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Abstract

Malaria is a major health concern in Sub Saharan Africa and there are few effective
treatment options. Namibia has diverse flora with potent antimalarial phytochemicals
and high ethnomedicinal plants uses. This study investigated the phytochemical and
in vitro antiplasmodial activity of ten ethnomedicinal plants namely: Baikea
plurijuga, Cyphostemma spp, Guibourtia coleosperma, Mundulea sericea, Neptunia
oleracea, Diospyros mespiliformis, Acrotome inflata, Oxygonum dregeanum,
Ziziphus mucronata and Vangueria infausta. Crude methanol extracts from the ten
ethno medicinal plants were screened for major classes of antiplasmodial
phytochemical compounds i.e., terpenoids, alkaloids, flavonoids, anthraquinones and
coumarins using thin layer chromatography (TLC). Total alkaloids and phenolics
content of the ten crude methanol plant extracts were quantified
spectrophotometrically. Based on the outcomes of phytochemical screen test, M.
sericea, D. mespiliformis and Cyphostemma spp were selected for in vitro
antiplasmodial microscopy assay of the crude methanol and aqueous extracts. The
assay was done at 1% parasitaemia and 2% hematocrit in 96 wells plates for 24 and
48 hours, against P. falciparum 3D7A (chloroquine sensitive and sulfadoxine
resistant strain). Coartem was used as a positive control while 0.5% DMSO in RPMI
1640 medium was used as negative control. Furthermore, Cyphostemma spp (whole
plant) and D. mespiliformis (leaf and root) were fractionated through Sephadex LH-
20 column eluted with methanol/DCM (1:1) and n- hexane/ethyl acetate (8:2) for the
first and second round respectively. In vitro antiplasmodial assays and phytochemical
screening of fractions were carried out at each round. TLC screening of the crude

plant extracts revealed the presence of at least one of the phytochemicals screened



for. Moreover, all plant extracts were found to have in vitro antiplasmodial activity.
The 50% inhibitory concentration (ICso) values of the crude agueous extracts were
found to be 2.91 to 9.10 pug/ml  for methanol extracts: 1.10 to 5.17 pg/ml. Also, the
methanol plant extracts were more potent than their corresponding aqueous extracts.
M. sericea (shoot) methanol extract had highest in vitro antiplasmodial activity.
Fractionation of the crude methanol plant extracts yielded fractions that vary
phytochemically as revealed by TLC screen. Additionally, in vitro antiplasmodial
assay of the first round fractions indicated increased activity compared to the crude
extracts at 24 and 48 hours. Lastly, anthraquinones, flavonoids and coumarins were
identified as bioactive classes of antiplasmodial phytochemicals of D. mespiliformis

(leaf & root) methanol extracts.

Keywords: Cyphostemma spp, D. mespiliformis, M. sericea, antiplasmodial activity,

ethnomedicinal plants, malaria, and bioassay guided fractionation
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CHAPTER ONE: INTRODUCTION

Malaria is a parasitic disease that is transmitted to human beings by female
Anopheles mosquitoes. There are four main malaria causing parasites namely:
Plasmodium vivax, Plasmodium ovale, Plasmodium malariae and Plasmodium
falciparum. Additionally, in some parts of Southern Asia there are reports of P.
knowlesi (the simian Plasmodium species) infecting human beings, (White et al,
2013; Kantele & Jokiranta, 2011). The onset malaria symptoms are nonspecific.
Usually, they are characterised by vague of general body weakness, reoccurring
fever, nausea, vomiting, headache, fatigue, muscle aches, and abdominal discomfort.
Generalised seizures are associated specifically with falciparum malaria and can be

followed by coma.

Malaria is a worldwide public health concern. The World Health Organization
(WHO) Malaria World Report, (2013) reports an estimate of 207 million cases and
627 000 deaths globally in 2012 alone. What is worse is that, over 70 countries are
malaria endemic and globally an estimated 3.4 billion people are at risk of malaria
infection. People living in Sub-Saharan Africa are at the highest risk of acquiring
malaria. Particularly, 80% of cases and 90% of deaths due to malaria occur in the
WHO African region, with children under the age of five and pregnant women
mostly affected. In Namibia, malaria case incidences and mortality are declining due
to the preventative and control measures that are implemented by MoHSS.
According to the WHO World Malaria Report (2012, pp 54), Namibia has achieved
reduction in malaria case incidences or malaria admission rates with more than 75 %.

In 2011, the Ministry of Health and Social Services (MoHSS) reported 1860



confirmed malaria cases among 61 861 people tested, giving a Slide Positivity Rate
(SPR) of 3% at national level, (MoHSS Malaria Strategic Plan 2010-2016). Based
on low malaria case incidences, the continuations and the scaling up of interventions
and control measures, it is propitious that Namibia is now moving toward pre-

elimination phase in the malaria control continuum in near future, (Noor et al, 2012).

However, in some malaria endemic countries, malaria incidences, mortality and
morbidity are escalating due to failures in the implementations of control
interventions recommended by the WHO. Particularly, there are reports about
falciparum malaria (the most lethal and wide spread form of malaria) treatment
failures with ACTs (Artemisinin based Combination Therapies) which are the first
line antimalarial drug for uncomplicated and severe malaria, (Beshir et al, 2013;
Noedl et al, 2008; Rogers et al, 2009). Malaria treatment failures are due to P.
falciparum developing reduced sensitivity to ACTs, (Whegang et al, 2010) and the
parasites recrudescence after  treatment with ACTs, (Dondorp et al, 2012).
Reduction of ACT’s sensitivity to P. falciparum is authenticated by reports at the
Thailand-Myanmar and Thailand - Cambodia borders, (Dondorp et al, 2010: Lin et
al 2010). It has been reported that ACT’s reducing sensitivity is spreading to Africa

as well, (Mita et al, 2009; Phyo et al, 2012).

Apart from the inherent weaknesses of antimalarial drugs, there is also a challenge of
availability and high cost of antimalarial drugs to those that are mostly affected,
especially in developing countries, (Matowe & Odeyi, 2010; Mutambingwa et al,

2005). Besides, ACTs are the sole antimalarial drugs that the P. falciparum parasite



did not develop resistance to, (Attaran et al, 2004; Davis et al, 2005; Mutabingwa,
2005). In the event of P. falciparum developing resistance to ACTs, there is no
suitable replacement for ACTs. Therefore, lack of new antimalarial drugs in the
pipeline and reduced sensitivity, highlight the urgent need to search for new
antimalarial drugs to replace the currently used or to expand the antimalarial drug

arsenal.

Nevertheless, when modern allopathic medicines are inaccessible to people living in
developing countries, people tend to turn to natural resources such as plants for
remedies, (Bodeker & Wilcox, 2004; Roessner & Dias, 2012). The use of plants for
medicinal purposes has existed since antiquity and is still important for primary
health care today, (Balunas & Kinghorn, 2005). According to the WHO, (2008)
more than 80% of people living in developing countries still depend on herbal
medicines to treat common diseases including malaria. Plants produce
phytochemicals during metabolism. Although, primary roles of phytochemicals in
plants are still unknown, it is known fact that many phytochemicals are
pharmaceutically active against many human diseases, (Rates, 2001). Evidently,
more than 62% of new small chemical drugs approved in the United States of
America between 1981 and 2007 were isolated from medicinal plants or synthesized
from compounds isolated form plants, (Ginsburg & Deharo, 2011). The preference
for medicinal plants and their products may be because of the common belief that
“what is natural is safe” and herbal medicines are readily available at low cost to

people living in developing countries. Moreover, literatures have indicated that drugs



isolated from natural sources are usually more biologically active than synthetic

drugs, (Ginsburg & Deharo, 2011).

Current used antimalarial drugs such as artemisinin and quinine based drug’s parent
molecules were indentified and isolated from medicinal plants. The above mentioned
drugs were discovered with the help of the fact that their plants were they are
isolated from are used in traditional setting to treat malaria associated symptoms,
(Butler et al, 2010; Karunamoorthi et al, 2013). This supports the fact that
ethnomedicinal plants are viable sources of novel antimalarial compounds or may
provide chemical precursors as leads to new antimalarial compounds.  This also

presents an opportunity to explore ethnomedicinal plants for new antimalarials.

Namibia has an abundance of over 4300 plant species including 17% endemic plant
species, (Botanical Society of Namibia, 2009). Most of these plant species can be
found in the Northern region of the country where malaria is endemic and traditional
medicines are used extensively, (Cheikhyoussef et al, 2010; Von Koenen, 2001;
Hedimbi & Chinsembu, 2010). Some studies were conducted to document the use of
plants to treat different ailments including malaria associated symptoms,
(Cheikhyoussef et al, 2010; Koenen, 2001; Hedimbi & Chinsembu, 2010). Despite
rich ethnomedicinal use of plant in Namibia, there is not enough data about the
biological evaluation of plants to treat malaria in order to support their claimed use in
traditional medicine. In addition, there is a lack of data on the presence and absence
of major classes of antiplasmodial bioactive phytochemicals. Most vital, the
bioactive phytochemicals responsible for antimalarial activity in traditional medicine

are not yet screened for and isolated from ethno medicinal plants in Namibia.



With the advent of technologies to screen plants for their phytochemical content, it
has been made easier and robust to explore ethnomedicinal plants for potential
bioactive phytochemicals. Such techniques are: the use of preliminary test tube
methods (Harbonius methods) and TLC analysis to screen plant extracts for the
presence and absence of phytochemicals as well as chromatographic methods to
partition multi constituent plant extracts into fractions and subsequently identify the
bioactive phytochemicals. Bioactive phytochemicals from ethnomedicinal plants are
usually isolated through bioassay guided fractionation. Bioassay guided fractionation
regime entails the sequential separation of the active multi constituent plant extract
into fractions. Each fraction is evaluated in a biological assay against a disease model
and chemical constituents are identified at each step of fractionation, until new
compound(s) is obtained and characterised. Simultaneously, the development of
continuous in vitro culturing of P. falciparum by Trager and Jensen, (1976) and
subsequent development of microscopy method to analyse in vitro bioassays,
(Chodhury & Ghosh 1985: Warhurst, & Williams, 1996), also made it possible to

screen plant extracts for antiplasmodial activity.

In Namibia, only one study has applied an ethnobotanical approach to evaluate
plants for antiplasmodial activities, (Dupreez, 2012). But, this study is the first of its
kind to attempt to isolate and identify phytochemicals compounds from
ethnomedicinal plants using a bioassay guided fractionation regime. This study

evaluated the phytochemical content of 10 ethnomedicinal plants used to treat



malaria associated symptoms in Ohangwena and Omusati region. The plants are as
follows: Baikea plurijuga, Cyphostemma spp, Guibourtia coleosperma, Mundulea
sericea, Neptunia oleracea, Diospyros mespiliformis, Acrotome inflata, Oxygonum
dregeanum, Ziziphus mucronata and Vangueria infausta. Amongst the ten plants,
the following three plants; Mundulea sericea (shoot and leaf), Diospyros
mespiliformis (root and leaf) and Cyphostemma spp (whole plant) were selected for

evaluation of in vitro antiplasmodial activity against P. falciparum 3D7A.

1.1. Statement of the problem
Many people living in Northern Namibia use ethnomedicinal plants to treat malaria

associated symptoms. However, many plants are not evaluated for antiplasmodial
activity in biological assays in order to confirm their efficacy. In addition, major
classes of antiplasmodial phytochemical compounds are not yet screened for and
quantified. Hence, there is a pressing need for the scientific evaluation of medicinal
plants for antiplasmodial activity as well as the screening of bioactive
phytochemicals. This can serve as basis for development of novel antimalarial drugs

from plants in Namibia.

1.2. Research hypotheses

Namibia possesses unique, biological diverse and rich ethnomedicinal use of plants.
Effectiveness of plants to treat malaria associated symptoms in traditional medicine
is directly linked to plant’s phytochemical content and the activity of the
phytochemicals. Therefore, it is hypothesized that the selected ethnomedicinal plants

contain potent antiplasmodial phytochemicals.



1.3. Objectives of the study

The main objectives for this study are:

* To screen crude plant extracts for the presence and absence of phytochemicals
with known antiplasmodial activity.

* To screen crude plant extracts in an in vitro antiplasmodial bioassay in order to
verify their ethnomedicinal malaria uses.

* To fractionate crude extracts in order to link antiplasmodial activities to a specific

phytochemical compounds.

1.4. Research questions

* Do the aqueous and methanol extracts from the selected plants have
antiplasmodial activity?

* What are the classes of antiplasmodial of phytochemicals of the selected
ethnomedicinal plants?

* Can the antiplasmodial activity be linked to any identified classes of

phytochemical compounds?

1.5. Significance of the study

Namibia possesses rich and diverse ecological system with unique plant species
having unique properties. Plants contain various phytochemicals that are active to
human pathogens. For this reason, plants are used effectively in traditional
medicines and many allopathic drugs owe their origin  from plants. This study

provided scientific basis of the use of the selected medicinal plants to treat malaria



associated symptoms. The study, revealed the presence and absence of major
antiplasmodial phytochemicals of the selected plants. The phytochemicals identified
from the selected plants in this study can be the basis for pharmacological
investigations and chemical modifications in order to develop  new antiplasmodial
drugs. The antiplasmodial efficacy of the selected crude plants extract revealed in
this study also contributes to the evaluation of indigenous plants for possible
antimalarial drug development. Additionally, this information can also partially
assist in decision making by traditional healers and traditional medicine users about
extracts preparations, dosage formulation and administration. This study can also
assist the Traditional Medicine Council of MoHSS regarding the use of selected
plants in traditional medicine as treatment options to people affected by malaria with
limited access to modern allopathic medicines. Furthermore, this study is a basis for
the development of herbal and complementary medicines. Finally, the results can be
a rationale to sustainable utilization of these plants and the realization of their

commercial values.

1.6. Limitations of the study
The main aim of this study was to evaluate the use of selected ethnomedicinal plants

to treat malaria associated symptoms in traditional settings. In traditional settings,
plant extracts preparation is a complex process that involves performance of rituals
and the combination of different plant species and possibly other organisms to
develop effective treatment concoctions. This study was limited to the therapeutic
activity of single plant species and it disregards other aspects that are used in
traditional settings to mix extracts. For this reasons, the conclusions drawn from

this study about the efficacy of the selected plants is not a representation of the whole



traditional healing system. Secondly, crude extracts comprises a mixture of
compounds. Some of these compounds could have the same R values or the spots
could overlap making it difficult to detect colour changes. Also the detection limit
for TLC is high thus making it difficult to detect compounds present in small

amounts.

Thirdly, a laboratory P. falciparum 3D7A model was used to evaluate the in vitro
antiplasmodial activity of the selected plants instead of a P. falciparum clinical
model. Hence; the conclusions about the efficacy of the selected plants do not reflect

their activity in clinical settings.

CHAPTER 2: LITERATURE REVIEW

2. Overview of the four malaria parasites

P. falciparum is the most lethal Plasmodium species. Hence, it causes the highest
mortality. It accounts for 80% of all malaria infections and 90% of malaria related
deaths in Namibia and the rest of the WHO Africa malaria regions. Infections with P.
falciparum can lead to death within hours to few days post infection, (Trampuz et al,
2003). For this reasons, P. falciparum was used for in vitro antiplasmodial bioassay
of crude plant extracts and fractions in this study. P. malariae causes benign malaria
that can result in chronic infections that last for years (Mueller et al, 2007; Siala et
al, 2005). P. vivax also causes benign malaria, but reoccurring and often less fatal.
Due to the persistent liver stages, P. vivax can cause relapse up to 5 years post

infection, (Pukrittayakamee et al, 2004). P. ovale is related to P. falciparum and P.
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vivax, but relatively rare and less fatal. P. ovale also has a persistent liver stage

which can result in relapse after several months.

The Plasmodium parasites are transmitted to human beings by a bite of a female
anopheles mosquito that deposits its sporozoites under skin and then the sporozoites
travel to the liver and invade the hepatocytes. ‘Malaria can also be transmitted
through perinatal transmission and through sharing of infected needles by drug users’
(http://www.cdc.gov/malaria/about/fags.html).  According to the MoHSS Malaria
strategic plan, 2010-2016 and the WHO World Malaria Report (2012), three
Plasmodium vectors found in Namibia are; Anopheles arabiensis, Anopheles
gambiae and Anopheles funestus of which Anopheles gambiae and Anopheles

funestus are the most prevalent.

