins in a coordinate fashion (Jiahal., 2012). The secreted protein® ahought to

have a central role in the invasion and establishment of infection (Daszak, 199%tJang
2012). Apical membrane antigen | (AMA1) which is secreted by micronemes is involved in the
formation of the moving junction complex which is acaimferential zone that moves backward
and eventually pinches the PV from the host cell membrane (&araj, 2012). Recent
developments in genomic and proteomic research have led to further insights into AMAL from
Eimeria specie. Expressed Sequenced T@&J3Ts) ofEimeria tenellawere analyzed and some
ESTs sequences showed homology with AMAL (&&hl, 2009). The AMAL protein was also
detected in sporozoites by proteomic comparison of Eotenellalife cycle stages (Jiangt al,

2012). Within the bst epithelial cells, theperozoites form a trophozoiteofind bodies having a

nucleus) that undergoes merogof@gexual divisionsto form an immature meront; schizont
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(Price and Barta, 2010). Sporozoites of some speEigsunetteand E praeco) develop within

cells at site of penetration. Sporozoites of other speEies€rvulina, E maxima, E necatiaxd

E tenellg are transported to other sites (Allen and Fetterer, 2002). The nuclei of the first
geneation schizonts develop intsickle shapedodies called merozoites. The merozoites are
placed closely packed and parallel to each other looking somewhat like segments of orange
(Chauhan and Roy, 2007). The merozoites lyse out of the original infected intestinal epithelial
cells to infect new eikelial cells completing a second cycle of merogony (Innes and Vermeulen,
2006). These second generation of schizonts are formédutib dayafter infection which may

be followed bythe formation otthird or fourth generation schizonts depending onHEimeeria

species (Klinkenberg and Heesterbeek, 2005). At the conclusion of the last cycle of merogony,
the resulting merozoites enter new host intestinal epithelia cells and initiate gametogony, the
sexual phase of the life cgcl(Price and Barta, 2010)n bametogony, the merozoites either
become micrgamonts that form microgametesgle gametgsor they become macrogamonts

that mature to female macrogametes (Price amutaB 2010). Merozoites that for a
microgamont undergo multiple divisions that ultimgteesult in the production of many
biflagellate microgametes, whereas merozoites that form a macrogamete mature to a single large
macrogamete (Price and Barta, 2010). Microgametes will invade macrogamete infected host
epithelial cells (Jeurisseat al 196). The resulting zygote (fertilized macrogamete) quickly
forms an oocyst wall and turns into unsporulated oocyst which is shed by the chicken in the
faeces on the eighth day after infection (Klinkenberg and Heesterbeek, 2005). Prepatent periods
may genedlly range from 4 to 5 days post infection. Maximum output ranges from 6 to 9 days
post infection Allen and Fetterer, 2002; Price and Barta 20Hdmeria tenellainitially invades

the epithelial cells linninghe lumen of the Crypts of Lieberkhun (Cackbal, 2014). The
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ensuring life cycle of the parasit@3late 2.1)involves detachment of the parasitized cells from

the epithelial layer and their migration to the underlying connective tissue of the lamina propria
(LP) where maturation to schizonts oc¢CGachoet al, 2014). Early development of schizonts is
accompanied by considerable hypertrophy and the modification of the host cell which survives in
the LP as long as the schizont matures (Caathal., 2014). Schizont maturation takes place as

the hast cells harbouring the parasites migrate through the LP deep into the muscularis mucosa,

the boundary between the LP and the submucosa (@etp2014).
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Plate 2.1: Life cycle ofEimeria tenella(Courtsey Jordan, 1990)
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2.4 Coccidiosisin other speciesof birds

2.4.1Turkey

Five species have been described which may cag®m e turkeys These species are listed in

Table 2.1

Table 2.1: Species oEimeria in Turkeys

Parasite Site of Lesion Type of Lesion Pathogenicity
Eimeia Caecum Possibly petechial,haemorrhage,muc High
adenades exudates,caecal cores

E Anterior and Haemorrhagic lesion,dilation C High
meleagrimitis  mid intestine  jejunum,casts

E gallopovonis Rectum Ulceration, yellowexudates High

E meleagridis Caecum Creamy exudates,caseous core Low

E dispersa Anterior and Watery or mucoid exudates,yellowis Low

mid intestine faeces

They are thought to be widely distributed. They cause disease in young poults with older turkeys
very resistan{Jordan, 1990). Dysentery is rarely se@hile watery diarrhoea is a more typical
occurrenceE adenadesis the most pathogenic of turkey coccidia and causes high mortality in
very young poults. In all these species, gamonts and oocysts are the stages most likely to be

associated with lesions (Jordan, 1990).

2.4.2Geese

Intestinal coccidiosis can be a severeblem in goslings (Jordan, 1990) alBdanserisis the

most pathogenic species wiEhnocenslso a frequent concurrent infection (Jordan, 1990). Sign
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of E anserisinfection is haemorrhagic enteritis in the small intestine with diarrhoea (Jordan,
1990).Also highly pathogenic in goslings Emeria truncatawhich causes renal coccidiosis in
goslings (Jordan, 1990). They parasitize the epithelial cells in the kidney tubules. Severe
infection in 312 weeks old birds causes depression, emaciation, diar@hdeaortality (Jordan,

1990).

2.4.3Ducks

The most pathogenic coccidia infection is said to be causeblybgeria perniciosgJordan,
1990). This causes severe diseases in ducklings less than 7 weeks of age with haemorrhagic
enteritis of the anterior smaihtestine, dysentery and a high mortality (Jordan, 1990). The

sporulated oocysts contain 8 sporozoites free within the oocysts.

2.4.4Game Birds

In pheseants, the major species Breolchici, E duodenalisnd E phasianj with E colchici
being the most gthogenic. They affect the small intestine and caeca. Acute disease with
mortality may be associated with caecal coccidiosis causeB bggionensisin redlegged
partridges andE tsunodaiin Japanese quail. In young guinea fowls, coccidiosisElnemidae

andE grenierimay be a problem (Jordan, 1990).
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The morphological features and pathogenicity of Eimeria species found in birds is presented in

table 2.2

Table 2.2: Morphology and Pathogenicity of Eimeria species of birds

Species ol Intestinal Post mortem Characteristics o Shape  Shape
Eimeria part/Location lesions oocysts index
Sizeum) Mean
mean width
length
E. tenella Caeca Haemorrhages  17.20 13.76 1.21 Ovoid
and clotted blooc 24 .08 -20.64
in caecal pouches
E. necatrix Middle small Ballooning of 17.20 13.76 1.23 Oblong/
intestine intestine mucoid 24.08 -20.64 ovoid
blood filled
exudates
E. Anterior small Transverse 13.76 10.32 1.27 Ovoid
acervulina intestine whitish band on 20.64 -17.20
duodenal loop
E. brunett Posterior Mucoid  bloody 20.64 17.52 1.22 Ovoid
small intestine enteritis 27.52 24.08
E. maxima Middle small Thickened 24.08 17.20 1.32 Ovoid
intestine intestinal wall 37.84 27.52

petechiae

Courtsey by Adhikari et al, 2008

2.5 Transmission

The Eimeriaspecies is ubiquitous, and survives in infectedsbédd environment for a long time

(Shojaei, 2014)The oocyst can remain viable in poultry litter for many months (Hafez, 2008).

However, they can be damaged by bacteria and other organisms and thkiy \dan begin to

diminish after threeveeks (Allen and Fetterer, 2002he oocysts have cyst walls that are highly

refractory to environmental extremes and disirdats andcan be transported mechanically by
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animals, insects, dust and contaminated feeater and other formites (Shojaei, 2014). Direct

oral transmission is the natural route of infection (Hafez, 2008). Bad management (such as wet
litter, contaminated drinkers and feeders, bad ventilation and high stocking density) can
exacerbate the cilital signs (AtNatouraet al, 2002). Poultry attendants or personnel often
serve as disseminators of sporulated oocysts through the attachments of the infective stages to
their clothes and shoes (Lawetl al., 2008) and coccidiosis has been observed ttetyacage

birds (Lawalet al, 2001). Incubator temperatures Kill oocysts so there is no danger of hatchery
transmission to chicks (Hofstaat al, 1972). New premises are usually contaminated with all
species within the first few weeks of occupancy (ltadet al, 1972). Infection of birds early in

their life provides opportunity to establish balance between infection and immunity (Chauhan
and Roy, 2007) . However, i f the infection oc
syndr ome 0, ere diseasainudderdirds, because of lack of prior exposure and hence

no immunity (Chauhan and Roy, 2007).
2.5.1Survival of Oocyts

Moisture, temperature and direct exposure to sunlight all influence the ability of oocysts to
sporulate in the externaheironment, but the interactions of these and other fadmrexample
mechanical vector such as invertebrates are not well understood. In general, oocysts sporulate
more rapidly at higher temperatures and slower at lower temperature; exposures tatteagper

less than 1% or greater than 8C are lethal to unsporulated oocysts (Lawalal, 2008).
Between these extresyehe sporulation of oocysts in a fietdllected sample is dependent upon

at least the following factorshe Eimeriaspecies, time, and temperature between collection and
arrival of thesample at the laboratory, tineedium in which the sample was stored, the amount

of molecular oxygen available to the stored oocysts and the concentration of the oocysts in the
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sample. Uder optimal laboratory conditions, sporulation of oocysts from mammals occur best
between 2623°C and this will vary among vertebrate classes (Duszynski and Wilber, 1997).
Once sporulated, oocysts of some species remain viable and infective in 2% guptassisim
dichromate (kills bacteria and prevents putrifaction) 6°C for up to four years. In their
natural external environment, oocysts remain viable and infective from as little as 49 days to up
to 86 weeks, dependent upon the species and thelayesf abiotic and biotic environmental

parameters.
2.6 Host
2.6.1Host Susceptibility

Coccidiosis caused blgimeria species affects cattle, deer, sheep, goats, pigs, horses, rabbits,
turkeys, ducks and poultry (Molan, 2014). Coccidiosis is a majaades parasite of poultry
(Kitandu and Juranova, 2006). The chicken is the only natural h&stnafria species (Hofstad

et al, 1972). It causes high mortality in young chicks because most &irieriaspecie affects

birds between the ages ®find 18 weks (Hadipouet al, 2013; Shojaei, 2034lt is rarely seen

in chicks below 2 weeks of age (Chauhan and Roy, 2007). Day old chicks are susceptible to
coccidiosis but out breaks seldom occur at less than 11 days of age (lebo&tatio72). Young

birds are more susceptible and more readily display signs of disease whereas older chicks are

relatively resistant as a result of prior infection (Hafez, 2008).

Susceptibility also depends on sever al factor
(MD) are more resistant to coccidiosis and MD affected birds are more susceptible to coccidiosis
(Chauhan and Roy, 2007). Vitamin A deficiency increases susceptibility to coccidiosis (Chauhan

and Roy, 2007). Presence of moisture helps in quick sporulatioramda@ oocysts within 24 to
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48 hours and low temperature and dry litter delayrsiation (Chauhan and Roy, 2Q0Eimeria
species are ubiquitous and can survive in infected birds and the environment for long times

(Bachayeet al, 2012).

2.6.2Host range

Most (occidia species are considered to be highly-hgstcific and only parasitize single host
species (oioxenous), although some species in birds and reptiles may parasitize closely related
hosts (steoxenous) andn fish may paratize urrelatedhosts (euryxenous). Many hosts also
harbar multiple species of @ccidia which may vary considerably in morphology,
developmental cycle, site of infection and pathogenicity (Gyetkal, 2013). In general, the

small rapidly developing species are gerlgrile most pathogenic.

2.6.3Site of Infection

Eimeria species exhibit different tissue and organ specificity (Kitandu and Juranova, 2006). On
the basis of affecting organs, the disease is classified as intestinal coccidiosis affecting the small
intestine and caecal coccidiosis affecting the caecum (Adhétaal, 2008). EachEimeria
species has a particular predilection site in the chicken digestive traEireagia tenellaattacks

the caecum (Abbast al, 2008). However, in game birds including the quail, the coccidia may

parasitize the entire intestinaact (Gerhold Jr, 2014).

2.6.4Clinical Signs

Several Eimeria species are able to cause clinical signs in infected and unprotected birds,
however, subclinical infections are frequently seen (Hafez, 2008). These are often under

estimated but mostly resuh impaired feed conversion and reduced weight gain (Hafez, 2008).
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Coccidiosis is characterized by dysentery, enteritis, emaciation, drooping wing, poor growth, low
production Rehmaret al, 2010;Awais et al, 2013 with high rate of mortality and moidity

(Bachayeet al, 2012).

Eimeria tenellacauses moderate to severe clinical caecal lesions, sometimes death. Mortality
may go as high as 50% (Chauhan and Roy, 2007). Flock mortality up to 20% has occurred
within a period of 23 days. The presence @ysentery, diarrhoea or soft mucoid faeces will alert

the farm owner to a problem, although with less pathogenic species the only sign will be poor
growth and impaired feed conversion (Jordan, 1990; Hofstaal, 1972). The birds become
depressed, haveiffled feathers, drooping wings, diarrhoea and tend to huddle together, blood
loss from caecal lesion and a characteristics odour may be noted before mortality begins
(Lillehoj and Trout, 1993; Hofstadt al, 1972). Food and water consumption usually el@ees

and chicken become emaciated, anaemic and dehydrated (Hafez, 2008). Blood loss may be
sufficientasto cause the bird to bleed to death onfifie to seventhday (Hofstacet al., 1972).

During the same period, depression in growth rate or weight loss may occur with a maximum
loss on theseventhday post infection (Hofsta@t al 1972). Laying hen will experience a
reduction in rate of eggroduction (Gerhold Jr, 2014Weight lcss due to dehydration may be
rapidly regained during the recovery period but normal weights are never fully regained, during
the growing period (Hofstaét al, 1972). Coccidiosis is a self limiting disease; most birds
recover following survival past day. 8irds with gangrenous or ruptured caecal pouches may
linger for long periods but never fully recover (Hofstdal, 1972). Also infections with certain
species ofEimeria have been implicated in predisposing birds to necrotic enteritis through
lesionsthat compromise the gut integrity and allow the proliferation of pathogens (Ggbéeke

2013).
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2.6.5Pathogenesis

Pathogenicity is influenced by host genetics, nutritional factors, concurrent diseases, age of the
host and species of coccidia (Gerhdld 2014)). The severity also depends on number of
sporulated oocysts ingested and the environmental factors (Hafez, Z0®&Yia tenellaand
Eimeria necatrixare the most pathogenic in chickens because schizogony occurs in the lamina
propria and Cryptsf Lieberkhun of the small intestine and caeca respectively causing extensive
haemorrhage (Gerhold Jr, 2014). They also cause high morbidity and mortality in naive birds
(Gyorkeet al, 2013).Eimeria tenellaprimarily infects the caecum and caecal tankicated at

the ileocaecal junction which contain the major source of lymphocytes in the caecurt @un
2000). DevelopingE tenella schizonts have also been refgor to be seen in the Bursa of
Fabricius (Yunet al, 2000). These lymphocytes and other cell types present at the ileocaecal
junction are involved in antigen stimulation. Lymphocytes in caecal tonsils consist of 45 to 55%
B cells and 35% T cells and are involved in both antibody production and cell etediat
immunity (CMI) (Yunet al, 2000). Most species develop in the epithelial cells linning the villi
(Gerhold Jr, 2014)). Protective immunity usually develops in response to moderate and
continuing infection. True age immunity does not occur, but oldetsbare usually more
resistant than young birds because of earlier exposure to infection (Gerhold Jr, 2014).
acervulina, E maximaand E brunetti cause clinical disease while praecoxand E mitis
considered to be relatively non pathogenic, cause redeeddcbnversion efficiency and growth

rate (Gyorkeet al, 2013).
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2.6.6Pathology

The lesions of coccidiosis depend on the degree of inflammation and damage to the intestinal
tract. They are also based on sites and vary between species (Jordan, h&90ncilide
thickness of the intestinal wall, mucoid to blood tinged exudates, petechial haemorrhages,
necrosis, haemorrhagic enteritis and profuse bleeding in the caeca (Hafez, 2008). The tissue
damage in the intestinal tract may allow secondary coldaizdiy various bacteria such as
Clostridium perfringegHafez, 2008). Infection witlE tenellaalso increases the severity of

Histomonas meleagridisfection in chickens (Hafez, 2008).

Eimeria tenellacauses initially blotchy haemorrhagic lesions accongehhy haemorrhage into

the caecal lumen and dysentery (Jordan, 1990). The second stage schizonts in their deep sub
epithelial position are responsible for the lesions. This phase resolves in 1 or 2 days and the
caeca become pale and shrunken with a thietewall. A core of cellular debris and oocysts

forms in the lumen (Jordan, 1990).

Eimeriaacervulinais likely to cause lesions in the duodenum with characteristic white irregular
linear lesions (Zebra stripling) associated with gamonts and oocystsn(Ja@f0). In heavy

infection, they may coalesce and become less obvious.

Eimeria necatrix causes both white and red focal lesions with ballooning of the intestinal wall
and accompanying dysentery (Jordan, 1990). The white lesions are clumps of schmuiats, (
1990). Gametogony and oocysts formation take place in the caeca but without lesions (Jordan,

1990).
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Lesions associated with maximaare discrete, focal haemorrhagic lesions which are associated
with large gamonts on this species. Soft mucoid salpiok coloured faeces are typical (Jordan,

1990).

2.6.7Histopathology

The affected part of the intestine will show large number of parasitic stages such large schizonts

in early stages of the diseaaleng with congestion and haemorrhages in the mucosa (Chauhan

and Roy, 2007). In the later stages of the disease when it is more likely to be presented for
investigation, the histological section will show large number of macro gametocytes and
microgametayte with large number of microgametes within it and some mature oocyts in the
epithelial cells (Chauhan and Roy, 2007) . Con
infiltration of lymphocytes andome other mononuclear cellstile mucosa. Thedris marked

denudation of mucosal epithelium at this stage (Chauhan and Roy, 2007).

Intestinal coccidiosis may be confused with necrotic enteritis, haemorrhagic enteritis or other
enteric diseases (Hafez, 2008). Caecal coccidiosis may be confused watinolmistsis and

salmonellosis due to their similar lesions (Hafez, 2008).

2.7.0Epidemiology

Economic losses due to coccidiosis are significant being estimated at more than 3 billion US
dollars annually in the world (Gyorket al, 2013), and the economic pmrtance of subclinical
coccidiosis varies with the composition of clinical coccidial populations (Hdua)., 2008).

