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ABSTRACT

Malaria is a parasitic disease caused by Plasmodium species and transmitted by
Anopheles mosquitoes. The disease is currently ranked high among the most
problematic infectious diseases around the world. Despite the significant progress that
has been made toward reducing the global burden of malaria, it remains one of the most
significant public health threats in sub-Saharan Africa and many other parts of the
developing world. Current malaria control measures have adverse environmental and
human effects. The synthetic repellents used for controlling vectors are causing
irreversible damage to the ecosystem since the chemicals are non-degradable in nature.
The current antimalarial drugs are also facing the specter of parasite resistance, hence
the need to discover novel drugs from natural products. The overall objective of the
study was to perform bioassay-guided fractionation and determine the antiplasmodial
activities, phytochemical profiles, active compounds and cytotoxicities of mushroom
and plant extracts. The study involved an ethnobotanical survey of putative antimalarial
mushrooms and plants. Preparation of mushroom and plant organic extracts; evaluation
of antiplasmodial activity of the extracts using the parasite lactate dehydrogenase
(pLDH) assay; verification of phytochemical profiles (saponins, terpenoids,
anthraquinones, coumarins, alkaloids, and flavonoids) using standard procedures;
elucidation of active antiplasmodial compounds using Gas chromatography-Mass
Spectrometry (GC-MS), Fourier Transform Infrared (FTIR) and Nuclear Magnetic
Resonance spectroscopy (NMR) and determination of cytotoxicity using the (3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) (MTT) method. Four
mushroom and thirteen plant species used in this study were collected from north-central

Namibian regions namely Kavango East, Kavango West, Ohangwena, and Oshikoto. Of



these, only two plants were active against 3D7 strains of the malaria parasite,
Plasmodium falciparum. None of the evaluated mushrooms showed activity. The
phytochemical screening of the plants revealed presence of anthraquinones, saponins,
terpenoids, coumarins, alkaloids, and flavonoids. Two antiplasmodial compounds
namely Npkl F70 (ICso = 2.63 £ 0.48 pug/mL) and NPkl F78 (ICsp 2.64 = 0.32 pug/mL)
were isolated from Npkl (Pechuel-loeschea leubnitiziae) dichloromethane (DCM)
extracts. The compounds were screened for cytotoxicity on the Chinese hamster ovary
(CHO) cell line using the MTT assay and were found to be toxic to the mammalian cells.
GraphPad Prism was used to calculate the compounds’ 1Csy values of 2.7 pug/mL and
2.22 pg/mL for NPk1 F78, and Npk1 F70, respectively. The molecular weight of the two
anti-3D7 compounds was determined by GC-MS to be 246 g/mol. When FTIR and
NMR were performed, the structure of the active compound was identified as
xerantholide. This is the first study to elucidate an active antiplasmodial compound from
this indigenous Namibian plant P. leubnitiziae which is used by local people to manage
malaria. This study, to the best of my knowledge is the first to report the antimalarial
activity of xerantholide, a known guaianolide extracted from aerial parts of P.
leubnitiziae. It is recommended that pharmacomodulation study be carried out on the
compound identified in this study in order to decrease the compound’s toxicity, while
maintaining or improving its activity. Further studies also need to be done on
xerantholide to determine the diastereomers (Stereoisomers that are not mirror images of
one another). Modification on xerantholide chemical structure also needs to be carried

out so that the toxic compounds can be used for possible anti-cancer therapy..
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CHAPTER 1

1. INTRODUCTION

1.1  General introduction

Malaria is a protozoan disease caused by parasites of the genus Plasmodium and
transmitted by female Anopheles mosquitoes (Cox, 2010). It is an infectious disease
caused by four Plasmodium species Plasmodium falciparum, Plasmodium malariae,
Plasmodium ovale, and Plasmodium vivax (Nogueira & Lopes, 2011). According to the
World Health Organization (2018), P. falciparum is the most prevalent malaria parasite
on the African continent, making it also responsible for most malaria-related deaths
globally, while P. vivax is the dominant malaria in most countries outside of sub-

Saharan Africa.

The parasites are transmitted by Anopheles mosquitoes, with Anopheles gambiae sensu
stricto, Anopheles funestus, and Anopheles arabiensis being the most prevalent in Africa
(Nkumama, O’Meara, & Osier, 2017). The two, An. gambiae and An. Funestus, are
strongly anthropophagic and consequently the most efficient malaria vectors in the
world (Centers for Disease Control and Prevention, 2018). The disease is one of the
leading causes of morbidity and mortality in the world, especially in children under the
age of 5 years and pregnant women in developing countries. Malaria causes enormous
medical and economic impacts (Alemu, et al., 2012). The disease remains the world’s
most devastating human parasitic infection, afflicting more than 500 million people and
causing about 2.5 million deaths each year (Petritus & Burns, 2008). According to the
World Malaria Report (2017), there were 216 million cases of malaria in 2016, up from

211 million cases in 2015. The estimated number of malaria deaths stood at 445 000 in
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2016, a similar number to the previous year which was 446 000. The majority of the
world’s malaria cases and deaths occur in the African continent with over 75% of the
estimated 2.5 million deaths each year occurring in children living in Sub-Saharan
Africa (World Malaria Report 2011). World Malaria Report, (2017) stated that globally,
more countries are moving towards elimination. In 2016, 44 countries reported fewer

than10 000 malaria cases, up from 37 countries in 2010.

According to CDC and Malaria (2017), malaria caused an estimated 214 million cases
and 438,000 deaths in 2015, mostly young children in Sub-Saharan Africa. In Africa
alone, costs of illness, treatment, and premature death from malaria are at least $12
billion per year. In 2016, an estimated US$ 2.7 billion was invested in malaria control
and elimination efforts globally (World malaria report 2017). Malaria’s toll would be
much higher without the efforts of CDC and other global partners. From 2000 through
2015, the massive scale-up of malaria prevention and treatment interventions saved
approximately 6.2 million lives globally, and malaria death rates in Africa were cut by
more than half. However, the disease remains a major public health problem, although it
is both preventable and treatable. According to Roser & Ritchie, (2018) the world

malaria deaths by region shows that most death occurred in Sub-Saharan Africa (Fig. 1).
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Figure 1. World malaria deaths by region. (Roser & Ritchie, 2018)

At the global level, the most vulnerable age group to malaria deaths is children under
five years old. In the year 2016 they account for 72 percent of total deaths (Fig. 2). The
number of deaths from malaria tends to decrease with age; with those over 70 years old
accounting for less than four percent. When age categories are combined, children under
14 years old account for approximately 80 percent of mortality (Fig. 2). (Roser &

Ritchie 2018).
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Figure 2. World malaria death by age group worldwide. Source: Our word in data

1.2. Malaria in Namibia

In Namibia, malaria is mainly found in the Northern and Eastern areas of the country,
although it has also been reported in the Central region and occasionally in the South.
Major plasmodium species found in Namibia are P. falciparum, P. vivax and the major
anopheles species are An. gambiae, An. arabiensis and An. funestus (World Malaria

Report, 2011).

Recent studies at vector sentinel sites confirm that the previous primary vectors An.
gambiae and An. funestus have been eliminated (Aide Mémoire, 2011). According to
2011 WHO report, malaria deaths in Namibia reached 616 or 3.01% of total deaths and
the country was ranked number 31 in the world. A total of 97% of malaria cases are due
to infection with P. falciparum, while the remaining 3% are attributable to the remaining

3 species P. vivax, P. ovale and P. malariae respectively.



It is reported that malaria deaths in Namibia have declined over the past decade with a
reduction rate of 90% and the incidence of malarial infections has also dropped
significantly. In fact, Namibia is moving towards pre-elimination of the disease (i.e. <1
case/1000 people) within its borders (Du Preez, 2012). Despite the overall reduction of
malaria, there remains low to moderate transmission in the northern regions bordering
Angola (Gueye et al., 2014).

The historical review of malaria control in Southern African countries revealed that
Indoor Residue Spray (IRS) mainly with Dichlorodiphenyltrichloroethane (DDT) is an
effective control measure against malaria transmission, especially when supplemented
with other interventions such as the use of insecticide-treated mosquito nets (ITNs) and

new drug therapies (artermisinin-based combinations) (Kamwi et al., 2012).

Natural products contain a great variety of chemical structures and have been screened
for antiplasmodial activity as potential sources of new antimalarial drugs (Nogueira &
Lopes, 2011). In the search for new therapeutic substances, a great number of
researchers have resorted to plant sources. This is due to the fact that many of these
plants are used in African traditional medicine and drugs from natural products have

been beckoned for use as origin of developing new antimalarials (Christy et al., 2016).

