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ABSRACT

Human leishmaniasis is a spectrum of diseases caused by protozoan parasites of the
genus Leishmania. About 350 million people are at risk of infection, 15 million clinical
cases, 1.5million annual incidence and 20- 30 thousand deaths occur annually.
Treatment of leishmaniasis has traditionally relied on pentavalent antimonials which are
toxic, expensive and are complicated by the variation in sensitivity of the Leishmania
species and increasing levels of antimonial resistance. They also require protracted
administration, and there is no vaccine at the moment, therefore, there is need for
research for alternative and cheaper remedies including plant based drugs. The current
study was to evaluate methanolic and aqueous extracts of Momordica foetida for
antileishmanial activities and toxicity in Leishmania major infected BALB/c mice and
in cell culture plates. The extracts were dried and re-dissolved in dimethyl sulfoxide
(DMSO) 1% solvent before subjecting to L. major infected mice and cultures. Parasites
inhibitions were then tested with serial concentration (0.07 to 19.9 mg ml-1) of the
extracts. The lesion progression and body weight measurements were recorded weekly.
Mice were sacrificed by injecting pentabarbitone sodium, the spleen of each mouse was
weighed and splenic impression smears made on slides for microscopy evaluation of
parasites. Data was analyzed using Statgraphic software and antileishmanial activities
within and between all groups, the t-test and ANOVA being used respectively. The
aqueous and methanolic extracts of M. foetida inhibited the parasites after 48 hrs
incubation against L. major Amastigotes and promastigotes, demonstrating MIC of 125
+ 0.01 and 250 % 0.03 mg/ ml and 1Cs of 15.6£0.05 and 23.4+0.53mg/ml, respectively.
The MIC of Pentostam and Amphotericin B was at the concentration of 62.5 £ 0.02 and
31.3 £ 0.01pg/ml with 1Csp of 11.7 £ 0.054 and 7.8+0.053 mg/ml respectively. The
Minimum inhibition concentration for aqueous extracts (125ug/ml) demonstrated higher
inhibitory factor than that of methanolic extracts (250ug/ml) by 125 units. Increased
concentration of M. foetida extracts did not stimulate the macrophages to produce
sufficient amount of nitric oxide, hence the extracts could be having active compounds
that acted directly on parasites. Considering M. foetida with no toxicity effects in
BALB/c mice and vero cells it’s an indication that it’s safe for use in the chemotherapy
of L. major. By showing antileishmanial activities with no toxicity, M. foetida extracts,
therefore, supports its traditional use as an antileishmanial remedy and it should also be
tested against other species of the parasite such as L. donovani, L. tropica and L.
aethiopica.
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DEFINITION OF OPERATIONAL TERMS

Amastigote: An ovoid/rounded stage of Leishmania parasites, as found in mammals.
Antioxidant: A molecule that inhibits oxidation of other molecules.

Bioassay: The determination of the potency of a drug by testing it upon a living
organism.

Cryopreservation: Process where cells, tissues or any substance susceptible to damage
caused by chemicals or enzymatic activity are preserved by cooling to sub-zero
temperature without causing additional damage caused by ice formed during freezings.
Cutaneous leishmaniasis: Form of leishmaniasis disease normally produces skin ulcers
on exposed parts of the body such as the face, arms and legs.

Cytotoxicity: The ability of substance to damage cells.

Endemic: Disease peculiar to a particular region or locality

Epidemic: Disease affecting large numbers of a population at the same time.
Exacerbate: To increase the serverity of a disease.

Incubation period: The period of an infectious disease between infection and
appearance of the first symptoms.

Incubation: Artificially maintaining conditions of warmth and moisture favourable for
the development of parasites in culture.

Inoculation: Introduction of a parasite into a suitable medium for growth.
Inflammation: The complex biological response of body tissues to harmful stimuli.
Leishmaniasis: Pathological condition caused by a flagellate protozoan of the genus

Leishmania.



XiX

Machrophage: A phagocytic cell of the reticuloendothelial system which has the
ability to engulf particulate matter and store vital dyes, as a histiocyte of connective
tissue or Kupffer cell of the liver.

