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ABSTRACT

The therapeutic potential of twenty medicinal plant extracts were screened for
antitrypanosomal properties in mice, out of which Tridax procumbens and Morinda
lucida gave the highest prolongation of life and were further investigated. These were
followed by Securidaca longipenduculata and Cucumis metuliferus which prolonged the
life of the treated animals by 4 days. The stem bark and leaves of M. lucida and whole 7.
procumbens were sequentially extracted with hexane, ethyl acetate, methanol and water
and the extracts obtained were tested for antitrypanosomal activity. Mice infected with
Trypanosoma brucei brucei were admunistered with the extracts intraperitoneally at
doses of 100, 200, 300 and 400mg/kg body weight respectively for 14 consecutive days.
The methanol extract of M. lucida stem bark and leaves gave significant mean survival
of 7.0 + 3.3 and 9.7 + 3.7 days respectively when compared to the untreated control
(P<0.05). The ethyl acetate and methanol extracts of 7. procumbens gave a mean
survival of 11.7 = 54 and 143 + 10.2 days respectively (P<0.05). Phytochemical
screening revealed the presence of steroids, saponins, tannins, alkaloids, flavonoids,
phenols and carbohydrate in the crude methanol extract and phenols, flavonoids and
steroids in the crude ethyl acetate extract of 7. procumbens.The bioassay-guided
fractionation of the crude ethyl acetate and methanol extracts of 7. procumbens gave 12
and 11 fractions respectively. Fraction 11 of ethyl acetate exhibited higher
antitrypanosomal activities than fraction 7 of methanol which was significantly different
from that of the crude extract and the standard drug treated and untreated controls (P<
0.05). The thin layer chromatographic profile of the active ethyl acetate fraction 11
showed 3 spots; with PTLC band 2 producing highest antitrypanosomal effects. The TLC
profile showed the presence of phenolic compounds. The spectrum of BC and 'H NMR
indicates the presence of sugars, fatty acids and phenolic related compounds like
cathechin, 3, 7 dihydroxyflavone, 3 — hydroxyflavone and quercetin. Although the LDsg
value is 2100 mg/kg body weight, all the survived animals in acute toxicity studies
gained body weight and % organ / body weight ratio as compared to the untreated
control (P<0.05). However, during the short term toxicity studies, there was a significant
decrease in glucose levels (P<0.05) and significant increase in ALT and decrease in AST
activities with 800mg/kg producing highest effect (P<0.05). ALP activity was not
affected significantly (P>0.05). However, the urea and electrolyte levels increased
(P>0.05), while the total protein was not affected at all the dose levels. All the animals
also gained body weight and % organ / body weight ratio. The crude ethyl acetate extract
increased the leucocyte count (P>0.05). The ethyl acetate active fraction demonstrated
antibacterial activity against Klebsiella pneumoniae, Salmonella typhi and Escherichia
coli while the crude methanol and ethyl acetate extracts were active only against E. coli.
The result of histopathological studies showed the ethyl acetate extract to have
endothelial toxicity at high dose level destroying the blood vessels leading to
haemorrhage. Nevertheless, the current study suggests the in vivo antitrypanosomal
activities of phenolic compounds which include flavonoids and encourages the use of
medicinal chemistry approach to obtain more potent derivatives as lead compounds from
plants.
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CHAPTER ONE
1.0 INTRODUCTION

In tropical Africa, protozoan parasites cause several diseases of social and
economic importance. One of the most devastating, trypanosomiasis is caused by
infection with trypanosomes, which are transmitted by tsetse flies to people, domestic
livestock and wildlife. The disease constrains agricultural development on over a third of
the African continent by causing livestock production losses due to poor weight gains,
stunted growth, poor milk production, reproductive failure and finally death (ILRAD,
1990).