Typical onset malaria symptoms are vague and usually accompanied by fever, the
hallmark symptom of malaria. The manifestations of other symptoms depend on the
age of the patient. For example, typical symptoms in children and adults patients
with uncomplicated malaria are usually fever and vomiting. Other symptoms are
headache, a combination of vomiting and fever, chills and muscle ache (Banister &
Mitchell, 2003). Additionally, severe malaria in children is manifested by symptoms
such as: impaired consciousness, convulsion, respiratory distress, severe anaemia,
hypoglycaemia, metabolic acidosis, and hyperlactataemia, (Crawely, 2010). On the
other hand, pregnant women infected with malaria experience fever, anaemia and
hyperglycaemia, (Warrel & Gilles, 2002).  Other variable symptoms in pregnant

women include paroxysms, enlargement of the spleen, a combination of diarrhoea
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and vomiting and convulsion, (Bermen, 2001). The severity and course of clinical
symptoms depend on factors such as the species and strain of the infecting
Plasmodium parasite, age of the patient, genetic formation of the parasite, malaria-
specific immunity, nutritional status of the patient and previous exposure to

antimalarial drugs, (White et al, 2013).

2.1. Malaria situation in Namibia

In Namibia, malaria case incidences and admission rates have decreased with more
than 75%, (WHO World Malaria Report, 2012), this encourage the feasibility of
malaria elimination (see figure 2) in Namibia by 2020, (Alegana et al, 2013).
However, there is a possibility of resurgent malaria transmission due to cross border
transfer from neighbouring countries that are still in the control phase and malaria
transmission is high, such as in Angola, (Noor et al, 2013). In Namibia malaria
prevalence is highly seasonal and geographical. Malaria is endemic in the Northern
regions, particularly Okavango East and West regions, Ohangwena and Omusati
region, (see figure 1). The Central and Southern regions are characterised as malaria
free zones. Generally, there are high malaria transmission and high case incidences

during summer and spring.
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Figure 1: Current malaria transmission patterns in Namibia. Sources: (MoHSS

Malaria Strategic Plan 2010-2016).

2.2. Malaria burden

The WHO has adopted a method to assess the burdens inflicted on human beings by
diseases called disability adjusted life years (DALYS), (Bermen et al, 2004). DALY
is defined as cumulative measure of premature mortality, morbidity, and disability,
(Berman, 2004). This metric index can also be used for analyzing cost-effectiveness
of the major interventions to combat diseases. According to Sumadhya et al, (2010),
approximately, 35.4 million DALYs are lost in Sub Saharan African alone due to
mortality and morbidity of malaria alone. Although, malaria transmission is
gradually reducing in Namibia, many lives have been jeopardised by malaria. There
iIs now evidence that uncomplicated and severe malaria have negative effects on the

cognitive behaviour of children and therefore, impairs their school performance,
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(Sumadhya et al, 2010). Additionally, pregnant women infected with malaria tend to
give birth to infants with low birth weights and this can results in high infant
mortality, (Huynh et al, 2011). (Sabot et al, 2010; Sachs & Malaney, 2002)
indicated that, malaria control is one of the major barriers to socio-economic
development in many countries. African governments use large portions of their
gross domestic product for malaria control. For example, the WHO World Malaria
Report (2012) stated that 90% of the finances used for malaria vectors control and
treatment in Namibia in 2011 were channelled by the government and only 10%
was donated. These finances could have been used for other purposes such as
fighting poverty, improving educational services or creating more employment

opportunities.
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Figure 2: The malaria control to elimination continuum in high and low transmission

settings. Sources: (Mendis et al, 2009).

2.3. Malaria prevention
Fortunately, malaria transmission can be prevented at household and government

level. At household level, individuals that are living in malaria endemic regions must
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ensure the use of external barriers against mosquito bites, such as by sleeping under
ITNs every night, wearing long sleeved clothing and applying mosquito repellent.
Furthermore, stagnant water in the proximity of homesteads should be avoided as

this serves as a breeding site for mosquitoes.

The WHO has adopted various approaches that integrate preventative measures and
chemotherapy for malaria endemic countries to adopt. These include:

*Vector control through the use of insecticide-treated nets (ITNs),

*Indoor residual spraying (IRS) and, in some specific settings, larval control
Chemoprevention for the most vulnerable populations, particularly pregnant
women and children under the age of five,

* Confirmation of malaria diagnosis through microscopy or rapid diagnostic tests
(RDTs) for every suspected case

* Timely treatment with appropriate antimalarial medicines

The MoHSS Malaria Strategic Plan, 2010-2016 has stated that Namibia uses the
following interventions to battle malaria: the use of ITNs and IRS, confirmation of
malaria diagnosis through RDTs or microscopy and prompt treatment with
appropriate medicine. Furthermore, a cross border programme between Angola and
Namibia called Trans Kunene Malaria Initiative (TKMI) was established in 2009 to

evaluate and monitor cross border malaria transfers between Angola and Namibia.
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2.4.  Malaria treatment
Plasmodium parasites can be killed by antimalarial drugs at both asexual and sexual

stages. This is why strategies to eliminate malaria are spearheaded by antimalarial
drugs. Historically, ethnomedicinal plants have always been sources of antimalarial
drugs, (Wink, 2010). Two important antimalarial precursors’ compounds were
identified and isolated from ethnomedicinal plants. The first one is quinine where
quinine based antimalarial drugs such as mefloquinine and chloroquine were
modeled from. Quinine was isolated from a group of Chinchona species from Peru
(Achan et al, 2011). The second is artemisinin. This is the parent compound were
artemisinin based drug such as; artemether, artesenuate were modeled on, (White,
2008). The latter, was isolated from Artemisia annua, a Chinese ethno medicinal

plants, (Miller & Su, 2011).

Classification of antimalarial drugs is based on their core functional chemical
structures and therapeutic responses to the malaria parasites. Based on their
therapeutic responses there are two groups namely; the blood schizonticides, these
act on the asexual erythrocytes (blood stage) and partly on sexual stages of the
parasites, (Saifi et al, 2013). The second group is the tissue schizonticides and these
act on the hepatic stage (liver stage). Based on core chemical structures, there are

three main groups; quinolines, sesquiterpenes and naphthaquinones.

2.4.1. Quinine based drugs
Quinine and its derivatives are the first pharmaceutical antimalarial drugs in the

history of malaria treatment, (Duffy & Hobbs, 2010). Daily, (2006) described
quinines as bitter tasting alkaloids that belong to the aryl alcohol group. Quinine

derivatives are such as chloroquine, mefloquinie and amodiaquinine.
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Figure 3: Chemical structure of quinine antimalarial drugs. Sources: (Delfino, et al,

2002)

Since its discovery until 2005, quinines and derivatives (see figure 3)  were
recommended to be used in combination with other antimalarial drugs as firstline
treatment for uncomplicated and severe malaria, (Achan et al, 2009). The use of
quinine as monotherapy had been banned by the WHO, (Bloland et al, 1993),
although some African countries continue to use quinine as monotherapy for cost
reasons, (Achan et al, 2009).

The quinolines act mostly during the blood stage of the parasite’s life cycle, but some
are believed to act at the liver stage as well, (Srinivasa et al, 2012). Nevertheless,
Plasmodium parasites have developed resistance to quinine as from the 1950’s in
South America and Asia, (Wernsdorfer et al, 1980). Currently, it has spread

throughout the world, (Baird, 2005).
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2.4.2. Sesquiterpenes based drugs
The second group is artemisinin and its derivatives used in combination with other

antimalaria drugs. These are now the first line treatment of uncomplicated treatment
worldwide, (Sane de-Riddler et al, 2004). White, (2008) stated that artemisinins
belong to sesquiterpenes lactones.  Many derivatives such as; artesunate,
dihydroartemisinin, artemotil (known as arteether) and artemether (see figure 4.)
were later synthesized from the lead compound, (Krinshna et al, 2008). In 2006, the
WHO recommended four ACTs namely; artesunate-sulfadoxinepyrimethamine,
artesunate-amodiaquine, artesunate-mefloquine and artemether-lumefantrine for
uncomplicated malaria treatment, (White, 2008; WHO, 2006). Parenteral artesunate
Is used for severe malaria treatment in adults, (Dondrop et al, 2010; WHO, 2010).
Additionally, in 2010, the WHO added dihydroartemisinin-piperaquine  to the
existing list of four recommended ACTs, (Garner, 2013). Artemether-lumefantrine,
commercially known as Coartem, is recommended for uncomplicated malaria
treatment in Namibia, (MoHSS Malaria Strategic Plan 2010-2016). The efficacy and
safety of ACTs depend largely on the partner drug, (Ngasala et al, 2009). “The
artemisinins produce rapid clearance of parasitaemia and rapid resolution of
symptoms, by reducing parasite numbers from 100- to 1000-fold per asexual cycle of
the parasite (a factor of approximately 10 000 in each 48-hours asexual cycle)”,

(WHO, 2010).
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Figure 4: Chemical structure of artemisinins based drugs. Sources: (Dondrop et al,

2010)

According Sane de Ridder, (2008), Artemisinin derivatives kill intra erythrocytic
forms of the parasites with a schizontocidal affect. The mechanism of action of
artemisinin is by interacting with the haem to produce carbon centered free radicals
that alkylates proteins and damage the parasites. ACTs do not have an effect on the
hypnotic stage of the parasites, therefore a sequential drug; primaquine is

administered to clear all hypnotic stages, (Dondrop et al, 2010).

2.4.3. Antifolates
Antifolates are not derived from plants but rather designed by combination of

medicinal chemistry and cell biology. Antifolates are mainly used as

chemoprophylaxis for travelers. According to Nzila (2006), antifolate agents used in
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the treatment of malarial infection are subdivided into two classes: inhibitors of
dihydropteroate synthase (DHPS), known as class | antifolates and class Il anti-
folates are inhibitors of dihydrofolate reductase (DHFR). The combination of DHFR
and DHPS inhibitors is synergistic, hence their use in combination in the treatment of
malaria. Their basic mode of action is the inhibition of the synthesis of folate co-
factors that are required for nucleotide synthesis and amino acid metabolism,

(Cunha-Rodrigues, et al, 2005).
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Figure 5 : Chemical structures of antifolates. Sources: (Nzila, 2006)
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2.4.4. Atovaquone/proguanil combination
Atovaquone was discovered from high throughput screening of chemical libraries,

most of which were hydroxynaphthoquinone. Atovaquone is used as a fixed-dose
combination with proguanil (Malarone) for treating children and adults with
uncomplicated malaria or as chemoprophylaxis for preventing malaria in travellers,
(Nixon et al, 2013). Atovaquone is a hydroxynaphthoquinone that inhibit
mitochondrial electron transport and collapse mitochondrion membrane potentials,

(Shanks et al, 1998).

alovaguone

Figure 6 : Chemical structure of atovaquone antimalarial drugs. Sources: (Delfino, et

al, 2002)

2.5. Ethnomedicinal plants uses - an overview

Medicinal plants have been used since antiquity to treat various ailments and
diseases, (Kinghorn et al, 2011; Wells, 2011). Even when allopathic medicine is
strongly emphasized, 80% of people in developing countries still depend on
traditional medicine for primary health care needs, (WHO, 2008). People prefer to
use medicinal plants over allopathic medicine for various reasons; relatively low
cost, effectiveness, perceived safety and minimal side effects, (Fransworth &

Fabricant, 2001).
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Through metabolism, plants produce secondary metabolites that can be used as
defence agents against predators, pathogenic microorganisms such as fungi, bacteria
and virus, (Cox, 2001). Studies have indicated that some of the plant’s secondary
metabolites are potent to human diseases as well. Therefore, plants are widely used
in traditional medicines and many natural medicinal products are derived from ethno
medicinal plants.

Through trials and errors, people have built up a body of knowledge and experience
about efficacy and safety of prepared plants and other natural product’s extracts,
(Michael et al, 1996). In some cultures, the use of medicinal plants is often
associated with witchcraft, sorcery and superstition. This is perhaps due to the lack of
scientific insights to explain and predict the curative actions of medicinal plants,

(Michael et al, 1996).

Selection of ethnomedicinal plants for treatment of particular ailment in many
traditional healing systems is mainly based on organoleptic properties of plants and
Doctrine of Signature, (Leonti, 2011). Organoleptic properties of plants such as
smell, taste, texture, appearance, gave lead to discovery of medicinal properties of
some plants, (Leonti et al, 2002). For instance, through interactions with people in
Omusati and Ohangwena region during the collection of plants for this project, the
author learnt that the ability of some plants to treat specific aliments is correlated to
smell and taste. For example, plants with strong odour and bitter taste are used for
treating coughs and colds. In particular, the cold water root extract of Pechuel-
Loeschea leubnitziae (Bitterbrush) is used for cough treatment due to its bitter taste

by the Ovambo people in Namibia.
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In some of the world’s leading traditional healing systems, such as Ayurvedic, the
Doctrine of Signatures concept is used to correlate ethnomedicinal plants to a
particular ailment, (Leonti, 2011). The Doctrine of Signature is primarily based on
the assumption that the physical appearance and inherent features of plants may point
to the therapeutic values of ethnomedicinal plants, (Gurib-Fakim, 2006). For
instance, red sap or resin exuding from plants represents effectiveness of the plant
for treating blood and menstrual ailments. In addition, plant parts that are shaped in a
particular way as human female body parts are correlated with the treatment of
women fertility, (Parnham & Verbanac, 2011). This concept was used successfully
in providing trails to the discovery of Chelidonium majus, an ethnomedicinal plant
with yellow flowers and used in traditional settings to treat jaundice, (Gaman et al,
2010). A vyellow coloured alkaloid, chelidonine was identified as bioactive
phytochemicals responsible for jaundice treatment, (El Readi et al, 2012; Korien et

al, 2013).

Masoko (2007) mentioned that the pharmacological screening of plants involves
four different approaches. Firstly, the random screening approach whereby plants
found in particular geographical regions are collected and screened for any disease
model without relation to a specific disease. Anticancer drugs; paclitaxel, vinblastine
and camptothecin were discovered using this approach, (Eisenberg et al, 2011).
Secondly is the phytochemical targeting approach whereby plants that are a rich
source of certain bioactive phytochemicals compounds are aimed. Thirdly, the

taxonomic  approach involves selecting plants based on taxonomic groups with
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previous records of targeted pharmacological effects. Lastly, is the ethno directed
approach, whereby plants are chosen based on traditional uses to treat specific
diseases and related symptoms in traditional settings and subsequently screened for
the similar diseases as in traditional settings. Quinine based drugs were discovered
using this approach, (Allen, 2006). The last approach was used to select plants for
this study because Namibia contains a diverse flora and rich ethnomedicinal plant
uses whose potential is not yet explored and little research is conducted to identify
bioactive. This maximise the probability of isolating novel bioactive phytochemicals

from Namibian ethnomedicinal plants.

According to Fabricant & Fransworth, (2001), in an ethno botany directed approach,
a typical pattern is followed to discover pharmacological potentials of plants. Firstly,
traditional indigenous knowledge concerning possible therapeutic activity of plants
accumulates, and then plants are used therapeutically by traditional healers. Through
ethnobotanical studies, traditional healers communicate this knowledge to scientists.
Plants are then collected; identified and crude extracts are screened in vitro bioassays
for preliminary screening of desired pharmacological activities. Pure compounds
are isolated by bioassay guided fractionation techniques to trace the source of the
pharmacological activity in plant extracts, and the structures of the pure compounds
are elucidated. Artemisia annua the sole source of artemisinin compounds was

discovered using the ethno directed approach, (Tu, 2011).
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2.6.  The role of ethnomedicinal plants in diseases control in Namibia

Plants are major contributors to traditional medicine, (Greenwood et al., 2008). In
Namibia, fresh plants are harvested and eaten, prepared as fresh leaves teas, mashed
for compression and poultices. Dried herbs can be soaked in liquid and drunk as cold
or warm extracts. Plant materials can be crushed to powder and mixed with fat or
calabash butter to make ointments. Herbs can also be prepared as steam bath, hot air
and inhalation baths. Plants materials can also be prepared to be used as enema as a

way of administration, (Von Koenen, 2001).

Plants that are used to treat various ailments have been document in ethnomedicinal
studies, such as HIV/AIDS, in Zambezi region (Chinsembu & Hedimbi, 2009),
various ailments in Oshikoto region, (Cheickyoussef et al, 2011) and among the
Aakwanyama community, (Rodin, 1985). Some studies had also been conducted to
evaluate the use of ethnomedicinal plants to treat bacterial diseases. (Hedimbi et al,
2012a; Hedimbi et al, 2012b) evaluated the in vitro antibacterial activity of Sesamum
alatum, Pechuel loceschea leubnitziae, Acrotome inflata and Acanthosicyos
naudinianus and against S. flexneri, E. aerogenes, N. meningitidis, P. vulgaris, and
P. aeruginosa. Dushimemaria et al, (2012) evaluated the in vitro antimicrobial
activity of Sericea. tenuinervis against S. aureus and E. aerogenes and its
phytochemical content. Auala et al, (2012) evaluated the in vitro antibacterial
activity of Tarchonanthus camphoratus plant extracts against E. coli, S. typhii and S.
aureus. However, there is a gap in knowledge about evaluation of ethnomedicinal
plants to treat malaria associated symptoms. Information about in vitro efficacy,

safety, and their bioactive phytochemical constituents that may be responsible the
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proposed activity as used in traditional setting is lacking. This expanded the need to

venture into ethnomedicinal plant research to fill the gap in knowledge.