Mucocutaneous leishmaniasis: Form of leishmaniasis disease where lesions developed
lead to partial or total destruction of the mucous membranes of nose, mouth and throat
cavities and surrounding tissues.

Oxidation: Chemical reaction involving the loss of electrons or an increase in
oxidation state. Parasite: An organism which lives in or on another organism for
nourishment.

Promastigote: Pear shaped form of Leishmania, as found in the sand fly and in
artificial culture.

Thawing: Leaving a culture at room temperature after many hours of incubation.
Trypsinization: Process of making cell form monolayer by adding trypsin on culture
Vaccine: A suspension of killed or living, attenuated organisms which, when inoculated
or taken into the body, acts as an antigen causing the development of antibodies that
render the body immune against infection by the specific organism.

Vector: Any agent that carries and transmits an infectious pathogen into another living
organism

Vero cells: Lineage of cells isolated from kidney epithelial cells of an African Green
monkey.

Visceral leishmaniasis: Form of leishmaniasis characterised by irregular bouts of fever,
substantial weight loss, swelling of the spleen and liver, and anaemia, also known as

Kala azar.


http://en.wikipedia.org/wiki/Pathogen

Zoonosis: Disease of animals which is transmissible to man.
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CHAPTER ONE

INTRODUCTION

1.1. Background Information

Leishmaniasis is a vector-borne disease caused by obligate intra-macrophage protozoan
parasites of the genus Leishmania and is the world's most neglected disease (Yamey &
Torrele, 2007), and is considered endemic in large areas of the tropics, subtropics and
the Mediterranean basin (Chappius et al., 2007). A total of 350 million people are at risk
of infection,15 million clinical cases, 1.5million annual incidence & 20- 30 thousand

deaths occurs annually (WHO, 2006).

Leishmaniases consist of four main clinical syndromes: cutaneous leishmaniasis (CL);
muco-cutaneous leishmaniasis (MCL), visceral leishmaniasis and post-kala-azar dermal
leishmaniasis (PKDL) (Zijlstra et al., 2003). Different species of Leishmania can infect
the macrophages in the dermis, with variable clinical presentations and prognoses
(Arevalo et al., 2008). Leishmania spp. presents basically the following stages of
development: promastigotes, amastigotes, paramastigotes and nectomonads. Infective
metacyclic promastigotes are transmitted by female sand flies to healthy mammals,
where they invade and multiply as amastigotes within macrophages (Killick-Kendrich,
1990). Risk factors of leishmaniasis are Socioeconomic, Malnutrition, Population

mobility and Climate changes.

Treatment of leishmaniasis is difficult because the parasites infect the macrophages and
thus patients present with immune deficiency and are not able to eliminate the parasites

through natural mechanisms of defence (Rocha et al., 2005; Mondal, 2014). Infection



with diseases such as malaria increases the fatality of the illness if it is not diagnosed
and treated in time (Carvalho et al., 2008). Leishmaniasis has been exacerbated by the
evolution of acquired immune deficiency syndrome (AIDS) due to parallel infections in
HIV patients, as well as by the development of drug-resistance by the parasites (Croft et

al., 2006).

Pentavalent antimonials and meglumine were the first-line treatment for leishmaniases
(Frezard et al., 2009), but only cheaper, generic forms of these drugs are available that
have been shown to be equivalent to the branded products (Croft et al., 2007).
Antimonial drugs are toxic and sometimes have life-threatening, adverse effects,
including cardiac arrhythmia and acute pancreatitis (Chappuis et al., 2007; Cook, 1995).
Patients under the age of 2 or aged greater than 45 with signs of advanced disease
and/or severe malnutrition are at higher risk of death during antimonial therapy owing
to drug toxicity, slowness of drug action, and leishmaniasis complications or a

combination of these factors (Seaman et al., 2006).