Recent developments in the field of biological control of malaria-transmitting
mosquitoes have shown that certain fungi are virulent to adult Anopheles mosquitoes
(Katsayal, et al., 2009). Mushrooms such as Ganoderma lucidum belonging to the
Ganodermataceae family have been reported to have a number of pharmacological

effects including immuno-modulating, anti-atherosclerotic, anti-inflammatory, analgesic,
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chemopreventive, anti-tumour, radio-protective, sleep-promoting, anti-bacterial, anti-
viral (including anti-HIV), hypo-lipidemic, anti-fibrotic, hepato-protective, anti-diabetic,
antioxidative and radical-scavenging, anti-aging, hypoglycemic and anti-ulcer
properties. G. lucidum has now become recognized as an alternative adjuvant in the
treatment of leukemia, carcinoma, hepatitis, diabetes, and has anti-tumour, anti-
inflammatory, antiplatelet aggregation, and hypocholesterolemic properties (Sanodiya,
et al., 2009). This study postulates that indigenous Namibian Ganoderma and other

medicinal mushrooms studied in Namibia may be useful in the treatment of malaria.

Medicinal plants play a major role in many communities over the world in the treatment
and prevention of disease and the promotion of general health (Muthaura et al., 2015).

The study of plants used traditionally as antimalarial is attractive due to the possibility of
finding new drugs and because of the strong adhesion of local people for economic and
cultural reasons (Ganfona, et al., 2013). Jan et al., 2014 stated that plant resources not
only provide materials for survival, medicinal and forage values, but also possess and
preserve cultural heritages, biological information and indigenous knowledge. They
further stated that bioactive compounds currently extracted from plants are used as
pharmaceuticals, agrochemicals, flavor and fragrance ingredients, food additives, and
pesticides. Studies have suggested that the antimicrobial activity of plants is particularly
related to the chemical composition of their essential oils. Vast majorities of prescription
drugs used in the world today contain compounds that are directly or indirectly, via

semi-synthesis, derived from plants.



Plant products continue to make an immense contribution to malaria chemotherapy,
either directly as antimalarial agents, or as important lead compounds for the discovery
of more potent anti-malarial drugs (Chinsembu 2015). As a result, the goal of this study
is to screen some indigenous Namibia medicinal mushrooms and plants for their

antiplasmodial properties.

1.3. Statement of the problem

This study was necessitated by the fact that current antimalarial drugs are becoming less
effective against the parasites and the methods being used in the control of vectors are
deemed harmful to the environment and humans. For example, mosquitoes are
controlled using indoor  residual spraying (IRS) primarily  with
dichlorodiphenyltrichloroethane (DDT), yet this control intervention has adverse
environmental and human health effects. Although mushrooms and plants are putatively
used to treat malaria in Namibia, there have been no empirical studies to investigate the
antiplasmodial activities, toxicities, and active compounds of indigenous Namibian

mushrooms and plants.



1.4. Aim of the study
The overall objective of the study was to perform bioassay-guided fractionation and
determine the antiplasmodial activities, phytochemical profiles, active compounds and

cytotoxicity for mushroom and plant extracts.

1.4.1. Specific objectives

1) To evaluate the in vitro activity of mushroom and plant extracts against the
chloroquine-sensitive Plasmodium falciparum strain 3D7.

2) To determine the phytochemical profiles of antiplasmodial active mushroom

and plant extracts.

3) To elucidate the structures of antiplasmodial active compounds.
4) To determine the cytotoxicity of antiplasmodial active mushroom and plant
extracts.

1.5. Significance of the study

Although there is extensive research done on the medicinal properties of some
mushroom and plant species on antiplasmodial activities, the indigenous Namibian
Ganoderma and other medicinal mushrooms and some plants are still to be explored,
thus making this research unique and necessary in Namibia. If the Namibian indigenous
mushrooms and plants to be screened are found to contain bioactive compounds that
have antiplasmodial activity, they can serve as candidates from which bio-control or
drugs may be developed and be used in controlling the malaria parasite or in treating the
disease itself. Community education and awareness on consumption and cultivation of
mushrooms as well as conservation of plants that yield positive results will be conducted

upon complete of this study.



CHAPTER 2

LITERATURE REVIEW

2.1. Malaria as a disease

Malaria is a parasitic disease caused by Plasmodium species and transmitted by
Anopheles mosquitoes. The disease is currently ranked highly among the most important
infectious diseases around the world (Jansen et al., 2010). Despite the significant
progress that has been made toward reducing the global burden of malaria, this disease
remains one of the most significant public health threats in sub-Saharan Africa and many

other parts of the developing world (Merkord et al., 2017).

Tren & Bate, (2001) stated that the link between the plasmodium parasite, the anopheles
mosquito and man was only made in 1898. They added that malaria has long been
associated with swamps, marshes and wetlands without the knowledge that these were
breeding grounds for mosquitoes. People thought that foul smelling air or miasmas were
the cause of infection. Others believed that poisons seeped from the soil into drinking
water, thereby infecting people. They elaborated that it was widely believed that malaria
was caused not by disease-carrying mosquitoes, but somehow by the Acacia

xanthophloea tree commonly known as the fever tree.

According to WHO (2018), the malaria cycle involves female Anopheles mosquitoes
picking up the parasite from infected people when they bite to obtain blood needed to
nurture their eggs. Gametocytes within a mosquito develop into sporozoites which are

transmitted via the saliva of a feeding mosquito to the human bloodstream. From there
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they enter liver parenchyma cells, where they divide and form merozoites which are then
released into the bloodstream and infect red blood cells. Rapid division of the
merozoites results in the destruction of the red blood cells, and the newly multiplied
merozoites then infect new red blood cells. Some merozoites may develop into
gametocytes, which can be ingested by a feeding mosquito, starting the life cycle over
again. One to two weeks after a person is infected the first symptoms of malaria appear,
usually fever, headache, chills and vomiting. If not treated promptly with effective
medicines, malaria can Kill by infecting and destroying red blood cells and by clogging
the capillaries that carry blood to the brain or other vital organs. The life cycle of P.

falciparum in both the human and a mosquito is shown in Fig. 3.

Life Cycle of Plasmodium falciparum

Figure 3. Life cycle of Plasmodium falciparum, in both human and mosquito.

(Pathway database, 2016)
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Nkumama et al., (2017) stated that the patients present with nonspecific symptoms,
including fever, rigors, and chills, and the majority will not require hospital admission.
Severe malaria develops in a minority, and in children it may manifest as a fever,
impaired consciousness, severe anemia, respiratory distress, convulsions, and

hypoglycemia, among other symptoms.

P. falciparum is one of the five distinct species of malaria parasite and the most
dangerous of the infective agents. It is found throughout the sub-tropical and tropical

regions of the world. Combinations of drugs containing an artemisinin derivative,
artesunate, were introduced for the treatment of P. falciparum infections in endemic
countries, however, recent reports show that drug resistance has developed to

artemisinin (Ndjonka et al., 2012).

2.2. Parasite resistance

In many parts of the world, the parasites have developed resistance to a number of anti-
malaria drugs such as chloroquine, sulphadoxine-pyrimethamine, and other conventional
ones. Resistance to these drugs has been reported to be as high as 40 to 60% in some
African and Asian countries. Some studies indicate that resistance to chloroquine, which
was the most widely used for malaria, may be responsible for the increase in malaria-
specific mortality in many malaria-endemic countries (Annan et al., 2012). In Africa,
artemisinin resistance has not been reported to date and first-line ACTs remain

efficacious in all malaria endemic settings (World Malaria Report, 2017).
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2.3. Malaria in Namibia

In Namibia, malaria transmission occurs in the endemic northern regions which are
considered to contribute almost the entire malaria burden in the country (Alegana et al.,
2016). Malaria transmission occurs in nine regions (22 districts) of Namibia with 1.2
million people (65% of the population) live in malaria transmission areas. However, the
intensity of malaria transmission is generally low except in Caprivi and Kavango
regions. Endemicity is highest in the north-eastern part of the country along the borders
with Angola and Zambia, and decreases towards the west, southwest and east (Fig.4)
(Aide Mémoire, 2011). Chinsembu et al., (2015) reported that the highest incidence of
malaria in Namibia is in Rundu, Kavango East region, with 56.3% and the two Kavango
regions with 10,501 reported cases with 34,608 suspected and 1176 confirmed cases.
They further stated that 71.1% of Rundu's inhabitants attend a public health facility for
malaria diagnosis and treatment, while the remainder seek the use of traditional

medicines.

According to Gueye et al., (2014), malaria diagnosis and treatment is available for free
to both citizens and foreigners in all health facilities in Namibia. In 2005, the national
guidelines called for clinical diagnosis with parasite confirmation using microscopy or a
Rapid Diagnostic Test (RDT). They further stated that chloroquine was the first line
treatment for P. falciparum, and sulfadoxine pyramethamine (SP), or oral quinine for
pregnant women, was the second line treatment. However, increasing resistance to
chloroquine led to a treatment policy change to use artemisinin combination therapy
(ACTSs) in 2005, which was then rolled out nationwide in 2006. Since then, all health

facilities in Namibia offered malaria treatment with ACTSs.
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Although the country has made remarkable progress in reducing its malaria incidence
since 2000, the challenge of eliminating the disease, particularly along the country’s

northern border, may be too high to overcome by 2023 (United Nations System in

Namibia, 2018).
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Figure 4. Distribution of endemic malaria in Namibia adopted from (MARA/ARMA
2001).

During the year 2017, Namibia had a malaria outreak that affected 4 600 in Kavango

East and Kavango West, 582 in Zambezi and 1 180 in Ohangwena regions with 15

death recorded Fig. 5. (Shapwanale & Itamalo, 2017).
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Figure 5. Reported malaria cases from the four endemic northern regions during the

year 2017. (Shapwanale & Itamalo, 2017).