Due to higher stocking densities and intensive husbandry practices its incidence is being
increased in poultry (Bachaw al, 2012). Fauget al (2008) reports that the economic impact

of subclinical infection is considerable and is the main conk&eeping commercial view in
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consideration as the subclinical form of disease shows negative effect on the performance of
infected birds andelads to impaired feed conversion which in turn causes great economic losses
to poultry industry throughout the world. He also reported a substantial geographical differences

in both prevalence and infection levels.

Amareet al (2012) conducted a study &valuate the prevalence of coccidiosis, identify the
prevalent species dEimeria and to asess the predisposing factors. He observed\zerall
prevalence of 25.24% afinical coccidiosis assessed from which was recordexatence rate

of 22.3% and 3.3% respectively for théNhite leglorn (WLH) grower chickens angarent
stocks ofthe WLH and Rhode Islad Red (RIR) breedsrhe prevalence of clinical coccidiosis
was significantly higher in adults than the growers (P<0.05). However, no statisticalficaigt
difference was observed between sexes and breeds. Species identifiédtarezta, E brunetti,

E. necatrix, E acervulinandE maxima

Sun et al (2009) examined the faecal samples of chicken from poultry farm&ifoeria
species. The infectiorate of identifiedEimeriain these farms were 90%, 88%, 72%, 68%, 60%,
26% and 8% foE tenella, E praecox, E acervulina, E maxima E mitis, E necatdhe brunetti

respectively.

In China, the prevalence dimeria tenellais the highest with it presdang an explosive
appearance of caecal coccidiosis in the acute phase and where the mortality rate can reach up to
50-80% in a few daysln recent years, the prevalence of intestinal coccidiosis is increasing

especiallyE necatrixinfectionwith increse inSouth China

Awais et al. (2012) reported on the prevalence of coccidiosis in industrial broiler clsidken

PakistanEimeria tenellahad the highest prevalence (27.04%) followedEbynaxima22.42%),
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E acervulina(19.89%) ancE necatrix(4.02%). The pevalence of the disease was significantly

higher in the autum (60.02) followed by summer (47.42), spring (36.92) and winter (29.89).

In Nepal, Adhikariet al (2008) reported that the highest prevalence rate month wise for
coccidial infection ofE tenella(50%) was observed in March and the lowest (10%) in the
months of April and September. Season wise the highest prevalence rate (33%) was in the
summer and spring followed by 14% in the autumn. In layer birds, highest prevalence rate age
wise (48%) was irB1-45 days age group and the least (6%)-t50days age group of layers

(Adhikari et al, 2008).

In Iran, Nematollahet al. (2009) reported an overall prevalence of coccidiosis in broiler amicke
to be 55.96% and reported thtae prevalence of infectioimcreased with the age of chickens,

with chickens 5 weeks of age showing the highest prevalence of infection.

While coccidiosis has been demonstrated to cause production losses affecting profitability of
individual farms in Europe and the United State (Fornetcal, 2013), the occurrence and
economic relevance of coccidiosis in poultry farms in Africa remagpelgrunknown (Fornace

et al, 2013). Within Africa and other areas of the developing world, increasing human
population, income levels and urbanization have led to an increase in livestock production often
referred to as the fLn 208&0.tSmall lscale mtensileuivestarkh 6 (T
industries have emerged in parban areas of many developing countries, mainly based on
monogastric species with specialized breeds fed on concentrate feeds. With an annual growth
rate of 2.1%, poultry is one dhe fastest growing livestock sectors, providing an additional

source of income and an affordable and accessible source of protein to many poor households

(Otte et al, 2008). Over 85% of rural households in &dharan Africa keep poultry with
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smaller scke commercial farms (less than 2000 birds per batch) believed to play a critical role in
providing households with economic opportunities and enough food security (Fathate

2013). As women frequently manage household poultry production in developurgries,

income from poultry production in developicguntriescan additionally be a method to support
womenos | iveletalo2WiB). (VHe traditmale (backyard) poultry production
systems consist of few free ranging dual purpose indigehinds kept mainly for household use

with few inputs and high mortality, small scale commercial family raise poultry primarily as an
income generating activity keeping broilers or layers in satansive conditions with food and

water usually providedHpornaceet al, 2013). These emerging small scale systems have been
identified for development and amportant source of income for African households (Fornace

et al, 2013). Adoption of intensive farming methods with limited biosecurity may create an
envronment conducive to diseases. Disease challenges faced by these farms are poorly
characterized and have important i mplication

(Fornaceet al,, 2013).

In Ethopia, poultry coccidiosis is endemic in varioustpaf the country and affects mainly
young growing birds (Meskerem and Boonkaewwan, 2013). Meztla@ (2009) reported a
prevalence of clinical coccidiosis from 3 commercial broiler farms in Central Ethiopa to be 37.5,
43.33 and 50% respectively and teneria identified werek tenella, E necatrix, E acervulina
Losses due to mortality following a severe outbreak may be devastating and incidences rate as
high as 80% were observed to occur in an outbreak in Ethiopia. Foehatg2013) reported

the deection of coccidiosis in farms in Ghana, Tanzania and Zambia. Reliance on imported day
old chicks can introduce differeriEimeria species and strains into these environments as

exemplified by the presence & T U §Qperational Taxonomic Units which arerék genetic
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variants) previously only identified in Australia (Fornaeg al, 2013). Dakpogan and Salifou
(2013) reported rate of 36.6% of prevalence of litter based high stocking density layer rearing

system Benin which is a proof of the endemicity of the disease in the country.

Epidemiologicalstudies in Nigeria have estalfied the economic importance of coccidiosis as a
major parasitic ease of poultry (Abdu, 2007; Majaro, 200though data on aviagoccidiosis

in north westernNigeria are scarce and not up to date (Jataal, 2012). Such information is
very importantor proper diagnosis and control of the disease and for the selection of appropriate
anti coccidial drugsSunet al, 2009;Leeet al, 201Q. The disease is said to occur throughout
the year in Northern Nigeria but with higher prevalence rates from Bl&eptember (Abdu,
2007). Outbreaksf up to 50% mortality have been reported in commercial poultry in Zaria,
Nigeria (Abduet al, 2009. Majaro (200} reported and described the se¥g@meria species in
exotic commercial broiler chickens. Muazt al (2008) investigated the prevalence of
coccidiosis and identification of species in Vom, Plateau State from nine different poultsy farm
during the months of Apri June 2008. The prevalence of coccidial infection among aduk bird
was 36.7%while the youngetbirds were52.9%. The species @imeria identified includeE

tenella, E maxima, E necatrandE acervulina

2.8.0Diagnosis

Coccidiosis is often extremely difficult to diagnose (Hafez, 2008). Diagnosikirogria
infections and diffenetiation between species is usually attempted by consideration of clinical
signs in the host and the biological features of the parasitmi@inejatet al, 2010;Patraet al,
2010. The latter include prepatent period, site of development within tlestiné and the

morphological appearance of the oocysts in the faeces and endogenous stages in the intestinal or
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caecal mucosaswell as sporulation timeHafez, 2008fatraet al, 2010;Gyorkeet al, 2013).
Analysis of these characterigtis labour intensive for diagnosis and does not provide accurate
data for identification oEimeria species (Hamidinejat al, 2010). Diagnostic laboratories are
increasingly utilizing DNA based technologies for the specific identification of the parasit
(Morganet al, 2009;Hamidinejatet al, 2010. The presence of the parasites may be confirmed
by post mortem examination of the host or faecal examination (Patah, 2010).Eimeria
tenellaand E necatrixhave unmistakable lesions and are pathognoimd@@erhold Jr, 2014).
Mixed infections are commonly found in field conditions which pose a problem for precise
discrimination of species using classical methods (Gyetka., 2013). A diagnosis of clinical
coccidiosis is warranted if oocysts, merozoieschizonts are seen microscopically and if the
lesions aresevere (Gerhold Jr, 2014). Although somieical eimerial infections may be
unimportant (Gerhold Jr, 2014hey can cause considerable depression in feed efficiency and
egg productionwhich acounts for 70% of the total coccidiosis diseases control cost (etaug

al., 2008; Dakpogan and Salifou, 2013).

Polymeras Chain Reaction (PCR) based asdaeproved to be effective for the identification
of all seven species &imeriain chickens (Gydke et al, 2013). A number of approaches have
alsoproved to be both specific and highly sensitive for anglggdiser of parasites grown vitro

or present in tissue samples and clinical materBdsieet al, 1998; Swet al, 2003; Kawahara

et al, 2008;Patraet al, 2010). An attractive genomic DNA target for PCR analysis is the
Internal Transcribed Spacer 1 (IFH) and Internal Transcribed Spacer Z32) gene of
ribosomal DNA (rDNA) Hauget al, 2007; Patrat al, 2010Gyorkeet al, 2013).This spacer
separates the 3 ends of the &8 ribosomal RNA gene from the 5 end of the 5.8 S rRNA gene

within individual rDNA transcription units (Patet al, 2010). Dudo its heterogenecity in both
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sequence length and base composition, thellTéads itself perfectly for the design of specific
primers and as part of the rDNA transcription unit (Patral, 2010). It is also a member of a
multiple copy gene family and thus provides large numbers of potential PCR targete(Ratra
2010). The arget regions are small subunit r RNA (Gyoskaal, 2013), 5 S rRNA (Patret al,
2010), first and semd Internal Transcribed Spag¢fS-1 and ITS-2) of nuclear rDNA (Haug
et al, 2007) and sequence characterized amplifiegion (SCAR) derived fromRandom

Amplified Polymorphic DNA (RAPD) (Gyorkeet al., 2013).

Examination of the faecal contents or scrapping from affected mucosa of the intestine shows
oval, thick walled oocysts, large round multi karyotic schizonts and gametocytes in significant

numbes (Chauhan and Roy, 2007).

2.9.0 Treatment

In the past, it wagealized that eradication of coccidiosis is not realistic Hrat hygienic
measures alone are not able to prevent infectidage¢, 2008Gerhold Jr, 2014). Howeveit,is
advisable thaif an outbreak of coccidiosis occurs, treatment via the drinking water should start
as soon as possible (Hafez, 2008). The mostnzmmly used anticoccidial§Sulphonamide,
Amprolium and Toltrazuril) and increased levels of vitamin A an@dr& sometimes esd in
rations to improve rate of recovery and prevent secondary bacterialianfgelafez, 2008;

Gerhold Jr, 2014

Outbreaks can generally be controlled bgnagement practices based improving hygiene,
reducing overcrowding, removing contaminatecetitand isolation of affected birds (Chauhan

and Roy, 2007).
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2.9.1 Prevention and control

Prevention and control of coccidiosis is based on chemotherapy, using anti coccidial drugs
and/or vaccines along with hygienic measures and improved farm managétaéz, 2008).
Currently coccidiosis is controlled mainly with drugs (¥t al, 2013). The effective use of
anticoccidial drugs over the past 50 years has played a major role in the growth of the poultry
industry and has allowed the increased availabibfyhigh quality and affordable poultry
products to the consumee(Allen and Fetterer, 200Kitandu and Juranova, 2008Numerous
products were introducediany of which are available ami usetoday (Kitandu and Juranova,
2006; Hafez, 2008 However,increasing concerns about rising levels of dragistance has

gained prominencé€Chapman, 1997).

2.9.2 Anticoccidial Drugs

The use of anticoccidial drugs becathe treatment of choice in the poultry industry as large
volumes of manufacturing methods amdarket competition reduced the cost of treatment (Price
and Barta, 2010). The use of anti coccidial drugs allowed for more birds to be rearexdgie a si
house McDougald, 2003; Hafez, 20Dp8However, these products also prevented treated birds
from building yp any natural immunity anaiere not effetve enough to kill allCoccidiain a

bird (Hafez, 2008). Theesult was that the survivingoCcidia quickly becam resistant to the
products resulting irsevere atbreaks of the diseagelafez, 2008) Legislation demands that
most anti coccidial drugs must be removed from the medicattl dpproximately a week
before marketingand for effectivenes@MicDougald, 2003; Price and Barta, 201Degislation
was introduced because of concern fdrug residuesn food which may be toxic to man

(Vermeulenet al, 2001; Price and Barta, 2010Howeve, the withdrawalof drugs could
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increase the susceptibility dirds to infection because they may not have acquired protective
immunity while ontreatment withanticoccidial drugs (Priceand Barta, 2010). rBphylactic
treatment withanticoccidialdrug hasled to the emergence of drug resist strains due to
prolonged usein the field McDougald, 2003;Price and Barta, 20)0 To combat this,
management programmes aesigned to prevent thisom happening which results in better gut
health and feed utilization by birds (Hafez, 2008). Using a drug rotdtieotih constant
monitoring of the oocyst in the faeces and ljtter shuttle programme seems te df a gret

value (Hafez, 2008; Price and Barta, 2DIRotation involves changing the prodictuseevery

4-6 months (Hafez, 2008) ancheé alternative to a rotation programme is a continuous
programme where the same products are used until a problem develops onemtipeoduct is
introduced on the market (Hafez, 2008). Rotation is only possible if drugs with different modes
of action follow each other (Hafez, 2008). A shuttle programme uses itviooe products
during the growout of a flock (Hafez, 2008; Gerhold,J2014. The principle is to use the drug
most suited to each phase of the gimut, so that one drug is used for the starter period, while
another is used during the grower and finisher phase (Hafez, 2008). The drug withdrawal period
is a very important ansideration for treatment in finisher feeds. A switch system can also be
used where the anticoccidial agent is changed at each restocking within an operatetrallLee
(2009) discovered that careful usetlé shuttle rotation programme does not fulkgyent drug
resistance buincreases the useful longevity of the drugn dutbreakof coccidiosis is often an
indicaton of immunosuppressiofHafez, 2008). Concurrent infection with immunosuppressive
di seases such as Mar ek 6ebopnmkemt of @ananandy tancacgidiosiniance r f e r
infectious bursal disease may exacerbate coccidiosis, placing &hbakden on anticoccidial

drug treatmen(Hafez, 2008).
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The effects of anticoccidial drugs may be coccidiostaticnature in which growth of
intracellubar Coccidia is arrested but development may continue after drug withdrawal (Gerhold
Jr, 2014) or coccidiocidal in which coccidia are killed during their development (Gerhold Jr,
2014). Most anticoccidgh currently used in poultry production are catocidal (Gerhold, Jr,
2014). Anticoccidial drugs may be used in feed in preventive doses (Chauhan and Roy 2007
This causesatural development of immunity to coccidiosis and may proceed during the use of
anticoccidials in the feed (Gerhold Jr, 2014hwever,this may be of little consequenoe the
productionof broilers during a short growut periodof 37-44 days (Gerhold, Jr, 2014). Natural
immunity is important in replacement layer pullets because they are likely to be exposed to
coccidial infecions for extended periods after termination of anticoccidial drugs (Gerhold, Jr,
2014). Anticoccidial programmes for layer and breeder flocks are intended to allow immunizing
infection while guarding against acute out breaks (Gerhold, Jr. 2014). Antieiscile
commonly withdrawn from broilers-3 days before slaughter to meet regulatory requirements
and to reduce production costs (Gerhold Jr, 2014). Due to the fact that broilers have varying
susceptibility to infection at this point, the risk of cocogls out breaks is increased with longer
withdrawalperiod Turkeys are given a preventive anticoccidial fonfnement reared birds up

to 8-10 weeks of age. Older birds are considered less susceptible to outbreaks (Gerhold Jr, 2014).

A major enhancemerin coccidiosis control occurred nth®@ 7 0 6 s wi t h the i nt
Monensin as the first ionophore coccidiostat (Hafez, 2008). Introduction of ionophores changed

the alility to control coccidiosis,an impact that remains to this day (Shirley and Chapm

2005). The effectiveness of ionophore coccidiostats lies in the fact that while they kill the
majority of the invading parasites, they permit a small leakage of coccidia enabling a degree of

host immunity to develop (Hafez, 2008). Therefoesistanceo ionophore develops very slowly
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with a tendency to increased levels of tolerance (Hafez, 2008). But even monesin and some of
the new ionophorous antibiotic, anticoccidial drugs used in the field have had inevitably drug

resistant parasiseemerged (Pricend Barta, 2010

Since 197006s <coccidiostats have been regul at e
(EEC, 1970; 2004), which has now been replaced by Regulation No 1831/2003 IEC (EC, 2003;
2007). As such they have not been subject to veteripeggcription status since they are

required routinely in the feed of commercial broilers and turkeys (Hafez, 2008). Currently
several types of anticoccidial drugs are available including synthetic compounds, quinolones and
certain ionophore antibiotics @fez, 2008). In recent years however, few new drugs have been
introduced. All types of drugs used fooccidiosis control are unique: their mode of action, the

way parasites are killed or arrested and the effects of the drugs on the growth and perfofmance

the bird. Very few drugs are equally efficacious againdtiafleriaspecies (McDougald, 2003).

The modes of action of anticoccidial drugs are poorly understood. Some that are better known
are described below as knowledge of mode of action is impantamderstanding toxicity and

adverse effects (Gerhold Jr, 2014).

Anticoccidial drugs can be classifiedeither synthetic or non synthetic (natural) compounds

2.9.2.1Synthetic drugs (chemicals):

These were the first to be introduced as anticoccidials (Kitandu and Juranovaag@béye
specific modes of action against paraginetabolism. Examples includemprolium, clopidol
decoquinate and halofuginone and sulphonamide anti bacteBalgshommides and related
drugs compete for the incorporation of Par amino benzoic acid (PABAatabolism of folic

acid. Sulphonamides also act on the developing schizonts and also on the sexual stages (Kitandu
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and Juranova, 2006hmprolium compete for absption of thiamine by the parasi@uinoxaline

and dopidol inhibit energy metabolism in the cytochrome system of coccidia (Kitandu and

Juranova, 2006). The quinolones arrest or kill the sporozoite or early trophozoite while

nicarbazin, robenidine and zoadestroy the first and second generation schizonts.

2.9.2.2Non synthetic (natural) anticoccidial drug:

Polyether ionophores su@s monensin, lasalocid, salinomycin, narasaduramicin which act

through general mechanisms of altering ion transportd@rdpting osmotic balance (Allen and

Fetterer, 2002). The ionophores kill coccidia by interfering with the balance of important ions

such as sodium and potassium. The host cells are able to manage these ions in the presence of

ionophores but the parasitannot (Kitandu and Juranova, 2006). The ionophores are now the

mainstay of coccidiosis control (Allen and Fetterer, 2002; Kitandu and Juranova, 2006).