Amphotericin B has replaced antimonials in the treatment for leishmaniasis, but its also
has side effects such as shortness of breath, skin rash, fever and rigor (Chappius et al.,
2007), it is costly and requires slow infusions on alternate days showing a need for more
research and development to improve the drugs for leishmaniases (Guerin et al., 2002;
Van Griensen & Diro, 2012) that will be available, safe, cheap and for oral or topical
administration in shorter treatment cycles. This calls for alternative approach in the

treatment of leishmaniasis.



Several plant extracts such as Allium sativum (Kinuthia et al., 2013), Plumbago
capensis (Padhye et al., 2013), Albizia coriara (Kigondu et al., 2009), Acacia tortilis
(Tiuman et al., 2011), Warbugia ugandensis (Maobe & Nyarango, 2013), Asparagus
racemosus (Sachdeva et al., 2014) and Delonez ovate (Katalinic et al., 2006) have been
screened and found to possess some antileishmanial activity. The aim of this study was
to determine the antileishmanial effects of M. foetida aqueous and methanolic extracts

in vitro and in vivo in L.major experimentally infected BALB/c mice.

1.2 Statement of the Problem

Over 15 million people are infected with leishmaniasis in the world and 2 million new
cases are reported annually (Hotez et al., 2004). Currently the drugs of choice in the
treatment of leishmaniasis include pentavalent antimony, sodium stibogluconate
(Pentostam) and Amphotericin B. They are expensive and toxic with persistent side
effects due to the protracted regime of administration that is recommended for
inpatients. In addition parasites are developing resistance caused by the prolonged
exposure (Benedict, 2003). The drugs are not readily available to most people in

endemic areas (Hailu, 2005).

This calls for alternative approach to research in medicinal plants for treatment of
leishmaniasis in terms of their availability, acceptability, compatibility, and cost
effectiveness. The present study investigated the effect of crude methanolic and aqueous
extracts of M. foetida against L. major in experimentally infected BALB/c mice. Since
no new drug formulations are currently available to substitute the old toxic drugs,

antileishmanial activity of M. foetida can be used to fill this gap.



1.3 Justification of the Study
Leishmaniasis is one of the tropical diseases that have been neglected in the world
inspite of affecting millions of people. Available antileishmanial drugs such as

pentavalent -antimonials are extremely toxic with terrible side effects.

Cutaneous leishmaniasis which forms the bulk of the infection has a self healing nature
(Hailu, 2005) and as a result, people do not seek medical attention despites the
associated chronic sufferings. There is need for new treatment options that are cheaper,

non toxic, non parasite resistant, accessible and available in endemic areas.

Sitamaquine and Miltefosine, which are also anticancer agents have been shown to have
gastrointestinal toxicity and teratogenicity, and therefore cannot be administered to
women of childbearing age (Croft et al., 2006). It is essential that new treatment options

become truly accessible and available in endemic areas.

The choice of M. foetida plant in the present study emanated from the need to validate
the traditional use of the plant against Leishmania parasites. M. foetida is found in
many parts of Kenya including areas like Baringo, Elgeyo Marakwet, West Pokot, Mt.
Elgon, Meru, Machakos and Kitui where L. major infection is also endemic (Kigondu,
2009), It is anticipated that extracts from M. foetida may solve the problem of drug
availability, oral administration and early treatment for people who wait for self healing.
Findings of this study will be useful in providing new insights on the potential of plant

extracts as chemotherapeutic agents in the treatment of leishmaniases.

1.4 Objectives of the Study

1.4.1 General Objective



To investigate the in vivo and in vitro antileishmanial activities and toxicity of

methanolic and aqueous extracts of M. foetida against L. major.

1.4.2 Specific Objectives
I.  To determine the in vivo and in vitro antileishmanial activity of M. foetida
extracts administered intraperitoneally and orally in L. major infected
BALB/c mice.
ii.  To determine the levels of nitric oxide production in infected macrophages
treated with M. foetida extracts.
iii.  To assess the toxicity of methanolic and aqueous extracts of M. foetida on

vero cells and BALB/c mice.

1.5 Hypotheses of the Study

Ho: Methanolic and aqueous extracts of M. foetida extracts have no in vivo and in vitro
antileishmanial activities.