Namibia is one of the countries with elimination programs together with Botswana,
Comoros, South Africa and Eswatini. The country is classified amongst countries with
low transmission in southern Africa (World malaria report, 2017). The country is also a
member of the Elimination 8 Initiative (E8) (Fig. 6) which was established by the
Southern African Development Community (SADC) ministers of health to achieve
malaria elimination by 2020 in the four southern-most countries viz. Botswana,
Namibia, South Africa and Eswatini, and to reduce incidence and eventually eliminate

malaria from their northern neighbors (Angola, Mozambique, Zambia and Zimbabwe).
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The E8 complements national efforts by working towards the following objectives:
Strengthen regional coordination in order to achieve elimination in each of the E8
member countries; elevate and maintain the regional elimination agenda at the highest
political levels; promote policy harmonization, quality control and knowledge
management to accelerate progress towards elimination; reduce cross-border malaria
transmission through expanded access to early diagnosis and treatment in border
districts; and secure resources to support the regional elimination plan and ensure long-
term sustainable financing for the region’s elimination ambitions (World Health
Organization, 2016). However, Namibia and Eswatini are not on track due to the
increase in cases in recent years. Namibia reported 556 cases in 2010, unfortunately the
cases increased to 25 198 in 2016 which is a 45 times increase. Eswatini reported a 30%
increase during the same period. Most populations within the E8 countries have access

to LLIN or IRS Fig.7.

The increases in malaria cases in the two countries are due to many factors, including
inadequate vector control, climatic factors such as El Nifio in 2015-2016 and improved
reporting. In Namibia, the outbreaks are linked to environmental and epidemiological
changes in the country and in neighboring countries, and are particularly severe in areas

with poor implementation of malaria interventions (Simasiku, 2017).
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Figure 6. Elimination 8 Initiative share of eliminated cases during 2016

(World malaria report, 2017)
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Figure 7. Proportion of population with access to LLIN or IRS in Elimination 8

Initiative during 2016 (World malaria report, 2017)

2.3. Mosquitoes as malaria vectors
Mosquitoes represent the major arthropod vectors of human disease worldwide
transmitting malaria, lymphatic filariasis, and arboviruses such as dengue virus and Zika
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virus. Unfortunately, there is no treatment in the form of vaccines or drugs available for
most of these diseases and vector control is still the main form of prevention (Benelli,

Jeffries, and Walker, 2016).

According to Naseem et al., (2016), mosquitoes are considered as very important group
of insects, that act as vector for many viral, bacterial and protozoans’ diseases. The
exponential increase in population of mosquitos is a major problem for many countries
because they spread different diseases such as filarial, Japanese encephalitis, Lyme
disease, Yellow fever, encephalitis, malaria, chikungunya, dengue, and epidemic poly-

arthritis. In tropical and subtropical countries mosquito borne diseases are main problem.

Anopheles mosquitoes are the only vectors of human malaria and they are the only
vectors of Plasmodium species, the etiological agents of malaria to humans. Anopheles
mosquitoes are found in tropical and neotropical regions, and up until 2016, 472 species

had been identified (Rodrigures et al., 2017).

Primary malaria vectors in Africa are Anopheles gambiae and Anopheles funestus and
they are strongly anthropophilic and consequently the most efficient malaria vectors in
the world (Centers for disease control and prevention, 2017). Over its life span a female
mosquito repeatedly takes a blood meal as protein source to complete egg development.
By injecting the saliva which may contain pathogens into the host animal, the pathogens
thus complete an obligatory life cycle phase and multiply in the mosquito’s salivary
glands. This thereby makes female mosquito an ideal transmitter of diverse blood borne

pathogens and agents of devastating human diseases (Kalita, Bora, and Sharma, 2013).
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Mosquito control and personal protection from mosquito bites are currently the most
important measure to control this disease. Synthetic mosquito repellents used for control
of vectors are causing irreversible damage to ecosystem since the chemicals are non-
degradable in nature. To overcome the problem, there is need for the development of
effective non N,N-diethyl-3-methyl toluamide (DEET) alternatives and prepare repellent
by using biodegradable mosquito repellent (Chavare, et al., 2015). DEET is best
synthetic mosquito repellent that can be available easily but it has harmful effects

(Naseem et al., 2016).

Benelli, et al., 2016, stated that mosquitoes behavior play a key role in vector control
programs and further knowledge regarding the chemical ecology of mate searching,
swarming landmarks, and mate choice in swarming sites is required to improve control
strategies. Vector control strategies have traditionally focused on killing mosquitoes
using a variety of insecticides. Environmental management through reduction or
removal of mosquito breeding sites has often been used alongside chemical or
microbiological ovicides, larvicides, and pupicides in areas where endemic mosquito-
borne diseases occur. They elaborated that the use of synthetic insecticides has to be
regulated given that the development of insecticide resistance is widespread and that
there is concern regarding the damage to the environment and effects on non-target
organisms. They concluded by stating that use of insecticides for mosquito control,
which include organophosphates, carbamates, and pyrethroids, can also have negative

effects on human health.
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Older methods of mosquito repellents include the rubbing of mana, vinegar and plant
oils on the body. Ancient people also used to burn the bay, black cumin, oregano and
galbanum to restrict the mosquitoes. Many research efforts revealed that essential oil
compounds and their derivatives are alternative controlling measure for mosquitoes

(Naseem et al., 2016).

Biocontrol strategies for mosquito-borne diseases are needed to help reduce the
prolonged application of insecticides that are currently used as the primary method for
mosquito control. Eco-friendly, safe, and sustainable methods should be developed that

can target a range of different mosquito species (Benelli, et al., 2016).

2.4. Mushrooms

Mushrooms represent one of the world’s greatest untapped resources of nutrition,
palatable food and medicinal importance of the future (Wani, Bodha, & Wani, 2010).
According to recent estimates, mushrooms constitute at least 12,000 species in the
ecosystem and 2,000 species are reported as edible among the known. They are not only
considered as nutritious protein-rich food but also serve as a potential source for
producing pharmaceutical and nutraceutical compounds (Margret, Beulah, and Nelson,
2013). Mushrooms like truffles have gained popularity as they have a unique aroma
profile which is highly desirable in various foods (Wang & Marcone, 2011). Several
fungi with antiplasmodial properties have been proved as sources for novel

antiplasmodial compounds (Kadhila-Muandingi et al., 2014).
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After the discovery of the first wonder drug, penicillin, from filamentous fungi much
more attention has been carried out in therapeutic usage of fungus especially from
medicinal mushrooms (Margret et al,. 2013). Modern pharmacological research
confirms large parts of indigenous knowledge regarding the medicinal effects of
mushrooms due to their antifungal, antibacterial, antioxidant and antiviral properties,

besides being used as functional foods (Wani et al., 2010).

Rahman & Choudhury (2012), stated that for medical purposes, mushrooms have been
consumed to prevent cancer and cardiac diseases, to improve blood circulation, and to
reduce cholesterol. Some of the mushrooms have also been used for the treatment of
physical and emotional stress, osteoporosis, gastric ulcers, and chronic hepatitis; for the
improvement of the quality of life of patients with diabetes; and especially for the

stimulation of immunity (Fantuzzi et al., 2010).

According to Oluba et al., (2012), G. lucidum mushrooms are said to prevent the
proliferation of malarial parasites in mice. Their study found that extracts of G. lucidum
possessed significant antiplasmodial activity. In a different study, Katsayal et al., (2009)
reported the antiplasmodial properties of the fungus Chlorophyllum molybdites. In
Nigeria, G. lucidum aqueous extract is reported to have been used to establish changes in
serum and liver lipoprotein cholesterols accompanying Plasmodium berghei malarial
infection in mice (Oluba et al., 2012). Kadhila-Muandingi et al., (2014) reported the
antiplasmodial activity of aqueous extracts for the indigenous G. lucidum and Terfezia
pfeilii Namibian mushrooms against P. falciparum 3D7A. The two mushrooms showed

antiplasmodial activity at concentrations ranging from 5-50 pg/mL, with T. pfeilii
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extracts showing the highest activity with an ICsy of 0.022 pg/mL compared to G.

lucidum at 3.66 pug/mL.

According to a study by Kadhila-Muandingi & Chimwamurombe (2012) on medicinal
uses of some mushrooms in Namibia, Ganoderma mushrooms’ smoke is inhaled for the
relief of flu and body aches. They also stated that the boiled mixture of its water and that
of other five species of mushrooms included in their study are used as nerve calming
tonics and as treatment for skin infections including measles and many other health
complications. The genus Ganoderma is a popular topic in the world for their
medicinally important use as immuno-booster, being used as remedy for cancer,
diabetes, high blood pressure, and in the improvement of the conditions of those living
with HIV/AIDS. Though inedible due to its thick tough and cocky fruiting body, it is
mostly taken as neutriceutical in the form of capsules, tonic, spice and tea (Khatun et al.,

2011, & Sanodiya et al., 2009).