2.9.3 Secific anticoccidial Drugs

2.9.3.1Amprolium: Amprolium is an antagonist of thiamine (vitamin B1) (Gerhold Jr, 2014).

Rapidly dividing coccidia have a high requirement for thiamine (Gerhold Jr, 2014). Due to the

poor activity of amprolium against sor&@meriaspp, its spectrum has been extended byg i

in mixtures with the folic acid antagonists, ethopabate and sulfaguinoxaline (Gerhold Jr, 2014).

The primary use of Amprolium today is for water treatment during clinical out brefks

coccidiosis(Gerhold Jr, 2014).

2.9.3.2Diaclazuril and Toltrazuril: These are recent anticoccadidrugs used in the control of
coccidiosis (Gerhold, Jr, 2014). The use of Toltrazuril as the sole anticoccidial for two
consecutive days in the drinking water between days 10 and 14 would be the best time for
good coccidiosis cdrol (Muir and Aggrey 2008 It was reported that Toltrazuril is

active against all intracellular developmental stages including thosehizbgony and
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gametogony andoes not interfere with the development of natural immunity (Kitandu
and Juranova, 2006piaclazuril is used mainly for prevention at 1ppm in the feed while
Toltrazuril is used primarily for treatment in the water.

2.9.3.3Clopidol and Quinolones (Decoquinate, Mthylbenzoquate): They are coccidiostatic
against early development dimeria species by inhibiting mitochondrial energy
production (Gerhold Jr, 2006). Clopidol and quinolones have a broad species spectrum
and are sometinsemixed together for synergism. However, resistance may develop
rapidly during extended use (Gerhold Jr, 2014).

2.9.3.4Folic acid antagonists:These include the sulphonamides, 2d&mino pyrimidines and
ethopabate (Gerhold, Jr, 2014). These compounds are structural antagonists of folic acid
or of paramino benzoic acid (PABA) which is a precursor of folic acid (Gerdgld
2014). Coccidia rapidly synthesize nucleic acid, accounting for activity of PABA
antagonists (Gerhold Jr, 2014). Although resistance to anti folate compounds is
widespread, they are commonly used for water treatment when clinical signs are already
evident (Gerhold Jr, 2014). Diaveridine, Ormetoprim and pyrimethamine are active
against the protozoan enzyme dihydrofolate reductase. They have synergistic activity
with sulfonamides and are often used in mixtures with these compounds (Gerhold Jr,
2014).

2.9.3.5Halofuginone hydrobromide: This is related to the antimalarial drug febrifuginone and
is effective against asexual stages of most speci&nuwdria. It has both coccidiostatic
and coccidiocidal effects but coccidia may become resistant after extendedrexposu

(Gerhold Jr, 2014).
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2.9.3.6Polyether ionophores:Since 1971, the preferred drugs for coccidiosis prevention have
been ionophore antibiotics (Kitandu and Juranova, 2006). The ionophores (Monensin,
Salinomycin, Lasalocid, Narasin, Maduramicin and Semduranfizin) complexes with
various ions, principally sodium, potassium and calcium and transport these into and
through biologic membranes (Gerhold Jr, 2014). The ionophores affect both extra and
intracellular stages of the parasite, especially during early akskages of parasite
development (Gerhold, Jr, 2014). Salinomycin, monensin, lasalocid, maduramicin and
semduramicirremain useful agents to activagefficient control despite resistance being
common (Kitandu and Juranova, 2006). However they cannosdég in situations of
heavy parasite challenge (Kitandu and Juranova, 2006). It has also been demonstrated
that some ionophores can be used in combination with live virulent vaccines. The
advantage of such ionophores is that they prevent infection dueniiysh34 weeks of
age when immunity is not developed (Kitandu and Juranova, 2006). Some ionophores
may depress feed consumption when the dosage is above recommended levels but these
products remain the most important class of anticoccidials (GerhpR)14).

2.9.3.7Nicarbazn was the first product to have truly broad spectrum activity and has been in
common use since 1955 (Gerhold Jr, 2014). The mode of action though ruéetedyn
understood is thought tde via inhibition of succinate linked nicotamide athe
dinucleotide reduction and the energy dependent transhydrogenase, and the accumulation
of calcium in the presence of ATP. Nicarbazin is toxic for layers causing mottling of egg
yolks, decreased egg production and blanching of brown egg sheldapwithdrawal
period is required in broilers and medicated birds are at risk of increased heat stress in hot

weather (Gerhold Jr, 2014).
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2.9.3.8Nitrobenzamides (e.g. Dinitolmidexert their greatest coccidiostatic activity against the
asexual stages. Efficiency lsnited to E tenellaand E necatrixunless combined with
other products (Gerhold Jr, 2015).

2.9.3.9Robenidire is a guanidine compound that allows initial intracellular development of
coccidia but prevents the formation of mature schizonts. It is coccidiostatin given
short term and coccidiocidal long term. Drug existence may develop during useax 5
withdrawal period is needed to eliminate untoward flavour caused by residues in poultry
meat (Gerhold Jr, 2014)

2.9.3.10 Roxarsonas an organic arsenical compountiich has significant activity against
E .tenella and is used in combination with ionophores itaprove control and a

withdrawal period is required (Gerhold Jr, 2014).

The chemical classes of commolgedanticoccidials and the stages of teneria species the

drugs act oristed in table 2.3
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Table 2.3: Chemical classes of commonly used anticoccidials

Classof drug Examples of Drugs Coccidial life cycle affected

lonophores Monensin, lasalocid, naradig2wasz Trophozoite/sporozoite
maduramicin andemduramicin

Sulphonamides  Sulphaquinoxaline (+ DHFR inhibitors) Second and later schizont

Quinolones Decoquinate Sporozoite

Thiamine mimics  Amprolium, Halofuginone First generation schizont

Guanidine Robenidine Nicarbazin Asexual stages
Diaclazuril and Toltrazuril Multiple stages

Cited by Kitandu and Juranova(06

2.9.4.0 Vaccines

Coccidiosis is one of the major challenge of poultrgustry which is compounded by the
problem of anticoccidial drug resistandack of new anticoccidial productsusceptibility of
turkeys to ionophore toxicity and consunwemandig decreasen the use of antibiotics in
animal feed (Hafez, 2008 There is an urgent nedd seek alternative strategies to control
coccidiosis which has ade the use of vacas more attractive (Allen and Fetterer, 2002;

Kitandu and Juranova, 2006; Hafez 2008

Avian Coccidia are highly immunogenic and primary infections can stimulate solid immunity to

homologous callenges (Allen and Fetterer 2002; PricedaBarta, 201 Identification of
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parasite life cycle stages and developmepecific antigens inducing protective immunity is a
critical step in recombinant protein vaccine development (&tiral, 2004). In the case of
Eimeria, a recombinant form of both parasite surface antigens and internal antigens has been
investigated as vaccine candidates (Minal, 2004). Sporozoites are the preferred parasitic
forms and cell surface antigens are logical components of vaccines beddhse direct role in

host parasite relationship (Miret al, 2004). Recently attempts to immunise birds against
coccidiosis has been made which showed thaadenoidesof turkeys can protect chickens
againstE tenellaif repeated innoculations with thr@ocysts ofE adenoidesre given (Chauhan

and Roy, 2007)New generations of safe, live attenuated vaccines@reon the verge of being
commercially available (Chauhan and Roy, 2007). Some virulent coccidial oocyst vaccines are
now available such as Cogac® and Immucox® (Chauhan and Roy, 2007). A major
disadvantage of vaccines made wiikulent type of coccidia is that if the vaccine dose is not
carefully controlled then severe disease may occur in those birds which do not ingest vaccinal
oocyts thugemain highly susceptible. New live vaccines such as Paracox® are safe though live
because they have genetically low reproductive index, hence they cannot produce pathogenic

numbers required to produce disease.

Attempts to produce recombinant vaccines betng made (Chauhan and Roy, 2007). This
attempt includes microorganisms having recombinant genes which during the course of their
replication produce coccidial antigens (Chauhad &oy, 2007). Such antigemgected into

birds may produce anticoccidiahmunity (Chauhan and Roy, 2007). Such successful attempt
has beemadein the case oE tenellaand it has also been demonstrated that crude extracts of

parasites can be used as vaccines (Chauhan and Roy, 2007). A new live attenuated vaccine
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havingE acerwlina, E maximaE mitisandE tenellawas found successful in the UK (Chauhan

and Roy, 2007).

Although vaccines played a role in coccidiosis control for a long time, their applications still
remain very limited with consideration for the safety, costs@a@mands for high techniques by

the farmers or veterinarians (&t al, 2013).

A few anticoccidial products have been tested as potential alternatives to drug or vaccines. These
include probiotics, herbal extracts and antibodies €fual, 2013). Amongthese, passive
immunization with antibody is a highly attractive approach due to its high spegiigsign
thoughthis procedure is invasive as chickens are usually sacrificed in order to obtain sufficient
antibodies (Xuet al, 2013). Chicken egg yolk imunoglobulin (IgY) is immunoglobulin
transferred from serum of hens to the egg yolk which offers passive immunity to newly hatched
chicks (Xuet al, 2013). This method has received attention due to its non invasive and cost
affective characteristics anag$ been used to successfully control infectious diseases in poultry
(Xu et al, 2013). Recently a commercial hyper immune egg yolk IgY powder named Supracox
against 3 species &imeriawas demonstrated to provide certain protection against experimental

infections oft tenella E maximaandE acervulina(Leeet al, 2009, Xuet al, 2013).

It is known that when chickens are infected with low numbeEioferia species, protective
immunity is induced after two or three consecutive infections (Kitandu and Juranova, 2006).
Live vaccines have been used mostly in breeder stocks and to a lesser extent in commercial

broilers and replacement hens.

2.9.4.1 Live vaccinesused in the control of the coccidiosis

Live vaccines that are vused to control coccidiosis in [poultry include the following:
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I.  Live virulent strain: Comprise of a variable number of wild type straimsorporated
and dependsn their formulation and fielef application. For broiler breeders, upto 8
Eimeria species are included in these products e.g. (Coccivac® D immuncox® C2). For
the broiler industry, this number is restricted-topfour species (Coccivac® B,
immuncox® C1). The advantage of live virulesgccines is that they can provide equal
or superior performance compared with propbgtamedication when given agl form
on day 1 of age because this method ensures the synchronous exposure of all birds to
small uniform number of oocysts (Kitandu ahdanova, 2006).

ii. Live attenuated strain: This type of vaccine can be obtained by repeated selection for
early maturation (precociousness) or serial passage through embroyonated eggs (TA
lines). Examples are Paracox (precocious strain) and Livacox ® (pwesoand TA
strains) (Kitandu and Juranova, 2006). The advantage of live attenuated vaccines is that
they have low productive potentials resulting in development of optimal immunity wit
minimal tissue damage awdnnot induce coccidial dry resistancetédu and Juranova,
2006).

iii.  Live, tolerant to ionophores: There is a new development thasmade liveEimeria
strains relatively tolerant to ionoptes An experimental vaccine comprising of a strain
of E. acervulinaand a strain fronE. maxima both of which were partially tolerant to
Salinomycin has been used in USAo also is dive vaccine that can be used with

different ionophoregNobilis® Cox ATM) (Kitandu and Juranova, 2006).

2.9.5.0 Alternative control of coccidiosis

Different types of substances have been investigatedearch of alternative control for

coccidiosis (Allen and Fetterer, 2002). Natural medicinal products as feed supplements have
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been widely used as growth and health promoters in farm animals (Kitacdwi@mova, 2006).

A current estimation of the number of immune active natural medicinal products ranges between

200 and 300 and most products originate from plants and fung2@01). The immuno active

components of these plants and fungi include potysarides, glycosides, alkaloids, volatile

oils, and organic acids of which polysaccharides are considered to be the most imgartant

2001). Polysaccharides may act as immune enhancers or immuno modulators and these

components may display antibactegativity (Kitandu and Juranova, 2006).

Alternative control of coccidiosis including Nutritional and Probiotics (immune modulators) or

Natural feed additives are described below

Fat diet:

Diets containing high concentration of fatty acids3r-A) docoa hexaenoic acid, eicosa
pentaenoic acid and linolenic asjduch as fish oils, flax seed oil, and whole flax seed when
added to starter ration and fed to chicks from 1 day of age effectively reduced lesions
resulting from challenge infection witE tenela (Allen and Fetterer, 2002; Kitandu and
Juranova, 2006) but nd maxima(Allen et al, 1997). The fish oil and flax seed oil diets
significantly reduced the degree of parasitization by and developméntesfella(Allen et
al., 1999 and caused ultrarsictural degradation of both asexual and sexual stages (Kitandu
and Juranova, 2006)

Vitamin A:
It is known that nutrition plays a role in the development of chicken immune system
(Kitandu and Juranova, 2006). Essential nutrients such as vitamins may affect both humoral

and cell mediated immune responses. Vitamin A known for its role in the diffdrentof
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V.

epithelial cells is essential for maintaining the integrity of mucosal surfaces (Kitandu and
Juranova2006). Deficiency of vitamin Ancreases host susceptibility to enteric diseases like
coccidiosis (Dalloulet al, 2002). Feed supplementatiowith antioxidants such aSY
tocopherol (8 ppm), found plentiful in seed oils such as wheat, corn and soy bean and the
spice turmeric (1%) as well as its main medicinal component curcumin (0.05%) appear
effective in reducing upper and rmanall intestinalnfections causkby E. acervulinaandE
maxima They are not beneficial fdt tenellainfection. (Allen and Fetterer, 2002).

Betaine:
Betaine is another dietary supplemeatnaturally occurring amino acid derivative that has
been investigated as potetenhancing agent against coccidiosis (Kitandu and Juranova,
2006). The osmo protectant betaine (from sugar beets) has long been known to have
beneficial effects on livestock growths and performance (Allen and Fetterer, 2002). Studies
have shown differerdl effecs on the rate of body weight gain in chickens infected with
different Eimeria species where it was effective only durieBgmaximainfection but not
during E acervulinaor E tenellainfections Kitandu and Juranova, 2006/Nhen given in
Salinomycin treated chickens, betaine significantly reduced invasidhdnervulinaand E
tenella(Kitandu and Juranova, 2006).

Probiotics:
Probiotic supplementation of the intestinal microflora has been shown to enhance gut
defensivemechanisms in poultnLé Ragioneet al, 2004;Kitandu and Juranova, 2006 'he
development and the use of probiotics for animals including poultry is based on the
knowledge that the gut flora is involved in resistance to enteric infections where dras b

shown to be involved in protection against a variety of pathogens inclagrtgerichia coli
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Salmonella spp, Campylobacter jejuniand more recentlyEimeria spp (Kitandu and
Juranova, 2006). Several studies have demonstrated that a Lactobacillugptudsetic
stimulated local immune system of broiler chicken and improved resistakcadervulina.
Reports were that probiotic fed chickens shed fewer oocysts than did chickens without
probiotics even in vitamin A deficient birds (Kitandu and Jurono0ag2.

V. CPG Oligodeoxynucleotide (ODN:
ODNs havebeenshown to play a role in host defence both by stimulating T cells and by
inducing cytokines or enhancing innate immunity (Kitandu and Juranova, 2006). Studies by
Dalloul et al. (2004) and Xieet al. (2003) identified CpG sequences that activate chicken
innate immunity and enhance protective immune response adsatistonellaspp and
coccidia (Kitandu and Juranova, 2006).

V. Herbs:
Artemisinin is aChineseherb isolated fromArtemisia annuavhich is anaturally occurring
endoperoxide with antimalarial propertids has been found effective in reducing oocyst
output from botHe acervulinaandE tenellainfectiors when fed at levels of 8.5 and 17ppm
in starter diets (Kitandu and Juranova, 2006). Mosenty, extracts from 15 Asian herbs
were tested for anticoccidial activity agairisttenellaand Sophora flavescen@llen and

Fetterer, 2002; Kitandu and Juranova 2006
2.100 The Plant Khayasenegalensis

The plantKhayasenegalensibelongs to the Familieliaceace ThecommonEnglish nameof
the plant is dy zone Mahogany (Burkill, 1985)The plant is also calle@Vadacd, fOganwm,

AONoo, fiDaalehd  d<ahio @éndAWuchio in Hausa, Yoruba, Igbo, Fulfuldend Nupe languages
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respectively in NigerigMann et al, 2003).Trade namesf the plantinclude Lagos mahogany

and Benin wood (Burkill, 1985).

2.101 Morphological Description

The tree is about 30 mies (m) tall (Burkill, 1985). It has a dense crown and short bole covered
with dark grey scaly bark (Manet al, 2003). The leaves are imparipinnate witfi pairs of
leaflets that are oblong-B2 centimeters (cm) long and52m broad. The apex is rounded or
shortly acuminated and glabrous with lateral nerves -d 8pairs (Man et al, 2003).
Inflorescence consists of flowers that have ygaken sepals, cream petals and staminal tub with
bright red disc beneath the ovary. Fruits are capsular and dehiscent-5vialMes of 46cm
diameter that open to expose orbicular wingedds tightly arranged inside. The flowering
period isbetween January and April andet plant is widely distributed in the Savanna region
(Mann et al, 2003). The tree is commonly grown in the Sudamean zone as a shade and
avenue tree (Burkill, 1985%ap wood is nearly white or tinged purple while Heart wood is red
brown also tinged purple, the two merging together without marked separation. The wood is
perishable but is easy to treat with preseretiVhe Heart wood whehrown is relatively
durable ad is resistant to treatment (Burkill, 1985). When sawn, there is a slight aromatic odour
due to presence of vessels containing resin. This is said to confer an ability of the wood to keep

sound in water (Burkill, 1985).