Ho: Methanolic and aqueous extracts of M. foetida do not stimulate macrophages to
produce nitric oxide.

Ho: Methanolic and aqueous extracts of M. foetida have no toxic effects on vero cells

and BALB/c mice.



CHAPTER TWO
LITERATURE REVIEW

2.1 Leishmaniasis

Leishmaniasis is a parasitic disease resulting from infection by protozoans of the genus
Leishmania and are transmitted through the bite of infected female sand flies (Diptera:
Psychodidae), mainly Lutzomyia Franca and Phlebotomus Rondani (Rogers et al.,
2004). The disease affects internal organs of the body, mucous membranes and the skin
and is found in three forms: Cutaneous, Visceral and Mucocutanious leishmaniasis

(Liaison & Shaw, 1987).

Human leishmaniasis is caused by about 21 of 30 species of genus Leishmania that
infect mammals. These include L. donovani complex with 3 species (L. donovani, L.
infuntum, and L. chagasi); L. Mexicana complex with 3 main species (L. mexicana, L.
amanzonensis, and L. venezuelensis); L. tropica; L. major; L. aethiopica; and the
subgenus viannia (V) with 4 main species (L. (V.) braziliensis, L. (V.) guyanensis, L.

(V.) panamensis, and L. (V.) peruviana) (Croft et al., 2006).

The different species are morphologically indistinguishable, but they can be
differentiated by isoenzyme analysis, molecular methods, or monoclonal antibodies
(Dohm et al., 2000). Due to species differences in tissue tropism, virulence and their
interaction with the host’s immune system, infection by leishmania parasites can result
in a variety of clinical manifestations ranging from single self-healing ulcers in

cutaneous forms to life threatening visceral infections (Alexander et al., 2004).



2.2 Types of Leishmaniases in Kenya

2.2.1 Cutaneous leishmaniasis

Cutaneous leishmaniasis (CL is the most common form, which causes skin sores that
typically develop within a few weeks or months of the infected female sand fly bite and
can change in size and appearance over time (Hundson et al., 2004). The sores may start
out as papules (bumps) or nodules (lumps) and may end up as ulcers. Some people have
swollen glands near the sores marked by swelling of the lymph nodes on arms, legs or
face which develops as a red raised border and a depression in the middle (Chappius et
al., 2007). It is commonly caused by L. major, L. braziliensis, L. mexicana and L.
panamensis (James et al., 2006). Natural transmission of Leishmania parasites is carried
out by infected female phlebotomine sand flies of the genera Phlebotomus and
Lutzomyia (Beach, 1984). Most forms of the disease are zoonoses, transmissible only
from animals but can be spread between humans congenitally (Pearson, 1996; Ashford,
2000) and also from human to the sand fly and then to the human in an anthroponotic

cycle (Fong & Chang, 1981).

In Africa CL is caused mainly by L. major, L. tropica and L. aethiopica (Ashford,
2000), while in Kenya, infections are caused by four species, L. donovani, L. tropica, L.
aethiopica and L. major (Beach, 1984). Within Rift Valley province, CL caused by L.
tropica is endemic in two foci. The active foci for disease were found to be Muruku
location in Laikipia district (Mebrahtu et al., 1987; Desjeux, 1991), where the vector
was identified as P. guggisbergi at Utut reserve in Njoro in Nakuru district, (Dohm et
al., 2000), the probable vector was identified as P. aculeatus (Morillas-Marquez et al.,

2002).



Cutaneous leishmaniasis is endemic around the Mt. Elgon area of Western Kenya, L.
aethiopica has been incriminated as the parasite that causes it in this area. The parasites
have been isolated from rock hyraxes and the parasite has been found to be zoonotic and

transmitted by pedifer (Mutinga & Kamau, 1987).