Stamets 2005 stated that there is promising evidence documenting the ability of the
mushroom Polyporus umbellatus (Zhu ALing) to completely inhibit the parasite that
causes malaria. He stated that P. umbellatus was 100% effective in vitro in inhibiting the
malarial parasite P. falciparum. He also reported the effectiveness of Pleurotus ostreatus

on P. falciparum.

De Silva et al., (2013) reported that the lanostanes from G. lucidum have shown
moderate antiplasmodial activity in vitro with ICsp values of 6 to 20 uM. They further

added that Cordyceps nipponica exhibited potent in vitro antimalarial activity with 1Cs
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values of 0.066 and 0.037 ug/mL, respectively. Other mushrooms such as Cordyceps
unilateralis, Cordyceps pseudomilitaris and Stereum ostrea (false turkey-tail) have also

been reported to be active against P. falciparum (Stamets, 2005 & Arko et al.,, 2017).

Lentinan, a (1-3)-beta glucan from Lentinus edodes, an effective immunostimulatory
drug, is reported to induce protective Thl immune responses to control the proliferation
of malaria parasites during the blood stage of P.yl7XL infection by stimulating
maturation of dendritic cells (DCs) to inhibit negative regulation of the Thl immune
response by Tregs, so it can be established that lentinan has prophylactic potential for
the treatment of malaria (Zhou et al., 2009). Numerous studies show that fungi can infect
adult mosquitoes when applied to a range of substrates, suggesting potential for use as
IRS or via novel delivery strategies such as impregnated eve curtains, resting targets or

even impregnated bed nets (Blanford et al., 2012).

2.5. Plants as antimalarial agents

The discovery of the plant-based drug artemisinin for malaria treatment highlights the
importance of screening plants and fungi as sources of metabolites for parasitological
and mosquitocidal properties (Benelli et al., 2016). Plants and other natural products are
starting points for future antimalarial therapies and novel antiplasmodial drugs. Many
plant remedies are used to treat malaria in Africa, Asia and the Americas (Chinsembu,
2015). Many herbs used in folklore for the treatment of diseases in different parts of the
world are being screened for antimicrobial activities and the results obtained from these
scientific studies so far have rationalized the tradomedical use of many plants and plant

parts (Theresa et al., 2011).
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Plants have also been used for centuries in the form of crude fumigants where plants
were burnt to drive away nuisance mosquitoes and later as oil formulations applied to
the skin or clothes which was first recorded in writings by ancient Greek, Roman and
Indian scholars. Most plants contain compounds that they use in preventing attack from

phytophagous insects (Maia &Moore, 2011).

Recently, commercial repellent products containing plant-based ingredients have gained
increasing popularity among consumers, as these are commonly perceived as “safe” in
comparison to long-established synthetic repellents although this is sometimes a
misconception. Although the primary functions of these compounds are defense against
phytophagous insects, many are also effective against mosquitoes (Maia et al., 2011).
Plant based repellents do not pose dangers of toxicity to domestic animals and humans

and can be easily biodegraded (Naseem et al., 2016).

2.6. Malaria control and treatment

Current malaria control programs rely heavily on methods that target the mosquito
vector using chemical insecticides, but recently alarming increases in insecticide
resistance have been detected in malaria vectors throughout Africa. Insecticide
resistance management initiatives require comprehensive quantification of resistance in
field populations to the set of insecticides used in vector control (Hancock et al., 2018).
According to Hemingway et al., (2016), there are at least 25 projects in the global
malaria vaccine pipeline, as well as 47 medicines and 13 vector control products. In

addition, there are several next-generation diagnostic tools and reference methods
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currently in development, with many expected to be introduced in the next decade. The
development and adoption of these tools, bolstered by strategies that ensure rapid uptake
in target populations, intensified mechanisms for information management, surveillance,
response, and continued financial and political commitment are all essential to achieving

global eradication.

There are three major interventions used globally which are insecticide treated nets
(ITN), artemisinin-based combination therapy (ACT) and indoor residual spraying
(IRS). Earlier work by Malaria Atlas Project (MAP) has generated detailed models of
ITN, ACT and IRS coverage in parallel to spatiotemporal reconstructions of changing
endemicity through time in Africa. MAP is working to extend the African ITN model to
triangulate data from net manufacturers, national malaria control programmes and
household surveys into coverage models. This will allow definitive evaluation of ITN
coverage and enable future ITN distribution to be more targeted and risk driven. Similar
models will be produced for ACTSs, IRS, and intermittent preventive treatment in

pregnancy (IPTp) and seasonal malaria chemoprevention (SMC) (Weiss at al., 2018).

Insecticide-treated bed nets have played a very important role in the reduction of
Plasmodium falciparum infection prevalence in malaria endemic sub-Saharan Africa,
which has seen the incidence of clinical disease fall by 40% between 2000 and 2015.
However, bednets are only effective against mosquitoes that bite during the night and
concern is growing that insecticide resistance, particularly due to the most commonly
used class of pyrethroids, could reverse this trend and lead to rising incidence of malaria

and increased fatalities (Benelli et al., 2016).
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The world malaria report 2017 stated that the most commonly used methods to prevent
mosquito bites are sleeping under an ITN and spraying the inside walls of a dwelling
with an insecticide known as IRS. Use of ITNs has been shown to reduce malaria case
incidence rates by 50% in a range of settings and to reduce malaria mortality rates by
55% in children under 5 years of age in sub-Saharan Africa. The report further stated
that manufacturers have delivered a total of 582 million insecticide-treated mosquito
nets (ITNs) globally between 2014 and 2016, of this amount, 505 million ITNs were
delivered in sub-Saharan Africa. It is also reported that across sub-Saharan Africa,
household ownership of at least one ITN increased from 50% in 2010 to 80% in 2016.
However, the proportion of households with sufficient nets remains inadequate, at 43%
in 2016.

The world malaria report (2017) reported that an estimated 409 million treatment
courses of artemisinin-based combination therapy (ACT) were procured by countries in
2016 which is more than 311 million in 2015. Current strategies for malaria control
center on the use of chemical insecticides against the adult mosquito vectors,
unfortunately, the sustainability and effectiveness of these frontline technologies are
being undermined by the exceptionally rapid spread of insecticide resistance in
Anopheles populations. This growing resistance problem has led to calls for new control

tools to help reduce the reliance on existing chemical insecticides (Blanford et al., 2011).

According to African Leaders Malaria Alliance Namibia (ALMA, (2012), report, the
country has removed tariffs on anti-malarial medicines, malaria diagnostics, insecticides,

and spray pumps for IRS. Namibia has also banned oral artemisinin-based
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monotherapies and is introducing a policy on Community Case Management of malaria.
Namibia has made significant progress in scaling-up malaria control interventions and
has, in particular, sustained high levels of IRS whilst rolling out long-lasting insecticide
treated nets (LLINS), and expanding to universal parasitological diagnosis and treatment.
Namibia is one of the top 10 high-mortality countries with the sharpest increases in the
annual rate of reduction in under-five mortality rate (ALMA, 2012). Disease prevention
and elimination relies on operational control of Anopheles malaria vectors, which

requires the deployment of effective insecticides (Coleman et al., 2017).

REDUCING TRANSMISSION
LLINs

IRS

Toxic wall liners, toxic paint
Toxic sugar-baited traps

Eave tubes

Trapping systems
CLEARING PARASITES Gene drive technology CLEARING PARASITES
¢ Drugs Wolbachia  Drugs
* Vaccines (Spatial) repellents

<
>
REDUCING TRANSMISSION

¢ Transmission-blocking drugs
* Transmission-blocking vaccines

Figure 8. Current and novel interventions aiming at reducing malaria prevalence
(Huijben & Paaijmans, 2018).

Current and novel interventions aiming at reducing malaria prevalence by clearing the

parasites from humans and mosquitoes or by reducing the transmission probability from

mosquito to human or vice versa (Fig. 8) (Huijben & Paaijmans, 2018).
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2.6.1. Dichlorodiphenyltrichloroethane (DDT)

Dichlorodiphenyltrichloroethane is a colorless, crystalline, tasteless, and almost odorless
organochlorine known for its insecticidal properties and environmental impacts. WHO
recommends DDT only for indoor residual spraying, provided that several conditions are
met. Concerns about the use of DDT are fueled by recent reports of high levels of human
exposure associated with indoor spraying amidst accumulating evidence on chronic
health effects. WHO recommends DDT for use in indoor residual spraying only because
there is no alternative of both equivalent efficacy and operational feasibility, especially

for areas with perennial and long seasonal malaria transmission (van den Berg, 2008).

Despite concerns regarding the health effects of exposure to DDT, it continues to be
used for vector control in some developing countries. DDT and its primary degradation
product and metabolite, DDE (dichlorodiphenyldichloroethylene), are lipophilic
compounds that are persistent in the environment and have the ability to bioaccumulate
(Whitworth et al., 2014). The problems with the use of DDT stems largely from its
persistence, bioaccumulation, toxicity, and physicochemical capacity for long-range

transport (Bouwmana et al., 2012).