2.102 Nutritional v alue and @mpounds isolatedfrom the bark and leaves

The nutritional valuef Khaya senegalensieaves ard 2% crude protein, 43% neutral detergent
fibres and 17% ash in dry matter basis (Awohouedjal, 2013). ®veral active comgunds

have been isolated froihaya senegalensidark and leaves (Makwgt al, 2008; Otuet al,
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2009) including saponins, tannins, alkanoids, glycosides, steroids, calcedrin, terpenoids and
flavonoids. Some limnoiddave also been isolatdtbm Khaya senegalensisark and leaves
(Nakataniet al, 2002; Yauret al, 2013.Limnoids are highly oxygenated terpenoids and they
have also been described as mordified triterpene having a 4,4,8 trirhétliytanyl steroid
skeleton. Arrangement of subgroups and ring structures within this basimgubldick provide

a host of characteristics that have generated a lot of interest s. These characteristics include
insecticidal, insect growth regulation, insect antifeedant and and have a range of pharmacological
activities and medicinal effects to humanand animals such as antibacterial, antifungal,
antimalarial, anti cancer and anti viral effects (Sunbwal.,2014).Two new compounds Khaya
seneganin | -téhdraky-202¢£t05320(R)Ipednane along with six known
compounds 2 U, 3tithgdfoxy-1 6-ficetoxy20(R)-p r e g n a n-dihdroxgptegnarkd6-one

2 b -herBiketal, (Hcatechin, ivorenolide A, luteoki-O-U-1-rhamnoside and-)-5-~methoxy
isolariciresinol2 UD-b-d-xylopranoside have been isolated from the leaves and twigsaya
senegalensis(Yaun et al.,, 2013) Quercetin glycosides have been isolated fr&imaya
senegalensiteaves and is the first report of luteolin and iso rhamnetin glycosides in the plant
and also khayonolideshave also been isolated (Elsatyatl, 2015). However, informatioron

Khaya senegalensisaves are limited (AbdéNarethet al, 2014).
2.103 Medicinal Uses

Khaya senegalensi¢éKS) has numerous medicinal applications including antimalarial and
antibacterial effects. The stem backtragt has been showto be toxic to Plasmodium
falciparum (Ademolaet al, 2004). Moreover, it is weknown that the stem bark dfhaya
senegalensipossesses some asitkling (Fallet al, 1999), anti hyperglycemic (Kolawokt

al., 2012), antimicrobial (Saleet al, 2008), antfungal (Abdelgaleilet al., 2004), antprotozoal
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(Ibrahimet al, 2013), anthelminthic effects (Ademolat al, 2004; Ndjonkeet al, 2011) and

anti cancer (Androulakist al, 2006; Zhanget al, 2009). It is knownd have free scavenger
activities (Bhattacharjee and Bhattacharyya, 20B3yk in decoction or pulp is taken in most
territories as a strong emetic and purgative where treatment is considered to require violent
catherisis as in fever, menstrual disordeemereal diseases, worm infection, stomach upsets,
dysentery, poisoning (Burkill, 1985). A cold water infusion may be used externally as a body
wash or as a cleansing lotion for dermatitis, sores, ulcers or on small pox pustules to hasten
eruption (Burkill 1985; Manret al, 2003). Black spots on the foot, perhaps verruca are treated
in the Gambia with a piece of pounded warm bark (Burkill, 1986 flowers are sometimes

used medicinally for stomach complaints and as an ingredient ofsypihilitic prescription
(Burkill, 1985). The seed is oily and the Fulani in Northern Nigeria use the oil as an ointment for
influenza and rheumatism (Burkill, 1985). Leafy gweénds are decocted in Burkina Faso
prepare a wash for skin complaints followed by a dustinignely powdered bark. Circumcision
wounds are treated in like manner. A decoction of leafy tips is used in Ghana to maturate small
pox pustules (Burkill, 1985). Salkaibe of NorthWest Nigeria usethem in stomach medicine

(Burkill, 1985).

2.104 Veterinary Uses

A cold infusion is given to horses for internal complaints associated with mucal diarrhoea, etc
(Burkill, 1985). Together witlfiKanwad (potash) or withfiboi-boid ( a s o rotthwest s al t
Niger), a bark preparation is given to horsesraapetizer. Cattle with liver flukes are given an
infusion as bark steeped in bran and water in which basnbeen soaked called kasari in Hausa
language of Nigerias a drink. Dried and powdered bark is used as a dressing for ulcers on the

backs of camis, horses, etc as also a bark decoction in a lotion (Burkill, 198Higeria, bark
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of the locust bean treButyrospenum parkior Datura metal(Haukata yaro zakami) fruitK.
senegalensidark together with red peppers are administered in drinkingrwat poultry to

drink ad libitum for general preventiorof diseases(Gefu et al, 2000). The bark ofK.
senegalensiss used to treat emaciation and helminthosis, amoebic dysentery, and diarrhoea in
poultry (Gefuet al, 2000).The use of mahogan¥(senegalens)sseed oil in the control of ticks

is also wide spread in Northern Nigeria (Gefual, 2000).

2.105 Domestic Uses

The wood of this species was probably the first African mahogany to be exported from West
Africa on a commercial scale in thearyy part of the Nineteenth centuri{ senegalensis
produces good cabin wood (Shuldad Misra,1994). It is commonly used for making canoes
(Burkill, 1985). The straight boles sawn into fine planks and if seasoned carefully, does not
suffer shakes. It isttractively figured and is an excellent wood for high grade carpentry and
joinery. It has wide scale use for furniture, gunstocks, ship and boat construction and conversion
into ply wood and veneers. Mortars and drums are also made from it. House hoid spe

made from it in Western Sudan (Burkill, 1985). The wood converts into good quality charcoal
ash from calcined wood which is used as a preservative dressing on millet seeds in store for
sowing the following year. In like manner oil from the seedsisd as an insectifuge. Saw dust is
urticant (Burkill, 1985). The bark holds a pale greenish yellow to golden yellowkgwom On
slashing, it is expissated sometimes very freely and over a long period. In the dry season, the
agglomeration at the base oéés is collected. Catechuic tannins are also presents at about 10%
concentration and used for dyeing and tanning. Hunters in Ghana use this dye named kuntunkuri
(Asante) to dye their clothing to a suitable brown colour (Burkill, 1985). Young twigs at@ruse

Sudan as toothbrushes. Peeled stem or the roots are used by Hausas in Northern Nigeria as
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chewing sticks (Burkill, 1985). The leaves are given to cattle and camels as fodder. Branches of
trees are lopped in Kaduna (Nigeria). The foliage is said teobgoarticularly palatable but to

have high protein content 18.7% or 21.7% (Burkill, 1985).
2.110 Phytochemistry

The most important application of phytochemical investigation methods is in the field of
pharmacognosy which focuses on natural products and the components thereof that show
biological activity and are therefore used in therapy (Hajebsl, 2008). The hstory of
phytotherapy is almost as long as the history of civilization (Hagh@d, 2008). The Assyrian
Egyptian, Chinese and Greek records of great antiquity make reference to the nature and use of
herbs and herbal drugs. Knowledge of medicinal plaptead in West Europe and then in the
whole of Western world to a large extent through the monasteries and their schools of medicine.
In the 18" century, early botanists published herbals usually illustrated with the wood cut
pictures. In modern sciencgehytotherapy appeared in the™@ntury when the first biologically

active compounds (basically alkaloids) were isolated from the plant material (example Morphine,
Strychinine, Narcotine, Caffeine etc). The golden age of phytotherapy lasted untilvigS8b,

the ' sulphonamides and then antibiotics were synthesized and used in therapy @tajhos
2008). The age of chemotherapy began; however, it is a widely recognized fact that numerous
synthetic drugs exert along with a positive therapeutic effdsb, harmful and often irreversible

side effects. Due to this, in recent years, a return to phytotherapy has been observede(Hajnos
al., 2008). This return has further been spurred by an appeal by the World Health Organization to
screen plants for presee of biologically active compounds containdekrein It is firmly
believed that a great yet still not fully reveatbgrapeutic potentials exists fitants because so

far only a few percent out of 250,000 plant species have been investigated withtoetzeir
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usefulness in medicine (Hajnast al, 2008). Nowadays medicines of natural origin are
appreciated for their high effectiveness and low toxicity and they are the widely used as
commercial products (Hajne al, 2008). The market value of heltlpaeparation selling in the

United States alone is estimated at several dozen million dollars per year (eteghp2008).

2.11.1Chromatography

Chromatography involves the distribution of a compound between two plasaesving mobile
phase thatsi passed over an immobile stationary phase. Separation is based on the characteristic

way in which compounds digbute themselves between tiveo phases.

For compound X, this can be described in terms of its distribution coefficient

KD = [X] Stationary phase

[X] Mobile phase

This is characteristic for a moleculéhich isindepadent of the amount of solyts thatas one

phase carrying the solute passes over the stationary phase, the solutes are in constant dynamic
equilibrium betwer the two phases (Cannell, 1998). For any given compound, the position of
this equilibrium is determined by the strength interaction of the compound with the stationary
phase and the competition for the stationary phase between the compound and thphasdile

The stationary phase may be a solid or a liquid and the fluid mobile phase may be liquid or gas to
give liquid chromatography and gas chromatography respectively (Cannell, 1998). Liquid
chromatography is widely used for preparative isolation ofrahforoducts and it comes in

different forms (Cannell, 1998).

2.111.1 Classification of liquid chromatography

Classification of liquid chromatography can be done in the following manner
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1. Classification on the basis of the physical arrangement of thens/sBhromatography
can be carried out in the form of a column (Column chromatography) or on a flat surface
(planner chromatography). The latter includes various forms Toin layer
Chromatography andaper chromatography. Countercurrent chromatographyivieso
two liquid phases. Most chromatography is carried out in the form of a column of
stationary phase with a moving liquid mobile phase and comprisestta@agryirom
capillary column to Igh pressure liquid chromatography (HPL&)dlarge scale @avity-
fed columnslkan, 2008, Cannell, 1998

2. Classification according to mode of separation. It is perhaps more useful to divide
chromatographic forms according to the mode of separation on which each is based.

(Cannell, 1998).

2.111.2 Procedures of ThinLayer Chromatography

Among the chengial methods of plant separatjoohromatographic analysis plays a very
important role and has been introduced to all the modern pharmacopoeias. Because of numerous
advantages of the chromatographic methods (such assgegificity and a possibility to use

them for qualitative and quantitative analysis) they comprise an integral part of the medical plant

analysis (Hajnost al, 2008; Ikan, 2008).

The following chromatographic methods are most frequently applied i ghgimical analysis:

a. Onei and two dimensional paper chromatography
b. One and two dimensional thin layer chromatography (TLC: also called planner
chromatography)

c. High performance column liquid chromatography (HPLC)
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d. Gas chromatography (GC) and

e. Counter curraet chromatography (CCC) (Hajnes al., 2008).

Drug discovery efforts from plants has been evolving continuously@response to a number
of recent technological advances such as the development of chromatographic methods that

allow reproducible and fagurification steps for diverse compound classes.

2.11.1.3Thin Layer Chromatography

Planar liquid chromatography involves separation of mixtures on thin layers of adsorbents that
are usually coated on glass, plastic or aluminum sheet (Cannell, T®@8jnost common form

of planar liquid chromatography is thin layer chromatography (TLC) and this technique is the
easiest, cheapeand most widely used method thie isolation for natural products and is the

oldest form of chromatography (Cannell, 1998).

2.111.4Basic Principles of TLC

Separation by TLC is effected by application of the mixture or extract as a spot or thin line onto
an adsorbent that has been applied to a backing plate. Analytical TLC plat@2(0m) are
commercially available,commonst analytical silica gel plate is the 20x20cm plastic or
aluminum backed Kiesel gel 60k plate which has a 0.2mm thickness of silica sorbent
(Cannell, 1998). The plate is then placed into a tank with sufficient suitable solvent to just wet
the lower edge of the plate/sorbent but not enough to wet the part of the plate where the spots
were appied (origin). The solvent front then migrates up the plate through the sorbent by

capillary action, a process known as development (Cannell, 1998).
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An important factor in quantifying migration of a compound on a particular sorbent and solvent

system is th R value: which is defined as

_ GEAREGEQ OOGECD "REd £1'TR (6 HERD

Ry [ERO ONECD "REG 1 TR

R: values are always rasoand are never greater than 1 and vary deperainthe sorbent
and/or solvent system (Cannell, 1998). These values are sometimes quoted.aselRtive to
solvent front = 100, h R= Rf x 100. Polar compounds have a higher affinity for the sorbent
(stationary phase), stick to the sorbent and nmalee/ly up the plate as solvent (mobile phase
migrates). The compounds will have relative smalv&ues. Non polar compounds have less
affinity for the stationary phase, will mexcomparatively quickly up the plate and therefore have
relatively larger Rvalues (Cannell, 1998). As a consequence of development, compounds of a
mixture will separate according to their relative polarities. Polarity is related to the type and
number of functional groups present on a molecule capable of hydrogen bonding I(Cannel

1998).

2.111.5Application of TLC

Traditionally, analytical TLC has found application in the detection and monitoring of
compounds through a separation process. In the case of known natural products or other
compound, qualitative and gquantitativeformation can be gathered concerning the presence or

absence of a metabolite or breakdown product (lkan, 2008; Cannell, 1998).

Natural products can be tracked by running analytical TLC of fractions from other separation

processes such as column chromedphy or HPLC.
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2.11.2Fractionation

All separation processes involve the division of a mixture into a number of discrete fractions.
These fractions may be obvious, physically discrete divisions such as two phases -¢iglogid
extraction or they mayebthe contiguous eluate from a chromatography column that is artificially

divided by the extractor into fractions (Cannell, 1998).

The type of fractionation depends on the individual sample and the aims of the separation.
Typically, a column is run and theuate divided into manageable number of even sized fractions
followed by analysis of the fraction to determine which contains the desired compounds

(Cannell, 1998).
2.11.3Retention

Solutes only move down the column when they are in the mobile phasegraivihe same

speed as the mobile phase. The rate of migration of a solute therefore is inversely proportional to
its distribution coefficient (Cannell, 1998). The degree of retention of a solute can be described
by three retention parameseretention ime (), retention volume (¥) and capacity factor (¥

The retention time is the time that a solute spends in the stationary phase plus the time it spends

in the mobile phase.
2.11.4Types of Stationary Phases.

Silicon gel is perhaps the most widelyedsstationary phase for the separation of natural
products (Cannell, 1998). It is a three dimensional polymer of tetrahedral units of silicon oxide
(chemically represented by Si®l,0). Being a porous material, it offers very large surface areas

(Cannell, 1998). The chemical nature of the surface of silica gel consists of exposed silanol

55



groups. These hydroxyl groups are thevactentrs and potentially can form strong hydrogen
bonds with compounds being chromatographed (Cannell, 1998). Polar compounds containing
carboxylic acids, amines or amides are strongly adsorbed on silica gel. Non polar compounds
such as terpenes or other compound lacking polar functional groups contain devgdry

bonding sites and are thus poorly to non retained on silica gel (Cannell, 1998).

Other types of stationary phasesnclude:

1. Polyacrylamide which are synthetic polymers formed as beads for chromatography,

2. Carbohydrates: Polysaccharides can be cilod®ed to produce three dimensional
networks which can be formed into beads.

3. Polystyrene which are often used for ion exchange resins. However, in the absence of
ilonizing groups, the polymer can forngel resins useful for reverse phase
chromatography.

4. Alumina which is a porous polymer of aluminum oxide. It is no longer commonly used

due to its ability to catalyze a variety of reactions (Cannell, 1998).

2.11.5Spray Detection

This relies on a colour reaction between the compound on the TLC plate spmdyareagent

(stain) introduced onto the plate as a fine mist from a spray canister. Most sprays reagents are
universal reagents and will react with ngatiasses of natural product. Five percent (5%iic

chloride in 0.5N HCI (0.5N Hydrochloric acid) issed for the detection of phenolics (Cannell,

1998).
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2.12.0In vivo method for evaluating plant with Anti protozoal activity

In vivois usually conducted within a living organisin.vivo research is more suited to observe

an overall effect than im vitro research which is better suited to deduce mechanisms of actions.

2.13.0In vitro method for evaluating Plant with Anti protozoal activity

In vitro assay is an evaluation technique for the assessment of the pharmacological action of
either newly syntésized conventional drug or that of crude extract from a plant intended for use
on either newly synthesized conventional drug or that of crude extract from a plant inftended
use on either animal or mausually carried outside a biological system (ietriRishes or other
medium) on the target organisms in order to validate their efficacy or otherwise harmful effects

before introductionnto a biological system (Simanat al, 2011).
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Chapter Three

3.0 M aterials and M ethods

3.1 Fractionation of the crude methanol extracts and theirin vitro activities on Eimeria

tenella

3.11 The study Area:

The experiments were performed in the Department of Veterinary Parasitology and Entomology,
Faculty of VeterinaryMedicine and the Department of Pharmacognosy and Drug Formulation,
Faculty of Pharmaceutical Sciences, Ahmadu Bello Univerkitigyde11° 13 N and longitude

07° 38'E), Kaduna state located in the northern Guinea Savannah zone of NAiggraet
al.,2002) The climate is relatively dry with a mean annual rainfall ranging from 700 to 1400
millimeters (mm) and occurring between the months of April and September. The dry season
begins about the middle of the month of October with the col weathemitigireFebruary. This

is followed by a relatiely hot, dry weather from March/April. The minimum and maximum
daily temperatures are 14C and 24C respectively during the cold season and 19C and 36C
respectively during the hot, dry season. The relative htymdiries between 19% and 35% in

the dry season and between 63% and 80% in the rainy season (Alpébabk|Z)12).

3.1.2 Plant collection and Identification:

Fresh leaves dfhaya senegalens{XS) Gueira senegalensi&S) axd Tamarindus indicgTI)
were sourced from the environs of Ahmadu Bello \arsity, Zaria They were collected
betweenthe montls of March and April due to thieigh hoactive contentluring these months

(Ademola and Eloff, 2010) anti¢y were drid under shadé'en kilogramme (10kgdf the dried
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leaves ofeachplantwith voucher numbers 900181, 900141 and 900265 respectivelye{@ty
2009 were ground to powder usingomar and pestle

3.1.3 Plant Extraction

3.13.1 Defatting of the leaves ofKhaya senegalensis, Guiera senegalensigl Tamarindus
indica:

Two (Zg) kg each of the powdered leaves KE, GS and Thlwere defatted with @itres of
petroleum ether i Soxhlet apparatus (Quick fio@hing Ltd; Stafford England at 70C (Youn

et al, 2003). Thepowderedeaves werehenair- dried at room temperature

3.13.2Crude plant extraction by maceration method

The powdered leaves weextracted by maceratiomethod for 72 hours using 70% methanol
(Eloff, 1998). The crude extract was evaporated to dryness on a water bath at atteepéra
90°C for 6 hours and subsequently referred to as crude extract.