Human African trypanosomiasis (HAT), also known as sleeping sickness is
caused by haemoflagellates of the genus 7rypanosoma, subgenus Trypanozoon, which
classically includes three subspecies: 7. brucei brucei, T. b. gambiense and T. b.
rhodesiense (Smith ef al., 1995). The three subspecies are morphologically identical but
differ in their ability to infect various hosts. Trypanosoma b. brucei is essentially a
parasite of domestic animals (Bovidae, Suidae and Canidae) and game animals
(antelopes) and is not pathogenic to humans because it is lysed by a haptoglobin-like
molecule (Smith et al., 1995). Only T' b. rhodesiense and T. b. gambiense are known to
be human pathogens. Two clinical variants of HAT are encountered: an acute syndrome,
attributed to 7 b. rhodesiense (Rhodesian trypanosomiasis) and a chronic syndrome
caused by 7. b. gambiense (Gambian trypanosomiasis). Trypanosoma brucei gambiense
is seen in West and Central Africa and in parts of East Africa and 7. b. rhodesiense only
in East and Southern Africa (Masiga and Barrett, 2000).

The most important species of trypanosomes that cause disease in livestock are
Trypanosoma vivax, T. congolense and T. b. brucei (Ikede, 1981). These trypanosome
species are widely distributed in all the five agro-ecological zones of Nigeria. In Pigs, 7.

simiae is the most virulent (Agu, 1984); while 7. evansi infects mainly camels and is



non-cyclically transmitted by some biting flies other than Glossina spp. (Scot, 1973). In
all instances, the disease results from complex interactions between vertebrate hosts
(human and animals), the parasite and its tsetse fly vector (Glossina spp.).

According to World Health Organization (1998), there remain within the tsetse
belt more than 200 active foci of African Trypanosomiasis, located between 15°North
and 15° south. Within these geographical areas, approximately 60 million individuals
living in 36 countries are exposed to the infection. Less than 4 millions benefit from an
adequate surveillance and case finding programme or from vector control activities. All
endemic countries are characterised by shortages of the financial and human resources
necessary to implement or sustain a comprehensive control programme.

It is difficult to estimate the overall burden of African Trypanosomiasis because
of underdiagnosis in the most heavily infected countries, but it was suggested to be in the
vicinity of 100,000 new cases per year, with between 1/3 and % of cases remaining
undetected and untreated (Pepin and Meda, 2001).

African trypanosomes have evolved several mechanisms which enable them to
escape being eliminated from the mammalian host; namely, antigenic variation,
destruction of compliment and the ability to survive in elevated levels of interferon
(Donelson et al., 1998).

Anaemia is regarded as the main pathological feature in human and animal
trypanosomiasis (Losos and Ikede, 1972). Opinion is divided on the pathogenesis of the
anaemia but it is generally agreed that three broad factors; increased red cell destruction,
inadequate bone marrow response and a haemodilution (or hydraemia), contribute to the
anaemia (Fiennes, 1970).

The development of anaemia becomes obvious after the first peak of parasitaemia
when, as a result of antibody responses, a major trypanolytic crisis, of which there

subsequently several occurs. These crises lead to formation of antigen-antibody



complexes (Murray, 1974; Lambert and Houba, 1974) and probably to the release of a
whole range of biologically- active factors known to present in trypanosomes (Tizard ef
al, 1978). Some of these factors include free fatty acid (Tizard er al, 1977) and
hydrogen peroxide (Vray ef al 1991).There is also evidence that living trypanosomes
may lead to red cell damage due to the release of these biologically active factors
(Esievo, 1983) and therefore may play key role in the induction of anaemia.

Currently, there are three principal control strategies for tsetse-transmitted
trypanosomiasis: trypanocidal drugs (Chemotherapy and Chemoprophylaxis),
trypanotolerant cattle and tsetse control/eradication (insecticidal spraying, insecticidal
targets, traps and the sterile insect technique) (Freidman and Hendrichs, 2001). These
control measures can be applied singly or in combination. However, it is increasingly
becoming apparent that sustainable control of trypanosomiasis is more likely to be
achieved by integrating the different control strategies. Furthermore, a proper
understanding of the metabolic differences between parasite and host could represent
good targets for chemotherapy.