2.7.  Phytochemicals
During biosynthesis, primary and secondary metabolites are produced. Plant’s

secondary metabolites are also known as phytochemicals. Phytochemicals are
chemical compounds that occur naturally in plants but not important for plant’s
primary metabolic activities. Studies have indicated that, phytochemicals are mostly
produced in response to environmental pressures such as adverse climatic conditions,
immune response to infectious agents, (Lim & Bowles, 2012). Furthermore,
phytochemicals serve many ecological functions such as; defence against
microorganisms, insects, herbivores. Some are responsible for odour and flavours
while others make the plants pigments, (Kayani et al, 2007). There are three main
groups of phytochemicals namely; terpenoids and steroids, alkaloids, and phenolics,
(Bourgard et al, 2001). Major classes of phytochemical with known antiplasmodial
properties are; alkaloids, terpenoids, coumarins, flavonoids, chalcones, quinones and
xanthones, (Dharani et al, 2010). In this study, emphasis was on selected major
classes of antiplasmodial phytochemicals namely; alkaloids, flavonoids, coumarins,

terpenoids and anthraquinones.

2.7.1.Flavonoids

Flavonoids are the most abundant polyphenols in our diets and medicinal
phytochemicals, (Grotewold, 2008). The basic flavonoid structure is the flavan
nucleus, containing 15 carbon atoms arranged in three rings (C6-C3-C6), (Cowan,

1999). (See figure 7) Flavonoids are sub classified into six groups namely, flavones,
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flavonols, flavanols, flavanones, isoflavones, and anthocyanins, according to the
oxidation state of the central C ring, (Cartea et al, 2011). Their structural variation in
each subgroup is partly due to the structure of their side chain, (Rice- Evans &
Parker, 2010). Some of the common flavonoids include quercetin, a flavonol
abundant in onion and apple; the main flavanone in grapefruit; cyanidin-glycoside,
an anthocyanin abundant in berry fruits and daidzein, genistein and glycitein, the

main isoflavones in soybeans, ( Dai & Russel, 2010).

Some hits flavonoids isolated from plants have previously shown in vitro
antiplasmodial activity. For example, in a study done by Beldjoudi et al, (2003),
four flavonoids namely: (R)-4-methoxydalbergione,obtusafuran, 7,4-dihydroxy-3-
methoxyisoflavone and isoliquiritigenin isolated from the heartwood of Dalbergia
louvelii indicated significant in vitro antiplasmodial activity against P. falciparum of
ICso values ranging from 5.8-8.7 uM. Furthermore, a novel isoprenylated flavone,
artopeden was isolated from the barks of Artocarpus champeden and showed potent
in vitro antiplasmodial activity with 1Csg value of 0.045 ug/ml against P. falciparum

3D7, (Wahyuni et al, 2009).
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Figure 7 : A typical flavonoids, quercetin. Source; (Manach et al, 1995)

2.7.2.Coumarins

Coumarins are characterised by a benzopyrone ring (benzene ring fused a pyrone
ring). Jain & Himanshu, (2012) mentioned that coumarins are classified into four
sub groups namely; simple coumarins, furanocoumarins, pyranocoumarins and the
pyrone-substituted coumarins. (See figure 8) Simple coumarins are hydroxylated,
alkoxylated and alkylated derivatives of the parent compound, coumarin, along with
their glycosides. While, furanocoumarins consist of a five-membered furan ring
attached to the coumarin nucleus, divided into linear or angular types with
substitution at one or both of the remaining benzoid positions. Pyranocoumarin

members are analogous of furanocoumarins, but contain a six-membered ring.

Some examples of coumarins with known in vitro antiplasmodial activity are such
as: two natural coumarins, (+)-4’-decanoyl-cis-khellactone and (+)-3'-decanoylcis-
khellactone  isolated from the methanolic extract of the rhizomes of Angelica
purpuraefolia. Their in vitro antiplasmodial evaluation revealed growth inhibitory
activity against P. falciparum D10 with 1Csy values of 1.5 and 2.4 puM, respectively,

(Chung et al, 2010). Furthermore, a novel coumarin, 5, 7-dimethoxy-8-(3'-hydroxy-
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3'methyl-1'-butene)-coumarin was isolated from the root of Toddalia asiatica and

showed in vitro antiplasmodial, (Oketch- Rabah et al, 2000).

A B

Figure 8: Core chemical structures of coumarins. A=simple coumarins, B= pyrano

coumarins, C= furanocoumarins. Sources: (Jain & Himanshu, 2012)

2.7.3. Quinones
Quinones are similar to phenolic compound but they have a ketone group in the

aromatic ring, (Dai & Russel, 2010). These compounds are naturally coloured. Two
well-known quinones are naphthaquinones and anthraquinones (Cowan, 1999).
Anthraquinones have three aromatic with a ketone group in the middle (see figure 9).
Naphthaquinones have two aromatic rings and two ketone groups (see figure 9).
Quinones are ubiquitous in nature highly reactive, and highly oxidized are
responsible for the browning reaction in cut apple and onion, (Cowan, 1999). The
antiplasmodial drug atovaquone is a naphthaquinones derivative as well, (Oliveira et
al, 2009). Additionally, antiplasmodial properties of quinones compound,
benzoquinones and its analogues isolated from the root extract of Cordia globifera

(Boraginaceae) were reported, (Dettrakul et al, 2009). One naphthoquinoids isolated
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from Kigelia pinnata root bark were assessed in vitro against chloroquine-sensitive
(T9-96) and quinine resistant (K1) Plasmodium falciparum strains. 2-1-
Hydroxyethyl naphtha 2, 3-b furan-4, 9-dione possessed good activity against both
strains (ICsp values 627 nM (K1), and 718 nM (T9-96)), (Weiss et al, 2000).

A B

O O

—~
-

O O

Figure 9: Core chemical anthraquinone (A) and naphthaquinones (B). Sources:

(Cowan 1999)

2.7.4. Terpenoids

Terpenoids are modified terpenes whereby the methyl groups are absent and replaced
by an oxygen moiety, (Zwenger & Chhandak, 2008).  Terpenoids are classified
according to the number of isoprene structures it contains, (see table 1). Terpenoids
are found in more than 2000 plant species with representation of 60 families (Croteau
et al, 2000). Terpenoids are the most wide spread phytochemicals. Mono and
sesquiterpenoids are volatile tepernoids and chief components of essential oil.
Examples of common terpenoids are menthol, camphor (monoterpenes), farnesol and

artemisinin (sesquiterpenoids). Terpenoids play a particular role to malaria treatment
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because, artemisinin and its derivative artemether, artesenuate etc, are currently used

in combination as antimalarials.

Table 1: Classification scheme of terpenoids

Class of Terpenoids | Number of isoprene structures Carbon structures
hemiterpenes 1 C5
monoterpenoids 2 C10

diterpenoids 4 C20
sesquiterpenoids 3 C30

triterpenoids 6 C60
tetraterpenoids 8 C40
Sesterterpenes 31/2 C25

n= number of isoprene structures

2.7.5. Alkaloids

Alkaloids are naturally occurring nitrogen containing compounds. Classification of
alkaloids is based on its chemical structure, biological origin, other chemical features
and biogenetic origin, (Bruce, 2008). 3 important classes of Alkaloids classes of
alkaloids are such as true alkaloids, proto alkaloids and pseudo alkaloids. True
alkaloids are derived from an amino acid precursor and the nitrogen atom, sourced
from the amino acid precursor, forms part of the heterocyclic ring system. Proto
alkaloids also derive from an amino acid precursor but the nitrogen is outside the
ring system; proto alkaloids therefore do not contain a heterocyclic ring system.
Pseudo alkaloids are not derived from an amino acid precursor, but the nitrogen atom
forms part of a heterocyclic ring system, (Evans 2009). Alkaloids are most
synthesized by plants however animal tissues e, g. Amphibian’s skins also serve as
sources of alkaloids. Alkaloids are one of the major classes and pioneers of natural
products that exhibit antimalarial activity. In fact, quinine, the first antimalarial drug,

belongs to this class, (Oliveira, et al, 2008).
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Figure 10: Alkaloids isolated from Opium poppy. Sources: (Francis et al, 2008)

CHAPTER 3: MATERIALS AND METHODS

3. Study design
The plants were collected from Omusati and Ohangwena region, Northern Namibia.

The experiments were done at the Malaria Research Laboratory, at the University of
Namibia, Windhoek Namibia. This study used both quantitative and qualitative
approaches. The qualitative approach include information obtained in selecting the
plants used in this study, the phytochemical screening for the presence and absence
of major classes of antiplasmodial compounds in the crude plant extracts and
fractions. The quantitative approach was used to determine total phenolics and
alkaloids of the plant crude extracts, average percentage parasitaemia in the absence
and presence of controls, crude plant extracts and fractions for 24 and 48 hours and

to determine the 1Cs of the parasites of the crude plant extracts.



32

3.1. ldentification, collection and plant extracts preparation

3.1.1. ldentification and collection of plants

A catalogue on medicinal, poisonous and edible plants in Namibia (Von Koenen,
2001) was used to identify and shortlist plants described to be used to treat malaria
symptoms such as fever, headache, nausea, vomiting in traditional setting. The
shortlisted plants were then checked against information obtained in the field through

interactions with locals in the study areas.

A set of conditions used to select the plants were as follow:

*

Plants species must actually be used to treat malaria associated symptoms in

traditional settings in the study area.

* Plants species must be present abundantly in the study area for sustainable
harvesting.

* Plants species should not be have been screened for antiplasmodial properties
elsewhere with exception of V. infausta.

* Plant’s species should belong to families that previously been shown to contain

phytochemicals classes with known antiplasmodial activity.

Plants collection permit was obtained from the Ministry of Environment and Tourism
in Namibia (see appendix five) and guidelines on sustainable harvesting of plants,
provided by the National Botanical Research Institutes (NBRI), Windhoek, Namibia
were followed. Plants materials were collected in March 2012 from Omunghete,

Omusati region and Eehonge village, Ohangwena region. Roots, leaves, bark and in
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some cases whole plant of selected plant species plant were collected. For
taxonomical identification, collected plant’s voucher specimens were prepared and
submitted to the NBRI in Windhoek, Namibia. Lastly, =~ GPS coordinates were

captured and recorded at the exact locations where the plants were collected.

3.1.2. Preparation of plant extracts

The plant materials were dried at ambient temperature in a cool and dry room for 14
days. Pulverised plant’s materials were prepared by grinding dry plant materials
with a kitchen blender for light materials such as leaves and industrial blender for
hard and coarse plant materials such as roots and bark. The very fine particles were

removed by sifting and stored in labelled airtight plastic container at -20 °C.

The methanol and distilled water extracts were prepared by dissolving 10 g of the
pulverised plant materials in 200 ml of the respective solvent. The methanol solvent
mixtures were kept at room temperature for three days with occasionally swirling
whilst the aqueous mixtures were kept in a conventional incubator at 37 °C for three
days. After three days the mixtures were filtered using Whatmann no 1 filter papers.
The filtrates were dried using rotary evaporator at 55 °C, 170 rotations per minutes
(rpm) and 170 mbar. Remaining trace of moisture was removed by freeze dying.
The dried plant extracts were weighed and stored in labelled airtight plastic conical

tubes at -20 °C until further use.

3.2.  Phytochemical screening of the crude methanol plant extracts

TLC was used to identify the phytochemical constituents of the methanol crude

plant extracts. The methanol plant extracts were screened for presence or absence
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terpenoids, alkaloids, anthraquinones, flavonoids and coumarins. The procedures

used were adopted form Harbone (1998).

The TLC plates (20 x 20 cm, Merk, silica gel 60 F,54™), were sliced into halves. The
origins were marked one centimetre above the edge of the TLC plates. The spots
were marked 15 mm apart on the origin of the TLC plates. The rectangular glass
tanks were presaturated with 100 ml of mobile phases as shown in table 2 for

approximately 30 minutes.

The dry methanol plant extracts were reconstituted in methanol and 150 pl of the
extracts were spotted on the TLC plates with  capillary tubes. The spotted TLC
plates were then air dried before inserting them into pre saturated glass rectangular
tanks in such a way that the applied spot was above the surface of the mobile phase.

The tank was then sealed.

The TLC plates were run for 20- 30 minutes in 100ml of each  mobile phase for
each phytochemical group as shown in table 2.  After development, the solvent
fronts were marked instantly with pencil and the TLC plates were air dried. The TLC
plates were subsequently viewed under UV at 255 and 360 nm and later sprayed with

suitable reagents to detect phytochemicals.



Table 2: TLC analysis protocol of methanolic plant extracts
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i . UV colour  Colour
(P:T;/;tggshemlcal Mobile phase Staining reagent before after
staining staining
. Methanol Dragendorrf Red and Red and
alkaloids /concentrated reagent brown brown
nitric acid (200:3) g
10% methanolic B!ue,
. Hexane-ethyl . violet,
coumarins , potassium Same
acetate (4:1) hydroxide brown and
yellow
0 :

Ethyl acetate- 1&252?5:26‘”0“(: Purple,
anthraquinones | methanol -Water E droxide brownand  purple
(100:17:13) sg’lution red

0 .
. Butanol: acetic L% r_ngthanollc Blue and Blue and
flavonoids acid: water (4:1:5) aluminium yellow- ellow
' - chloride solution brown y
teroenoids Hexane: ethyl Liebermann- Purole Purple
P acetate (17:3) Burchard reagent P P

3.3.  Quantification of major classes of phytochemicals

The following assays were used to quantify phenolics and alkaloids were to estimate

the major classes of phytochemical content of the plants species.

3.3.1. Total alkaloids quantification

Total alkaloid content was determined by the (Shamsa et al., 2008) methods.
Quinine hydrochloride dehydrate, a quinine alkaloid was used as a standard.
Standard solutions containing 5, 10, 15, 20 and 25 pg/ml of quinine hydrochloride
dihydrate and 1mg/ml of methanol plant extracts were prepared. 1ml of each
solution solutions were added to 1 ml of 2N HCI then filtered then one ml of the

respective filtrates were transferred to a separatory funnel and washed with 10 ml
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chloroform twice. The pH of this solution was adjusted to neutral with 0.1 N NaOH.
Then 5 ml of BCG (bromocresol green) solution along with 5 ml of phosphate buffer
were added to this solution. The mixtures were vigorously shaken and the complexes
formed were extracted with 1, 2, 3, and 4 ml chloroform by vigorous shaking and
venting. The extracts were combined while the rest of the aqueous phases were
discarded. The absorbance of the complex in chloroform was measured with a
GENESY spectrophotometer at 470 nm. The calibration curve of quinine

hydrochloride dihydrate acid was generated as shown in appendix one.

3.3.2. Total phenolics quantification

The total phenolic content of plants was determined by using Folin Ciocalteu assay
the methods were adapted from Mayank (2011). Gallic acid, a phenolic compound
was used as standard. Standard solutions containing 5, 10, 15 and 20 pg/ml and
methanol plant extracts were prepared. Standard solutions and plant extracts (1 ml)
were added to separate 15ml conical tube. 1 ml of 8 X Folin Ciocalteu phenol
reagents was added to the mixtures and homogenised. 2 m | of 1% (w/v) Na,CO;
was added. The mixtures were incubated for 90 minutes at room temperature. Lastly,
the absorbencies of the standards and plant extracts against the blank were measured
at 765 nm using a GENESY spectrophotometer. The Gallic acid calibration curve

was generated as shown in appendix one.
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3.4. Determination of in vitro antiplasmodial activity of the crude plant extracts

In order to determine in vitro antiplasmodial activity of the crude plant extracts, a P.
falciparum culture is required. Therefore, P. falciparum was cultured. The following

procedures describe how the culturing took place.

3.4.1. Cultivation of P. falciparum 3D7A

The Plasmodium falciparum tissue culturing was divided into two main steps:
thawing P. falciparum and maintenance of P. falciparum culture. The Plasmodium
culture is very sensitive to contamination therefore all reagents were sterile. The
guidelines about decontaminations and safety precautions were followed. The entire
culturing process  was conducted in a validated biosafety level Il cabinet. P.
falciparum 3D7A, MRA-102, was obtained from the Malaria Research and
Reference Reagent Resource Centre (MR4). The culturing process was performed
according to the methods retrieved from

(http://www.mr4.org/Publications/MethodsinMalariaResearch.aspx).