3.14 Fractionation of crude methanol tracts:

The method of Brain and Turner (1975) was addpfor thepartitioning processof the dried

crude methanol extractFhirty (30 g) eachof the dried crude methanol extraaf KS, GS and

Tl wassuspended in 300l of waer and then partitioneith succession usingefproleum ether,
chloroform and rbutanol to obtain the aqueous methanol portions. The suspended crude
methanol extracts &e each partitioned with three portions of 3060 petroleum ether
respectively using separate funnels. The petroleum ether portions were each carefully separated
into 3 labeled clean 100énl beakers. Subsequentlyhet aqueous methanol portions were
partitoned with three portions (30@l) eachof chloroform; followed by three portions of

butanol The portions were then referred to astrpleum ether, chloroforrm-butanol and

aqueougortions respectivel{fFigure 3.1)
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Crude Extract§309)

Suspended in 300ml of water, partitioned with
Petroleum etherx3

| |

Petroleum ether portion, tested for activity Aqueous methanol portion

Partitioned
with
Chloroform
300mIx3

v

Chloroform Portion concentrated, tested for activity Aqueous
methanol portion

Partitione
d

with n-
butanol
300mIx3

n-butanol portion concentrated, tested for activity Aqueous methanol portion
concentratedtested for activity.

TLC carried out to identify
components

Figure 3.1: Schematic diagram illustrating the partitioning of the various fractions from the
crude methanol extract oKhaya senegalensj$suiera senegalensiand Tamarindus indica
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3.1.5Phytochemical analysis

The phytochemical components of teeparated portions dfie extracts were thexludatedby

Thin Layer Chromatography (TLC) according to the method of Agrawal and Paridhavi, (2007)
and Brain and Turner, (1975%ilica gel coated thi layer chromatography plateveremarked

with a pencil drawn at 1.5cm (centimeter) to identify the origin. Using a ntiesmatocrit
capillary tub€ non heparinised)the fractions to be tested (which were as follow;-éber,
chloroform, nbutanol and he crude extract oKhaya senegalensighich was dissolved in
methanol) were drawn into the tube and separate spots made on the 1cm mark dot on the plate.
The spots were allowed to air digr 15 minutesand were then placed in a TLC jar containing

the test solventsystem which in this case wasbhutanol: acetic acid: water at the ratio6ol:2

(Plate 3.1) The plates placed in the TLC jar were allowed to saturate for 15minutes before the
set up was allowed to run while beingpnitored(Plate 3.1) The pates were removed and a
pencil was used tmark the end point. Pictures were taken before and after the detecting agents
were sprayed on the plate .The following detecting ageete used to spray the plgt&anillin

in 10% hydrogenwdphate, 10% hydrogen sulphate d&wetric chloride
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Plate 3.1: Thin Layer Chromatography Tank containing TLC plate eluted in the solvent

system of nbutanol, acdic acid and water (6:1:2)
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3.1.6In vitro anti coccidial effects of the gtracts:

The solvents were evaporated and the residue portions were testiedvito anticoccidial
activities Thein vitro anti coccidial efficacy trials was conducted by observing the effect of the
plant extracts on the sporulation time of teneria tenellaoocysts. Fresh faecal samples were
collected fromexperimentallyinfected birds and the oocysts loads determinedusing the
McMaster counting machindJsing the method described by Nwaetual. (2011) the extracts
were diluted(100 mg/ml, 250 mg/ml, 400 mg/ml, 550 mg/ml, 700 mg/ml and 850 mghl of
agueous and-hutanol fractions respectivglyn distilled waterand placed in separatabeled
petri dishes. One hundrembcysts per ml calculated Hilutions of the total oocyst load was
added to ac petri dish andeft at ambient temperate on the laboratory tablejonitored every

6 hourly for 72 hourdo observe sporulation and sporulatiomei of the oocystsThe rate of
sporulationof the oocysts werdetermined and recorded. The findings wesed to determine
percentage inhibition of oocysts sporulation. A parallel experiment using laboratory sporulation
medium (2.5% Potassium dichromatepd Anprolium (1.2g/L) wereused for comparisoas

negative control and positive control respectively

3.2 Determination of maximum tolerated doseand chronic toxicity of Khaya senegalensis

extractsin broiler birds

3.2.1Maximum tolerated dose &periment:

The method descrdal by Loomis (1978) wassed to determine the maximuiwlerated dee
(MTD). Sixty (60) dayold chicks were sourced from NAPRI, Shika, Zaria, brooded under
standard management practice for 4 weeks and divided intoupgramely A, B, C, D, E and

F. Gradel doses of then-butanol fraction of thecrude methanol plantextractsof Khaya
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seregalensisl1 mg/kg, 33mg/kg, 99mg/kg, 297mg/kg and 89Ing/kg were administered orally

to the birddn the respective group&roup F were given 0.2ls of distilled water as coml. All

the extracts were administeredthin the same period’he chickes were monitored for 14 days

for adverse reactions such as changes in skin, feathers, ocular membrane, salivation, lacrimation,
drowsiness, gait tremors, convulsion and death suggestive of toxicity withimia. The
chickens that survived were monitorédr another two weeks after vwdh the test was
terminated. Two chickensper group were randomly selecteeljthanized and post mortem
examinations conducted. Organs examined for lesions included the lungs, heart, liver, spleen,

kidneys, intestine ancheca.

3.2.2Chronic toxicity studies:

Two groupsof 7 birds each (1 and 2) df weeks of agdroilerswere used for the chronic
toxicity study. Group Xhickens were orally dosed wiB00mg/kgof the rbutanolfraction of

the crudemethanoblant extracs of Khaya senegalensdaily for two weeks. Group 2 served as

the control group and eacatas given distilld water at 0.2mfor the same period of time. The
chickens were monitored for signs such as salivation, lacrimation, drowsiness, gait tremors,
convulsion and death suggestive of toxicity for the period of the sAidije end of 12 week®
birdsfrom each of the groups were randomly selectethanized and post mortem examination
conducted. Gross lesions were noted and tissue sawoiplbe fdlowing organs ( lungs, heart,

liver, spleen, kidneys, intestine and caeca) waken for histopathology.
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3.3.0Evaluation of the modulatory effect of the n-butanol fractions of the crude nethanol

extracts of K senegalensisn E. tenellain broilers

3.3.1Experimental birds:

One hundred and twengay old chicks were obtained frothe National Animal Production
Research InstituteNJAPRI), Shika, Zaria. The birds were reared under standard management
practice at the Faculty of Veterinary MediciAeB.U. Zaria for a period of 8 weeks. The birds
were brooded for 3 weeks and then randomly divided into six groups namely ADBEGNd F

of 20 chicks each. Birds inaeh group were further subdivided into two replicatgth each
having 10 chicksAll the birds wereed with Broiler stater rations for 3 weeks arfroiler
finisher ratiors from 4 weeks to 8 week§he chicks were providedith standard anticoccidial

free feed. The feed and water were providedlibitum during the study péd. All the birds

weretagged to maintain their identity.

3.3.2Administration / Treatment of the experimentally infected birds:

Three dose levelwhich are 11mg/kg, 33mg/kg and 99mgAkgre selected from the maximum

doseexperiment.

Group A: The birds were giveKhaya senegalensat 11mg/kg.

Group B: The birds were giveKhaya senegalens&3mg/kg

Group C: The birds were giveKhaya senegalens89mg/kg.

Group D: The birds were treated with Amproliuh.2g/L).
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Group E: The birds were infected with sporulatédtenella oocysts and not treatg@.2mls

water)

Group F: The birds were not infected with sporulatedenellaoocysts and were given 0.2mls

of distilled water.
3.33 Inoculum:

Infective sporulatedt tenellaoocysts were obtained locally from infed broiler birds processed
sporulated and kept in the refriggor (+4°C). Oocysts from the intestinal scrapings were
sporulated using 2.5% potassium dichromate. The sporulated oocysts were filtered using a sieve,
centrifuged(750g) for 10 minutes to reme the potassium dichromate and diluted with distilled

water (Reck and McQuistion, 1994). The sporulated oocysts were kept in the agdri¢et°C).
3.34 Infection of birds with the sporulated oocysts:

The chicksin groups A,B,C.D and Evere infected orally at 4 weeks of age with 1.0 X 10
sporulated oocysts / ml / bird using insulin syringe (Reck and McQuijst994). Group F was

given 0.2ml of distilled water.
3.35 Anticoccidial:

Amprolium (Amprolium20S VMD nvisa Hoge Mauw00-2370, Arendonk, Belgium) was used

as the standard drug to compare the anticoccidial efficacy of the extract.
3.36 Post infection treatment with then-butanol plant extract was as follows

Groups A, B and C wereivgen calculated dosages of thebutanol methanol plant leaves

extracts twicedaily for 7 days, while Group D was givelimprolium. However, Group E was
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not treated with the plant extract (positive control) while group F was given 0.2mls of distilled

water only.

3.3.7 Laboratory Monitorin g of Infection:

The experimental infection of the birds with the sporulated oocysts and subsequent treatment

with the plant extract were monitored as follows:

3.3.7.1 Collection and Examination of faecal samples:

Faecal samples were collected from thel$in each group daily using clean polythene lzesys
from 4 to 8 weeks of age and examined for the preserigsraria tenellaoocysts. The oocyss
output was determined and expressed as per gram of faeces using McMaster chamniner

(Slosset al, 1994.

3.3.7.2 Collection of blood samples for haematology

Blood samples were collected weekly from each grong week post infectionsing the wing
veins till the end of the experiment and analyzed for Packed Cell Volume, haemoglobin

concentration, tal / differential leukocyte count and total protein.

3.3.7.3 Body weight:

The body weight ga with respect to age was determir@mdweeky basis from weeks 4 to. 8
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3.3.7.4 Post mortem Examinations

i Gross Pathology:

Two birds from eaclof the 6 groups were selected at random 7 days post treatment and
sacrificed humanely usingardiac air pumpedBirds were also sacrificed humanely from the
positive and negative control groufos post mortem examinatioihe carcass wereexamined

for pathologcal lesions and samples such as the intestiand caecawere taken for
histopathology. They were stored in 108tmalin. Appropriate phoigraphs of the gross lesions

werealso taken

ii: Histopathology:

Slides for histopathologic examination were predaa¢ the Histotdmique laboratory of the
Departmenbf Veterinary AnatomyFaculty of Veterinary Medicinédhmadu Bello University,

Zaria. Tissues were processed routinely and embedded in paraffin wax. Paraffin sections of
about 5pum6um were prepared. Deparaffinization in xylene and dehydration in graded series of
ethanol was followed by staining with Haematlirx and Eosin stainAppropriate photographs

of thehistopathologic lesionwere also taken.

3.4.0Assessment of@sponse to variougxperimentsincluded:

(i) Oocyss ( count, sporulation time, infectivity), (i) Haematology (PCV, Total Protein,
Haemogldin concentration, Differential and Total leukocyte count), (iii) clinical signs, (iv)

weight, (v) feed intake, (vi) mortality and morbidity, (vii) Gross pathology and histopathology.
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3.5.0 Statistical Analysis:

Data obtaed from the experiment wesnalyzed with Analysis of Variance (ANOVA) using
SAS statistical package of General linear made P values of < 0.05 were considered to be

statistically significant.
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Chapter Four
4.0 Results

4.1 Extraction of plant material and partitioning of crude extracts

The extraction of Bg of the leaves oKhaya senegalens(KS), Guiera senegalensi&S) and
Tamarindus indicgTI) with 70% methanol as solvergave a yield of 436.42g (21%), 496.41g
(24.82%) and 394.20g (19.71%) respectively. The colour of the extract was dark brown for both

KS and GS while Tl had a reddish brown col¢lable 4.1)

The extractive yield output of the partitioned portions of the crude methanol extratisyd
senegatnsis, Guiera senegalensisd Tamarindus indicavhenPetroleum ethe chloroform and
n-butanol weraused as partitioning solvents for the partitioning of 30grofle methanolic gave

the following; 0.01g (0.03%), 0.25g (0.83%), 6.73g (22.43%) for KS,(@B81%), 0.12g
(0.4%), 6.83g (22.77%) for GS and 0g (O%), 0.33g (1.1%), 4.5g (15%) for Tl. The aqueous
yield were as follows; 13.47g (44.9%), 8.65g (28.83%), and 8.58¢g (28.6%) respectively for KS,
GS and TI.The petroleum ether portion was greenish ifogofor KS and GS and very faint
colour of green for Tl was. The chloroform;bntanol and agueous methanol portions were
brown, reddish brown and brown respectively for KS and GS and reddish brown (foablé

4.2).
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Table 4.1: Crude extractive yield of the leaves ofKhaya senegalensis, Guiera senegalensis

and Tamarindus indicaused in the study

Plant Khaya Guiera Tamarindus
senegalensis senegalensis indica

Plant part collected Leaves Leaves Leaves

Quantity of Plant material collected 10kg 10kg 10kg

Quantity of Plant sample extracted 2kg 2kg 2kg

Output of crude extract/Percenta 436.429 496.41¢g 394.209g

Percentaggield after Extraction (21%) (24.82%) (19.71%)

Colour of Extract Dark brown Dark brown

Reddish brown
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Table 4.2: Fractional yield output of K. senegalensis<i senegalensiand Tamarindus indica

Plant Fractionated Portions

Petroleum ether Chloroform/

Colour Colour

n-butanol/ Colour

Aqueous Fractiorn/

Colour

Khaya senegalensis 0.01g (0.03%) 0.25g (0.83%)

Greenish Brown
Guiera senegalensis  0.03 (0.1%) 0.12 (0.4%)

Greenish Brown
Tamarindus indica 0 (O %) 0.33 (1.1%)

Faint Green Brown

6.73g (22.43%)

Brown

*6.83 (22.77%)

Brown

4.5 (15%)

Reddish Brown

*13.47 (44.9%)

Brown

8.65 (28.83%)

Brown

8.58 (28.6%)

Reddish Brown

4.2 Phytochemical analysis
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The thin layer chromatography plate took 90minutes to run in the TLC tank. The retention

factor was determined. The petroleum ether spot had a retention factor of 0.47cm, chloroform
Rr 0.61, nbutanol R; 0.70 and the crude extract &f senegalensiBs; 0.84 (Table 4.8 The

TLC plate was sprayed with ferric chloride as the detecting agent which gave greenish
coloured spots which signified the presence of phenolic compounds. The greenish
colourations werenainly seen in the-butanoland crude extradradions of the plant (Plate

4.1). All the other detecting agents used did not yield any positive colouration.
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Table 4.3: Retention factors for the compounds present in the n butanol fractions of

Khaya senegalensiextracts.

Fractions Distance Distance travelled by Solver Retention factor (R
travelled by Front (Sf) incm incm

Spot (S) incm

Petroleum 3.5 7.6 0.46
ether

Chloroform 4.6 7.6 0.61
N-butanol 5.4 7.6 0.70
Aqueous 6.4 7.6 0.84
Crude extract 6.9 7.6 091

Keys: cm centimeter

“¥'Q= 7.600



Plate 4.1: TLC plate after sprayingthe various fractions elutedin the solvent system (6:1:2)
with Ferric chloride . Notethe greenish spotsndicationg the presence of phenols and
flavonoids.
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4.31n vitro Study

The nbutanol suspension foKhaya senegalensigwestigated showed &h no sporulation
occurred in any of the concentrations (1®@/ml 250 mg/ml, 400 mg/ml, 550 mg/ml, 700
mg/ml and 850mg/ml) while the aqueous fraction had sporulated oocyst present in all the
concentrations except the @éng/ml group (Plate 4.2 and 4.8 The nbutanol suspension for
Guiera senegalensi&400 mg/ml, 550 mg/ml, and 700mg/ml) and Tamarindus indica(250
mg/ml and400 mg/ml) as well as the aqueous fractiorGafiera senegalensiid not inhibit the
sporulations of thée tenellaoocysts Plates 4.4 to 4.6 andable 4.3). However, the aqueous
fraction of Tamarindus indicahad inhibited sporulation. The sporulation medium (2.5%

Potassium dichromate) did enhancersfation of the oocysts (Plate 4.7

The n-butanol fractionof the Khaya senegalensizad the most anticoccidial activigmong the
fractions tested. The extract ibited sporulation by 100%hile Guiera senegalensisad the
least anti coccidial activity with 49% sporulation inhibition. Amongst aqueous fractions,
Tamarindus indicashowed the most anticoccidial activity with a sporulation inhibition of 100%
while Khaya senegalensigand Guiera senegalensisad the least. The-loutanol fraction oK
senegalensiand the aqueous fraction dadmarindus indicaxtracts had similarfiects to those
obtained using rprolium which was considered as the standard. Amprolium aaipl

inhibited the sporulation of the oocysts in this study (Table 4.4).
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Plate 4.2 Sporulating Eimeria tenella oocyst (arrow) in aqueous fraction of Khaya
senegalensigxtract (700mg/ml) at x 40 magnification
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Plate 4.3 Unsporulated Eimeria tenella oocyst (arrow) in n butanol fraction of Khaya
senegalensigxtract (850mg/ml) at x 40 magnification
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Plate 4.4 Sporulating Eimeria tenellaoocyst in aqueous fraction ofSuiera senegalensiteaf

extract (250mg/ml) at x 40 magnification
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Plate 4.5 Sporulating Eimeria tenellaoocyst in nbutanol fraction of Guiera senegalensis

leaf extract (850mg/ml) at x 40 magnification
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Plate 4.6 Sporulated Eimeria tenella oocyst (arrow) in aqueous fraction ofTamarindus

indica leaf extract (400mg/ml) at x 40 magnification

81



Plate 4.7 Sporulated Eimeria tenella oocyst (arrow) in 2.5% Potassium dichromate

sporulation medium at x 40 magnification
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Table 4.3: The effects ofn-butanol and aqueous leaf etracts of Khaya senegalensis, Guiera
senegalensis and Tamarindus indiextracts on porulation of the Eimeria tenellaoocysts

Drug /Extract Concentration(mg/ml)  Percentage Sporulation (%)
n-butanol Fraction Aqueous
Fraction
Khaya senegalensis 100 0 0
250 0 17
400 0 17
550 0 17
700 0 17
850 0 17
Guiera senegalensi 100 0 17
250 0 17
400 17 17
550 17 17
700 17 17
850 0 0
Tamarindus indica 100 0 0
250 17 0
400 17 0
550 0 0
700 0 0
850 0 0
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Amprolium 1.2mg/ml

Potassium dichromate 2.5% solution
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Table 4.4: Percetage Sporulation Inhibition of n-butanol and agueous leaf extracts of

Khaya senegalensis, Guiera senegaleresisl Tamarindus indica

Drug/Extract Fractions Percentage (%) Total

Sporulation Sporulation Inhibition

Khaya senegalensis n-butanol 0 100 100
Aqueous 85 15 100
Guiera senegalensis n-butanol 51 49 100
Aqueous 85 15 100
Tamarindus indica n-butanol 34 66 100
Aqueous O 100 100
Amprolium - 0 100 100
2.5% Pottassium dichroma - 100 0 100
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4.4 The Maximum tolerated dose by the birds on the different concentrations of the

Extracts

There were no visible clinical sign seen except during timeirastration of the extract tthe
birds being given the 891mg/kg dosage whishowed signs of respiratory difficulty but

stabilized after 30minutes.