There are rather limited numbers of safe and effective antiparasitic drugs licensed
for human use (WHO, 1990). Furthermore, increasing drug resistance has limited the
usefulness of some existing compounds. Parasitic diseases occur mostly in poorer
countries, where the technical expertise and financial resources necessary for drug
development are scarce. Despite efforts made by organizations like the World Health
Organization (WHO) to find new treatments, there have been few new drugs in recent
times. In view of this, there is a need for more effective, less toxic and readily available
source of drugs, hence the extension of search to medicinal plants. It is estimated that
about 400,000 plants grace the earth and less than 0.5% have been studied exhaustively

for their chemical composition and medicinal value (Hoareau and Dasilva, 1999).



Traditional medical remedies for several diseases abound in most endemic
regions and it is estimated that some 20,000 species of higher plants are used medicinally
throughout the world (Phillipson, 1994). Many of these preparations have been used
extensively and knowledge about them has been accrued by several generations of
practitioners from experience, trial and error. The main advantages of using medicinal or
even toxic plants include local availability, environmental friendliness of cultivation and
processing as well as renewable source of raw materials (Wambebe, 1995). Unlike
synthetic products, medicinal plants do not contaminate the environment and in most
cases are very safe to handle.

Various well-known drugs listed in modern pharmacopoeia have their origins in
nature. These include digitalis and related cardiac glycosides isolated from the leaves of
foxglove plants (Digitalis lantana and D. purpurea), ephedrine is derived from ephedra
plant (Ephedria sinica, E. equisentina; E. gerardiana), Morphine from the opium poppy
(Papaver somniferum) etc. It is for these reasons that this work was intended to evaluate,
the antitrypanosomal activities and toxity of 7ridax procumbens and Morinda lucida
extracts. These plants have been exploited for a long time as a source of traditional drugs
(Burkill, 1985). The plants are used traditionally for fever, cough, skin infections and
wounds (Ali and Earla, 2006). It is also shown to possess significant anti-inflammatory,
hepatoprotective, wound healing and antimicrobial properties (Perumal ef a/., 1999, and
Taddei and Rosas, 2000). Preliminary studies on antitrypanosomal effect of some

medicinal plants showed encouraging result (Abubakar ef al., 2008).

1.1 Justification
1.1.1 The existing trypanocides are not readily available and when available,
the cost is so high that the rural populace who are mostly affected cannot

afford to buy them (Adewumi er al., 2001).
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1.1.2

1.1.7

1.2

1.2.1

The development of new trypanocides has been very slow due to the fact
that big pharmaceutical companies are no longer interested in the
development of drugs with no promise of financial returns (Fairlamb,
1990).

Most of the existing trypanocides are toxic to the host (Schillinger, 1985;
Onyekwelu, 1999).

Trypanosomes have also developed resistance to almost all the existing
trypanocides (Schillinger, 1985; Rottcher and Schillinger, 1985).

The development of a conventional drug typically takes at least ten years
and costs US$ 300 million to $500 million in research and development
expenditure for every new product that reaches the market (Swerdlow,
2000).

The extension of the search for trypanocides to medicinal plants is
justified since the use of plants in folkloric medicine dates back to the 3™
century.

Such a scientific evaluation would not promote phytomedical practice but
also contribute to the search for ethnopharmaceuticals against
trypanosomiasis. This will also help alleviate the current crisis in the

manufacturing of synthetic drugs.

Aim and Objectives

Aim

The main aim of this research work is to obtain medicinal plant which is
capable of treating African trypanosomiasis and to obtain lead
compound(s) that will form the basis for the chemical synthesis of modern

pharmaceuticals.
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Objectives

Screening of a wide range of indigenous medicinal plants for anti-
trypanosomal  activities.

To identify the structure of the active antitrypanosomal chemical
compound(s) in the plant extracts.

To determine the antimicrobial activities of the plant extracts

To ascertain whether the extracts have any serious deleterious side effects.



odour attractants) and cattle is an efficient and sufficiently specific method to suppress
tsetse target populations in most situations (Brandl, 1988; Bauer er al, 1995). Success
largely depends on the density and placement of the impregnated attractive devices in the
fly habitat (Vale, 1998); the availability of attractants for the target tsetse species (Torr et
al., 1995, 1997), the size of the control area; reinvasion pressure and the population
dynamics of tsetse populations in adjacent areas (Hargrove ef al., 2000; Hargrove, 2000);
tsetse host preference (Clausen ef al., 1998); and pastoralist practices, i.e. the time and
location of grazing and peaks of tsetse activity. Infested areas may be sprayed with low
levels of modern insecticides to kill the flies, but application of such compounds over
large areas is discouraged because of the pollution this causes the environment. Habitat
hospitable to tsetse may be destroyed to rid areas of flies, but the felling of trees and
clearance of bush is an unacceptable waste of diminishing natural resources. This
approach is also ineffective in poorest areas, as the vegetation quickly grows again.