The procedures followed for thawing were as follow:

The cyrovial containing the parasites was thawed between two gloved hands before
transferring the content into 15ml centrifuge tube in bio safety hood. 200ul of 12%
NaCl was added drop wise using a sterile serological pipette with continuous
agitation by taping the bottom of centrifuge tube vial with the index finger. The
mixture was allowed to stand in the biosafety hood for five minutes. Furthermore, the
NaCl- culture mixture was centrifuged at 250G for 5 minutes. The supernatants were

aspirated following the addition of 10ml of 0.9%NaCl/0.2% D-glucose as in the


http://www.mr4.org/Publications/MethodsinMalariaResearch.aspx
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former step. The supernatants were aspirated again. The culture was then washed
twice with 10 ml incomplete RPMI 16 medium (without serum). Following, 5ml of
complete RPMI 16 (with 10% human) serum was added. The cell suspension was
transferred to 75 ml culture flask. Finally, the cell culture was gassed with special
gas i.e. Ny, O, and CO, mixture for 1 minute and swiftly tightly closed and

incubated at 37 °C

3.4.2. Maintenance of P. falciparum tissue culture

The P. falciparum cell culture was maintained everyday by adding fresh human O*
red blood cells and RPMI 16 medium supplemented with 10 % human serum, 10%
glucose, 1M NaOH and 0.25 % gentamicin. The growth of the culture was monitored

by determination of the culture’s parasitaemia and hematocrit daily.

The detailed methods that were used as follow:

First of all the culture was transferred to a 15 ml conical tube. An aliquot of 100ul of
the culture was removed and reserved for the preparation of thin smear. The rest of
the culture was centrifuged at 400G for five minutes, the supernatants were aspirated.
The pellet volume (volume of the residues) was determined in order to calculate the
amount of red blood cells to add. If the culture volume was 5 ml, the amount of red
blood cells added was 100pl-the pellet volume =RBCX2. If the culture volume was
10ml the red blood cells added was 200ul- pellet volume = RBCX2 (ul). The
appropriate amount of the complete RPMI 16 medium and red blood cells is added.
Finally, the culture is gassed with special gas mixture for 1 minute next, incubated at

37 °C.
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Thin Giemsa stained smears were prepared to determine parasitaemia daily. The

detailed procedures are as follows:

The 100pl of P. falciparum culture reserved in the Eppendorf tube was centrifuged
for 30 seconds. The supernatants were aspirated (ensure a small amount is left to
enable to mix the pellet). The pellet was mixed and a drop was placed onto clean,
pre- labelled slide. A tilted slide was placed at an acute angle at one end of the slide
and quickly slips through back and forth. The smear was then heat- fixed for 5-10
seconds. The smear was flooded with absolute methanol for 4-5 seconds. Next,
smear was dried and slide was flooded with 10% Giemsa stain for 20 minutes.
Finally, the Giemsa stain was washed off gently with water and the slide was air

dried until ready for viewing with a microscope.

3.4.3. Preparation of extracts stock solutions

Stock solutions of the crude extracts were prepared at a concentration of 500ug/ml.
Lyophilized aqueous and methanol extracts were dissolved in deionised water and
Dimethyl sulfoxide (DMSO) respectively. Stock solutions of coartem (positive
control) were similarly prepared in DMSO. The stock solutions were then diluted
1000 folds in the culture medium (RPMI 1640). All stock solutions were sterilized

by filtration through 0.22 um syringe microfilters.

M. sericea (root and shoot), D. mespiliformis (leaf and root) and Cyphostemma,
(whole plant) were selected for in vitro antiplasmodial bioassay. The procedures
used were according to Zongo, (2011). The antiplasmodial assay was done in three

replicates in 96 well plates for 24 and 48 hours. Three concentrations of plant
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extracts: 5, 10 and 50ug/ml were used. 0.5% DMSO in RPMI 16 medium was used

as negative control, coartem was used as a positive control.

The suspension of P. falciparum 3D7A culture at 1% parasitaemia and 2%
hematocrit was well mixed in the biosafety level Il cabinet. 100ul of the cell culture
was placed in pre- labelled 1ml centrifuge tube Following, was the addition of the
pre mixed pooled volumes of desired concentrations of respective plant extracts
from the stock solutions to the wells. For 50 pg/ml, 10l was added, for 10 pg/ml,
2ul was added lastly, 5 pg/ml, 1ul was added. The 96 wells plates were placed in
culture chamber gassed with special gas mixture for 5 minutes and incubated for 24

and 48 hours respectively at 37 °C.

3.4.4. Assessment of the antiplasmodial assay by microscopy method

Average percentages of parasitaemia after 24 and 48 hours of incubation with plants
extracts and control treatments were analysed by microscopy according to the
methods of Kamkumo et al, (2012). The smears were viewed at 100X magnification.
An approximate of 100 non-infected red blood cells and the numbers of infected red
blood cells were counted in 10 different microscopic fields of each slide.
Parasitaemia was expressed as percentage of total infected red blood cells over the
total non-infected red blood cell for each smear/replicate. The average percentage
parasitaemia of the three replicates were calculated and recorded as shown in

appendix two.
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3.5.  Bioassay guided fractionation of the selected crude extracts
In order to identify classes of phytochemical with known antiplasmodial activity of

the selected plants extract, a bioassay guided fractionation regime was conducted.

Below are the detailed procedures that were followed.

3.5.1. First and second round of fractionation

The choice of mobile phases for fractionation was based on the polarity of solvents.
To ensures that a wide range of polar and non-polar phytochemicals are extracted.
Methanol (polar) was mixed with dichloromethane (hon-polar) in (1:1) ratio for first
round of fractionation. For second round of fractionation, n-hexane a (non-polar) was

combined with ethyl acetate (polar) in (8:2) ratio.

Column chromatography fractionation was performed according to the methods of
Zafou et al, (2012) with modifications. Dry crude methanol extracts extract (300 mg)
of Cyphostemma spp (whole plant), Diospyros mespiliformis (root and leaf) and
Mundulea sericea (leaf and shoot) were dissolved in 10ml of methanol: DCM, (1:1),
centrifuged at 2200g for 5 minutes and filtered with 0.45um PTFE syringe filters.
500ul of the mixture was loaded on a Sephadex LH-20 column (1:10, w/v), eluted
with methanol/dichloromethane (1:1). Averages of 15 ml  of mobile phase were
added in 5 ml portions with a Pasteur pipette. For the second round of fractions, the
first round fractions were dried, reconstituted in (8:2) n-hexane/ethyl acetate and
loaded onto the column eluted with n-hexane/ethyl acetate (8:2). Averages of 15 ml

of mobile phase were added in 5 ml portions with a Pasteur pipette.
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3.5.2. Phytochemical screening of first and second round fractions by TLC

TLC was used to identify the phytochemical constituents of the fractions. The
fractions were screened for presence or absence of terpenoids, alkaloids,
anthraquinones, flavonoids and coumarins. The procedures are the same as in

section 3.2.

3.5.3. Antiplasmodial assay of the first and second round fractions

The fractions were dried by rotary evaporation at 20 °C, automatic pressure and 40
rpm. The dry extracts were then reconstituted in 1ml of DMSO, and then diluted 100
fold in incomplete RPMI 1640 medium. The antiplasmodial assay was done in three
replicates at 1% parasitaemia and 2% hematocrit in 96 well plates for 24 and 48
hours. Coartem was used as a positive control, 0.1% DMSO in incomplete RPMI
1640 media was used as negative control. The average percentage parasitaemia of
three replicates were calculated and recorded as shown in appendix three. The

procedures used are the same as in section 3.5.

3.5.4. Determination of 1Cs values of crude plant extracts
ICso values of crude plant extracts were calculated from dose response curves of each

plant extracts. Linear regression was used as model on Microsoft Office Excel 2007

software.

3.6. Data analysis

GeneStart Discovery Edition 4 software was used for data analysis. Total phenolics
and alkaloids and average % percentage parasitaemia are expressed as mean = SE

(Standard error). The average % parasitaemia response data was tested for normality
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using a Kolomogorov-Smirnov test. Level of significance was considered at 95 %
confidence interval. One way-ANOVA was used to analyse significance difference
across all concentrations at 24 and 48 hours for crude extracts and fractions. The data
were found to be normally distributed hence; two ways-ANOVA was used to
determine significance interaction between plant extracts and concentrations. The

ANOVA tables are in appendix four.



44

CHAPTER FOUR: RESULTS

4. Selected plants and malaria associated symptoms ethnomedicinal uses

Six plants species, namely, A. inflata, V. infausta, Z. mucronata, D. mespiliformis, N.
oleracea and Cyphostemma spp were collected form Omunghete village in Omusati
region, while the remaining four: G. coleosperma, M. sericea and B. plurijuga were
collected from Eehonge village in Ohangwena region.  All plant’s taxonomic
identities were confirmed by NBRI in Windhoek, Namibia. Half of the plants species
belong to the Fabaceae family while the rest belong to Rhamnaceae, Ebeneceae,
Lamiaceae, Rubiceae Polygonaceae, and Vitaceae each. The pictures of the plants

are shown in appendix 6.
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Table 3: Summary of plants and their putative malarial related ethno medicinal uses in Northern Namibia. Information about traditional

preparations and ethno medicinal uses were adopted from VVon Koenen (2001).

Physical Speci Malaria related
Families Plant’s names Plant GPS location of men Traditional preparation
parts coordinates - numbe ethnomedicinal prep
collection
rs uses
. 517°35.234 Eehonge, Fever and head
Fabaceae B. plurijuga, bark £017° 15. 440 Ohangwena SN 1 ache
Leaves
Roots
. Whole $17°60. 236 Omunghete, . .
Vitaceae Cyphostemma spp plant E015° 61 346 Omusati SN7 fever Atea is administered orally
Used in combination with S.
0 longependuculata, X. Tomentosa
G. coleosperma Bark S17731.549 SN 2 CHoejdr? i&her’nggfi; & P. angolensis leaves and roots
9 and administered as steam bath at
regular intervals
Leaves
Roots
A root extract enema is dried and
M. sericea Shoots $17°37.549 Eehonge SN 10 Headache, malaria  root pulverised is strewn over
' ' E017°23.493 Ohangwena and fever glowing ember and used as
smoke bath




Ebeneceae

Lamiaceae

Polygonace
ae

Rhamnacea
e

Rubiceae

N. oleracea

D. mespiliformis

A. inflata

O. dregeanum

Z. mucronata,

V. infausta,

Leaves

Whole
plant

Leaves

Roots

Whole
plant

Whole
plant

Roots,

Leaves
Shoots

Leaves

Roots

S17°60.393
E015° 61.201

517°60.393
E015° 61.201

$17°60.303
E015° 61.201

517°36.679
E015°42.963

$17°60.303
E015° 61.201

S 17°37.549
E017°23.493
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Omunghete
Omusati

Omunghete
Omusati

Omunghete
Omusati

Eehonge
Ohangwena

Omunghete
Omusati

Omunghete,
Omusati

SN 8

SN 6

SN 3

SN9

SN5

SN 4

Malaria

Fever

Headache

Malaria and fever

Fever, diarrhoea,
and malaria

Fever, cold, cough
and headache

Leaf, twigs and bark are remedy
of fever

Whole plant is used in
combination with Pergularia
daemia is made into a hot water
extracts

Teaspoon of cold water extract or
decoction from crushed leaves is
given to children with diarrhoea

A leaf and root tea is taken for
cold




47

4.1. Percentage yield of plant extracts
The root, leaf and bark extracts of G. coleosperma had the highest yield percentage

per 10g of plant materials used for extraction, followed by D. mespiliformis, leaf
extract. Ziziphus mucronata and Vangueria infausta had the least yield percentage

per 10g of plant material used. The rest of the results are shown in figure 13.
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Figure 11: Yield precentages of methanol extracts. Keys: BPB: Baikiaea plurijuga,
bark. BPL: Baikiaea plurijuga, leaf, BPR: Baikiaea plurijuga, root, CPWP:
Cyphostemma spp whole plant, GCB: Guibourtia coleosperma, bark, GCL.:
Guibourtia coleosperma Leaf, GCR: Guibourtia coleosperma, root, MSL: Mundulea
sericea, leaf, MSS: Mundulea sericea, shoot. NOWP: Neptunia oleracea, whole
plant, DML: Diospyros mespiliformis, leaf, DMR: Diospyros mespiliformis, root

AIWP: Acrotome inflata, whole Plant, ODWP: Oxygonum dregeanum, whole plant,
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ZMR: Ziziphus mucronata, root, ZML: Ziziphus mucronata, leaf, VIS: Vangueria

infausta, shoot, VIL: Vangueria infausta leaf. VIR; Vangueria infausta, root

4.2. ldentification of antiplasmodial phytochemicals from plant extracts
Phytochemical screening of the crude plant extracts results are shown in table 4.

Briefly, all plant extracts screened had at least one group of phytochemical screened
for. The shoot of M. sericea contained all phytochemicals, while A. inflata whole
plant extract showed the presence of terpenoids only. Terpenoids were detected the
most (16/19), followed by anthraquinones (14/19), alkaloids (12/19). Coumarins and
flavonoids (9/19) were the least detected. Barks extracts contain mostly terpenoids
and alkaloid but no presence of flavonoids and coumarins were detected. The leaves,
flavonoids and anthraquinones were mostly detected and the least were coumarins.
Whole plant extracts showed mostly the presence of terpenoids and no alkaloid while
the roots extracts exhibited mostly alkaloids and anthraquinones and no presence of
flavonoids detected. Lastly the shoot extracts had mostly terpenoids, coumarins and
alkaloids. The least detected group of phytochemicals were flavonoids and

anthraquinones.
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Table 4: Phytochemical screening of 10 medicinal plants for major classes of

antiplasmodial compounds

Plants Plant parts  flavonoids alkaloids anthraguinones terpenoids coumarins
A. inflata Whole plant - - - + -
B. plurijuga Bark - + + + -
Leaf + - + - -
B. plurijuga Root - + + - -
Bark - + - + -
Cyphostemma Whole plant - + + +
D. mespiliformis Leaf - + + + -
Root - + + + +
G. coleosperma Leaf + + + - +
Root - - + - -
M. sericea Leaf + - - + -
Shoot + + + + +
N. oleracea Whole plant + - + + -
O. dregeanum Whole plant - - + + +
V. infausta Shoot - + - + +
Leaf + - - + +
Root - + + + +
Z. mucronata Root - + - + -
Leaf + - + + -

Keys: + = present and - = absent

4.3.  Quantification of classes of antiplasmodial phytochemicals

Total phenolic and alkaloid content was determined by Folin Ciocalteu and Bromo
Cresol Green method respectively and calculated from the calibration curves in
appendix one. Total phenolics content range from 99.58 GAE/100ug of D.
mespiliformis root extract to 343.55 GAE/100ug of G. coleospema bark extract.
The richest source of total alkaloids was O. dregeanum whole plant extract, 24.45

pg/ 100mg of extracts and the poorest source of total alkaloids was Z. mucronata
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leaf extracts 0.37 pg/100mg of plant extracts. The results are summarised in table

5.

Table 5: Total phenolic and alkaloids content of 10 medicinal plants used to treat

malaria associated symptoms in Northern Namibia

Total phenolics Total alkaloids
Plants Plant content content
parts GAE/100ug 1g/100 mg extracts
A. inflata Whole plant  118.43 4.99
B. plurijuga Bark 199.33 17.44
Leaf 275.38 0.84
Root 113.40 4.88
Cyphostemma spp Whole plant ~ 160.55 21.11
D. mespiliformis Leaf 99.58 6.67
Root 226.38 18.41
G. coleosperma Bark 343.55 9.97
Leaf 123.98 18.77
Root 272.09 17.60
M. sericea Leaf 173.75 2.65
Shoot 274.37 17.78
N. oleracea Whole plant  246.90 18.73
0. dregeanum Whole plant 247,91 24 .45
V. infausta Leaf 128.56 13.55
Leaf 240.70 0.40
Shoot 125.38 6.71
Z. mucronata Leaf 207.09 2.97
Root 278.89 0.37

4.4. Invitro antiplasmodial activity of M. sericea, D. mespiliformis and

Cyphostemma spp’s crude extracts

M. sericea (leaf and shoot), D. mespiliformis (leaf and root) and Cyphostemma spp
(whole plant) were selected for in vitro antiplasmodial assay against P. falciparum
3D7A based on the wide range of phytochemicals as revealed by TLC (see table 4)

and the high estimates of total phenolics and alkaloids quantified (see table 5).
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The methanol and aqueous plant extracts were reconstituted in DMSO and distilled
water respectively and further diluted to 0.5% DMSO in incomplete RPMI 1640
medium. Hence 0.5% DMSO was used as a negative control. Coartem at 50 pg/ml
was used as a positive control. The non-treated control average percentages
parasitaemia increased two fold forms 1% initial parasitaemia to 2.4% (0.07+SE) for
24 hours and three fold for 48 hours, 6.4% (0.06+SE). This indicate normal growth
of the parasites, hence there was no natural death of the parasites. There was
minimal carrier solvent effect (0.5% DMSO, 0.00% (0.35+SE) parasites inhibition
for 24 hours and 26.6% (0.55+SE) for 48 hours. This confirms the ineffectiveness of
the carrier solvent against P. falciparum 3D7A. Therefore, it can be said that the in
vitro antiplasmodial activity observed for all crude plants extracts was solely due to

phytochemicals constituents of the extracts.