4.4.1 Gross Lesions

Several macroscopic lesions were identified in the posted infected birds. These varied in the
intensities and location on the concentration /doses of the extract administeredmgikiylof

the nbutanol fraction, the lesions weneainly those of enlarged proventriculus and echymotic
haemorrhages of the serosal surface of the duodenum. Enlargement of the liver characterized the
gross lesions associated with the administration ahg&gand 99mg/kg doses of the extract.

Higher dogs of 297mg/kgand 891 mg/kg were associated with enlarged liver, congestezhsple

and enlarged heart (Pés 4.8 and 4)9 The organs of the control birds presehtormal gross

picture (Plate 4.10
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Plate 4.8 Small intestine of broiler chicken dosed with the rbutanol fraction of the extract
(11 mg/kg) Khaya senegalensishowing enlargement of the intestinal wal{arrow)
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Plate 4.9 The liver (A), heart (B) and leen (C) showing enlargements of the organs of

birds dosedwith 297 mg/kg of Khaya senegalensis
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Plate 4.10 Normal grossfeatures of the liver (A), heart (B) and spleen (C) athe control
broiler chickens given water (0.2ml/ bird)
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4.4.2 Haematological valuesf broiler birds dosed given different doses of the 4butanol

extract of Khaya senegalensisn the maximum tolerated dose study

There was statisticlgl significant difference(P= 0.05) when the mean PCV values for the
different treatment groups (11, 33, 99,297,891mg/kg and control) were compared with the mean
haemoglobin valuesAlso when the mean lymphocyti@alues were compared with the mean
neutrophil valueghere was statistadly significant differencgP= 0.05) Within the treatment
groups, there was no statistigakignificant difference(P>0.05) when they were compared
within each other though the PCV of the treated groups were higher than the control
(28.143.96) with 33mg/kg treated group having the highest (2818 vs28.1#3.96).
Similarly, the Hb also had slightly higher values than the control with timeg3i8g group having

the highest (9.681.24 vs9.321.32). Thetotal protein(TP) was slightly different with the
overall values being lower than the control, though the r2g§ikg treated group had a higher
value than the control (3.6%.11 vs 3.60+0.59). The overall lymphocytic values were higher
than the control though the 38g/kg goup had the highest value while the neutrophil had low
values in the 11mg/kg, 3Bg/kg and the 297g/kg treated groups while the 88y/kg and 891

mg/kg groups had slightly higher values than the control (Table 4.5).
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Table 4.5: The effect of theextracts of Khaya senegalensisn the haematological values of
broilers treated with different doses of the extracts in thenaximum tolerated dose study

Variable Haematological Results (Mean+SE P~ 0. 05
11 mg/kg 33mg/kg 99mg/kg 297mg/kg 891mg/kg  Control
(water 0.2
ml/bird)

PCV (%)  28.432.72 ,29.153.8 ,28.884.2 28.9H45 ,29.025.65 ,28.14t3.96

0 8 1

Hb (g/dI) 9.424091 9.6%*1.24 ,9.61+1.4 9.5#1.52 9.63:1.89 9.32+1.32

3

TP (g/dl) 3.42:0.55 3.4#0.62 3.41+0.62 3.65:1.11 3.380.55 3.60t0.59

Lymphocyt 89.735.08 (91.0@:3.4 89.144.5 90.96:3.6 89.833.78 89.56:3.78
e 6 6 9

(%)

Neutrophil ¢9.32t5.08  ¢8.24t3.57 9.9(¢4.2 48.53t3.39 9.7t4.09 ¢9.63t3.93

(%) 4

Keys

SE- Standard Error

P’ 0 - Sdalstically significant

PCV- Packed Cell Volume

Hb- Heamoglobin

TP- Total Protein

a-Means with similar letters are not statistically significant

b- Means with different letters are statistically significant
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4.4.3 Weight

The baseline weight of the birds is as shown in Table 4.6. One week after the administration of
the extract, the mean weight of the control treatment group when it was compared with other
treatment groups (11mg/kg and 33mg/kg) was statistically signifif@x0.05). There was
statisticalsignificant difference between the mean weightstofds treated witti1 mg/kgof the
n-butanol fractions of crude metharmttractof Khaya senegalenssompared with 99ng/kg,

297 mg/kg, 891 mg/kg treated groupsand the control (P<0.05)two weeks post treatment.
However, there were no significant differences in the mean weights between 11mg/kg and
33mg/kg (P>0.05). When the 33mg/kg treatment group was compared with 891mg/kg and
297mg/kg groups, there were significanffetiences in their means (P<0.05). Three weeks post
treatment showed significant differences in the comparison of the mean weights between
11mg/kg , 297mg/kg, 891grkg and the control (P<0.08)nd four weeks post treatment, there
were significant differaces (P<0.05) in the mean weights of 11mg/kg , 297mg/kg, 891mg/kg
treatment groups and the control (Tables 4.7 ). Among the treated groups, the highest weight
gain was recorded in the 11mg/kg treatment group while the lowest was recorded in the

891mg/kg goup (Table 4.8).
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Table 4.6: Pretreatment mean weight (grammes)of the experimental brds

Treatment Weight (grammes) (Mean+SE P " 0
Extract 11mg/kg 449.44 17.11
Extract 33mg/kg 338.8@16.23
Extract 99mg/kg 303.3%17.11
Extract 99mg/kg 260.416.23
Extract 99mg/kg 204.6(x16.23
Control 205.86:19.40

Keys:
SE- Standard Error

P~ 0 - Sdafstically significant
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Table 4.7: Mean weights (grammes)of birds one tofour weekspost treatment with Khaya

senegalensis

Treatment

Weight (grammes) (Mean+SE P~ 0.

05

Weeks Post treatment

2

Extract 11mg/kg
Extract 33mg/kg
Extract 99/mg/kg
Extract297/mg/kg
Extract 891/mg/kg

Control

a643.0:24.92
a255.03:24.92
2210.03:24.92
449.0:24.92
p368.0324.92

p383.03:24.92

a927.03:38.33
a804.03:38.33
1693.03:38.33
1600.03:38.33
1619.03:38.33

1671.0@:40.40

a1176.0@56.57 ,1450.06:74.46
21060.0@56.57 ,1300.0&:74.46
21048.0@56.57 ,1195.06¢74.46
p872.0&56.57 ,1110.0&74.46
1835.0&56.57 ,1067.0&74.46

1901.0¢63.25 ,1031.2583.25

Keys:

SE- Standard Error

P~ 0 - Sdalstically significant

a-Means with similar letters are not statistically significant

b- Means with different letters are statistically significant
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Table 4.8: Mean weight gin (grammes) of the experimental brds treated with Khaya

senegalensisour weeks post treatment

Variable

Weight (grammes) (Mean+SE P~ 0.

Final Weight

Initial Weight

Weight Gain

05

Extract 11mg/kg

Extract 33mg/kg

Extract 99/mg/kg

Extract 297/mg/kg

Extract 891/mg/kg

Control

1450.0&:74.46

1300.0&:74.46

1195.0&¢:74.46

1110.0G:74.46

1067.0@:74.46

1031.2383.25

449.4417.11

338.8(:16.23

303.3317.11

260.43:16.23

204.6(x16.23

205.8&19.40

*21000.5657.35

©961.20+58.23

1891.67+57.35

1849.6+58.23

1862.4+58.23

1825.39+63.85

Keys:

SE- Standard Error

P’ 0 - Sdafstically significant

a-Means with similar letters are not statistically significant

b- Means with different letters are statistically significant

*- Highest weight gain



4.4.4 Survival Rate

The survival rate obirds treated witlthe nbutanol fraction of the crude methareitractof
Khaya senegalensisas 100% even with the highest concentration of 891mg/kg as no mortality

was recorded in the treatment gps (Table 4.9).
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Table 4.9: Survival Rates of birds treated with different dosesthe extract Khaya
senegalensis

Pre Post
treatme treatme
nt nt
No of Do mortalit mortalit Total Survived Percentage
Group Birds (mg/kg) y y mortality  Birds (%) Survival
A 10 11 mg/kg 0 0 0 10 100
B 10 33 mg/kg 0 0 0 10 100
C 10 99 mg/kg 0 0 0 10 100
D 10 297 mg/kg 0 0 0 10 100
E 10 891mg/kg 0 0 0 10 100
0.2ml
F 10 (water) 0 2 2 8 80
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4.4.5 Histopathological Findings

The histopatblogical lesions showedagestions oftte intertubular spaces the kidneys of the
birds treatedvith the n-butanol fractions of the crude methanol extractltdya senegalensat

the doses 083 mg/kg and the 29Tng/kg (Plates 4.11 and 4.12The liver of thebirds treated
with the dose of 891 mg/kigad congestionf the sinusoidal spacéRlates 4.18 However, no
significant findingswere seen in the small intestine b&t99mg/kg group andhat of the control

group which given water at the dose of 0.2 ml/ bird
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Plate 4.11 Congestedintertubular spaces of the kidneyof a bird dosed with 33 mg/kg of
Khaya senegalensiextract (arrow). (H and E) x 40 magnification
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Plate 4.12 Congested intertubular spacesn the kidney of a bird treated with extracts of
Khaya senegalensiat a dose 0297mg/kg (arrow). (H and E) x 40 magnification
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Plate 4.13 Congested sinusoidal spaces the liver of a bird treated with extracts of Khaya
senegalensiat the dose 0891 mg/kg (arrow). (H and E) x 40 magnification
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4.4.6Selection of the maximum dose tolerated by the birds

Results obtained from the study revealed that although all the birds were activéheyharere
given the extract®f Khaya senegalensishe 891mg/kg treated groughad regiratory distress
but they sabilizedafter 30 minutes. Alsat4 weeks post administration of the extrazt&haya
senegalensjsthe 297mg/kg and 891mg/kg treated grougphad lower weight gas The99
mg/kg dose was selected as the maximum tolerated. ddseever, three dose legelvere
selectedrom the 99 mg/kg (which are as followk} mg/kg, 33mg/kg and the 9éng/kg) for the

evaluation of the anticoccidial effects of the extractgivo (Table 4.10).
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Table 4.10: Maximum tolerated dose/toxicity of rbutanol fractions of crude methanolleaf
extract of Khaya senegalensis

Dose(mg/kQ) 11 33 99 297 891 Control
Initial no. of birds 10 10 10 10 10 10
Mortality 0 0 0 0 0 2
Observation a A a ac abc a
Inference - - - + + ;

Keys: a= active6hours todweeks post treatmenb=showed initial respiratory difficulty for
30minutes after treatment, c= lower weight gain 4 weeks post treatraentt toxic, + = mildly

toxic
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4.5 Administration of the extracts of nbutanol fraction of Khaya senegalensi€600 mg/kg)

to broilers in the chronic toxicity studies

There were no visiblelinical signs observed inroilers treated with 506g/kg of the rbutanol

fraction of the methanolic extraot Khaya senegalersiThey wereall active

4.5.1 Gross Lesion

Thegross lesions howeveshowed hypertrophied, congested kidneys and enlarged, distended
and haemorrhagic intestine with thiciesl intestinal walin the birds treated with thextract
(500mg/kg) at 16 weeks of agelates 4.144.16. The duodenum and jejunum had echymotic
haemorrhagies in them while the jejunum had mucoid contents. In the cgrirgd,all the

organs were normal and no lesions were seen in (Réate 4.17.
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Plate 4.14 The in situ appearance of thekidneys of a bird treatedwith n-butanol fraction
of the crude methanol extracts oKhaya senegalensigb00 mg/kg) for 14 days showing
hypertrophied kidneys (arrow).
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Plate 4.15 The liver of a bird treated with n-butanol fraction of the crude methanol
extracts of Khaya senegalensib00mg/kg) for 14 days showing enlarged liver (arrow).
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Plate 4.16 The small intestine of a bird treatedwith n-butanol fraction of the crude
methanol extracts ofKhayasenegalensi$500mg/kg) for 14 days showinghickened
intestinal wall with enlarged and distended intestingarrowss).
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Plate 4.17 The small intestine of a bird treated water (0.2 ml/bird) for 14 days showing
normal intestinal architecture (arrow).
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Plate 4.18 The liver of a bird treated water (0.2 ml/bird) for 14 days showinghormal
architecture (arrow).
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4.5.2 Effect of chronic administration of the n-butanol fraction of the crude methanol

extracts of Khayasenegalensi®n haematological parameters of broiler chickens

The PCVof birds treated with the extra00 mg/kg) was relatively higher but not statistically
significant (P>0.05)when compared with those in the untreated control gi@ugier 0.2ml)
though both grouppeaked at week 1@Iso the Hb of the medicated grop00 mg/kg) was
slightly higher than the unmedicated group and wassstata | | y signi ficant (P’
thetenthweek(Figures | andl). The total protein (TP) was slightly higher than the unmedicated
group during thdirst week of medication. However, the TP dropped ortlirel week thereafter

it began to risgpeaking at theenthweek (Figure Ill). The neutrophils of the medicatgdoup
were higher than the unmedicated group during the weeks of medication peakingeatettid

week. The lymphocyte of the medicated geupmained lower than that of the unmedicated

group(Figure V).
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Figure 4.1 Packed Cell volume ofbroiler chickens treated with a dose of500 mg/kg of

Khaya senegalensifor 14 days
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Figure 4.2 Haemoglobin concentration of birds treated with 500 mg/kg of Khaya

senegalensisor 14 days
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Figure 4.3 Evaluation of thetotal protein of birds treated with500mg/kg fora 12 weeks studyeriod
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Figure 4.4: Differential leucocyte countsof broiler chickens treated with 500mg/kg of K senegalensigxtract

for 14 days
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4.5.3 Weight Gain

Birds treated with the extract (500 mg/kg) had statistically significant (P<0.05) increased weight
gain when compared with the untreated control birds at the ninth week post treatment with the
extracs of Khaya senegalensisHowever, the increased weight gain was not statistically

significant (P>0.05) by the twelfth weg¢kigure V).
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Figure 4.5 The effects of the leaf extracbf Khaya senegalensi00 mg/kg)administered for 14 days

on the weight of broiler chickens
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4.6 Comparison of the treatment of the experimentally infected birds with Khaya

senegalensignd Amprolium

The experimentally infected birds began to shed oocysts in the faeces 6 days post infection.
Pretreatmentclinical signs such as bloody diarrhoea, bloody perineum, feet and feathers,
depression and anorexia were observed. No signs were seen prior tediieglof the oocysts.
However, faecal examination revealed oocyst load of +++ in all the infected peBy (A

Mortalities were recorded in all the infect@dlays post infectian

4.6.1 Gross Lesions

Gross lesions seen 7 day post infection revealed ealatgoody caeca, friable liver and the
carcass was pal(Plates 4.184.19 and 4.20. However one week post treatment, post mortem
lesions seen in the caeca were all gone with the caeca of the extract treated birds and amprolium
similar (Plates 4.24.24). The caeca of the uninfected untreated birds was distended with faecal
material compared to that of the infected untreated group whose caeca were highly reduced in
size compaed (Plates 4.25 and 4262 birds comprising of 2 from each groupFAthat wee

humanely sacrificed 13 days post treatment showed also no gross lesions in the carcasses.
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Plate 4.19 Gross lesion of Eimeria tenella infected broiler caeca distended with blood

(arrows)

118



Plate 4.20:In situ appearanceof Eimeria tenellainfected broiler caeca distended with blood

(arrows)
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Plate 4.21: Bloody caecal contentsf infected boiler chicken with Eimeria tenella(arrow)
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Plate 4.22 Caeca ofan Eimeria tenellainfected bird one week post treatmentwith n-

butanol fraction of the extract of Khaya senegalensi€ll mg/kg) filled with faecal contents

(arrows)

121



Plate 4.23 Caeca ofan Eimeria tenellainfected bird one week post treatmentwith n-

butanol fraction of the extract of Khayasenegalensi$33 mg/kg) (arrows)
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Plate 4.24 Caeca ofan Eimeria tenellainfected bird one week post treatmentwith n-

butanol fraction of the extract of Khaya senegalensi®@9 mg/kg) (arrows)
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Plate 4.25 Caeca of an Eimeria tenella infected bird one week post treatmentwith

Amprolium (1.2g/l) (arrows)
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Plate 4.26 Shrunken caeca ofEimeria tenellainfected non treated bird (positive contrél)

one week post treatmentvith water (0.2 ml/ bird) (arrows)
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Plate 4.27 Caeca of a non infected broiler chicken (negative control) one week post

treatment with water (0.2 ml/ bird) filled with faecal contents(arrows)
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4.6.2 Microscopic Examination of Caecum

Pre infection microscopic examination of intestinal scrappings revealed no parasitic infection. 7
days post treatmedtlmg/kg group A)revealed scanty schizonts and merozoites seen compared
with the untreated infected group (group E) which had masshviemsis seerPlates 4.27 and
4.28. The group infected and treated with Amproliu@rgup D) had few merozoites and
schizonts see(Plates 4.2P Similarly in group C, (99mg/kg) had merozoites and schizonts were
seen. In 33mg/kg (group B) and negative cointun infected and untreated (group F) no

parasites were seen.
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Plate 4.8: Photomicrograph of merozoites from @aecal scrappings of infected unreated
birds (arrows). Giemsa stainx 100 magnification
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Plate 4.29 Photomicrograph showing schizontdrom caecal scrappngs of infected
untreated bird (arrows). Giemsa stainx 100 magnification

129



Plate 4.30 Photomicrograph showing scanty schizontérom caecal scrappings of infected
and Amprolium treated bird (arrows). Giemsa stainx 100 magnification