The most effective of vector control is the elimination of fly population by the
application of sterile insect technique (SIT) on a larger scale. The sterile insect technique
involves sustained, systemic releases of sterile insects among the indigenous target
population. When female flies are mated by sterile male flies, the female become
infertile for the remainder of their life spans. The insects to be released are propagated at
special large-scale rearing facilities. Males are sterilized by radiation at the appropriate
stage and then taken to the selected area and released. Distribution of the sterile insets
can be optimized by aerial release. By continually releasing sterile males in quantities
and over a time span that is sufficient to cover several generations of the target
population, its reproductive capacity and, hence, the fertile population are progressively
reduced. Eventually, so few fertile insects remain that fertile mating do no occur and the

population is eliminated. This method is effective solely for the control of savannah
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CHAPTER TWO

20 LITERATURE REVIEW

2.1  Classification of Trypanosomes

Trypanosomes are unicellular parasites responsible for a number of diseases of

man and domestic animals. Various species of these organisms belonging to the genus

Trypanosoma are responsible for sleeping sickness in humans in tropical Africa and a

very similar disease called Nagana in cattle. A systematic position of 7rypanosoma in

the phylum protozoa and the revised classification are shown in table 2.1 below:

Table 2.1:
Phylum: Protozoa

Subphylum: Sarcomastigophora

Classification of Trypanosomes

Superclass:  Mastigophora
Class: Zoomastigophora
Order: Kinetoplastida
Suborder: Trypanosomatina
Family: Trypanosomatidae
Genus: Trypanosoma
Genus
Subgenus Subgenus Subgenus Subgenus Subgenus Subgenus Subgenus
Schizotrypanom Trypanozoon Herpetosoma Duttonella Megatrypanum Nannomonas pycnomonas
Species Species Species Species Species Species Species
T. cruzi T. brucet T. lewisi T. vivax T. thaleri  T. congolense T. suis
T. veserilions T. rhodesinese T. perodictici T. uniforme  T. heybergi T. simiae
T. gambiense T. primatum T. halogalei
T. evansi T. ichneumoni
T. equiperdum T. irangiense
T. megadermae

In African Trypanosomiasis (Mulligan, 1970)
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2.2 Medical and Economic Importance of African Trypanosomiasis

Pathogenic trypanosomes are divided into two groups, salivaria and stercoraria,
according to their development in the vector and transmission by either the saliva or by
faecal contamination of the wound caused by bite of the vector. The pathogenic
salivarian species include Trypanosoma vivax, T. congolense, T. simiae, T. brucei, T. b.
rhodesiense, T. b. gambiense, T. evansi, T. equiperdum and T. suis while the stercorarian
species is 7. cruzi. The more important trypanosome species affecting man, domestic and
experimental animals have been sub-divided into two groups —the haematinic group
(Trypanosoma congolense, T. vivax) which remains in the plasma and the tissue-invading
group (7. brucei, T. gambiense, T. rhodesiense and T. equiperdum) which is found
extravascularly and intravascularly (Losos and Ikede, 1972). Because of their presence in
the blood, they produce numerous changes in its cellular and biochemical constituents
(Anosa, 1988).

In humans, salivarian trypanosomes (7. rhodesiense and 7. gambiense) cause the
fatal disease sleeping sickness. Some 35million Africans are at risk of contracting
sleeping sickness and about 10,000 new cases are reported each year (De Raadt, 1976).
However, difficulties in monitoring the incidence of the disease in rural areas of Africa
suggest that this represents a gross underestimate. Moreover, when medical surveillance
and methods to control break down, the disease can reach epidemic proportions, such as
occurred during the political upheavals in Uganda (Gashumba, 1981). The duration of
the disease ranges from weeks to months in 7' rhodesiense infection and from months to
years in 7. gambiense infections.