There is evidence of adverse human health effects resulting from long-term DDT
exposure. Effects include reproductive health effects at birth such as pre-term birth and
low birth weight; earlier puberty in girls, adverse pregnancies and breast cancer in
women and reduction in semen quality in men. There is also evidence of

neurodevelopmental impairment in infants, neurotoxic effects in adults and development
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of pancreatic cancers in men (Dalvie, 2011). Inhabitants of dwellings treated with DDT
for indoor residual spraying show high DDT levels in blood and breast milk. This is of
concern since mothers transfer lipid-soluble contaminants such as DDT via breast

feeding to their children (Gyalpo et al., 2012).

Despite evidence of potential harmful human health effects of DDT exposure, there
remains a gap in knowledge regarding determinants and strategies for reduction of
exposure, particularly among non-occupationally exposed individuals (Whitworth et al.,
2014). Efforts are needed to implement best practices to protect residents in treated
households from exposures arising from IRS. Of particular concern would be women of
childbearing age who live in DDT IRS-treated dwellings and transfer of DDT and DDE

to the fetus in pregnancy and to the infant via lactation. (Bouwmana et al., 2012).

2.6.2 Parasite resistance

Antimalarial drug resistance is a threat to malaria control and has important implications
for global public health. Resistance of malaria vectors to the four insecticide classes
commonly used in ITNs or IRS threatens malaria prevention and control efforts. Of the
76 malaria endemic countries that reported standard monitoring data for 2010 to 2016,
resistance was detected in 61 countries to at least one insecticide in one malaria vector
from one collection site. In 50 countries there was resistance to two or more insecticide
classes. Resistance to the four insecticide classes was detected in vectors present in all

WHO regions except Europe (World Malaria Report, 2017).

According to (WHO, 2018), much of the success in controlling malaria is due to vector
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control. Vector control is highly dependent on the use of pyrethroids, which are the only
class of insecticides currently recommended for ITNs or LLINs. Pyrethroids also
referred to as dalmatian chrysanthemum, is a perennial daisy loaded with chemicals
called pyrethrins that are toxic to insects and nontoxic to humans. In recent years,
mosquito resistance to pyrethroids has emerged in many countries. In some areas,
resistance to all 4 classes of insecticides used for public health has been detected.
Fortunately, this resistance has only rarely been associated with decreased efficacy of
LLINs, which continue to provide a substantial level of protection in most settings.
Rotational use of different classes of insecticides for IRS is recommended as one
approach to manage insecticide resistance. However, malaria-endemic areas of sub-
Saharan Africa and India are causing significant concern due to high levels of malaria

transmission and widespread reports of insecticide resistance.

The use of two different insecticides in a mosquito net offers an opportunity to mitigate
the risk of the development and spread of insecticide resistance; developing these new
nets is a priority. Several promising products for both IRS and nets are in the pipeline.
(WHO, 2018). The report further elaborated that, detection of insecticide resistance
should be an essential component of all national malaria control efforts to ensure that the
most effective vector control methods are being used. The choice of insecticide for IRS

should always be informed by recent, local data on the susceptibility of target vectors.

Apart from IRS, three additional classes of insecticides are available (organochlorines,
organophosphates and carbamates), the organochlorine DDT was predominantly used

during the 50s and 60s as it was cheap and highly effective. More recently, pyrethroids
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took over the IRS market with approximately 90% of President’s Malaria Initiative
(PMI)-funded countries using pyrethroids in their IRS campaigns around 2010, the
dramatic increase in the prevalence and strength of insecticide resistance that is observed
across Africa is likely due to applying single-class insecticides in public health. The use
of a single insecticide in IRS campaigns (DDT in the 50s and 60s; pyrethroids up to very
recent) or a single chemical class (only pyrethroids infon ITNs/LLINS) resulted in

selective pressure in the vector population (Huijben & Paaijmans, 2018).

Huijben & Paaijmans (2018), stated that resistance of P. falciparum parasites to
chloroquine, the first widely available antimalarial, started to spread across the majority
of malaria endemic areas in the 60s and 70s. The drug was replaced with sulphadoxine—
pyrimethamine (SP) as the first-line treatment in several countries in the 90s. They
further stated that, although falciparum parasites have developed resistance to nearly
every available drug, ACTs still remain effective in most parts of the endemic world and
have proven to be rather resilient against resistance evolution by not losing their efficacy
as rapidly as chloroquine and SP did in the past. This success may be attributed to drug
properties, as artemisinins act more rapidly and have a shorter half-life than all other
antimalarials, resulting in a shorter window of selection and are protected by a partner
drug with a longer half-life, so selective pressure is always for two drugs of different

mode of action at the same time.

The main advantage of ACTSs is that the artemisinin quickly reduces most of the malaria
parasites and the partner drug clears the remaining ones. However, the efficacy of ACTs

is threatened by the emergence of both artemisinin and partner drug resistance (Malaria
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World Report, 2017). They concluded that an additional obstacle is that when it comes
to evolutionary principles, there is a general disconnect between the academic world and
policy makers, even though malaria programme managers and academics both
acknowledge that the evolution of pathogen and vector is hampering progress of malaria
control and eradication and that interventions may fail if evolutionary biology of the

disease is disregarded (Huijben & Paaijmans, 2018).
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CHAPTER 3

3. MATERIALS AND METHODS

3.1. Ethnobotanical survey

The Ministry of Environment and Tourism in Namibia issued the plants collection
permit (Permit number 2124/2016) appendix D. The guidelines followed on sustainable
harvesting of plants were provided by the National Botanical Research Institutes
(NBRI), Windhoek, Namibia. The plants were collected after interviews with a well-
known local herbalist Dr Simaata P Matengu who has been practicing as a traditional
healer for 46 years and obtained his indigenous knowledge from his father and
communicate all his needs during treatment with his ancestral spirits. Dr Simaata is a
chairperson of the Traditional Healer Association in Namibia and he is registered with

the Ministry of Health and Social Services (MoHSS).

Some community members in Kavango East and Ohangwena regions in North-Central
Namibia gave information about the plants that are used for malaria treatment in their
communities. Most of the plants were recommended by the herbalist and were collected
with him in the forest at Ncuncuni village in Kavango East. One headwoman from
Kaisosi in Rundu also provided information about the plants that were collected together
with the herbalist. The collected plants were identified by the curator from the National

Herbarium at the National Botanical Research Institute in Namibia (appendix E).
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Figure 9. Schematic overview of methods used in this study
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3.2. Mushroom collection and identification

Mushroom samples were collected from Kavango West, Ohangwena and Oshikoto
regions. The regions were chosen due to the availability of tree stumps and cultivated
fields where many mushrooms were found growing during the past studies. In the field,
mushrooms were morphologically identified using a mushroom Field Guide book for

Southern Africa by Van der Westhuizen & Eicker, (1994).

Mushroom pictures were taken for further identification. The locality, soil type,
vegetation type and the substrate on which the mushrooms were found growing were
also noted to help in identification. The two species of mushrooms used in this study
were chosen as a follow up study to that of Kadhila-Muandingi et al., (2014) with the
aim of identifying and characterizing the bioactive molecules that are active against the

malaria parasite observed in the past study.

3.3. Evaluation of mushroom and plant extracts for the in vitro activity against the

3D7 strain of the malaria parasite, Plasmodium falciparum

3.3.1 Extract preparation and in vitro screening for antiplasmodial activity

The selected collected mushrooms and plants were dried and ground to fine powder.
Twenty (20 g) of each sample were added to 200 mL of solvent. The samples left on a
shaker for 48 hours, filtered and extracted again with the same solvent for another 48
hrs. The extraction process was repeated sequentially with organic solvents in their
increasing order of polarity. The solvents used are hexane, dichloromethane, ethyl

acetate and methanol. The extracts were filtered through Whatman no.4 filter paper and
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subsequently evaporated using a rotary evaporator (Heidolph GI, Germany) at 60°C. The
extracts were dried in the fume hood, weighed and placed in sterile sample bottles and

stored in a refrigerator until required for use.

Stock solutions of 20 mg/ml were made in 100% dimethyl sulfoxide (DMSO) and the
samples were screened at 100 pg/mL - 5.13 x 10 pg/mL for dose-response (3-fold
dilution). The solvent control, DMSO, was also screened at corresponding
concentrations of the test samples with the starting concentration of 1% DMSO at 100
pug/mL. The extracts were screened for in vitro antimalarial activity at full dose
concentrations against the chloroquine-sensitive strain, 3D7 of Plasmodium falciparum

(Nogueira & Lopes, 2011).

The 50% inhibitory activity (ICsy values) was determined using the parasite lactate
dehydrogenase (pLDH) assay. Two-fold dilutions of the stock solution (2 mg/mL) to
200 pg/mL was carried out in complete RPMI 1640 culture medium, introduced to the
parasite at trophozite stage, and incubated for 48 hrs at 37°C in an atmosphere of 93%
N2, 4% CO,, and 3% O,. After incubation, parasite viability relative to the untreated
controls were measured by pLDH assay, whereby the density of the parasite is indicated
by production of quantifiable purple crystals of formazan salt. Dose-response curves
were obtained by plotting percentage parasite survival against the logarithm of the
concentration using the GraphPad Prism software package (GraphPad software, Inc,
California, USA). The 50% inhibitory activities (ICs values) were derived from dose-

response curves.
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3.3.2 Cultivation of malaria parasites

Plasmodium falciparum parasites were cultured as described by Trager and Jesen
(1976), with minor modifications. The 3D7, and CQ-resistant strain K1 isolated in
Kanchnaburi, Thailand and RSA11 isolated in Kwa-Zulu Natal were used. The parasites
were maintained in Roswell Park Memorial Institute medium (RPMI) 1640
(BioWhittaker) culture medium supplemented with phenol red, albumax Il (bovine
serum albumin) (Gibco) (25 g¢/L), HEPES (N-[2-hydroxyethyl]-piperazine-N'-[2-
ethansulphonic acid]) (6 g/L), 4.25%of sodium bicarbonate and gentamycin (50 mg/L).