Zoonotic cutaneous leishmaniasis caused by L. major is endemic in Marigat and
Baringo district in Rift Valley province, where the sandfly P. Phlebotomus duboscqui
has been incriminated as vector (Mutinga et al., 1986; Koech, 1994) and is mainly
associated with rodent burrows where it is thought to both breed and rest (Basimike &
Mutinga, 1995). This sand fly species is rarely found in termite mounds in which other
sand flies species are thought to breed and rest (Minter, 1964; Darlington, 1994). The
incubation period ranges from 2 to 6 weeks and the initial lesions are often multiple and

located to lower extremities (Santana et al., 2008).

2.2.2 Visceral leishmaniasis

Visceral leishmaniasis (VL) is a systemic disease that is fatal if left untreated and is
caused by the L. donovani complex, L. donovani sensu stricto in East Africa and the
Indian subcontinent and L. infantum in Europe, North Africa and Latin America (Luke,

2007).

It is characterized by its effect on the internal organs, particularly the liver, the spleen
and the bone marrow and the effects can be life threatening (Van-Grienven & Diro,

2012).

The illness develops within months (sometimes as long as years) of the sand fly bite

(Murray et al., 2005). Affected people usually have fever, weight loss, enlargement
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(swelling) of the spleen and liver and low blood count-a low red blood cell count
(anemia), a low white blood cell count (leukopenia), and a low platelet count

(thrombocytopenia) (Kolaczinski et al., 2008).

There are two types of VL, which differ in their transmission characteristics. Zoonotic
VL is transmitted from animal to vector to human and anthroponotic VL is transmitted
from human to vector to human (Gramiccia & Gradoni, 2005). Species of Viannia and
Leishmania subgenus are involved in human leishmaniases diseases (Marfurt et al.,
2003). These diseases is characterized by both diversity and complexity and it is caused
by more than 20 leishmanial species and transmitted to humans by 30 different species
of phlebotomine sand flies (Liainson & Shaw, 1987; Pearson & Sousa, 1996; Grimaldi

& Tesh, 2012).

The major known foci of VL are in Turkana, Baringo and West Pokot Counties in Rift
Valley Province and also in Machakos, Kitui and Meru Counties (Mbui et al., 2003). In
these foci, the disease is believed to be anthroponotic with a man- sandfly-man cycle,
with P. martini as the incriminated vector (Tonui, 2008). After successful treatment
with Amphotericin B, 3 to 10% of the cases of VL develop post kala azar dermal
leishmaniasis (PKLDL) wart like nodules over the face and extensor surface of the
limbs (Awasthi et al., 2004). In the Indian disease, PKDL appears after a latent period

of 1 to 2 years and may last for several years (Carvalho et al., 2008).

2.2.3 Mucocutaneous leishmaniasis (MCL)
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Mucosal leishmaniasis is a less common form of leishmaniasis. The pathogenesis of
Mucocutenious leishmaniasis (MCL) is still unclear. However, it is believed that host

genetic factors are important in the advancement of the disease (Desjeux, 2004).

This form can be a sequela (consequence) of infection with some of the species
(types) of th ACKNOWLEDGEMENT
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Certain types of the parasite might spread from the skin and cause sores in the mucous
membranes of the nose (most common location), mouth, or throat (Strazzulla et al.,
2013). Lesions may multiply and increase in size, which can contribute to severe
deformity. Respiratory tract mucosal invasion may also occur, causing numerous
respiratory problems, and can result in malnutrition and pneumonia (Gill & Beeching,

2011). Secondary infection is responsible for most deaths (Ameen, 2010).

2.3 Developmental Stages of Leishmania Parasite

2.3.1 Promastigotes Stage

The promastigote stage of Leishmania exists in the sand fly. It is flagellated and
spindle-like in shape (Sacks, 1989). The amastigotes transform to promastigotes in the
posterior midgut of a sand fly within hours of the sanfly bite while the promastigotes
transform to amastigotes inside macrophages (Singh, 2006). In this form, nucleus is
situated at the center and kinetoplast transversely towards the anterior end (Assafa et al.,
2006). It also exhibits a single and delicate flagellum. Morphologically, it is similar to

those grown in culture (Grimm et al., 2011).