Below are descriptive and comparative details of in vitro antiplasmodial activity of
crude methanol and aqueous extracts from three plants at 24 and 48 hours at 5, 10

and 50 pg/ml.

4.4.1. Antiplasmodial activity of M. sericea leaf and shoot extracts

The results are summarised in figure 12. Briefly, there was parasitaemia reduction at
all concentrations tested for both 24 and 48 hours in comparison with non-treated
control as indicated in Figure 12. This confirms the efficacy of M. sericea leaf, crude
methanol extract against P. falciparum 3D7A. In support of the above, at the lowest

concentration (5pg/ml), a time dependent effect was observed. In other words, as the
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time is increased, antiplasmodial activity is increasing. Conversely, at 10 and 50
pug/ml no time dependent effect was observed. Clearly, M. sericea leaf methanol
extracts were mostly active during 24 hours with significant difference, (p value =

0.009) compared to 48 hours where no significant difference was observed, (p value

=0.7).
7 - O non treated 24 hours
Enontreated 48 hours
6 - @ DMSO 24 HOURS
i)
= mdmso 48 hours
§ 5 1 @ Coartem 24 hours
g O Coartem 48 hours
— 4 -
g @ MSL 24 HOURS
XX 3 @ MSL 48 HOURS
D
(@>]
©
(] 2 -
>
<
N l
0 n T T T
controls 5ug/mi 10pg/ml 50ug/ml
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Figure 12: Antiplasmodial activity of M. sericea leaf, crude methanol extract at 24
and 48 hours.

The in vitro antiplasmodial activity of the M. sericea, leaf aqueous extract is shown
in figure 13. Briefly, at 24 hours activity was directly proportional to increase in
concentration of the leaf extracts and no  significant difference, (p value =0.2)
observed. Similarly, at 48 hours there was no significant reduction in parasitaemia
(P value = 1.0). Average % parasitaemia reduction of M. sericea leaf aqueous

extract at 10 pg/ml extracts for 24 hours 0, 74 (0.01£SE) and 48 hours 0.70
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(0.07+SE) was almost equal. At 5 and 10 pg/ml, a time dependent effect was
observed unlike at 50ug/ml, whereby no time dependent effect was observed.
Clearly, the leaf extract was more effective at 24 hours’ time of exposure to P.

falciparum 3D7A.
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Figure 13: Graphical representation of antiplasmodial activity of M. sericea, leaf

aqueous extract at 24 and 48 hours.

The in vitro antiplasmodial activity of M. sericea shoot extract is illustrated by figure
14. The results indicate reduction in average parasitaemia for 24 and 48 hours across
all concentration in comparison to the non-treated control. This confers in vitro
antiplasmodial activity of M. sericea shoot methanol extracts. The antiplasmodial
activity at 24 and 48 hours was comparable at all concentration although, there was
no concentration dependent effect observed. There was time dependent effect
observed for only 5pg/ml. There was significant reduction in average % parasitaemia

at 24 hours (p value =0.04) but not at 48 hours (p value = 0.8).
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Figure 14: Antiplasmodial activity of M. sericea shoot methanol extract at 24 and

48 hours.

The antiplasmodial activity of M. sericea aqueous shoot extract is shown in figure
15. The results indicate reduction in average parasitaemia for 24 and 48 hours across
all concentration in comparison to the non-treated control. Time dependent effect
was observed for all concentrations as well as concentration dependent effect for all

for 24 and 48 hours. Furthermore, the extract was mostly effective at 50ug/ml
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Figure 15: Antiplasmodial activity of M. sericea aqueous shoot extracts at 24 and 48

hours.

4.4.2. M. sericea leaf against shoot extracts at 48 hours

The shoot and leaf aqueous crude extracts were the most active against P. falciparum
3D7A strain at 48 hours. There was significant in vitro antiplasmodial activity
between organic and aqueous of M. sericea shoot extracts. There was no significant
difference in average % parasitaemia reduction between M. sericea leaf and shoot
organic extracts (p value= 0.1) for 24 hours, similarly at 48 hours, (p value = 0.5).
For aqueous leaf and shoot extracts of M. sericea, there was no significant difference
in average % parasitaemia reduction, (p value = 0.2), but at 48 hours there was
significant difference (p value =0.02). The rest of the results are summarised in

figure 16.
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Figure 16: Antiplasmodial activity of M. sericea, leaf against shoot at 48 hours

4.4.3. Antiplasmodial activity of D. mespiliformis, leaf and root extracts
For D. mespiliformis methanol leaf extract, there was reduction in average %

parasitaemia across all concentration after 24 and 48 hours exposure of P. falciparum
3D7A to D. mespiliformis crude methanol leaf extracts. This infers antiplasmodial
activity as shown in figure 17. Conversely, the difference was not significant across
concentrations for 24 hours (p values = 0.3) and for 48 hours as well, (p value =
0.5). Antiplasmodial activity was time dependent at 5pg/ml only. The extracts were

mostly effective at 10 pug/ml for 24 hours.
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Figure 17: In vitro antiplasmodial activity of D. mespiliformis leaf crude methanol

extracts at 24 and 48 hours.

Likewise, for the aqueous extract, there was no significant reduction in average
percentage parasitaemia at 24 hours (p value =0.6) and 48 hours (p value =0.1). The
leaf extract was most active against P. falciparum 3D7A at 24 hours than 48 hours.
In other words, as the time of exposure increased, the parasites growth inhibition by
the leaf aqueous decreased. There was no time dependent effect observed for all

concentrations tested. The results are summarised in figure 18.
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Figure 18: Antiplasmodial activity of D. mespiliformis aqueous leaf extracts at 24

and 48 hours.

D. mespiliformis root extract indicated similar pattern, (reduction in average %
parasitaemia for all concentrations compared to the non-treated control). The root
extract was effective with increased time exposure and concentration which infers
that the methanol root extract was more effective at 48 hours. There was significant
average parasitaemia reduction across all concentrations for 24 hours (p value =
0.09). On the other hand, at 48 hours, there was no significant difference (p value =
0.4). At 10 and 50pg/ml average reduction in parasitaemia was comparable. The

results are summarised in figure 19.
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Figure 19: Antiplasmodial activity of D. mespiliformis methanol root extracts at 24

and 48 hours.

The in vitro antiplasmodial activity of D. mespiliformis aqueous root is shown in
figure 20. There was reduction in parasitaemia for all treatments in relation to the
non-treated control which proves that the crude aqueous root of D. mespiliformis has
antiplasmodial activity. The extract was effective with increased time exposure and
concentration which infers that the aqueous root extract was more effective at 48
hours. However, there was no significant average parasitaemia reduction across

concentrations for 24 (p value = 0.9) and 48 hours (p value = 0.6).
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Figure 20: Antiplasmodial activity of D. mespiliformis aqueous roots extracts at 24

and 48 hours.

4.4.4. D. mespiliformis leaf against root extracts at 48 hours

There was no significant difference between D. mespiliformis, methanol leaf and root
extracts across concentrations for 48 hours (p value =0.17). The methanol root
extract was more potent at 48 hours than the leaf methanol extract with significant
difference observed at 10 and 50 pug/ml. The aqueous leaf extract was more potent
than the root methanol extract. Although, the difference was not significant across
concentration at 48 hours (p value = 0.13). Overall, the aqueous extract had the least
average % parasitaemia across concentration, while the leaf methanol extract had the

highest average % parasitaemia. The summary of comparison is shown in figure 21.
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Figure 21: Antiplasmodial activity of D. mespiliformis aqueous extracts leaf against

root at 48 hours

4.4.5. Antiplasmodial activity of Cyphostemma spp whole plant extract

The results are summarised in figure 22. There was a reduction in average %
parasitaemia in comparison with the non-treated control for 24 and 48 hours. At 5
and 50 pg/ml; the methanol extract was most active at 24 hours than 48 hours
therefore, a time dependent effect was observed at 5 and 50ug/ml. Conversely at
10pg/ml, the extract was most active at 48 hours. A concentration dependent effect
and significant difference (p value =0.003) was observed at 24 hours with decreasing
concentration. While at 48 hours, the antiplasmodial activity increased at 10 pg/ml
and decreased at 50 pg/ml and no significant difference (p value = 0.1) was
observed. Overall, the extract was more potent against P. falciparum 3D7A at 24

than 48 hours.
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Figure 22: Antiplasmodial activity of Cyphostemma spp whole plant methanol

extracts at 24 and 48 hours.

Similarly, for the Cyphostemma spp crude agqueous extract, there was reduction in
average % parasitaemia across all concentrations at 24 and 48 hours compared to the
non-treated control. At 24 hours, there was no significant difference (p value =0.8)
across concentration, therefore no concentration dependent effect, observed.
However, time dependent effect was observed at all concentrations. Hence, the
crude aqueous extract was more potent at 48 hours than 24 hours. Even though, the
difference across concentrate at 48 hours was not significant, (p value = 0.9). The

results are summarised in figure 23.
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Figure 23: Antiplasmodial activity of Cyphostemma spp whole plant agueous

extracts post 24 and 48 hours.
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4.4.6. Cyphostemma spp methanol against aqueous whole plant extracts at 48

hours

The methanol whole plant extract of Cyphostemma spp was most active at 5 and 10

pg/ml. The results are outlined in figure 24.
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Figure 24: Antiplasmodial activity of Cyphostemma spp aqueous against methanol

whole plant extracts at 48 hours.

4.4.7. 1Csp values of the three plants crude extracts

According to the criteria set by Deharo (2001), plant extracts are considered highly
active when their 1Csq is less than 5ug/ml, moderately active when its 1Cso value is
between 5 and 10 pg/ml and inactive when it’s ICso is more than 10pg/ml. The 1Cs
shown by table 4, indicate that both aqueous and methanol extracts were active

against P. falciparum 3D7A strain. The methanol extracts were more active than
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their corresponding aqueous extracts of the same plant. The most active methanol
extract was M. sericea shoot with ICsy value of 1.10 pug/ml while the least methanol
extract was  Cyphostemma spp whole plant with  ICsy of 5. 17 pg/ml. For the
aqueous extracts the most active was D. mespiliformis root, with ICso of 2.91 pg/ml
and least active was M. sericea shoot with ICso of 9.90ug/ml.  The overall best
active extract was M. sericea methanol shoot with an ICs value of 1.10 pg/ml and

the least was the same aqueous extract with 1Csq value of 9.10 pg/ml

Table 6: 1Csq values of three ethnomedicinal plants used to treat malaria associated

symptoms against P. falciparum 3D7A strain.

Methanol Agueous
Plants Plant parts
ICs0 (Hg/ml) 1Cs0 (Hg/ml)
M. sericea Leaf 2.23 4.99
Shoot 1.10 9.10
D. mespiliformis | Leaf 1.51 3.01
root 2.12 2.91
Cyphostemma spp | Whole plant  5.17 5.03

4.5. Bioassay guided fractionation of the two medicinal plants

4.5.1. Phytochemical screening and antiplasmodial activity of Cyphostemma

spp first round fractions

The phytochemical screening of different Cyphostemma fractions is shown in table 7,
and in vitro antiplasmodial activity is depicted in figure 25. Briefly, there was no

time dependent effect observed for all fractions however, significant reduction in
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average % parasitaemia across fractions was observed at 48 hours, (p value = 0.02)
and no significant difference at 24 hours (p value =0.2). Fraction 4 had the least
antiplasmodial activity across time and single phytochemical entity detected by TLC.
Fraction 1 and 2 showed the presence of terpenoids and coumarins and absence of
anthraquinones in common and low average % parasitaemia at 24 hours and high
average % parasitaemia at 48 hours. In addition antiplasmodial activity of fraction
1 and 2 has improved compared to the crude extract for 24 and 48 hours. Therefore,

fraction 1, 2 and 3 were selected for sequential round of fractionation.

Table 7: Phytochemical screening of Cyphostemma spp first rounds fraction by TLC

Fraction ID | terpenoids flavonoids alkaloids  coumarins  anthraquinones
CPW + + + + -

F1 + - - + -

F2 + + + - -

F3 + + + + -

F4 - + - - -

Keys: CPW= Cyphostemma whole plant crude extract and F1-F4= Cyphostemma

whole plant fractions. + = present and - = absent
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Figure 25: Antiplasmodial activity of Cyphostemma, whole plant first round
fractions. Keys: CPW= crude Cyphostemma extract, coartem= positive control and

DMSO = negative control.

4.5.2. Phytochemical screening and antiplasmodial activity of D. mespiliformis

leaf first round fractions

The phytochemical screening of D. mespiliformis leaf fractions results are shown in
table 8 and in vitro antiplasmodial activity is indicated in figure 26. In few words, a
time dependent effect was observed for fraction 1 only and reduction in average %
parasitaemia for all fractions at 48 hours. Antiplasmodial activity was highly
significantly different across all fractions at 24 hours, (p value <0.001) and 48 hours
(p value = 0.02). Fraction 1 and 2 were phytochemically distinct with only
anthraquinones in common and almost equal average % parasitaemia reduction. On

the contrary, fraction 3 and 4 were phytochemically similar with the presence of
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terpenoids, coumarins and anthraquinones and absence of alkaloids and flavonoids
and highest parasitaemia reduction at 24 and 48 hours. Furthermore, improved
antiplasmodial activity was observed for fraction 3 and 4 compared to the crude
extract, (DML). For this reason fraction 3 and 4 were selected for second round of

fractionation.

AVERAGE % PARASIATEMIA
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Figure 26: Antiplasmodial activity of D. mespiliformis leaf first round fractions.
Keys: DML= crude D. mespiliformis leaf extract, coartem = positive control and

DMSO= negative control
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Table 8: Phytochemical screening of D. mespiliformis, leaf first round fractions by

TLC

fraction ID | terpenoids flavonoids  alkaloids  coumarins  anthraquinones
DML + + + + +

F1 + - - - +

F2 - - - + +

F3 + - - + +

F4 + - - + +

Keys: DML= D. mespiliformis crude leaf extract F1-F4= D. mespiliformis, leaf

fractions. + = present and - = absent

4.5.3. Phytochemical screening and antiplasmodial activity of D. mespiliformis

root first round fractions

All root fractions had the presence of terpenoids and anthraquinones in common.
Improved antiplasmodial activity of fraction with exception of fraction 6 in
comparison with the crude extract (DMR) was indicated. However, average %
parasitaemia reduction was not significantly different across all fractions for 24
hours, (p value = 0.2) and likewise at 48 hours (p value = 0.7). Fraction 1 and 2 had
the presence of anthraquinones and terpenoids and absence of flavonoids in common
(see table 9) and high average % parasitaemia reduction with time dependent effect
shown for fraction 2. Hence, they were selected for sequential round of
fractionation. Fraction 1 had the highest average % parasitaemia reduction while
fraction 6 had the least average % parasitaemia reduction. The phytochemical
screening of D. mespiliformis root fractions is summarised in table 9, and in vitro

antiplasmodial activity is shown in figure 27.
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Table 9: Phytochemical screening of D. mespiliformis root first round fractions by

TLC

Fraction ID terpenoids  flavonoids alkaloids  coumarins  anthraquinones

DMR + + +
F1 - + -
F2
F3
F4
F5
F6 + - + +

+ + + + + +

+ + 4+ + + + +
+ +
1
1

Keys: DMR= D. mespiliformis crude root extract F1-F6= D. mespiliformis root

fractions. + = present and - + absent
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Figure 27: Antiplasmodial activity of D. mespiliformis root, first round fractions.
Keys: DMR= crude D. mespiliformis root extract, coartem = positive control and

DMSO = negative control.
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4.6. Second round of fractionation

The selection of fractions from the first round of fractionation to proceed to the
second round was based on the level of antiplasmodial activity and the number of
classes of phytochemicals revealed by TLC screen. Only fractions that indicated
highest of reduction average % parasitaemia and few classes of phytochemicals
were selected for the second round of fractions. For Cyphostemma spp whole plant
fraction 1, 2 and 3 were selected, D. mespiliformis, leaves fraction 3 and 4 were
selected and D. mespiliformis, roots fraction 1 and 2 were selected. Cyphostemma
spp fraction number 1 and 2 yielded three fractions and fraction number 3 of the

same plant yielded 2 fractions. All roots and leaves of D. mespiliformis yielded two

fractions.