The reagents were purchased from Sigma-Aldrich, South Africa.

The parasites were cultured in sealed flat bottom flasks and maintained in washed O"
human red blood cells (RBC) at 37°C in an atmosphere of 93% N, 4% CO,, and 3% O,
The haematocrit and parasitaemia were kept between 2 - 4% by the addition of RBC.
Parasites were synchronized at the ring stage regularly by treatment with 5% D-sorbitol.
The parasitaemia was determined microscopically using a Giemsa stained thin blood

smear of culture on the slide.

3.3.3. Fractionation of antiplasmodial active extracts by Column Chromatography
Extracts with desirable activity and selectivity index were fractionated using Column
Chromatography to identify the fractions responsible for activity using Mass

spectrophotometry and NMR analyses.

Silica (0.063 - 0.200 mm) was mixed with hexane to make a slurry, which was poured in

to a glass column (60 x 4 cm) and left to settle. The active fraction (20 mg/mL) was
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dissolved in 5 ml DCM:hexane (9:1) and added onto the column and washed with 50 ml
hexane to wash out the DCM. The wash was collected in 20 ml of first 2 tubes. The
washing was followed by a slow and constant drop by drop flow of 200 ml of mobile
phase: DCM:Hex (60:40). The flow rate was an average of 65 drops per minute and 52
fractions of 10 mL each were collected. The polarity of the mobile phase was then

increased to DCM:MeOH (9:1).

3.3.4 Thin Layer Chromatography

Thin Layer Chromatography (TLC) was performed on Whatman aluminium sheets
coated with a 0.2 mm layer of silica (Si gel 60). TLC was used to determine the profiles
of the eluted fractions generated from column chromatography. The fractions 1 to 15
were reconstituted in DCM:hexane (9:1) solvent system, while fractions 16 - 40 were
reconstituted in 100% DCM. Fractions 41 - 52 were reconstituted in DCM:MeOH (9:1).
Fractions were spotted on the TLC sheets using 10 pl capillary tubes. TLC plates were
developed in a TLC tank in the mobile phase DCM:Hex:EtAc (6:3:1). The polarity of
the mobile phase was increased to a DCM:Hex:MeOH (6:2:2) solvent system for the
more non-polar fractions generated. The TLC plates were viewed under 254 nm and 365
nm UV light. Fractions with similar TLC profile were pooled together, which then

yielded a total of 117 fractions including the wash, which was the last fraction.
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3.3.5 Phytochemical profiling for the antiplasmodial active plant Npk1 (Pechuel-
loeschea leubnitiziae)

For the detection of the compounds, universal reagents were used to react with many

classes of natural products. The following classes of compounds were detected using

freshly prepared universal reagents.

3.3.6 Detection of saponins and terpenoids

For the detection of terpenoids and saponins, freshly prepared Liebermann Burchard
Reagent (LBr) reagent was used. The reagent was prepared by carefully adding 5 mL of
concentrated H,SO,4 to 50 mL of absolute ethanol on ice. The TLC plates were sprayed
with 5 to10 mL of Liebermann Burchard Reagent (LBr), warmed at 100°C for 5 to 10
minutes and evaluated under visible or UV (365 nm) light. The presence of brown zones
in UV365 nm, dark brown in visible light, grey zones in UV (365 nm) and weak grey in

visible light are the presences of terpenoids and saponins.

3.3.7 Anthraquinones and coumarins detection

Freshly prepared KOH solution was used for the detection of anthraquinones, and
coumarins. The TLC plates were sprayed with 10 mL of a 10% (w/v) of 96% ethanolic
KOH solution, dried and then observed under UV (365 nm) or visible light without
warming. The presence of yellow zones is an indication of anthraquinones and

coumarins compounds.
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3.3.8 Detection of flavonoids

Flavonoids were detected using aluminium chloride (AICI3). Each TLC plate was
sprayed with 5 to 10 mL of a 1% (w/v) 95% ethanolic AICI; solution and evaluated
under UV (365 nm) light. The presence of blue, green and purple zones are an indication

of flavonoids.

3.3.9 Detection of alkaloids

The Dragendorff reagent was prepared and used for the detection of alkaloids, which
are heterocyclic nitrogen compounds. The reagent was prepared by dissolving 8.00 g of
KI in 20 mL of distilled water. This solution was then added to a second solution
containing 0.85 g of basic bismuth nitrate in 40 mL of distilled H,O and 10 mL of
glacial acetic acid. Each TLC plate was sprayed with 10 mL and observed under UV
light at the wavelength of 365 nm. The presence of orange to red color and yellow zones

were an indication of alkaloids, heterocyclic nitrogen compounds.

4. Structure elucidation of antiplasmodial active compounds

4.1 Fourier Transform Infrared (FTIR)

Fourier Transform Infrared Spectroscopy, also known as FTIR Analysis or FTIR
Spectroscopy, is an analytical technique used to identify organic, polymeric, and, in
some cases, inorganic materials. The FTIR analysis method uses infrared light to scan
test samples and observe chemical properties. IR spectrum results from the absorption of

energy by vibrating chemical bonds. However, for a vibration to give rise to absorption
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of infrared radiation, it must cause a change in the dipole moment of the molecule. The
intensity of absorption is proportional to the change in the dipole moment. There is a
correlation between the wavenumber at which the molecule absorbs infrared radiation
and the stiffness of the absorbing chemical bonds. Fourier Transform Infrared is most
useful technique for identifying functional groups of compounds. The term Fourier
Transform Infrared Spectroscopy (FTIR) refers to a development in the manner in which
the data is collected and converted from an interference pattern to a spectrum. It is a
powerful tool for identifying types of chemical bonds in a molecule by producing an
infrared absorption spectrum that is like a molecular "fingerprint”. It uses infrared light
to scan test samples and elucidate the functional groups. The parameters used for FTIR

are found in Table 1.
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Advanced measurements
Resolution

Sample scan time
Background scan time
Save data range

Results spectrum

Optic measurements
Source setting

Beam splitter

Optical Filter setting
Aperture setting
Measurement channel
Background meas. channel
Detector setting

Scanner velocity

Sample signal gain
Background signal gain
Delay after device change
Delay before measurement
Optical bench ready
Preamp gain

Acquisition measurements
Wanted high
limit

Wanted low frequency limit
High Pass filter

Low Pas filter

Acquisition mode

Correlation mode

frequency

Table 1. Parameters used for Fourier Transform Infrared Spectroscopy
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5. Determination of cytotoxicity for antiplasmodial active plant compounds

5.1 Cytotoxicity assay with (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide) (MTT)

MTT assay is based on the ability of viable cells to reduce the yellow water-soluble

tetrazolium salt to a water-insoluble purple formazan product. Since this activity

requires functional mitochondria, only viable cells can cleave the tetrazolium ring. The

metabolic activity in the cells and the number of viable cells are directly proportional to

the amount of formazan crystals formed.

Chinese hamster ovary (CHO) cells were cultivated in Dulbecco's Modified Eagle
Medium (DMEM) and F-12 HAMS Medium (1:1), supplemented with 10% foetal
bovine serum and 0.6% streptomycin. Cells were incubated with 10-fold serial dilutions
(0.001-100 pg/mL) of test samples in a 5% CO; incubator for 48 hours. After the
incubation, cell viability relative to untreated controls were determined using a
colorimetric MTT (3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide)
assay and a ICsp (50% inhibition of cell viability) value derived from dose-response

curves.