In animals, salivarian trypanosomes cause a variety of diseases including Nagana
in cattle (7. brucei, T. vivax, T. congolense), Surra in horses and camels (7. evansi), and
dourine, a venereal disease of horses and donkeys (7. equiperdum). T. simiae, which

causes a severe disease in pigs, is related to 7. congolense (Fairlamb, 1982). Animal
8



trypanosomiasis is a serious obstacle to human welfare, due to the severe nutritional and
economic problems it causes. Over 3 million cattle die each year and the rearing of high-
meat-and milk-producing cattle, sheep, and goats is impossible in 10 million km? of
Africa (WHO, 1979).

2.3 Morphology of African Trypanosomes

Trypanosomes that are of interest in Africa are almost all belonging to the
Salivarian group (Figure 2.1). These parasites all develop in the gut and/or mouth parts
of the insect vector, tsetse fly and are transmitted to the mammalian host by injection
into the bloodstream during insect feeding. Such trypanosomes include 7rypanosoma
vivax, T. congolense, T. evansi, T. equiperdum and trypanosomes of the “brucei” group
(Hoare, 1972).

T' vivax 1s typically rounded at the posterior end and tapering at the anterior end.
The undulating membrane is only slightly developed with a distinct free flagellum. It is
pathogenic to various domestic animals even though infectivity in laboratory rodents
(rats and rabbits) is low (Desowitz and Watson, 1953).

T. congolense infect both domestic and practically all laboratory animals. In the
strains found in Nigeria, the mean lengths are correlated with pathogenicity of the
parasite. Accordingly, the small congolense type is characterized by low infectivity,
parasitaemia and virulence. The long type is highly infective and virulent with a high
level of parasitaemia while the intermediate type shows high infectivity and virulence
but low parasitaemia.

Among the salivarian trypanosomes, the subgenus Trypanozoon represents the
most homogenous group since it contains a number of species which are
indistinguishable by morphological criteria but differ importantly in the kinds of disease
they cause. Extensive developments in biochemistry and molecular biology have enabled

a variety of parasite identification techniques to be developed.
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Figure 2.1:  Components of the bloodstream form of Trypanosoma brucei. Possible

locations of some enzymes are given (Vickerman, 1980).

In the past, a major constraint on many aspects of the epidemiological research has
been the difficulty of distinguishing between members of the “brucei” group i.e. 7. brucei
brucei which does not infect man, 7. b. rhodesiense which causes acute sleeping sickness and
T. b. gambiense which causes chronic sleeping sickness (Cross, 1990). The three members
can occur in animals as can the similar parasites 7. evansi and 7. equiperdum. The
bloodstream form of Trypanozoon is polymorphic and typically comprise;
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a) Stumpy trypanosomes, usually without a free flagellum but having a well
developed undulating membrane, a rounded nucleus and the kinetoplast.

b) long slender trypanosomes possessing a long free flagellum, a well developed
undulating membrane, elongated nucleus and a kinetoplast near the blunt
posterior end

c) Intermediate forms which have a shorter flagellum and the kinetoplast nearer
the blunter posterior end than the long slender forms (Vickerman, 1985).

2.4 Structural Functions of some Cellular Components of African Trypanosomes

Figure 2.2:  Trypanosome as seen in the blood smear.

Source:  (CDC:http://www.dpd.cdc.gov/dpdx)
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The details of the structure of trypanosomes have been described mainly by
electron micrographs (Vickerman, 1974, 1980; Vickerman and Preston, 1976).

The plasma membrane which is fortified with sub-pellicular microbubules
(Figure 2.2) 1s covered by a surface coat made up of variable antigens manifested
through the sequential expression of variant surface glycoproteins (VSGs). The surface
coat which accounts for about 10% for the total protein of the bloodstream forms of 7.
brucei but absent in the insect and culture forms (Tetley ef al., 1987; Vickerman et al.,
1988) covers the entire surface of the trypanosome including the flagellum. The base of
the flagellum where it is inserted into the body forms a circular pocket distinct from the
rest of the cytosol (Figures 2.1 and 2.2). The plasma membrane is continuous with the
membrane of the flagella pocket which presumably is involved in exo-and endo-cytic
pathways (Coppens ef al.,, 1987). As the flagellum beats from the tip downwards, areas
of contiguous plasma membrane and cytoplasm become drawn out into a series of crests,
forming the undulating membrane (Vickerman and Preston, 1976).