130



4.6.3 Haematological values for experimentally infected broiler chickens treated with

Khaya senegalensis

The differences between the means of the different groups were not statistically significant
(P>0.05) for weeks 1, 2 artlthough for one week post treatment, the mean PCV of the treated
groups were slightly lower than the control, the lowest being in the Amprolium treated group
(28.26'#0.852 vs 29.5880.800). Similarly the mean PCV of the infected untreated group was
lower than the extract treated groups with highest PCV being in the 33mg/kg group
(28.353:0.800 vs 30.5780.57). For the % week post treatment, the mean PCV of the treated
groups were slightly higher than the control, the highest being in the Amprolium tgratgul
(35.5881.976 vs 29.333+ 1.921). By thd 4veek, the mean PCV of the extract treated and
Amprolium treated groups were comparable to the control with highest PCV recorded in the
Amprolium treated group (34.133.574 vs 31.9442.418). This was alsoecorded for the
infected untreated group. However, for week 3, there was statistsguificant differences in

the means when the group given Amprolium at 1.2g/L was compared with the group given the
extract at 11mg/kg (R%<05). Also there was statistibakignificant differences in the means of

the PCV between the groups given 11mg/kg and the group infected but not treated (P<0.05).
There was statistical differences in the means of PCV between the groups treated witg99mg
and the 11mg/kg (P<0.05). Also there were statidyicsignificant differences between the
groups treated with 11mg/kg of the extract and the uninfected group that was given 0.2ml of
water. The % week recorded the lowest PCV (24.667531) among thextract treated groups

in the 11mg/kg group and the highest in the 99mg/kg group (3110826) and this was lowest
recorded throughout the period of study of the broiler chickens. The Amprolium treated group

maintained higher PCV values after the inifal at the first week (Table 4.)1

131



Table 4.11 Mean Packed Cell Volume of birdsone to four weeks st treatment with n-

butanol fractions of Khaya senegalensis

Treatment PCV(%)( Mean N SE) P 0. O0EC¢
Weeks Post treatment

1 2 3 4
Extract 11mg/kg 28.8750.825 30.91A42.352 24.6641.531 32.0712.664
Extract 33mg/kg 30.5790.57 30.6922.260 28.9231.471 32.3643.006
Extract 99/mg/kg 28.706:0.800 31.50@2.577 31.41%1.531 33.00@3.323
Amprolium 1.2g/L 28.26'#0.852 35.5881.976 32.4641.370 34.1332.574
Positive Control(infected, 0.2n 28.3530.800 31.6642.352 32.2221.768 33.37%3.524
water)
Negative Control(infected 29.5880.800 29.333%1.921 31.00@¢:1.326 31.94%2.418
0.2ml water)
Key:

PCV- Packed Cell Volume
SE- Standard Error

P’ 0 - Sdafstically significant
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The statistical analysis on the differential leukocyte count values showed no correlation when
compared with the different levels of treatment (11mg&8mng/kg, 99mg/kg and the use of
conventional drug such as Amprolium at 1.2g/L) .There was also no correlation with the infected
untreated group and the uninfected and untreated group (the control) but when compared within
each other there was a correlaticAmong the extract treated birds, there was increased
lymphocytic value (90.663.32 vs 90.52+3.46) as well as a decreased Haemoglobin count
(9.86t2.19 vs 10.02+1.95) in the 11mg/kg group when compared with the negative control.
Similarly, among the treatl groups, the Amprolium treated group had the lowest lymphocyte
value (89.4@4.05). The neutrophitalue of the 11mg/kg group wése lowest (9.183.32) while

the 33mg/kg had the highest values (2®%Z7) compared to the control (94339). The
haemogldin count of the treated groups had the 33mg/kg group with the lowest value
(9.81+1.81) while the Amprolium treated group had the highest value (P.68) when
compared to the negative control (1Gt@2D5).The total protein values among the treated group
were slightly lower than the negative control, the lowest being in the Amprolium treated group
(3.64t0.54) when compared to the control (6%8). The positee control had differential
leucocyte count generally had values lower than the treated dxaipt the total protein (Table

4.12).
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Table 4.12 Differential Leucocyte count of birds treated with the different levels of
treatment with n-butanol fractions of Khaya senegalensis

Variable Differential Leucocyte Caunt ( Mean NSTD) (P 0.
11mg/kg 33mg/kg 99mg/kg Amprolium +ve -ve
control control

Neutrophil(%) 9.13t3.32 9.62+3.77 10.1#4.01 10.26:3.96 9.33t2.98 9.193.29
Lymphocyte 90.66:3.32  90.1%3.77 89.48:4.34  89.4(t4.05 90.41%3.01 90.52+3.46
(%)

Haemoglobin  9.86t2.19 9.81+1.81 10.0%2.02 10.6(t2.63 9.99+1.94 10.02:1.95
(g/dl)

Total Protein 3.68:0.60 3.68t0.51 3.65:0.50 3.640.54 3.7A0.48 3.690.48
(g/dl)

Keys:

STD - Standard deviation

P’ 0 - Sdafstically significant
- Positive control

+ve

-ve - Negative Control



4.6.4 Weight

The preinfection mean weight for group 2 (33mg/kg) was statistically significant (P<.0.05)
when it was compared with Group 6 (negative control). Similarly, the positive control group
showed statistichl significant differencewhen compared with the uninfected group that was
each administered only 0.2ml of water (P<0.05). When the different mean weights were
compared with the different treatment groups(11mg/kg, 33mg/kg, 99mg/kg, Amnprpositive
control (given 0.2ml water) and the negative control (treated with 0.2ml water),wkeeeno

statistical significant differenc@>0.05) (Table 4.13
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Table 4.13: Prelnfection mean weight (grammes)of the experimental Birds

Treatment Weight (grammes) (Mean+SE P~ 0. C
Extract 11mg/kg 442.86:16.26
Extract 33mg/kg 490.0¢:16.87
Extract 99mg/kg 437.5&¢17.56
Amprolium 1.2g/L 430.0@:15.17
+ve control 485.0&19.24

(infected/0.2ml water)
-ve control 374.1814.75

(uninfected/0.2ml water)

Keys:

+ve- Positive

-ve - Negative

SE- Standard Error

P’ 0 - Sdafstically significant
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There was no statistidglsignificant differencegP>0.05) in the mean weights in the first week
when they were compared between the various treatment levels. In week 2, the mean weights for
groups 1, 3 and Amprolium showed similar statistical significance (P<0.05) when they were
compared with group 6 (nega control). There was statistical significance in the mean weights

of the groups for the third week (1, 2, 3, 4 and 5) representing Extract 11mg/kg, Extract
33mg/kg, Extract 99mg/kg, Amprolium 1.2g/L and those administered only 0.2ml of water and
the winfected untreated group. Apart from group 1, there was no difference (P<0.05) in the
mean weights between weeks 3 and 4 when compared with group 6(negativd) ¢datsle

4.14).
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Table 4.14: Mean veights(grammes)in Eimeria tenellainfected birds at one to dur weeks
post infection treated with Khaya senegalensis

Treatment Wei ght (grammes) ( Mean
Weeks Post treatment

1 2 3 4
Extract11mg/kg 459.2%20.36 495.0032.78 759.2%42.54 924.2%48.21
Extract 33mg/kg 560.0@¢21.13 607.6%34.01 964.6244.15 1175.3850.03
Extract 99/mg/kg 531.6#21.99 570.0@¢35.40 948.3345.95 1177.5@52.08
Amprolium 1.2g/L 495.0¢24.67 543.3331.66 854.0341.10 1032.0@46.58
Positive Control(infected 565.0¢24.09 605.0@¢38.78 948.0@¢50.34 1155.0@57.05
0.2ml water)
Negative Control(infected 546.4418.48 754.71%29.74 1044.1238.61 1197.0643.75
0.2ml water)
Keys:

SEM- Standard Error

P’ 0 - Sdafstically significant
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4.6.4.1 Weight Gain

One post treatmenthe weight gain between the different treatment grehpsved no

statisticaly significant difference¢P>0.05). However, two weeks post treatmehnére was
statisticaly significart differencein the mean weightain when they were compared between

the treatment groups. Group 1,2,3,4 and 5 were statistically significant when compared with
group 6 (P<0.05)The gain in weight three weeks post treatment was marginal and calisti

not significant (P>0.053s seen in (table 4.9) There vaatisticallysignificantdifference

(P<0.05) in the weight gain ofthe infected birds treated with 11 and 33mg/kg of the extract and
also the Amprolium treated group, four weeks post infectioenndompared with the uninfected
control. However, the weight gains in the other treated groups wesgatisticallysignificant

(P>0.05) (Table 4.15
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Table 4.15 Weight gain (grammes)in Eimeria tenellainfected birds at one to dur weeks
post treatmentwith Khaya senegalensis

Treatment

Weight Gain (grammes) (Mean=SE P~ 0.

Weeks Post treatment

Wk2i1 WK1 Wk31 Wk2 Wk41 Wk3 Wk51 Wk4
Extract 11mg/kg 16.4317.52 35.71#24.00 264.2%22.28 165.0@¢22.91
Extract 33mg/kg 70.0Gt18.18 47.6%24.91 356.9223.12 210.7423.78
Extract 99/mg/kg 94.1#18.92 38.33%25.93 378.3324.06 229.1424.75
Amprolium 1.2g/L 65.3316.93 48.0:23.19 310.6421.52 178.0¢22.13
Positive Control(infected, 0.2n 80.06t20.00 40.0G:28.40 343.0@26.36 207.0G:27.11
water)
Negative Control(infected 172.3%15.90 208.24:21.78 289.4%20.22 152.94:20.79
0.2ml water)
Keys:
WK - Week

SE- Standard Error

P’ 0 - Sdafstically significant
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4.4.4.2 Total weight gain

There wasstatistically significant difference when the mean total weight gain of group 1
(12mg/kg) was compared with group 6 (uninfected, 0.2ml water) (P<0.05). All others were not
statistically significah(P>0.05) The weiht gainin the 99mg/kg group was comparable to that

of the negative control Also among the extract treated groups, there was a progresshae imc

weight gain (Table 4.16
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Table 4.16: Mean total weight @in (grammes)of experimental birds for a four week period

post treatmentwith n-butanol fraction of Khaya senegalensis

Treatment Weight Gain (grammes) (Mean+SEP * 0. 05
Extract 11mg/kg 481.4344.83
Extract 33mg/kg 685.3846.53
Extract 99mg/kg 740.0@:48.43
Amprolium 1.2g/L 602.0¢43.31
+ve control ©.2ml  Water 670.0&¢53.(b
infected
-ve control Q0.2m  Water 822.94:40.69
uninfected
Keys:

SE- Standard Error

P’ 0 - Sdafstically significant
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4.6.5: Observation of oocyst dad and shedding byE tenellainfected and extract treated

birds

The oocyst output recorded for birds infected vitiimeria tenellawas highest one week post
infection with the 3&g/kg group producing the highest oosysbunts (29%) Among the
treatedgroup, the Amprolium treated birds recorded the lowest osayst ut one weekpost
treatment (5% Similarly, thesecond weekost treatmenhad the 1ing/kg (21%)and 33mg/kg
(23%) extract treated infected groups withe lowest oocyst count while the 99ng/kg had the
highest(25%). However, two weeks post treatmeamongthe treated groups, thg&3mg/kg and
99mg/kgboth hadthe lowest oocysts counts (12%) comparable toAhgrolium treated group
(10%). By the third week post treatment the 99mg/kg treated gweasp outstanding withhe
lowest oocysts counts (2%) arltig was the lowest oocysts cosiaimong the infectk treated
groupsThe positive control maintaineithe highest oocystoutput from thesecond weelpost
infection (26%) rising t064% by the fourth week post infectiowhile the uninfected had no

oocyssk counts (0%)until thesecond week (1%)u to contamination (Tables 4.17 and 4.18

143



Table 4.17 Experimental Eimeria tenellaoocysts poduction one week st infection

Group Doses Oocysts production/gramme of %  Oocysts production/g of
faeces faeces
A (Extract) 11mg/kg 64350 17
B (Extract) 33mg/kg 111000 29
C (Extract) 99mg/kg 68000 18
D (Amprolium) 1.2g/L 90200 24
E (Positive 0.2ml (water) 49600 13
F (Negative 0.2ml (water) 0 0
control)
Total - 383150 100

Table 4.18: Average weekly xperimental Eimeria tenella oocysts production st

treatment

Group Doses Average weekly oocysts production

/gramme of faeces and Percentage production (%)
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A (Extract)

B (Extract)

C (Extract)

D (Amprolium)

E (Positive control)

11mg/kg

33mg/kg

99mg/kg

1.2g/L

0.2ml (water)

F (Negative control) 0.2ml (water)

Total

Week 1(%)

*1,389,510 (21)

1,521,280 (23)

*1,680,820 (25)

340,600 (5)

*1,748,849(26)

10 (0)

6,681,069 (100)

Week 2(%)

13,840 (17)

*10,060 (12)

*9,720 (12)

*8,600 (10)

*39,420 (48)

470 (1)

82,110 (100)

Week 3(%)

16,580 (18)

7,120 (8)

*1,920 (2)

*7,000 (8)

+59,140 (64)

800 (1)

92,560 (100)
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4.6.6 Survival Rate of experimentally infectedbirds

The survival percentage was higher in the medicated groups compared to the infected un
medicated group. Among the medicated groups, survival percentage was numerically higher in

the 33mg/kg treated group while the least was in the@®g treated grup (Table 4.18
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Table 4.19: Survival rate of perimentally infected birds with E tenellaand treated with

different doses oKhaya senegalensis

No Post % %Po
.of ™ Total Pre- Post % Pre- st-
Dr Dosa Bir mort mort Birds Surv Surv Surv Surv Surv
Group ug ges ds ality ality Alive ival ival ival ival ival
A 11m
(Extract) 1 g/kg
20 1 4 16 17 16 80 85 80
B 33m
(Extract) 1 g/kg 20 0 3 17 17 17 85 85 85
C 99m
(Extract) 1 g/kg 20 2 6 14 16 14 70 80 70
D(Ampr 1.2g/
olium) 2 L 20 1 2 18 19 18 90 95 90
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E(Positi 0.2m

ve) 3 | 20 8 1 9 11 12 11 55 60 55

F

(Negativ

e 0.2m

control) 3 | 20 0 3 3 17 20 17 85 100 85
Key

TM T Treatment

4.6.7 Histopathological Lesions

The histopathological lesions observed one wpekt treatment was the sloughing of the
mucosal surface into the intestinal lumen in the 11mg/kg treated group and desquamation of
intestinal epithelium/villi with sloughing into the intestinal lumen in the itddantreatd group

(Plates 4.31 and 4.32No significant findings were seen in both Amprolium treated and the
uninfected untrégad groups However, 4 weeks post treatment, there was reduction and
desquamation of the intestinal villi with intact intestine in then@®g treated groups (Plates

4.33). All other groups showed no significant findings.
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Plate 4.31 Sloughing of mucosal surface into lumen of intestine of infected and treated
with extract (11 mg/kg). (H and E) x 40 magnifcation
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Plate 4.2: Desquamation ofintestinal epithelium/villi with sloughing into intestinal lumen
of Positive control (infected untreated group) one week post treatmeifarrow). (H and E)
x 40 magnfication

Plate 433: Reduced and desquamation of villwith intact intestines aninfected and treated
bird with 99 mg/kg four weeks post treatment(arrows). (H and E) x 40 magnification
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Chapter Five

5.0 Discussion

The results of the chromatography showed Kizdya senegalensisas phenols and flavonoids
which are secondary metabolites. Studies have shown that sources of natural antioxidants
(Emami, 2007)are primarily plant phenolics such as flavonoids that exhibit antioxidant,
antimicrobial, anticarcinogenicity and other bigical activities (Azimaret al, 2012) and recent
pharmacological studies have proven that flavonoids possess antiviral, antibacterial and anti
inflammatory activitiesn vitro (Liu et al, 2015). They also have high antioxidant activity and
may have antwccidial effects Ferreiraet al.,, 2010. Antioxidants which are defined as
substances present at low concentration relative to the exile substrate which significantly

delay or prevent oxidation of the substrafenyfasor and Ogunwenmo, 2010; Okughada
Oriakhi, 2013. Free radicals are inevitably produced in biological systems and also exogenously
when they are in excess cause damaging effects on cells and antioxidants combat free radicals
by intervening at any one of the three major steps of the faglical mediated oxidative
processes viz initiation, propagation and termination (Kedare and Singh, 2011). Studies show
that the human body does megnthesizeoverwhelming amountsfaanti oxidants (Halliwell,

1990 and this indirectly can be related poultry to compensate for the damaging effects of
reactive oxygen species (ROS) and oxygen free radicals (Anyasor and Ogunwenmo, 2010). The
production of synthetic antioxidants such as butylated hydroxyl toluene, gallic acid esters and
tertiary butylated droquinone which have the potential to neutralize free radicals, they have
been criticized due to possible toxic effects, low solubility along with moderate antioxidant

activity (Kothari and Seshadri, 2010). Anti oxidant from plant sources are currendying
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increasing attention due to their potential health benefits, availabilty and affordability
(Omoregieet al, 2014). Also anti oxidant compounds such as flavonoids containing compounds
which inhibit growth of pathogens and are least toxic to heli$ are good candidates for new

drug developments (Azimast al, 2012). This can be applied kinaya senegalensishich can

have its natural antioxidant compounds harnessed for therapeutic purposes due to its availability
and affordability as well as its beneficial health implications. The greenish colouration obtained
when Ferric chloride was sprayed on the plate iagreement with Anyascet al (2010) in

which he also obtained greenish colouration when ferric chloride was sprayiavomoids
containing extractsThe result of the chromatography also implied the active ingredients were
present mainly in the-butanol and crude extra@tactions The high tendency of polyphenols to
chelate metal ions may contribute to their antioxidant activity by preventindox-setive
transition metals frm catalyzing free radical formation and may be responsible for theigineen
colouration seen when Ferric chloride was sprayed on the extract (Aude and Edewards
2011). The antioxidant activity oKhaya senegalensis igot only dependent on the phenolic
content but also the phenolic acid componentr@d@nd Islam,2005). Polyphenolics possess
hydroxyl and carboxyl groups able to bind to metal ions bearing strong positive charges such as
iron 1l and copper Il (Aude and Edwarfievy, 2011) and this may directly contribute to the
antioxidant activity and is a key determinarittheir scavenging and metal chelating activities

(Elmastast al,, 2007).