5.2. Gas chromatography-Mass Spectrometry (GC-MS)

Gas chromatography mass spectrometry (GC-MS) is an instrumental technique
comprising a gas chromatograph (GC) coupled to a mass spectrometer (MS), by which
complex mixtures of chemicals may be separated, identified and quantified. This makes
it ideal for the analysis of the hundreds of relatively low molecular weight compounds

found in environmental materials. The GC works on the principle that a mixture will
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separate into individual substances when heated. The heated substances are carried in a
column with an inert gas such as helium. GC-MS identifies different substances in a test
sample. The operating conditions used for GC-MS spectrometry are found in Table 2.
The sample was dissolved in dichloromethane. The Mass Spectra was Agilent 6890N
network Gas chromatography and the system instrument was connected to Agilent 5973

network Mass Selectivity Detector using the HP5-MS, 30 m x 0.25 mm x 0.25 pm.
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Table 2. Operating conditions used for GC and GC-MS spectrometry

GC OPERATING CONDITIONS

Head Pressure (kPa) 60.5
Injector Temperature (°C) 250
Carrier Gas He
Split-Less Time (min) 1.5
Flow Rate (mL/min) 50
Start Temperature (°C) 40
Hold Time (min) 2

End Temperature (°C) 280
Ramp Rate (°C) 10
Hold Time (min) 10
Total Run Time (min) 31
Interface Temperature (°C) 280
MS Source Temperature (°C) 230
lon Source Pressure (Torr) 4.4x10°
MS Quad Temperature 150
Electron Energy (eV) 70
Emission Current (LA) 34.6
Scan Range (amu) 40-450
Scan Time (s) 1.52

5.3. Nuclear Magnetic Resonance (NMR)

Nuclear Magnetic Resonance (NMR) spectroscopy is an analytical chemistry technique
that determines the content, purity and unique molecular structure of a compound. It
identifies the carbon-hydrogen framework of an organic compound. Here, the sample
was dissolved in deuterated chloroform (CDClIs) solvent. Varian 400 MHz spectrometer
at 300 K was used and the coupling constant is given in Hertz (Hz). Chemical shift
values are given as & (ppm) relative to Tetramethylsilane (TMS) (*H and *3C) as internal

standard.
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6. Data Analysis

The parasitaemia was determined microscopically using the Giemsa stained thin blood
smear of culture on the slide. The parasite viability was measured using the Plasmodium
lactate dehydrogenase (pLDH) assay. The cytotoxicity was done using the (3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) (MTT) assay. The 1C50 value
was derived from dose-response curves. The structure elucidation of the antiplasmodial
active compound was done using standard procedures for gas chromatography-mass
spectrometry (GC-MS), fourier transform infrared (FTIR) and nuclear magnetic

resonance spectroscopy (NMR).

7. Research Ethics

Ethics approval for this study was obtained from the University of the Free State
(ECUFS 150/2015) and the University of Namibia (SEC/FOS/4/2014). Collection
permit was acquired from the Ministry of Environment and Tourism before the
collection of mushrooms and plants (Permit number 2124/2016). The export permit was
also granted by the Ministry of Environment and Tourism to send the samples to South

Africa (106239) Appendix D.
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CHAPTER 4

4. RESULTS

4.1. Study area
The two Kavango regions were chosen because the herbalist is mostly operating in those
regions. The plants he uses are harvested in the two regions and the neigbouring country

Angola.

Population density
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Figure 10. Map of Namibia and the extracted study area of Kavango West, Kavango

East and Ohangwena Regions
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4. 2. Mushrooms collected

The indigenous mushrooms included in this study are: Omapakululu (Ganoderma
species), Omatumbula (Kalaharituber pfeilii), well known as the Kalahari Desert
Truffles consisting of samples from Oshikoto Region purchased at Omuthiya open
market and Kavango West in Nkurenkuru and Owowa/Omajova (Termitomyces

schimperi).

Mushrooms were collected based on the results from the previous study by Kadhila-

Muandingi at al., (2014).

Ganoderma species Kalaharituber pfeilii ~ Termitomyces schimperi

Figure 11. Medicinal mushrooms screened for antiplasmodial activities against the 3D7

strain of the malaria parasite, Plasmodium falciparum.
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Table 3. Mushrooms used in this study

Voucher Scientific Family name Local name

N[ name

G Ganoderma  Ganodermataceae Omapakululu
lucidum
(Curtis) P.
Karst.

To Terfezia Tuberaceae Omatumbula
pfeilii
(Berber:
Tirfas)
(Oshikoto)

Tk Terfezia Tuberaceae Mafumbura
pfeilii
(Berber:
Tirfas)
(Kavango
West)

Tc Termitomyces Lyophyllaceae Owowa/Omajova
schimperi
(Pat.) R.
Heim
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Table 4. Plants used for the treatment of malaria and its symptoms in Kavango East and Ohangwena regions in Namibia

npk 1

npk 2

npk 3

npk 4

npk 5

npk 6

npk 7

Pechuel-loeschea
leubnitiziae  (Kuntze)
0.

Psidium guajava L.

Acrotome inflata
Benth

Laggera decurrens
(\Vahl) Merxm.

Acanthospermum
hispidum DC

Burkea africana
Hook

Hibiscus sabdariffa L.

Asteraceae

Myrtaceae

Lamiaceae

Asteraceae

Asteraceae

Leguminosae

Malvaceae
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Oshizimba

Guava

Etse lya kuku

Oshikuluzimba

Okano ka
kahandja

Situnduwanga

Mutete

Fever and
chills

Fever, chills
and headache

Mosquito
repellent

Fever, chills
and headache

Fever and
chills

Malaria,
dizziness
fever, cough,
and headache

Malaria and
appetiser

Boil whole plant
and stream the sick
person

Leaves are ground
and used in hot
water to bath. Can
be taken orally too
Whole plant is
crushed and spread
in rooms to repel
mosquitoes

Parts of the plant
are boiled and the
sick person is
steamed

Pounded leaves are
sniffed to reduce
pain and fever

The crushed roots
and leaves are put
in water and the
solution is taken
orally

Young plants or
leaves are crushed
and the juice (raw
or boiled) is drank



npk 8 fruits

npk 9

npk 10

npk 11
Roots

npk 12
Leaves

npk 13

Colophospermum
mopane

(Kirk ex Benth.) Kirk
ex J.Léon.

Steganotaenia
araliacea Hochst

Ipomoea hochstetteri
House

Boscia albitrunca
(Burch.) Gilg & Gilg-
Ben

Boscia albitrunca
(Burch.) Gilg & Gilg-
Ben.

Dicoma tomentosa
Cass

Fabaceae

Apiaceae

Convolvulaceae

Capparaceae

Capparaceae

Asteraceae
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Omusati Fever, chills

and headache

Mutukatabolo  Fertility,
libido,
malaria and
painin the
stomach
Stomach pain
and treats
symptoms
related to
malaria
Roots are
used to
ferment milk,

Ndonga

Omunkuzi

most sickness
including,
colds,
coughing and
malaria
Fevers,
vomiting and
constipation

Omunkuzi

Okalupulupu

as treatment

The fruits and
young leaves are
crushed and
inhaled to ease the
pain. The patient
can also bath with
the solution

The roots are
crushed, put in
water overnight
and taken orally

the roots are
pounded and the
solution is taken
orally

Leaves and twigs
are crushed Leaves
are crushed to

use as sniffed for
all kind of sickness
Whole plant is
crushed and the
concoction is
drunk



Thirteen plants were collected (Table 2) and pictures taken (Appendix F) in this study. The most used method of prepration
by the herbalist and the few community members was that of crushing the aerial parts of the plant (leaves and twigs) or roots,

add water and then concoction is taken by the sick person for about 5 days before getting better.
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4.1. Pictures of collected plants
Most of the plants were collected together with the herbalist, giving the plant parts that

are used.

Figure 12. Steganotaenia araliacea Hochst (Mutakatadalo) collected at Ncuncuni
village in Kavango east
This plant is reported to be used for malaria, stomach pains, libido and fertility in

Kavango East region in Namibia.

T

Figure 13. Ipomoea hochstetteri House plant collected in the vicinity of Rundu town in
Kavango East
This plant is used to treats malaria symptoms and stomach pain treats by drinking

the infusion with water.
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Figure 14. Laggera decurrens (Oshikuluzimba) collected from Kaisosi in Rundu
Kavango East.
In both Ohangwena and Kavango East Regions, the leaves of this plant are crushed

boiled and the person suffering from fever and headache is exposed to its steam.

Figure 15. Acrotome inflata Benth collected from Okamukwa village in Ohangwena

Region
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This plant is reported to be used in both regions of Ohangwena and Kavango East for

repelling mosquitoes and for spiking children when suffering from fever and headache.

Figure 16. Pechuel-loeschea leubnitiziae collected from Kavango East near Rundu
town
In both Kavango East and Ohangwena Regions, the leaves of this plant are crushed

boiled and the person suffering from fever and headache is steamed.

Figure 17. Acanthospermum hispidum DC collected from Okamukwa village in

Ohangwena Region
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The plant grows as a weed in cultivated crop fields and its leaves are pounded and

sniffed when locals are suffering from malaria in Ohangwena region.

4+

Figure 18. Colophospermum mopane (Omusati) collected from Oilaati in Ohangwena

Region

In Ohangwena Region of Namibia, C. mopane is regarded as a cure of everything, thus

is also used to treat malaria related symptoms.
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Figure 19. Hibiscus sabdariffa L. plant collected from Ncuncuni village in Kavango
East
The roots of H. sabdariffa L are used for the treatment of stomach cramps, and it is
believed that people who eat this plant as vegetable do not suffer from malaria. An

infusion is prepared with the roots in cold water and left overnight and the concoction is

taken orally for such treatment.
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Figure 20. Dicoma tomentosa Cass (okalupulupu) collected from Oilaati in Ohangwena
Region

The plant is found growing in cultivated field and disturbed areas around mahangu

fields. The whole plant is crushed and used as medicine for most diseases including

malaria. This plant seemed to be well researched when it comes to malaria elsewhere,

but not in Namibia.

Figure 21. Burkea africana Hook collected from Ncuncuni village in Kavango
East.