The plasma membrane of the salivarian trypanosome is of particular interest to
the biochemist because it provides the attachment sites for the antigenic surface coat in
bloodstream forms and the assembly template for a complex array of microtubules. A 60
kDa cytoskeletal protein from 7. b. brucei has been reported to interact with plasma
membrane and with microbubules (Seebeck ef al., 1988). Periera et al., (1978) reported
the presence of Mg”"-dependent ATPase activity that was not sensitive to Na“, K" and
Ca®" ions. Another report (Bababunmi, 1987) also indicated the presence of Mg”'-
dependent ATPase in both the bloodstream and the procyclic forms of 7. brucei. In
addition, the parasite demonstrated Mg’'-dependent and Mg’ -stimulated ATPase
(Bababunmi, 1987). The presence of Na'/K' ATPase and adenylate cyclase activities on

the plasma membrane of 7. brucei have also been reported (Voorheis et al., 1978).
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Figure 2.3:  Principal structures of an African Salivarian Trypanosome. The function of
some of them is given (Vickerman, 1980).
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One mitochondrion of varying complexity and function is present in
trypanosomes. In the 7. brucei group, it has been suggested that pleomorphism has
functional significance since only the short stumpy forms can transform further into
insect midgut trypomastigotes and epimastigotes (Vickerman, 1962). Pleomorphism is
accompanied by parallel changes in mitochondrial organization and function. In the long
slender forms cristae are poorly developed or completely absent in the mitochondrion.
Cytochromes are also not detectable and respiration is not inhibited by cyanide (Grant et
al., 1961; Flynn and Bowman, 1973). The Krebs cycle is also non-functional, the energy
requirement being fully met by glycolysis with pyruvate as the end product (Flynn and
Bowman, 1973; Bowman and Flynn, 1976). However, the stumpy trypomastigote has
full mitochondrial competence in preparation for life in the tse-tse fly. Thus the
transformation of slender bloodstream trypomastigotes of 7. brucei group to the insect
vector forms involves a switch from a mitochondrial respiration dependent on glycerol
phosphate oxidase and no cytochromes to a mitochondrial respiration displaying Krebs
cycle enzymes and cytochromes (Opperdoes, 1985). The mitochondrion of the
trypanosome contains DNA packaged into a microscopically identifiable structure called
kinetoplast (Simpson, 1987).

In African trypanosomes, most enzymes of the glycolytic pathway are found in a

micro-body like organelle called the glycosome (Opperdoes, 1985).

2.5 Life Cycle of Trypanosomes

Trypanosoma brucei and other salivarian trypanosomes are transmitted from
animal to animal by the tsetse fly. When an infected fly bites an uninfected animal to
obtain a blood meal, it injects metacyclic forms along with its salivary secretions into the
skin. Metacyclics multiply into trypomastigote forms at the site of the bite forming a
chancre. Subsequently, parasites migrate via the bloodstream. Here, they multiply in

large numbers as well as invade the intercellular spaces of other tissues.
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In the mammalian bloodstream, slender forms of 7" brucei are actively dividing
cells in which the mitochondrial functions are repressed. These cells cannot engage in
oxidative phosphorylation. Instead they metabolize glucose to pyruvate via a glyC(;lytic
pathway which is partially compartmentalized within specialized organelles termed
glycosomes. During this stage, the trypanosomes are covered by a uniform coat of a
variant surface glycoprotein (VSG). A continuous variation of this antigen allows the
parasite to escape the defences of the host. As the immune system eliminates the
trypanosomes covered by the previous VSG, individual parasites expressing a new VSG
increase in numbers, creating the observed pattern of parasitaemic waves.