Table 10: Second round fractions

first round fraction ID

second round fraction ID

CPW F1

CPW F2

CPW F3

DML F3

DML F4

DMR F1

DMR F2

AlF1
AlF2
Al1F3
A2F1
A2F2
A2F3
A3F1
A3F1
A3F2
B3F1
B3F2
B4F1
B4F2
ClF1
C1F2
C2F1
C2F2
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KEYS: The first letter represents the plant’s names, e.g. A= Cyphostemma, B, = D.
mespiliformis leaves, C= D. mespiliformis roots. The second number represents the
fraction number from the first round of fractionation F# represents the second round

fraction number in the decreasing elution order

4.6.1. Antiplasmodial activity and phytochemical screening of Cyphostemma

spp second round fractions

Briefly, All Cyphostemma spp whole plant second round fractions remained multi
constituent with the presence of more than 2 phytochemical compounds screened.
All fractions had the presence of coumarins in common. There was significant
difference in antiplasmodial activity across fractions at 24 hours (p value =0.02) and
at 48 hours, the difference across fractions was not significant (p value =0.3).
Fractions A3F1 and A3F2 indicated highest antiplasmodial activity at 24 and 48
hours respectively compared to the rest of the fractions. The phytochemical
screening of Cyphostemma spp second fractions is summarised in table 11, and their

antiplasmodial activity is shown in figure 28.
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Figure 28: Antiplasmodial activity of Cyphostemma spp whole plant second round

fractions.

KEYS: The first letter represents the plant’s names, e.g. A= Cyphostemma spp. The
second number represents the fraction number from the first round of fractionation.
F (#) represents second round fraction number in decreasing elution order. DMSO =

negative control
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Table 11: Phytochemical screening of Cyphostemma spp whole plant second round

fractions by TLC

Fraction ID | flavonoids coumarins terpenoids anthragquinones alkaloids
AlF1 + + + + +
AlF2 + + + - +
AlF3 + + + - -
A2F1 + + + + +
A2F2 = + - + +
A2F3 - + + - -
A3F1 + + + - +
A3F2 + + + - +

Keys: + = present and - = absent
4.6.2. Antiplasmodial activity and phytochemical screening of D. mespiliformis,

leaf second round fractions

All Diospyros mespiliformis, leaf second round fractions were well fractionated with
1-2 anthraquinones and coumarins spots per fractions. The bioactive classes of
antiplasmodial phytochemical of D. mespiliformis leaf are clearly identified as
anthraquinones and coumarins (table 12). All fractions indicated high average %
parasitaemia reduction in relation to non-treated control (see figure 29) after 24 and
48 hours. Fraction B3F2 had equal average % parasitaemia reduction at 24 and 48
hours as shown in figure 31. Additionally, there was no significant difference in
average % parasitaemia reduction across for 24 hours (p value = 0.3) and likewise at
48 hours (p value = 0.7). Phytochemical screenings of fractions results are revealed

in table 12 and their in vitro antiplasmodial activity is summarised in figure 29.
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Figure 29: Antiplasmodial activity of D. mespiliformis leaf second round fractions.

KEYS: The first letter represents the plant’s names, e.g. B, = D. mespiliformis leaf.
The second number represents the fraction number from the first round of
fractionation. F (#) represents second round fraction number in decreasing elution

order. DMSO = negative control and coartem positive control

Table 12: Phytochemical screening of D. mespiliformis leaf second round fractions

by TLC
Fraction ID | flavonoids  coumarins  terpenoids  anthraquinones alkaloids
B3F1 - - _ " i
B3F2 - - - + -
B4F1 - - - + -
B4F2 - + - + -

Keys: + = present and - = absent
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4.6.3. Antiplasmodial activity and phytochemical screening of D. mespiliformis

root second round fractions

Antiplasmodial activity of D. mespiliformis root fractions is shown in figure 30 and
phytochemical screening of the fractions in table 13. Briefly, Most of Diospyros
mespiliformis, root fractions did not show presence of any phytochemical screened
for. Average % parasitaemia of all fractions was not significantly different for 24
hours (p value =0.5) and likewise at 48 hours, (p value = 0.7). However, in relation
to the non-treated control, there was reduction in average parasitaemia at 24 and 48
hours. Therefore, this affirms the inhibitory activity of D. mespiliformis root
fractions against P. falciparum 3D7A. Only one Diospyros mespiliformis, root
fraction (C2F2) indicated the presence of flavonoids. For this, flavonoids were
identified as a bioactive class of antiplasmodial phytochemical compounds of D.

mespiliformis roots.
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Figure 30: Antiplasmodial activity of D. mespiliformis root second round fraction.

KEYS: The first letter represents the plant’s names, C= D. mespiliformis root. The
second number represents the fraction number from the first round of fractionation.
F (#) represents second round fraction number in the decreasing elution order.

DMSO = negative control and coartem positive control.

Table 13: Phytochemical screening of D. mespiliformis root, second round fractions

by TLC

Fraction ID | flavonoids  anthraquinones coumarins terpenoids alkaloids

C2F1 - - - - -

C2F2 + . - - ;

C3F1 - - - - -

C3F2 - - - - -

Keys: + = present and - = absent
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CHAPTER 5: DISCUSSION

Plant species evaluated in this study where identified through an ethnobotanical
approach whereby plants are selected based on their use in traditional settings to treat
malaria associated symptoms. Other methods are used to identify plant species for
biological evaluation such as random approach, chemotaxonomic approach and
phytochemical approach, (Frabicant & Fransworth 2001). To avoid repetition of in
vitro antiplasmodial evaluation of the same plant species in other countries, a
background literature review was conducted for confirmation. Plant species were
collected from Ohangwena and Omusati regions because these regions share borders
with Angola where malaria transmission is high, (WHO Malaria Report, 2012, pp
95) and the use of ethno medicinal plants to treat common ailments is preferred as

well, (Von Koenen, 2001).

The study focused mainly on the phytochemical screening of major classes of
phytochemicals with known antiplasmodial activity namely; terpenoids, alkaloids,
flavonoids, coumarins and anthraquinones. M. sericea shoot crude methanol extract
indicated the presence all phytochemical compounds screened for and high total
phenolics content (274.75 GA/E pg/ml) and total alkaloids content (17.78 pg/100 mg
extracts). This can be linked to its role in treatment of malaria symptoms in
traditional settings in Namibia, (Von Koenen, 2001). The presence of terpenoids in
the methanol extract of M. sericea leaf is supported by the findings of lyer et al.,
(2004). In Iyer’s study, preliminary phytochemical analysis of the M. sericea leaf
methanol crude extract revealed the presence of triterpenoids and saponins. It is

noteworthy to mention that deguelin of the flavonoids group of phytochemicals and
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an anticancer natural product, was first isolated from M. sericea, (Wang et al, 2012;
Mehta et al, 2013). M. sericea has been studied phytochemically and several
flavanones, flavanonols, rotenoids, chalcones, terpenoids and sesquiterpenoids have

been isolated from this plant in Botswana, (Mazimba, 2012).

Acrotome inflata is one of the ubiquitous herbs found in Northern Namibia. It is
known for its typical, strong and choking smell and its use as mosquito repellent. In
this study, the crude methanol extract of this herb indicated the presence of
terpenoids only, which is responsible for its typical odour. In the view of the fact
that mono, di and sesquiterpenoids contribute to the odour of plants, (Baikal et al,
2008). Terpenoids are also significant to malaria treatment because artemisinin, the
lead molecule of the artemisinin based derivatives belong to the sesquiterpenoids
class of compounds (Abad et al, 2012; White, 2008). Furthermore, over 80% of
plant extracts screened in this study indicated the presence of terpenoids as shown in
table 3. These plants can be novel sources of biologically potent terpenoids that can

be developed into potent antimalarias.

Alkaloids were detected in 10 of the 19 plant extracts screened. Typical alkaloids are
derived from plant sources and are basic with one or more nitrogen atoms in a
heterocyclic ring, (Evans, 2009). Alkaloids play a particular role to malaria
treatment  because quinine is the first chemically defined alkaloid that was
indentified for malaria treatment, (Motley, 1998). In addition, some previous
studies indicated that some alkaloids isolated from plants have antiplasmodial
activities, (Astulla et al, 2008; Dolabelaa et al, 2008; Graziosea et al, 2011;

Frederich, et al, 2008; Oliveira et al, 2009).
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Anthraquinones were detected in 13 of the 19 plant extracts screened.

The presence of coumarins and flavonoids was detected in 8 of the 19 plant extracts
screened. These compounds are part of a phenolic group which is distinguished by
the presence of one or more hydroxyl group bonded directly to the benzopyrano ring,
(Jain & Himanshu, 2012). Antiplasmodial activities of coumarins and flavonoids
isolated from plants have been reported as well, (Bero & Joelle-, Quetin, 2010; Bero
et al, 2009; Batista et al, 2009; Kaur, et al, 2009; Sturm et al, 2009; Voahangy et al,
2008). Most plant extracts indicate the presence of terpenoids (15) and the least
detected were coumarins and flavonoids (8). This represents vast potentials of the
selected plant to contain novel chemically diverse bioactive classes of antiplasmodial

phytochemical compounds.

The presence of alkaloids, coumarins, anthraquinones and terpenoids in Vangueria
infausta, root and shoot extracts are in agreement with previous studies done in
Botswana by Absol et al, (2006) and in Swaziland by Amusan et al, (2007).
However, the presence of flavonoids in Vangueria infausta leaf extract determined
in this study was contradicted by previous studies, (Amusan, 2007; Oluwole et al,
2007). Furthermore, flavonoids phytochemical compounds with antibacterial and
antioxidant activity were isolated from the ethyl acetate leaf extract of Vangueria

infausta in follow up studies by (Mbukwa et al, 2007; Temraz, 2011).

The presence of terpenoids and alkaloids in both root and leaf extracts of D.
mespiliformis is consistent with the findings of Shagal & Kubmarawa, (2012) &

Dangoggo et al, (2012). Nevertheless, the presence of flavonoids in both extracts
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in current studies was contradicted by Shagal & Kubmarawa, (2012) & Dangoggo et
al, (2012) and supported by Belemtougri et al, (2006) in Burkina Faso. Variations in
phytochemical content of D. mespiliformis root and leaf extracts between the two
studies can be a result of mode of preparation of the extracts and the method of
phytochemical analysis used. In this study, methanol was used for extraction, while
in Shagal & Kubmarawa’s study, ethanol was used for extraction. Furthermore, TLC
analysis was used for qualitative phytochemical analysis in the current study, while
in the previous study, preliminary Harbonius methods were used. TLC methods are
more accurate than preliminary Harbonius methods and the detection is more robust,
(Harbone 1998). According to Belemtougri et al, (2006), phytochemical screening
of Diospyros mespiliformis, flavonoids, tannins and saponins were found in aqueous
leaf extract, flavonoids tannins and steroids/terpenoids existed in ethanolic leaf
extract. Furthermore, triterpenoids phytochemical compounds were isolated from the
petroleum ether extract of the stem bark of D. mespiliformis in Sudan, (Mohamed et
al, 2009). The current study revealed the presence of terpenoids in both roots and
leaves extract of D. mespiliformis as well.

Variations in the phytochemical content of plants may be influenced by external
factors such as climatic, geographic, harvesting and storage conditions before and
after extractions and analysis (Laher et al, 2013). These were not considered in
this study. Extensive literature review published in major publications such as
EBSCO Host, Springer Link Science Direct, HINARI, etc revealed that for the first
time, TLC screening for alkaloids, terpenoids, anthraquinones, flavonoids and

coumarins of A. inflata, N. oleracea and O. dregeanum is reported.
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Total alkaloid content of the crude plants extracts ranges from 0.37 to 21.21 pg/100
mg extracts. Trace amount of alkaloids detected from the crude plant extracts in this
study can be linked to two factors. Firstly; the method used for total alkaloid
quantification might have contributed. The method used is based on reaction of
alkaloids and BCG to form a yellow coloured complex, (Fazel et al, 2008). This is
the best method to quantify total alkaloids in terms of simplicity, rapidity and
sensitivity (Shamsa et al, 2008). However, the BCG method also has inherent
limitations such as: BCG can only react with alkaloids that have nitrogen inside
their structure; hence amine alkaloids do not react with BCG. Consequently, the data
obtained may not provide the whole understanding of total quantity of alkaloid of
plant extracts, (Ajanal et al, 2012). Secondary; alkaloids are naturally rare and
confined to certain families of plants such as Papaveraceae, Rubiceae etc, (Gangwal,

2013). Additionally, alkaloids are difficult to extract, (Petruczynik, 2012).

Total phenolics content of the crude plant extracts range from 99. 58 to 336. 01
GA/E pg/ml.  Similarly, the method used for total phenolic quantification
contributed to the high amount of total phenolics obtained for various plant extracts
in this study. The method used was the Folin Ciocalteu assay which depends on the
transfer of electrons in alkaline medium from phenolic compounds to
phosphomolybdic/phosphotungstic acid complexes to form blue complexes that are
determined spectrophotometrically, (Dai & Russel, 2010). A study done by Everette
et al, (2010) reported that the Folin Ciocalteu reagent can also react with other

molecules in the extracts mixtures such as amino acid, vitamins, proteins and other
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functional groups such as thiols. Consequently,  frequently high amount of total
phenolics are obtained.

Furthermore, phenolics compounds are abundant in many plant’s species and
ubiquitous in most plants parts, (Cartea et al, 2010; Crozier et al, 2010; D’Archivio

et al, 2010).

Surprisingly, the root extract of G coleosperma did not indicate the presence of any
phenolics compound analysed in this study but yet it indicated the highest total
phenolics content of 343.55 GA/E pg/ml. Thisis due to other phenolic compounds
such as tannins, saponins that were not analysed in this study. On that note, some
flavonoids phytochemicals were also isolated from G. coleosperma bark, (Bekker et

al, 2006).

The in vitro antiplasmodial assay was done at 1% parasitaemia and 2% hematocrit to
mimic in vivo infection of P. falciparum. Since in 10 ml of in vitro P. falciparum
culture, over 10000 are infected red blood cells, this is comparable to the percentage
parasitaemia in the human blood stream 7 days after infection, (White et al, 2013).
The 1Cso values of plant extracts were solely calculated for 48 hour responses
because the lifecycle of P. falciparum in the erythrocytes takes about 48 hours to

complete, (White et al, 2013).

M. sericea shoot and leaf methanol crude extracts were not significantly different at
48 hours, (p value > 0.05). That means that the two plant extracts are equally potent
and can be used for killing P. falciparum 3D7A. On the contrary, for M. sericea
shoot and leaf aqueous crude extracts, were significantly different at 48 hours, (P

values< 0.05). Based on the ICs values, M. sericea shoot crude aqueous extract had



84

the lowest 1Csp value of 4.99 pug/ml compared to the leaf extract (ICso value =9.10).

Therefore, in this case it is advisable to use the shoot extract.

Similarly, there was no significant difference between D. mesipiliformis crude
methanol leaf and root extracts at 48 (p value >0.05) as well as the crude aqueous
leaf and root extracts (p value >0.05). This implies that both aqueous and methanol

extracts had similar effect on P. falciparum 3D7A.

The classifications of highly active, active and inactive antiplasmodial activity of
crude extracts was based on criteria set by, (Deharo, 2001). In this study, extracts
are considered highly active when the ICsg values of extracts are less than 5 pg/ml
and active when the ICs values are between 5 and 10 pg/ml and not active when is
ICso values are over 10 pug/ml. This is because inhibition of parasite growth at low
concentration will indicate selective activity as opposed to high concentration where
non-specific activity is usually observed, (Clarkson et al, 2004). Crude methanol
plant extracts indicated lower ICsy values as opposed to crude aqueous plant
extracts (see table 5). Water is the main and preferred solvent used in traditional
settings. This is not surprising because some previous studies showed similar
patterns of crude aqueous plant extracts less potent than their corresponding crude
organic extracts, (Bero et al, 2009; Clarkson et al, 2004; Irungu et al, 2007).
Possible reasons are: firstly, water is unable to extract lipophilic phytochemicals that
are extracted by methanol (Clarkson et al, 2004). Secondary, aqueous extracts were
not prepared the same way as in traditional settings. Actually, in traditional settings,
different plant extracts are mixed into concoction which might enhance or inhibit

their activity, (Von Koenen, 2001). Thirdly, perhaps the phytochemicals extracted by
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water are more potent in vivo than in vitro model as presented here or active against

another stage of parasite or other Plasmodium species.

In vitro antiplasmodial activity of the crude extracts observed can be attributed to
the multi constituent phytochemicals of the crude extracts as revealed by
phytochemical screening (table 3 and 4). The toxicity of DMSO to the parasites and
red blood cells was reduced by diluting to less than 0.5% which is the recommended

safe concentration, (Cos et al, 2006).