2.3.2 Amastigote Stage
The amastigote form exists in the macrophages of the reticuloendothelial system of
vertebrates such as: the spleen, liver, bone- marrow and lymph node (Rittig & Bogdan,

2000). They are ovoid and non—flagellated forms of Leishmania. The centrally located
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round/oval nucleus and adjacent but smaller round/ rod shaped Kkinetoplast are
distinguishable. The flagellum is not functional in amastigotes and does not extend
beyond the cell body but with ‘Flagellar pocket” which serves as a site for endocytosis

and exocytosis.

Its cytoplasm contains mitochondria, neutral red vacuoles and basophilic, and volutin
granules containing RNA.The organism is surrounded by a double membrane below

which is a row of 130-200 hollow fibrils (Holzmuller et al., 2006).

2.4 Epidemiology of leishmaniasis

Leishmaniases occurs in 88 countries with a population of 350 million people (Nalan &
Farrel, 1987; WHO, 2006). More than 90% of the global cases of visceral leishmaniasis
(VL) occur in India, Bangladesh, Nepal, Brazil and Africa-East and North Africa
including Sudan (Alvar et al., 2012). Globally, the number of new cases of cutaneous
leishmaniasis (CL) and visceral leishmaniasis (VL) was estimated at 1.5 million with an
annual incidence of 500,000 respectively (Singh & Sivakumar, 2003). People of all ages
are at risk of infection with leishmaniasis if they live or travel where the disease is

endemic.

In Kenya, the disease has been reported in Baringo, Kitui, Machakos, Meru, West
Pokot, Elgeyo Marakwet and Turkana County, which are known to be endemic foci for
kala-azar (VL) (Nolan & Farrel, 1987). L. major (Kinetoplastida: Trypasomatidae) that
causes rodent and human cutaneous leishamiasis is endemic in a small focus in Baringo
county, Rift Valley, Kenya, where it is transmitted by P. duboscgiu Neveu-Lemaire

(Diptera: Psychodidae) (Muigai, 1987; Mutinga & Kamau, 1987). In this focus, the
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disease is a zoonosis with rodents such as Tatera robusta Cretzschmar, Arvicanthis
niloticus Geoffrey, *Taterillus emini Thomas and Mastomys natalensis Smith
(Rodentia: Muridae) as the proven reservoir hosts (Mutunga et al., 1986). The burrows
these murines dig and dwell in, are also the breeding sites for the sand fly (Maroli et al.,

2013).

2.5 Pathogenesis and Life Cycle of Leishmaniasis
Leishmaniases are transmitted by phlebotomine sand flies (ref).The life cycle of the

leishmaniases is shown in Figure 2.1

Sand fly injects promastigotes Promastigotes are phagocytized
into the skin during a blood by neutrophils that are rapidly
Promastigotes divide meal, *infective stage recruited to the bite site,
and migrate to th/ B
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Figure 2.1: Life cycle of Leishmania species (Source: Jochim et al., 2008)

2.6 Mode of Transmission
All species are transmitted by small blood-sucking sand flies of genus Phlebotomus in

the old world (Middle-East and Africa). Infections are confined to tropical and sub
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tropical areas and only females feed on blood (Beach, 1984). Amastigotes ingested
during feeding are normally transformed in the midgut or hindgut of insect vectors into

promastigotes which multiply by binary fission (Kato, 2010).

Parasites migrate forward to the foregut and proboscis where some become swept away
by saliva into the bite site when the sand fly feeds and are transmitted via the bite to the
tissues of vertebrate hosts. The reservoir hosts for Leishmania include domestic animals
such as dogs, cats and horses. Peridomestic animals like mice and rats and wild animals
including rodents, Hyraxes, Sloths, Bat, Oppsuumes, Kangaroos, Wolves and Foxes

also serves as reservoirs (Bates, 2007;Grondalen et al., 2008).

2.7 Control of the Leishmaniases

The control of different types of the leishmaniases depends on the type of cycle
exhibited by the parasite and the behaviour of the animal reservoir (Bates, 2007).
Measures to check the spread of leishmaniases include treatment of infected individuals,
active case detection,