The large Rvalues obtained indicate that non polar compounds were mainly present in the n
butanol, agueous and crude extract fractions. This implies that the phenolic compounds present
in Khaya senegalensigere non polar and so would not easily dissolve in polkests example

of which is water. Also the speedth which thespots easily moved up the plate suggested they
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had less attraction for the stationary phase. This is in agreement with Cannell (1998) who
reported that nopolar compounds have less affinikyr the stationary phase and will move

comparative very quickly up the plate and therefore have relatively laygefuRs.

The aqueous extract ¢thaya senegalensisad the least anti sporulation activity due to the
presence of spalated oocysts as agat the nbutanol suspension fd senegalensis.This
suggests that the anticoccidial activity was absent in the aqueous fraction of the plant leaves
extract. TraditionallyTamarindus indicehas been said to have anti protozoal activities @éfu

al. (2000), however, the sporulation medium (2.5% Potassium dichromate) did enhance
sporulation of the oocysts. Lack of inhibition of sporulation Gyiera senegalensisnd
Tamarindus indicaas seen in these studies may be attributable to the absence of afiitocci
factor in their extracts. The-loutanol fraction ofK senegalensigand the aqueous fraction of
Tamarindus indicaextracts had similar effects to those obtained using Amprolium which was
considered as the standard. Amprolium which has been provedidoer@ocyst sporulation
(Arakawaet al, 198l) also completely inhibited the sporulation of the oocysts in this study.
Consequetly the mechanism of action ofbutanol ofK.senegalensjsaqueous fractions of T

indica and Amprolium may show some similarti

Clinical signs and gross lesions associated with the maximum tolerated dose seen in this study

are in agreement with Nwost al (2011).

The high survival rate of 100% in the five medicated groups indicated the high safety margin of
K senegalensisven at a dose of 891mg/kg. This is in agreement with Usshah (2011) who

recorded no mortality in a study usikKgsenegalensis AbdetWarethet al (2014)also reported
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similar findings when expenental rabbits were fed witk senegalensikaves and no mortality

was recorded.

None of the haematological values were significantly changed when the extract was given even
at 891mg/kg. The increase in the Packed cell volume and the haemoglobin count and were near
normal and this could be etkd to the active ingredients present in the extract. This finding is in
agreement with Alet al (2011) who had similar sailts when aqueous extractkbenegalensis

were given to rats, though at higher doses it was said to have a destructive effeztbone
marrow. The increase in the lymphocytic values of the treated groups confirm the reports of
Brisibe et al. (2008) and Saret al (2013) on the positive effects of natural flavonoids on the
immune system of different species which focus on maimy T lymphocyte stimulation and
increasing blood lymphocytes and the lymphocytosis is indicative of inflammation (Abdel

Warethet al,, 2014).

The progressive weight increase in both the medicated and un medicated group shows the ability
of the extracto improve weight gain as reported by Nwaual (2011). Among the treatment
groups the differences in weight gain was recorded with highest in the 11mg/kg and the lowest in
the 891mg/kg groups may be associated with the hepatotoxic and nephrotoxiaefigher

doses. The hepatoprotective, hepatmt@nd nephrotoxic effects & senegalensieaves have

been reported byadebayoet al. (2003), Abubakaet al (2010) andAli et al (2011) Thus at

lower doseK senegalensisan be used as growth promotlueto theincrease in weight. Abdel
Warethet al (2014) also reported similar findings in an experiment when rabbits adeith a

diet containing 35%K senegalensifaves, the test animals were said to have increased weight
gain and carcass traits, however the reverse was the case when a diet containing 65% of the

leaves was used and the rabbits had lower weights than the former group. The weight gain in the
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11mg/kggroup might also be associated with the antioxidant compounds present in the extract
(Ali et al,201) and the nutent values of the leaves Kfsenegalensig/hich are said to be rich

in gross energy and crude protein (Abti¢dhrethet al, 2014).

The hstopathological lesions seen are in agreement with AMdeeth et al. (2014) who
reported some degree of nephrotityi among the exparental rabbits fed diets witlK
senegalensigeaves. He also discovered that the leaves had some effects on vital wigeh
are dosalependent. This was noticed at high doses where there was lymphocytosis which was

indicative of inflammation.

The study confirmed the safety of the extracKafenegalensisven at high doses. Nwosti al

(2011) reported that even wh&nsenegalensisvas administered at a dose of 2000mg/kg only
mild clinical signs were seen. The gross lesions however, showed that 500mg/kg given over a
two weeks period had effects on the internal organs of the birds. This may mean that &though
senegalasis may be tolerated physiologically, there may be some injurious effects associated
with the administration of higher doses. This is in agreement witheDali(2013) who reported

similar findings in a study on rats that the severity of lesions sesrcar&entration dependent

being more severe in those rats given the highest concentration of the extract. It should therefore

not be given at a dose above 500mg/kg.

The packed cell volume and the haemoglobin count been higher than the control are in
agreenent with Aliet al (2011) and Usmaat al (2011) who also had a similanfling when
agueous extract d senegalensisvas given to rats. Lymphocytosis was noticed across the
treated groups. This could be as a result of the effect of the extract imtetimal organs. Dkhil

et al (2012) reported that lymphocyte increase could be a prominent response of body tissues
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facing injurious impact. The rising nature of post treatment weights revealed the impact of
chronically administering the 500mg/kg of tletract. This implies that though it causes weight
gain as earlier established, it has some effect on vital organs and such che adhyinistered

for a short duration.

The clinical signs and lesions observed in the birds challengedBEwtiria tenek such as
bloody diarrhoea, high mortality and distended caeca with bloody faeces and mucous debris on
the sixth day experimental infections are in agreement with the previous stidtesef al,

2010;Zamanet al, 2012;Meskerenet al, 2013.

The high oocyst production obtained ang the infected groups one wep&st infection is in
agreement with Myungo. (2014) where the peak production of oocyst production for a
comparative study ol tenellg E acervulinaandE maximashowed thak tenellaandE maxima

both had peak productions on tHe day. Also the irregular oocyst production observed in this
study is in agreement with Myuriglo. (2014) who had similar results. The higher mean oocyts
count in the infected untreated group than the treatedpgindicated that the extract had some
inhibitory effects on oocyst production. This however, depends on the dose of the extract given.
This is again in agreement with Mywdg. (2014) who stated that the inherent difference in
reproductive potential isigh for E tenellawhich are dependent on some factors such as inherent
potential to produce in a nammune host, immunity or resistance of the host, nutrition and
strain differences of the host. Among the extract medicated group the high oocyst probyctio
the 11mg/kg groupl7%) 2 weeks post treatmesuggests the dose was not adequate to prevent
oocyst production while the 99mg/kg had lower oocyst produ¢lig®o) 2 weeks post treatment
and 2% three weeks post treatmehich was comparable to the giotreated with normal dose

of Amprolium (10%) and 8%, two weeks and 3 weeks post treatment respectneithus was
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the effective dose. This result is in agreement with Nwetsal (2011) who reported that in a
study conductedK senegalensisad some ticoccidial effect mediated by reduction in oocyst

production.

The presence of schizonts and merozoites seen in caecal scrappings showed that reproductive
activities of the parasites were not completely halted even after treatment. It also shows that the
endogenous stages were not susceptible to the extracts at all doses although the population in the
medicated infected group were lower than those seen in the infected un medicapsd §his is

in agreement witll-FIfi, (2007) who suggested the pheoaontents of extracts possessed anti
inflammatory properties which might act in the caecal epithelium cell protection which is
detrimental to the coccidia reproductive activities. However, the uninfected untreated group had

no parasite found in them.

The survival percentage was higher in the medicated groups compared to the infected un
medicated group. Among the medicated groups, the survival rate was numerically higher in the
33mg/kg treated group while the least was in the group treated with 99mg&gnvense trend

in the survival rate and the dose of the extract can also not be easily explained as the expectation
should be higher dose, higher survival rate. However, from observation on the histopathological
lesons from the birds dosed with senegatnsisin the maximum tolerated dose experiment, the
deaths might be related to the effect of the extract on vital organs at a higher dose which were
given repeatedly for 5 days. The higher survival rate at lower doses could be as a result of the
therapeut effect of plant which is known to have phenolic compounds which are antioxidants
and could have played a role in the survival of the birds as they have been identified in helping to
block the action of/or inactivate lipid free radicals or by preventimg decomposition of

hydroperoxides into free radicals which have been implicated in several stresses related to
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gastrointestinal injuriesPourmoradet al, 2006;Saniet al, 2013). This potential mechanism
makes the diverse group of phenolic compounds an interesting target in search for health

beneficial phytochemicals (Akinpegt al, 2010).

The infected groups had slightly lower PCV even after treatment with thecesxtian the
uninfected or Amprolium treated group. This is in agreement with Ggba. (2010) who
reported a slight drop in the PCV and Hb countEimeria tenellainfected birds. A mean PCV

of 19% at 6 days post infection is observed as the minimuttiéosurvival of birds (Conwagt

al., 1993). In this experiment the lowest PCV was 24.66% at'theegk post infection in the
33mg/kg treated group. The reason being deduced for the PCV of the extract medicated groups
not falling excessively might beud to the beneficial thapeutic activity of the planK
senegalensidJsmanet al (2011) reported in a study thKtsenegalensisaused appreciation of

the PCV oft tenellainfected birds. Meskereet al (2013) in a study reported the reduction in

the FCV of birds infected withE tenella This finding reflects an anaemic condition with
depressed metabolism due to tissue damage and immune responses in coccidial infected birds
(Hirani et al, 2007). Anaemia characterized by decreased PCV and Hb is thecomiston
erythrocyte abnormality in birds. Birds with PCV less than 35% are generally considered
anaemic which is caused by blood loss through the gastrointestinal tract (Meskaler2013).

Wide ranges of normal haematologic values have been reportethdr authors@gbeet al,

2003; Iheukwumereet al, 200§. However, fluctuations in the haematological values of avian
blood are normal phenomenon and in most instances, the variations in haematological values

may depend on the physiological statehaf birds (Islanet al, 2004).

The findings from the haematological analysis which revealed a lymphocytosis in all the

infected groups .is in agreement with Pagtaal (2010) who suggested this might be due to
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induction of the immune response in the infected birds due to increased lymphopoiesis. This is
considered as a first step in defense mechanisms to fight infections. A similar observation was by
Perezi Carbajalet al (2010) also in a study where he repdrtileukocytosis due to mostly
lymphocytosis. This might be precipitated by the invasion of the intestinal epithelium by the
Eimeria sporozoites resulting in inflammation and subsequent initiation of the immune response
and massive infiltration of macrophegy granulocytes and lymphocytes into the lamina propria
(Usmanet al, 2011;Meskeremet al, 2013 with lymphocytes in particular, the CD +4 T cells

which act as inducer for an effective immune respoBssgayet al, 1996;Usmanet al, 201).
Thereds increasing evidence that cel l medi at
infection as Flymphocytes appear to respond to coccidial infection through both cytokine

production and a direct cytotoxic attack on infected cells (&tuad., 2000).

The mean weight of the infected, treated group was statistically higher than the infected
untreated group both medicated infected and un medicated infected groups and is in agreement
with El-Abasyet al (2003), Abbas®t al (2008) andJsmanet d. (2011), who reported in a

study higher weight gain in the treated group than the infected untreated group after challenge
with E tenellaoocysts. Also in a similar study Nwostial (2011) reported weight gain in birds

that had coccidial challenge amgtre treated withiKhaya senegalensighe higher weight gain

seen 2 weeks post treatment in the 11mg/kg treated and the negative control could be as a result
of the antioxidant compounds present in the extract as similar result was obtained in the
maximumtolerated dose study. The loss in weight in both the treatment groups and the positive
control 2 weeks post treatment could be as a result of inflammatory immune responses which
divert energy from growth which may affect the weight gairABhsyet al, 2003). Eimeria

parasites invades the cells of the intestine producing enteritis and diarrhoea resulting in disability
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to absorb dietary nutrients through the disruption of the integrity intestinal mandgais leads

to loss of weight in the infected Os (Alldreesiet al, 2013). Fetterer and Allen (2001) also in

a study to determin& tenellaeffect on plasma and musclen&thylhistidine(3MH) reported

that muscle breakdown which was assessed by plasma and muscle levels of 3MH was elevated
during theacute stage dEimeriatenellainfection and was most likely associated with anorexia

which was due to the infection.

The histopathological lesions observed in the infected birds in this study are consistent with
those associated witk tenellainfection n which the parasite induced very severe lesions
including severe villous atphy and fusion of the villiNlcDougald and Reid, 199Khadim,

2014. The most pathogenic stagebftenellais mainly due to the second generation schizonts
which cause extensitissue damage, bleeding, disruption of caecal glands and the destruction of
the mucosa and the muscularis layer (McDougald anddetz 2008). The lesions still observed

in the 99mg/kg group 4 weeks post treatment shows the irreversible damages dbee to
intestine by thee tenellaparasite even though physically the birds appeared to have overcome

the infection.
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Chapter Six

6.0 Summary

l

The nButanol fraction of th&Khaya senegalensextract contains phenols and flavonoids
which have antioxidant effects.

The result of the phytochemistayso implied the active ingredients were present mainly

in the rbutanol and crude extract fractions.

The large Rvalues obtained indicate that noalgr compounds were mainly present in

the nbutanol, aqueous and crude extract fractions.

Thein vitro study showed that thelvutanol fraction of th&Khaya senegalensisxtract
(100mg/kg)inhibits sporulationof E tenellaoocysts

The rbutanol fraction oK senegalensiand the aqueous fraction ®amarindus indica
extracts had similar effects to those obtained using Amprolium which was considered as
the standard

The maximum tolerated dose experiment revealedthigahigh survival ra of 100% in

the five medicated groups indicated the high safety margh sénegalensisven at a

dose of 891mg/kg.

None of the haematological values were significantly changed when the extract was
given even at 891mg/kg. However, there was increaskeinymphocytic values of the
treated groups.

The progressive weight increase in both the medicated and un medicated group shows the
ability of the extract to improve weight gain. Among the treatment groups the differences

in weight gain was recorded witligihest in the 11mg/kg and the lowest in the 891mg/k
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groups. Thus at lower dos&ssenegalensisan be used as growth promoter do¢he
increase in weight.

The histopathological lesions observed show that the leaves had some effects on vital
organs whiclare dosedependent.

In the Chronic toxicity study, there were no deaths recorded in the éneagmoups. The

gross lesions however, showed that 500mg/kg given over a two weeks period had effects
on the internal organs of the birds.

In this case unlike the Maximum tolerated dose (MTD), the packed cell volume and the
haemoglobin count of the treated group were higher ttien control. However
lymphocytosis which was noticed across the treated groups was similar to what was
obtained foMTD

Clinical Diseasaand Therapeutic effects of theteacts shwed clinical signs and lesions

in the birds challenged witkimeria tenellaas bloody diarrhoeahigh mortality and
distended caeca with bloody faeces and mucous debris on the sixth day experimental
infections.

The high oocyst productiowas obtained among the infected groups on day 8 post
infection

The nbutanol fraction ofKhaya senegalensiat a ase of 99mg/kg two weeks post
treatment reduced oocysts counts by 12% which was comparable to the standard drug
(Amprolium;10%).

The highermpercentage of thmean oocyts count in the infected untreated group than the

treated group indicated that the ertrhad some inhibitory effects on oocyst production.
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Among the extract medicategroup the high oocystsountsby the 11mg/kg group
suggests the dose was not adequate to prevent oocysttmoduc

Amproliumwas highly efficacious botim vivoandin vitro studies

The presence of schizeanand merozoitem caecal scrappings showed that reproductive
activities of the parasites were not completely halted even after treatment. It also shows
that the endogenous stages were not susceptible to the extrdtdoaes although the
populatons in the treated infected groups wésever than thoseeen in the infected
untreatedyroups.

The survival percaage was higher in the treatgdoups compared to the infected un
medcated group. Among the treatgbups, tle survival rate was numerically higher in

the 33mg/kg treated group while the least was in the group treated with 99mg/kg.

The infected groups had slightly lower PCV even after treatment with the extracts than
the uninfected or Amprolium treated group. this experiment the lowest PCV was
24.66% at the "3 week post infection in the 33mg/kg treated group. The findings from
the haematological analysis which revealed a lymphocytosis in all the infected groups
The mean weight of the infected, treated group statistically higher than the infected
untreaté group The higher weight gaiwasseen 2 weeks post treatment in the 11mg/kg
treated and the negative control

The histopathological lesiondserved such as desquamation, reduction and sloughing of

the irtestinal villi into are consistent with those associated \Eittenellainfection in
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Conclusion

Results from this study demonstrated that timutanol fractions of the crude methanol extract of
Khaya senegalensizontained phenols and flavonoidbat were very effective against
experimentaEimeria tenellaoocystsin vitro (100%) at a concentration of 100mg/rhe in
vivo study revealed an anticoccidial activity of 128ba dose of 33mg/kg and 99mg/kg two
weeks post treatment Ioroiler chickenswvhich was comparable to Amproliuna (conventional
anticoccidial) at a dose of 1.2g/However, the phenols at a dose of 99mg/kg three weeks post
treatment in infected birds reduced oocysts count byT2%in vivo model was also found to be
a useful toolfor rapid screening of anticoccidial activity of plant preparations agé&imséeria
parasites.The presence of phenolic compounds is an interesting and developing new area of
research which has potential of solving some of the health related issues canogimants in
both humans and poultry in particula.quality control extraction oKhaya senegalensind
the isolation of bioactive compounds could be a promising alternative to conventional
anticoccidials for the treatment of avian coccidiosis inftitere.
6.1 Recommendation
1 Itis recommended that extracti¥lhaya senegalensisan be given at a dose of 11mg/kg
as a natural growth promoter.
1 Also anticoccidialin vitro activity of K senegalensigas it relatesn vivo anticoccidial
activity is an interesting ardar moreresearch.
1 Theanti oxidant compounds such as flavonaaadsl phenols which were identified in the

leaves oKhaya senegalensgood candidates for new drug developments.
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1 Detailed studiesare needed tasolate, characterize and evaluate the active components
and the mechanism of action of the identified active principleshiaya senegalensis

leaves as well as other parts of the plant.
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Appendices

Appendix A

Plate I: Khaya senegalensis is its natural habitat
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Appendix B

Plate II: Soxhlet Apparatus (Quick Fit Corning Ltd. A division of Stafford, England) used for

defatting the leaves of the plants
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Appendix C

Plate Il : Cold maceration extraction of Khaya senegalensis 70% methanol
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