As the infection progresses, long slender forms are replaced by nondividing short
stumpy forms preadapted to transmission in the fly. Once taken up by the fly, these cells
quickly differentiate into actively dividing procyclic trypomastigole forms. The procyclic
forms develop a fully active mitochondrion, respire on proline and can use the Krebs
cycle as a source of energy. At this stage, the parasite has lost the VSG and is covered
instead by a totally different glycoprotein termed procyclin or procyclic acidic repetititve
protein (PARP). Procyclic forms of the parasite migrate from the midgut to the
proventriculus and then to the salivary glands, where they stope dividing. This
nondividing form, called the metacyclic form, reacquires a VSG coat in a preadaptation
to its future life in the bloodstream of the mammal (Figure 2.4), (Vanhamme and Pays,

1995).
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Figure 2.4: Life Cycle of 7' brucei. In the insect host, the surface coat is lost but re-
acquired at the metacyclic stage (Vickerman, 1985).
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2.6 Control Strategies for African Trypanosomiasis

Different methods are used to control trypanosomiasis; parasite control through:
the use of trypanocidal drugs and the promotion of trypanotolerant livestock, vector
control or eradication through: traps a'nd insecticide-treated targets, in some cases baited
with attractant odours, insecticide-treated animals and the sterile insect technique (SIT).
Each of these methods is useful, indeed, without them, many livestock farmers would be
out of business. None, however, is ideal and no single method or combination of
methods is sufficiently efficacious and cost-effective to sustain small scale livestock
raising in much of the tsetse belt, which effectively seal off one third of the continent

otherwise suitable for grazing and mixed livestock/crop farming (ILRAD, 1991).

2.6.1 Drug Treatment

The use of trypanocidal drugs is the most widely accepted means of controlling
the disease. However, the drugs available are effective but also relatively expensive. The
widespread, unsupervised and underdosed use of the few compounds developed for use
against the trypanosomes that cause the disease has led to increasing resistance on the
part of the parasite (Afewerk er al., 2000), which retains its resistance after cyclical
transmission by tsetse (Gray and Roberts, 1971). Furthermore, the high cost of
developing new drugs, with little hope of a reasonable financial return for their
investment in research and development, are a serious disincentive for most

pharmaceutical companies. The drugs are also faced with the problem of toxicity.
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Table 2.2: Summary of drugs available for treatment of human African

trypanosomiasis
Drug Marketed Spectrum of Activity Stage of disease
Suramin 1922 T. b. rhodeasiense Stage 1
(Germanin)
Pentamidine 1937 T. b. garnbiense Stage 1
(Pentacarinat)
Melasoprol 1949 T. b. gambiense Stage I & 2
Arsobal T. b. rhodensiense Stage 1 & 2
Eflornithine 1981 7. b. gambense
(Orindyl)

Chemotherapy of early and late stages of sleeping sickness has been restricted to
the use of suramin and pentamidine but the more toxic aromatic arsenicals or
nitrofurazone are used when there is central nervous system (CNS) involvement, as the
former drugs do not cross the “blood-brain barrier’ (Fairlamb, 1982). Melorsoprol has
been effective drug available for the treatment of the late stage sleeping sickness.
Eflornithine (also known as difluoromethylornithine) is also effective against late stage
disease caused by 7. b. gambiense but is ineffective against 7. b. rhodesiense (Masiga
and Barett, 2000). Treatment of animal trypanosomiasis has been with diminazene
aceturate (berenil) and isometamidium chloride (Samorin) which replaced the highly
toxic and resistant antrycide and ethidium (Greenwood, 1979; Newton, 1974;
Williamson et al, 1982). Of the few drugs available, samorin is the only drug which is
used for prophylaxis. Its remarkable economic value in reducing livestock mortality and

increasing productivity has been well demonstrated (Murray ef al., 1987). Suramin was
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also used in animals against brucei-like infections in horses, donkeys and camels

(Bennett, 1933).