D. mespiliformis can be focus of antimalarial herbal development. One study
recorded in vivo study in mouse whereby antiplasmodial activity of D. mespiliformis
aqueous bark extracts exhibited significant (p<0.05) curative effects against
Plasmodium berghei berghei and suppressive potency against early infection of the
parasites (Adzu & Salawu 2009). Other Diospyros species namely; Diospyros
melanoxylon, Diospyros peregrina, Diospyros sylvatica, Diospyros tomentosa, were
evaluated for in vitro antiplasmodial activity, (Kantamreddi et al, 2008). Their 1Csy
values range from 16.5 to 4500 pg/ml. In another study, (Prachayasittiku et al 2010),
a bioassay guided fractionation regime was applied to another Diospyros species
namely; Diospyros rubra and led to the isolation of terpenoidal compounds with
antiplasmodial activity such as; lupeol, lupenone, betulin, lupeol acetate, 28-O-
acetylbetulin p-sitosteryl-3-O-B-D-glucopyranoside and a mixture of p-sitosterol and
stigmasterol. This signifies the possibility of isolating novel antiplasmodial hits from

D. mespiliformis.
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Extensive literature review using search engines such as Google Scholar, Science
Direct, Springer Link, Pub med etc., proved that there is no report of in vitro anti
plasmodial activity of M. sericea, D. mespiliformis and Cyphostemma spp. Therefore
for the first time in vitro antiplasmodial activity of M. sericea, D. mespiliformis and

Cyphostemma spp is reported.

Cyphostemma spp whole plant extract remained phytochemically diverse throughout
fractionation with presence of many phytochemicals per fractions, (see table 7 and
10). This can be due to the fact that the crude extract was concentrated with
phytochemicals (Total phenolic content, 160.55 GAE/100ug and total alkaloids 21.
11 ng/100 mg extracts). First round fraction 4 indicated the presence of flavonoids
only which can be linked to the in vitro antiplasmodial activity observed. Fraction 2
indicated the presence terpenoids and coumarins. The two phytochemicals can be
working synergistically or additively to confer antiplasmodial activity of

Cyphostemma.

Although, Cyphostemma first round fractions were phytochemically diverse, it
appears that the bioactive compounds were working synergistically or additively to
enhance antiplasmodial activity. As a matter of fact, increased antiplasmodial
activity was observed for Cyphostemma spp multi constituents first round fractions
for 24 hours compared to the crude extracts (see figure 25). Fraction 4 indicated the
presence of single flavonoids and reduced antiplasmodial activity at 24 hours
compared to the crude (see figure 25). In comparison with less constituent fractions,

it appears that Cyphostemma fractions are mostly effective when multi constituent.
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For the first time a bioassay guided fractionation regime was applied to
Cyphostemma spp to identify antiplasmodial classes of phytochemical compounds.
However, literature recorded attempts to isolate natural products with other
biological properties from Cyphostemma spp. Bioassay guided fractionation of the
ethanol bark extract obtained from  Cyphostemma greveana led to the
identification of one macrolide, one lasiodiplodin, three sesquiterpenoids: 12-
hydroxy-15-oxoselina-4,11-diene, 1p,6a-dihydroxyeudesm-4(15)-ene, and (7R)-
opposit-4(15)-ene-14,7-diol.  This included a new diterpenoid: 16, 18-
dihydroxykolavenic acid lactone. The last two compounds indicated anticancer
activity, (Cao et al, 2011). These highlight the fact that Cyphostemma spp are rich in

phytochemicals and can be sources of novel antiplasmodial lead compounds.

Diospyros mespiliformis leaf first round fractions (F3 & F4) indicated the presence
of terpenoids, coumarins and anthraquinones but when further fractionated with n-
hexane/ethyl acetate (8:2) for the second round only anthraquinones were present. In
this case the mobile phase was unable to elute terpenoids and coumarins from D.
mespiliformis leaf fractions. Only F3 and F4 indicated increased antiplasmodial
activity observed for only 24 hours with significant statistical difference in
comparison with the crude leaf extract. However, at 48 hours all fractions indicated
increased antiplasmodial activity with significant statistical difference. (See figure

28). This implies the dysergy effect of the crude extract bioactive phytochemicals.

Anthraquinones were identified as the bioactive class of phytochemicals responsible

for antiplasmodial activity of D. mespiliformis leaf extract at the last round of
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fractionation. Some anthraquinones isolated from plants in previous studies indicated
antiplasmodial activities. For example, a bioassay guided fractionation regime was
applied to the DCM root extract of Rennellia elliptica Korth and led to the
isolation and characterization of one novel anthraquinone; 1,2-dimethoxy-6-
methyl-9,10-anthraquinone (ICsp value of 1.10uM) and five known anthraquinones:
nordamnacanthal (ICso value of 72.46 uM), 2-formyl-3-hydroxy-9,10-anthraquinone
(ICso value of 0.63 uM), damnacanthal (ICso values of 51.28 uM ), lucidin-w-
methyl ether (ICso value of 2.10 uM) and 3-hydroxy-2-methyl-9,10-anthraquinone

(ICso value of 0.35 pM), (Osaman et al, 2010).

D. mespiliformis root, only fraction 2 and 3 indicated increased in vitro
antiplasmodial activity for 24 hours whilst at 48 hours all fractions indicated
increased antiplasmodial activity in comparison with crude extract. (See figure 26).
First round fractions (F3 & F4) were multi constituents with the presence of
anthraquinones, terpenoids and flavonoids but when fractionated further with n-
hexane/ethyl acetate (8:2) no presence of any phytochemical analysed was shown.
However, in vitro antiplasmodial activity was indicated for all fractions. Although,
other factors may be responsible for the observed change, it can also be due to the
presence other phytochemicals not screened for in this study e.g. tannins, saponins
etc. Only fraction C2F2 indicated the presence of flavonoids which can be linked to

the in vitro antiplasmodial activity observed.
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CHAPTER 6: CONCLUSION AND RECOMMENDATIONS

This study is a contribution to the evaluation of ethnomedicinal plants for search of
new chemical entities with known antiplasmodial properties. Terpenoids, alkaloids,
flavonoids, anthraquinones and were found to be present in the ten ethnomedicinal
plants screened. In addition, the ten plants screened indicated total alkaloids and
phenolics in substantial concentrations. D. mespiliformis (leaf & roots), M. sericea
(leaf and shoot) and Cyphostemma spp (whole plant) crude aqueous and methanol
extracts were evaluated in an in vitro antiplasmodial bioassay. All plants were found
to be potent against P. falciparum 3D7A strain.  Anthraquinones, coumarins and
flavonoids were identified as the single class of antiplasmodial bioactive
phytochemicals of D. mespiliformis (root and leaf) and Cyphostemma spp (whole

plant) respectively.

The phytochemical screening of the crude plant extracts, in vitro antiplasmodial
activity and the screening of the bioactive phytochemicals from the selected plants
supported the use of these plants to treat malaria associated symptoms in traditional
settings. The methanol plant extracts were more effective at 24 hours than 48 hours.
Although, it is premature to say, it appears that the plant extracts are effective for a
short period of time and should be used as such. The crude methanol extracts were
found to be active than their corresponding crude aqueous extracts. The identification
of the bioactive components of these plants serves as a basis for in-depth
pharmacological evaluation and isolation of these bioactive phytochemicals for
antimalarial drugs development. Additionally, this can also assist in herbal drug

formulations of the selected plants. Further works will include actual identification
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of single chemical entity responsible for antiplasmodial activity from D.
mespiliformis (leaf and root) and Cyphostemma spp (whole plant). Additionally, in
vitro cytotocixity studies to establish the selectivity index of the extracts crude plant
extracts to human cells and to advice on safe dosage to the people who use traditional
medicine is required. In vivo studies must also be conducted to show antiplasmodial

activity of the selected plants in a closed system.
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Appendix one: Calibration curves for total phenolics and alkaloids
quantification

Standard callibration curve of of quercertin standard for total phenolic quantification
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Standard callibration curve of of qunine hydroxide standard for total alkaloids
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Appendix two: In vitro antiplasmodial activity of crude extracts raw data

Methanol extracts-48 hours

Concentration

Average

Standard

standard

%

S 1 2 3 parasitaemia  Deviation  error Growth Growth
5 pg/ml NNT 6.50 6.50 620 640 017 0.06 5.40 5.40
DMSO 5.80 5.50 280  4.70 1.65 0.55 3.70 3.70
I\(A:OARTE 0.21 0.19 020 0.0 0.01 0.00 -0.80 -0.80
MSL 0.49 2.22 204 158 0.95 0.32 0.58 0.58
MSS 1.66 1.5 102 131 0.32 0.11 0.31 0.31
DML 1.00 1.01 146 1.46 0.46 0.15 0.46 0.46
DMR 0.82 1.09 259  1.50 0.95 0.32 0.50 0.50
CPW 1.41 1.01 124 152 0.35 0.12 0.52 0.52
10pg/ml MSL 0.93 1.92 235 173 0.73 0.24 0.73 0.73
MSS 1.31 0.70 055  0.85 0.40 0.13 -0.15 -0.15
DML 1.34 1.72 184 163 0.26 0.09 0.63 0.63
DMR 0.42 1.94 0.78  1.05 0.79 0.26 0.05 0.05
CPW 1.38 0.98 175  1.37 0.39 0.13 0.37 0.37
50ug/ml MSL 1.27 1.07 138 1.4 0.16 0.05 0.24 0.24
MSS 1.49 1.10 096 118 0.27 0.09 0.18 0.18
DML 1.37 1.54 117 1.36 0.19 0.06 0.36 0.36
DMR 1.16 0.38 032 062 0.47 0.16 -0.38 -0.38
CPW 0.41 1.27 057  0.75 0.46 0.15 -0.25 -0.25




Methanol extracts-24 hours
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Concentratio . , ; AVERAG STANDARD ERROR _ INIHIBITIO %

ns E ERROR BARS N inhibition
NNT 250 250 210 237 0.23 0.08 1.37 136.67
DMSO 184 357 170 237 1.04 0.35 1.37 137.00
,C\J/IOARTE 054 038 033 042 0.11 0.04 058 -58.33

5 pg/ml MSL 219 182 138  1.80 0.41 0.14 0.80 79.67
MSS 200 232 185 206 0.24 0.08 1.06 105.67
DML 243 304 046 1.98 1.35 0.45 0.98 97.67
DMR 215 253 182 217 0.36 0.12 117 116.67
CPW 162 182 204 183 0.21 0.07 0.83 82.67

10 pg/ml MSL 090 107  1.00 0.99 0.09 0.03 001 -1.00
MSS 186 094 093 124 0.53 0.18 0.24 24.33
DML 090 107 100 0.99 0.09 0.03 001 -1.00
DMR 186 094 093 124 0.53 0.18 0.24 24.33
CPW 079 114 071 088 0.23 0.08 012 -12.00

50 pg/ml MSL 100 097 097 098 0.02 0.01 0,02 -2.00
MSS 131 127 091 116 0.22 0.07 0.16 16.33
DML 141 111 115 122 0.16 0.05 0.22 22.33
DMR 115 184 084 128 0.51 0.17 0.28 27.67
CPW 108 093 123 108 0.15 0.05 0.08 8.00




Aqueous extracts -24 hours
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Averages Standard
! 2 3 parasitagemia Deviation Standard error

NNT 1.80 2.00 2.20 2.00 0.20 0.07

Sug/mi COARTEM 054 0.38 0.33 0.42 0.11 0.04
MSL 190 1.60 2.20 1.90 0.30 0.10

MSS 190 1.70 2.30 1.97 0.31 0.10

DML 1.04 1.16 1.03 1.08 0.07 0.02

DMR 122 0.83 1.37 1.14 0.28 0.09

CPW 156 1.16 0.74 1.15 0.41 0.14

10ug/ml | MSL 054 1.10 0.62 0.75 0.30 0.10
MSS 061 0.83 1.11 0.85 0.25 0.08

DML 097 0.65 0.84 0.82 0.16 0.05

DMR 140 0.72 1.10 1.07 0.34 0.11

CPW 090 1.30 1.11 1.10 0.20 0.07

50ug/ml | MSL 0.00 0.80 0.00 0.27 0.46 0.15
MSS 081 0.64 0.66 0.70 0.09 0.03

DML 031 121 1.17 0.90 0.51 0.17

DMR 1.02 0.90 1.20 1.04 0.15 0.05

CPW 170 0.73 0.46 0.96 0.65 0.22




Agueous extracts-48 hours
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1 2 3 parasitaemia Standard standard

AVERAGES deviation ERROR

NT 4.30 1.80 6.00 4.03 2.11 0.70
COARTEM 0.21 0.00 0.20 0.14 0.12 0.04

5ug/ml | MSL 1.00 0.60 0.55 0.72 0.25 0.08
MSS 0.93 0.53 0.51 0.66 0.24 0.08

DML 0.58 0.72 0.38 0.56 0.17 0.06

DMR 0.97 0.44 1.22 0.88 0.40 0.13

CPW 0.96 0.90 0.97 0.94 0.04 0.01
10pg/ml | MSL 0.73 0.90 0.46 0.70 0.22 0.07
MSS 0.45 0.46 0.35 0.42 0.06 0.02

DML 0.43 0.53 0.69 0.55 0.13 0.04

DMR 0.93 0.67 0.66 0.75 0.15 0.05

CPW 0.65 1.15 0.86 0.89 0.25 0.08
50pg/ml | MSL 0.81 0.50 0.68 0.66 0.16 0.05
MSS 0.35 0.30 0.35 0.33 0.03 0.01

DML 0.39 0.70 0.59 0.56 0.16 0.05

DMR 0.63 0.28 0.88 0.60 0.30 0.10

CPW 1.03 0.90 0.60 0.84 0.22 0.07
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Appendix three: In vitro antiplasmodial activity raw data of first round fractionation

Plants | Fractions 1 2 3 Parasitaemia average Standard deviation
DMSO 2.40 2.30 1.60 2.10 0.44
NNT 2.50 2.50 2.10 2.37 0.23
CPW | F1 1.19 0.86 1.46 1.17 0.30
F2 1.98 0.32 0.34 0.88 0.95
F3 1.05 1.79 1.65 1.50 0.39
Fa 1.63 1.98 2.31 1.97 0.34
DML | F1 2.48 2.04 1.80 2.11 0.34
F2 2.10 1.88 1.90 1.96 0.12
F3 0.84 0.97 0.70 0.84 0.14
Fa 0.60 0.97 0.43 0.67 0.28
DMR | F1 1.07 0.58 1.15 0.93 0.31
F2 0.56 0.63 1.07 0.75 0.28
F3 1.04 1.57 1.23 1.28 0.27
Fa 1.27 1.18 1.06 1.17 0.11
F5 0.75 1.92 0.89 1.19 0.64
F6 1.21 2.10 1.62 1.64 0.45
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Raw data of first round fraction antiplasmodial activity at 48 hours

average Standard
Plants | Fractions 1 2 3 parasitaemia deviation Standard error
NNT 6.50 6.50 6.20 6.40 0.17 0.06
DMSO 590 6.60 6.20 6.23 0.35 0.12
CPW | F1 3.00 2.64 1.60 2.41 0.73 0.24
F2 121 124 0.50 0.98 0.42 0.14
F3 1.88 2.15 1.19 1.74 0.50 0.17
Fa 298 225 3.18 2.80 0.49 0.16
DML | F1 143 152 2.33 1.76 0.50 0.17
F2 174 242 2.08 0.48 0.16
F3 134  1.08 1.22 1.21 0.13 0.04
Fa 119  1.00 0.76 0.98 0.22 0.07
DMR | F1 130 0.50 0.90 0.90 0.40 0.13
F2 050 081 1.84 1.05 0.70 0.23
F3 132 129 0.97 1.19 0.19 0.06
F4 136 140 0.73 1.16 0.38 0.13
F5 0.76  1.03 0.59 0.79 0.22 0.07
F6 169 0.64 0.99 1.11 0.53 0.18
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Anti plasmodial activity of second round fractions at 24 hours

parasitaemia Standard
Plants fractions 1 2 3 averages Standard error error Growth
NNT 3.51 2.95 5.00 3.82 1.06 0.35 2.82
DMSO 2.94 3.88 3.12 3.31 0.50 0.17 2.31
ACT 0.36 0.53 0.43 0.44 0.09 0.03 -0.56
CPW AlF1l 1.32 1.34 1.32 1.33 0.01 0.00 0.33
AlF2 1.90 1.79 1.73 1.81 0.09 0.03 0.81
AlF3 2.03 2.48 2.66 2.39 0.32 0.11 1.39
A2F1 1.80 2.54 2.72 2.35 0.49 0.16 1.35
A2F2 2.05 0.97 1.77 1.60 0.56 0.19 0.60
A2F3 1.09 2.12 2.19 1.80 0.62 0.21 0.80
A3F1 1.60 0.81 0.97 1.13 0.42 0.14 0.13
DML A3F2 1.91 141 1.67 1.66 0.25 0.08 0.66
B3F1 1.53 1.85 0.82 1.40 0.53 0.18 0.40
B3F2 1.48 1.59 1.54 0.08 0.03 0.54
DMR B4F1 1.63 1.16 0.98 1.26 0.34 0.11 0.26
B4F2 1.10 1.05 0.55 0.90 0.30 0.10 -0.10
C2F1 0.86 1.43 1.53 3.31 0.50 0.17 2.31
C2F2 1.57 2.24 1.91 0.47 0.16 0.91