2.6.2 Disease-Resistant Livestock

This method of control involved keeping cattle of a few ancient African breeds,
such as the West African N°'Dama (Bos Taurus), which are innately able to tolerate
infection with trypanosomes. The genetic ability to resist the pathogenic effects of
infection is called ‘trypanotolerance’ (Mulla and Rickman, 1988). When exposed to
trypanosomiases, trypanotolerant cattle breeds generally show slightly lower mortalities
that are shown by trpanosuceptible breeds and lower reductions in calving rate (FAO,
2000). Such trypanotolerant breeds are being promoted in several parts of Africa (FAO,
1988) but this method also has its drawbacks. First, the degree of disease resistance in an
animal is not absolute, levels of trypanotolerance are reduced in animals under stress,
particularly those with poor nutrition, a common condition of livestock raised in Africa’s
marginal farming areas. Secondly, although meat production of trypanotolerant livestock
compares favourably with that of other breeds, the amount of milk trypanotolearnt cattle
produce is relatively low. Furthermore, trypanotolerant animals raised in traditional
farming system are trypically small and are therefore not ideal for drought work. Finally,
and most importantly, few such animals are available. In spite of their importance in
tsetse infested areas where other livestock cannot survive, trypanotolerant cattle
constitute only 5% of the cattle raised in countries where tsetse flies occur (ILRAD,
1991).
2.6.3 Vector Control

Tsetse control involves the killing of large population of flies to allow man and
his domestic animals to live in an area with limited risk of trypanosomiasis (Jordan,
1978). This can be achieved through the use of special insecticide formulations applied

to artificial attractive devices (insecticide-impregnated targets with or without available
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tsetse of the G. morsitans group, which are vectors for Rhodesian and animal
trypanosomiasis.
2.7 Pathogenesis of Trypanosomiasis

In the absence of treatment, trypanosomiasis is often fatal in man.
Trypanosomiasis with their antigenic variation has topological preferences within the
host and within the particular organs (Poltera, 1985). The lymphatic system is an
important site for multiplication as it provides a way of escaping host defences and
trypanocides. The histological and haematological changes observed in trypanosome
infections are determined by several factors including virulence of the parasite, the
susceptibility of the host and, among others, the period of the infection during which
samples are taken (Joshua, 1989). Metabolic alterations at the circulating blood
constituents further contribute to tissue damage. A significant feature of the pathological
state that has long been established (Fienne, 1954) is the anaemia. Some other
consequences of trypanosome infection in mammals include thrombocytopenia (Davis,
1982) and malfunctions of the reproductive organs (Ikede er al, 1988) and the liver
(Arowolo et al., 1988). Early studies described maningoencephalitis in sleeping sickness
(Thomas and Brinl, 1905; Mott, 1906). The neuropathologies of untreated and
insufficiently treated patients as well as myocarditis are documented (Calwell, 1973;
Hawking and Greenfield, 1941; Pantreath, 1989, 1990). Indications are that all organs
are invaded by the trypanosomes with the central nervous system involvement ultimately
leading to coma and death (Anosa, 1988).

Despite much investigation, the mechanism by which 7' brucei and other
trypanosomes induce pathogenicity including anaemia is not known. The diverse natures
of the consequences of trypanosome infection imply that several factors from the
trypanosome could be involved. It is also possible that some of the factors are originating

from the host having been induced by the presence of the trypanosome. As a result of
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different combinations of these host parasite and perhaps other factors, the pattern of
pathogenesis is quite variable. Thus acute, chronic and recovery or post-crisis phases
have been described (Anosa, 1988; Zwart, 1989). The acute phase or phase 1 begins with
the first appearance of trypanosomes in blood after the incubation period. The
parasitaemia is high, although fluctuating. This phase appears to be a period when the
inadequately organised defence mechanisms of the infected animal are shocked by a
vicious foe which amongst its weapons possesses the ability to circumvent the alerted
defence mechanisms of the host by manifesting antigenic variation. Unless the virulence
of the parasite is not intense, the host particularly rodents often succumbs and dies within
one week (Losos et al., 1973).

Animals destined to enter the chronic phase show less parasitaemia and
pathology in the acute phase. The chronic phase or phase II is characterised by low
frequency and intensity of parasitatemia. It appears to be a period when the infected
animal has fully mobilised its defence mechanism to a level that is adequate to depress
parasite multiplication but is not yet adequate to completely abort the infection or reverse
the pathology that developed during phase I (Anosa and Isoun, 1974, 1980). With the
tissue invading trypanosomes, this is the period when the parasites also establish
extravascularly and are less nume<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>