Antiplasmodial activity of Second round fractionation at 48 hours
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parasitaemia Standard %
fractions 1 2 3 averages deviation standard Error %G inhibition
NNT 4.81 4.95 4.78 4.85 0.09 0.03 124.38 0.00
DMSO 5.48 391 3.99 4.46 0.88 0.29 106.48 0.39
COATRTEM | 0.10 0.34 0.31 0.25 0.13 0.04 -88.43 4.60
AlF1l 2.93 2.44 1.87 241 0.53 0.18 11.73 2.44
AlF2 1.94 2.63 1.78 2.12 0.45 0.15 -2.01 2.73
AlF3 1.81 2.33 2.76 2.30 0.48 0.16 6.48 2.55
A2F1 1.59 2.80 2.60 2.33 0.65 0.22 7.87 2.52
A2F2 2.24 1.79 2.52 2.18 0.37 0.12 1.08 2.67
A2F3 2.05 2.03 1.34 1.81 0.40 0.13 -16.36 3.04
A3F1 2.61 1.66 1.49 1.92 0.60 0.20 -11.11 2.93
A3F2 1.43 1.25 1.80 1.49 0.28 0.09 -30.86 3.36
B3F1 1.90 1.69 1.16 1.58 0.38 0.13 -26.70 3.27
B3F2 1.53 1.72 2..07 1.63 0.13 0.04 -24.77 3.23
B4F1 3.23 1.67 1.48 2.13 0.96 0.32 -1.54 2.72
B4F2 1.83 1.31 2.17 1.77 0.43 0.14 -18.06 3.08
C2F1 1.72 1.53 2.07 1.77 0.27 0.09 -17.90 3.08
C2F2 2.59 2.20 2.19 2.33 0.23 0.08 7.72 2.52
C3F1 1.20 3.04 1.88 2.04 0.93 0.31 -5.56 2.81
C3F2 3.47 1.87 2.52 2.62 0.80 0.27 21.30 2.23




Appendix four: ANOVA tables

Antiplasmodial activity of crude methanol extracts data analysis by one way-

ANOVA

M. sericea shoots extract

Variate: average % parasitaemia 48 hours

Source of | Degree of Sum of Mean of variation P probability
variation freedom squares squares ratio value
CONCENTRA

TIONS 2 1.466 0.733 5.62 0.042
Residual 6 0.7828 0.1305

Total 8 2.2488

D. mespiliformis root extracts

Variate: average % parasitaemia -24 hours

Source of | Degree  of Sum  of Mean of variation P probability
variation freedom squares squares ratio value

units stratum

concentratio | » 16458 08229  3.67 0.001
Residual 6 1.347 0.2245

Total 8 2.9928

D. mespiliformis root extracts

Variate: average % parasitaemia - 48 hours

Source of | Degree of Sum  of Mean of variation P probability
variation freedom sguares squares ratio value
concentratio | » 1162 0.581 0.99 0.425
Residual 6 3.5197 0.5866

Total 8 4.6816
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D. mespiliformis leaf extracts

Variate: average % parasitaemia 24 hours

Source of | Degree of Sum of Mean of variation P probability
variation freedom squares squares ratio value
CONCENTRA

TIONS 2 1.5955 0.7977 1.29 0.341
Residual 6 3.7041 0.6174

Total 8 5.2996

D. mespiliformis leaf extracts

Variate: average % parasitaemia -48 hours

Source of | Degree of Sum of Mean of variation P probability
variation freedom squares squares ratio value
CONCENTRA

TIONS 2 0.1769 0.0884 0.82 0.483
Residual 6 0.6441 0.1074

Total 8 0.821

Cyphostemma whole plant extract

Variate: average % parasitaemia- 24 hours

Source of | Degree of Sum of Mean of variation P probability
variation freedom sguares squares ratio value
CONCENTRA

TIONS 2 1.49369 0.74684 18.84 0.003
Residual 6 0.23787 0.03964

Total 8 1.73156

Cyphostemma whole plant extract

Variate: average % parasitaemia - 48 hours

Source of | Degree of Sum of Mean of variation P probability
variation freedom squares squares ratio value
CONCENTRA

TIONS 2 0.9998 0.4999 3.13 0.117
Residual 6 0.9576 0.1596

Total 8 1.9574




M. sericea leaf extracts
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Variate: average % parasitaemia - 48 hours

Source of | Degree of Sum of Mean of variation P probability
variation freedom squares squares ratio value
CONCENTRA

TIONS 2 0.3838 0.1919 0.39 0.69
Residual 6 2.9191 0.4865

Total 8 3.3029

M. sericea leaf extract analysis

Variate: average % parasitaemia -24 hours

Source of | Degree of Sum of Mean of variation P probability
variation freedom squares squares ratio value
CONCENTRA

TIONS 2 1.31776 0.65888 11.49 0.009
Residual 6 0.34407 0.05734

Total 8 1.66182

M. sericea shoot extracts

Variate: average % parasitaemia- 48 hours

Source of | Degree of Sum of Mean of variation P probability
variation freedom squares squares ratio value
CONCENTRA

TIONS 2 0.1095 0.0547 0.19 0.834
Residual 6 1.7531 0.2922

Total 8 1.8626
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Antiplasmodial activity of crude aqueous extracts data analysis by one way-

ANOVA

M. sericea leaf crude aqueous extract

Variate: Average Percentage Parasitaemia — 24 hours

Source of | Degree of Sum of Mean of variation P probability
variation freedom squares squares ratio value
CONCENTRA

TIONS 2 0.4407 0.2203 1.81 0.243
Residual 6 0.7318 0.122

Total 8 1.1725

M. sericea, leaf crude aqueous extract

Variate: Average Percentage Parasitaemia -48 hours

Source of | Degree of Sum of Mean of variation P probability
variation freedom squares squares ratio value
CONCENTRA

TIONS 2 0.00436 0.00218 0.05 0.953
Residual 6 0.2686 0.04477

Total 8 0.27296

M. sericea, shoot crude aqueous extract

Variate: Average Percentage Parasitaemia -24 hours

Source of | Degree of Sum of Mean of variation P probability
variation freedom sguares squares ratio value
CONCENTRA

TIONS 2 3.07069 1.53534 23.78 0.001
Residual 6 0.3874 0.06457

Total 8 3.45809




D. mespiliformis leaf crude aqueous extract
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Variate: Average Percentage Parasitaemia -24 hours

Source of | Degree of Sum of Mean of variation P probability
variation freedom squares squares ratio value
CONCENTRA

TIONS 2 0.18278 0.09139 4.97 0.053
Residual 6 0.11043 0.0184

Total 8 0.29321

D. mespiliformis leaf crude aqueous extract

Variate: Average Percentage Parasitaemia -48 hours

Source of | Degree of Sum of Mean of variation P probability
variation freedom squares squares ratio value
CONCENTRA

TIONS 2 0.0002 0.0001 0 0.996
Residual 6 0.1422 0.0237

Total 8 0.1424

Cyphostemma spp whole plant crude aqueous extract

Variate: Average Percentage Parasitaemia -24 hours

Source of | Degree of Sum of Mean of variation P probability
variation freedom sguares squares ratio value
CONCENTRA

TIONS 2 0.0582 0.0291 0.14 0.874
Residual 6 1.2668 0.2111

Total 8 1.325




129

Cyphostemma whole plant crude aqueous extract

Variate: Average Percentage Parasitaemia -48 hours

Source of | Degree of Sum of Mean of variation P probability
variation freedom squares squares ratio value
CONCENTRA

TIONS 2 0.01509 0.00754 0.2 0.824
Residual 6 0.2262 0.0377

Total 8 0.24129

D. mespiliformis leaf crude aqueous extract

Variate: Average Percentage Parasitaemia -24 hours

Source of | Degree  of Sum of Mean of variation P probability
variation freedom squares squares ratio value
Concentratio

ns 2 0.01556 0.00778 0.11 0.9

Residual 6 0.43327 0.07221

Total 8 0.44882

D. mespiliformis leaf crude aqueous extract

Variate: Average Percentage Parasitaemia -48 hours

Source of | Degree  of Sum  of Mean of variation P probability
variation freedom squares squares ratio value
Concentratio

ns 2 0.11816 0.05908 0.65 0.555
Residual 6 0.5458 0.09097

Total 8 0.66396
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First round fractionation antiplasmodial data analysis by One way ANOVA

Cyphostemma spp first round fraction analysis

Variate: average% parasitaemia - 48 hours

Source of | Degree  of Sum  of Mean of variation P probability
variation freedom squares squares ratio value
Fractions 3 5.7495 1.9165 6.45 0.016
Residual 8 2.3774 0.2972

Total 11 8.1269

Cyphostemma spp first round fraction analysis

Variate: average % parasitaemia -24 hours

Source of | Degree  of Sum  of Mean of variation P probability
variation freedom squares squares ratio value
Fractions 3 1.9793 0.6598 2.08 0.181
Residual 8 2.5361 0.317

Total 11 4.5154

D. mespiliformis leaf first round fraction analysis

Variate: average% parasitaemia -24

Source of | Degree of Sum of Mean of variatio P - Source of
variation freedom squares  squares.  nratio Bg?l?gb'“ty variation
fractions 3 5.1078 1.7026  26.43 <.001
Residual 7 -1 0.451 0.06443

Total 10 -1 5.17905

D. mespiliformis leaf first round fraction analysis
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Variate: average% parasitaemia -48 hours

Source of | Degree of Sum of Mean of variatio P - Source of
variation freedom squares  squares.  nratio \F;;(I)S:blllty variation
fractions 3 2.2584 0.7528 6.2 0.022
Residual 7 -1 0.8493 0.1213

Total 10 -1 2.7522

Antiplasmodial activity of second round fractionation data analysis by one way-

ANOVA

Cyphostemma spp whole plant first round fraction analysis

Variate: average % parasitaemia -24 hours

Source of | Degree of Sum of Mean of variation P probability
variation freedom squares squares ratio value.
Fractions 3 1.9793 0.6598 2.08 0.181
Residual 8 2.5361 0.317

Total 11 45154

Cyphostemma spp whole plant first round fraction analysis

Variate: average % parasitaemia - 48 hours

Source of | Degree of Sum of Mean of variation P probability
variation freedom sguares sguares ratio value.
Fractions 3 5.7495 1.9165 6.45 0.016
Residual 8 2.3774 0.2972

Total 11 8.1269
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D. mespiliformis leaf first round fraction analysis

Variate: average % parasitaemia- 24 hours

Source of | Degree of Sum of Mean of variatio P . Source of
variation freedom squares  squares.  nratio \r;;?sgblllty variation
frations 3 5.1078 1.7026  26.43 <.001
Residual 7 -1 0.451 0.06443

Total 10 -1 5.17905

Comparison of antiplasmodial activity of crude extracts by plant parts. Two
ways- ANOVA

M. sericea Leaf vs shoot crude methanol extract

Variate: Average % parasitaemia- 24 hours

i Degree of Sum of Mean of variatio P -

Source of variation : probability
freedom squares  squares n ratio value

CONCENTRATION
S 2 2.7783 1.38915  14.79 <.001
EXTRACTS 1 0.24267  0.24267  2.58 0.134
CONCENTRATION
S.EXTRACTS 2 0.00541 0.00271  0.03 0.972
Residual 12 1.12687 0.09391
Total 17 4.15325




M. sericea Leaf vs shoot crude methanol extract
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Variate: Average % parasitaemia -48 hours

- Degree of Sum of Mean of variatio P -

Source of variation ) probability

freedom squares  squares n ratio value
CONCENTRATION
S 2 0.4448 0.2224 0.57 0.579
EXTRACTS 1 0.186 0.186 0.48 0.503
CONCENTRATION
S.EXTRACTS 2 0.0484 0.0242 0.06 0.94
Residual 12 4.6723 0.3894
Total 17 5.3516
M. sericea Leaf vs shoot crude aqueous extract
Variate: Average % parasitaemia -24 hours

- Degree of Sum of Mean of variatio P .

Source of variation . probability

freedom squares  squares n ratio value
CONCENTRATION
S 2 6.95723 3.47862  37.28 <.001
EXTRCATS 1 0.18 0.18 1.93 0.19
CONCENTRATION
S.EXTRCATS 2 0.1267 0.06335 0.68 0.526
Residual 12 1.11967 0.09331
Total 17 8.3836




134

M. sericea Leaf vs shoot crude aqueous extract

Variate: Average % parasitaemia -48 hours

- Degree of Sum of Mean of variatio P -
Source of variation f ) probability
reedom squares  squares n ratio value
CONCENTRATION
S 2 0.11065 0.05533 1.7 0.223
EXTRCATS 1 0.22244  0.22244  6.85 0.023
CONCENTRATION
S.EXTRCATS 2 0.06119  0.0306 0.94 0.417
Residual 12 0.38969  0.03247
Total 17 0.78398
D. mespiliformis leaf vs root crude methanol extract
Variate: Average % parasitaemia — 24 hours
- Degree Sum of Mean variation -
Source of variation of of . probability
squares ratio
freedom squares value.
Concentrations 2 3.2099 1.6049 381 0.052
EXTRACTS 1 0.1233 0.1233 0.29 0.598
Concentrations. EXTRACTS | 2 0.0313 0.0157 0.04 0.964
Residual 12 5.0511 0.4209
Total 17 8.41
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D. mespiliformis leaf vs root crude methanol extract

Variate: Average % parasitaemia -48 hours

Degree

Mean

. P
Source of variation of Sum of o variatio probabilit
freedo  squares squares nratio
m ' y value.
EXTRACTS 1 0.7361 0.7361 2.12 0.171
Concentrations 2 0.8825 0.4412 1.27 0.316
EXTRACTS. Concentrations | 2 0.4563 0.2282 0.66 0.536
Residual 12 4.1638 0.347
Total 17 6.2387
D. mespiliformis leaf vs root crude aqueous | extract
Variate: Average % parasitaemia -24 hours
i Degree of Sum of Mean of variatio P -
Source of variation : probability
freedom squares  squares. n ratio value
EXTRACTS 1 0.1058 0.1058 1.25 0.285
CONCENTRATION
S 2 0.09241 0.04621  0.55 0.592
EXTRACTS.CONCE
NTRATIONS 2 0.0273 0.01365 0.16 0.852
Residual 12 1.0126 0.08438
Total 17 1.23811
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D. mespiliformis leaf vs root crude aqueous extract

Variate: Average % parasitaemia — 48 hours

i Degree of Sum of Mean of variatio P .

Source of variation . probability
freedom squares  squares n ratio value

CONCENTRATION
S 2 0.05884 0.02942  0.51 0.611
EXTRACTS 1 0.15494  0.15494 2.7 0.126
CONCENTRATION
S.EXTRACTS 2 0.05951 0.02976  0.52 0.608
Residual 12 0.688 0.05733
Total 17 0.96129
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Appendix five: Plants collection permit and pictures of plants

MINISTRY OF ENVIRONMENT AND TOURISM

RESEARCH/COLLECTING PERMIT

Permit Number 1488/2010
Valid from 12 March 2010 to 28 February 2011

Permission is hereby granted in terms of the Nature Conservation Ordinance 1975 (Ord. 4 of
1975) to:

Name: Dr RA Bock
Address: Private Bag 13301
Windhoek
Namibia
Coworkers: M. Hedimbi, C. du Preez and Dr D. Mumbengegwi

To study the evaluation of medicinal plants used by traditional healers for potential use as
complementary medicine for treatment of Malaria throughout Namibia excluding protected
areas, subject to attached conditions.

IMPORTANT: This permit is not valid if altered in any way.

MINISTRY CF ENVIQONMENT
AND TQUR!SWM
REPUBLIC OF MArSIA

15 MAR 2010
OEK

WINDH:!
PRIVATE BAG 13308, WINDHOEK
/ | TEL: il‘z‘"‘l FAX: 258101
%/d v Cr

Authoriging Officer

T ~ IMPORTANT Bl 'i
~ This permit is subject to the provisions of the N: > Conservation Ordinance, 1975 (Or
 1975) and the regulations promulgated there: 1e holder is subject to C

Enquiries: R Admini: , email @met.na
Private Bag 13306, Windhoek, Namibia
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Pictures of ethnomedicinal plants used to treat malaria associated symptoms in
Northern Namibia

Vangueria infausta, aerial parts
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Cyphostemma spp, whole plant
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Neptunia oleracea, whole plant
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Baikea plurujuga, whole plant
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Ziziphus mucronata, aerial parts

Oxygonum dregeanum, whole plant