In Kavango East Region the locals use this plant for malaria and dizziness.
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4.2. In vitro Antimalarial Activity for mushroom samples

Test samples that showed in vitro antimalarial activity of < 10 pg/mL were considered
active. Test compounds that show % parasite survival of 0 — 15% at a single
concentration of 10 pg/mL were screened further for dose-response to determine the
ICso. The in vitro antimalarial activity of sixteen mushroom extracts was determined at
single concentrations of 100 and 10ug/mL against the chloroguine-sensitive strain, 3D7

of Plasmodium falciparum.

Table 5. The in vitro antimalarial activity of tested 16 extracts at 100 and 10ug/mL on

3D7 strain
Test extracts Solvent % Parasite % Parasite
Survival Survival
(100 pg/mL) (10 pg/mL)

Ganoderma Hexane

species 60.58 46.49
Dichloromethane | 23.06 68.16
Ethyl acetate 75.93 65.15
Methanol 80.28 69.49

Termitomyces | Hexane

schimperi 67.55 68.25
Dichloromethane | 64.05 66.11
Ethyl acetate 62.89 66.50
Methanol 58.04 76.05

Truffles Hexane

Kavango 71.86 74.20
Dichloromethane | 66.13 67.86
Ethyl acetate 60.01 66.39
Methanol 61.98 68.86

Truffles Hexane

Oshikoto 79.76 77.26
Dichloromethane | 65.72 87.34
Ethyl acetate 57.36 70.64
Methanol 89.34 83.61
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Sixteen extracts were screened for in vitro antimalarial activity against the chloroguine-
sensitive strain, 3D7 of P. falciparum and none of the extracts showed activity. None of
the mushroom extracts screened showed activity against the chloroquine-sensitive strain,

3D7 of P. falciparum (Table 5).

Chloroquine
200+ 250 — KTW
- CQ: ICgy = 7.99 ng/ml -
E 2 2004 -8 KTE
s 1504 g & KTH
£ @ 1504
@ £
£ 1004 % 1001
@ 5
- o
o 501 2
S oA
0 . e 3 2 4 0 1 2 3
2 0 2 4 Log [extract] ug/ml

Log [chloroquine] ng/ml

Figure 22. Log concentrations vs. % parasite survival data used to plot chloroquine and

test samples dose-response curve for the tested mushrooms
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Figure 23. Log concentrations vs. % parasite survival data used to plot test samples

dose-response curve
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The ICs, obtained for chloroquine (7.99 ng/mL) was in agreement with literature values
(6 — 15 ng/mL). None of the extracts tested showed % parasite survival of zero at 100
pg/mL or less than 15% at 10 pg/ml. The reference standard, chloroguine showed 100%
activity at 1 pg/mLi.e there was zero percentage survival of parasites. The Z’ factor of
0.89 indicated that the assay worked very well (Table 6). The Z’-factor is used to
quantify how well the assay works. A Z’-factor between 0.5 and 1.0 is an excellent assay
while the one between 0 and 0.5 is a marginal assay. Therefore, a prerequisite for all

experiments is to have a Z’-factor > 0.5.

Table 6. ICsy and Z’-factors of tested mushroom samples

Chloroquine 0.57 7.99

ow 0.55 > 100
GE 0.52 > 100
GW 0.65 > 100
GMD 0.52 > 100
KTW 0.65 > 100
KTH 0.76 > 100
KTE 0.76 > 100
KTMD 0.78 > 100
KPMD 0.78 >100
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4.2. Mycochemical composition for the selected indigenous Namibian mushrooms

Analysis of mycochemical composition of the selected indigenous Namibian mushrooms
revealed that Terfezia pfeilii contain sugars, triterpenes, steroids, alkaloids and
flavonoids. Termitomyces schimperi contain reducing sugars, triterpenes, steroids,
flavonoids and alkaloids and the Ganoderma species contain triterpenes, steroids
(Saponins and bitter principles) and sterols (cholesterol and esters), essential oil,

terpenes, phenols and sugars.

4.3. Plants
Thirty-six plant extracts were screened for in vitro antimalarial activity against the
chloroquine-sensitive strain 3D7. Three samples namely Npk-1D, MAM-D and MAM-

H showed in vitro antimalarial activity ranging from 4.21 pg/mL to 9.80 pg/mL.

Table 7. Percentage parasite Survival at 10 pg/mL against 3D7 strain of P. falciparum

Test Sample % Parasite Survival

+ SD at 10 pg/mL
Npk 1 Hex 19.55 +0.03
DCM 16.11 £ 0.03
MeOH 83.46 + 6.07

Ethyl Ac | 94.57 +4.39

Npk2 | DCM 41.25 + 2.00
MeOH 88.84 £ 2.50
Ethyl Ac | 82.86 + 4.21

Npk 3 Hex 44.44 + 0.03
DCM 75.26 + 0.22
MeOH 98.22 + 4.20

Ethyl Ac | 73.03 1.65

Npk 6 Hex 73.36 + 0.06
DCM 81.90 + 4.26
MeOH 91.06 + 2.23




Ethyl Ac 66.82 + 0.02

Npk 7 DCM 82.16 £ 1.45
MeOH 80.99 + 0.50
Npk 8 Hex 11.66 + 0.02
DCM 28.51 +£0.03
MeOH 90.67 £ 0.83
Ethyl Ac 71.62 +£0.03
I R R
Npk 9 Hex 64.17 + 3.93
DCM 67.58 £ 0.01
MeOH 89.78 £ 0.83
Ethyl Ac 45,55 + 0.02
1 1 7
Npk 10 | Hex 80.99 + 0.06
DCM 94.84 +4.78
MeOH 85.27 £ 1.00
Ethyl Ac 89.95 + 1.56
1 1 7
Npk 12 | Hex Not assayed
DCM 65.91 £ 0.10
MeOH 75.09 + 1.39
Ethyl Ac 83.27 £0.33

The Z’-factor for the single concentration experiments in Table 6. were 0.71 and 0.84.

The chloroquine showed no parasite survival (i.e 0%) at 100 pg/mL.




Table 8. ICsy and Z’-factors of test samples against 3D7 strain of P. falciparum

Test Sample 1Cs Z’-factor
(Hg/mL)
1 | Npk-1D 7.24 0.69
2 | Npk-1H 73.87 0.65
3 | Npk-8H 40.86 0.69
4 | MAM-D 9.80 0.63
5 | MAM-E 32.35 0.60
6 | MAM-H 4.21 0.60
7 | MAM-M >100 0.68

Three of the 7 extracts namely Npk-1D, Mam-D and MAM-H (Table 8) showed in vitro
antimalarial activity against the 3D7 strain of P. falciparum. Npk-1D and MAM-D
showed marginal activity (9.80 and 7.24 pg/mL, respectively) while MAM-H showed
moderate activity (4.21 pg/mL). (Figure 22). Extracts Npk-1H and Npk-8H showed %
parasite survival of 19.55 + 0.03% and 11.66 + 0.02%, respectively (Figure 21). The Z’-
factors for these extracts ranged from 0.60 to 0.69 indicating that the assays worked

well.
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Figure 25. Log solvent percentage vs. % parasite survival data used to plot test samples
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Figure 26. Log solvent percentage vs. % parasite survival data used to plot
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test samples (DMSO and Chloroquine) dose- response curves.

The solvent control, DMSO was also screened at corresponding concentrations of the
test samples with the starting concentration of 1% DMSO at 100 pg/mL. The
concentration of DMSO from 1% to 5.08 x 10 % (100 pg/mL - 5.13 x 10 pg/mL) had
no effect on the parasites (91.41% - 109.18% parasite survival) chloroquine showed ICsx

of 8.09 ng/mL (Figure 26).
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Figure 27. Log solvent percentage vs % parasite survival data used to plot test samples

(MAM-D) and (MAM-H) dose-response curves.

4.4 Fractionation of the extracts and Column Chromatography

The active crude dichloromethane extract of Npk-1D, was subjected to purification in
order to isolate compounds. Two compounds were isolated (Figure 25.), namely, Npkl
F70-77 and Npkl F78-90 and showed increased activity in vitro antimalarial activity
against 3D7 strain, Npkl F70-77 (2.63 + 0.48 pg/mL) and Npkl F78-90 (2.64 + 0.32

pug/mL), (Table 9).
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Figure 28. TLC profiles for the active fractions of Npk-1D on A and a purified

square crystals compound of fraction F78-90 on B
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Table 9. IC50 and Z’-factors of test Npk-1D fractionated samples and two compounds

against 3D7 strain of P. falciparum.

Test sample 1Cs0 (ug/mL) Activity Z’-factor
Npkl F21 1.58 High 0.64
Npk1 F25 2.09 High 0.64
Npk1 F29 1.42 High 0.78
Npk1 F32 1.33 High 0.78
Npkl F39 4.06 Moderate 0.73
Npk1 F42 1.89 High 0.73
Npkl F70-77 26+0.5 High 0.84
Npk1 F78-90 2.64 +0.32 High 0.84

Table 9 above shows the results of the 1Csy obtained for eight fractions and their Z’-
factors. Six samples were fractions Npkl F21-F42 while two were compounds Npkl
F70-77 and Npkl F78-90, were from the Npk1 dichloromethane (DCM) extract. Seven
samples were highly active (Npkl F21 and Npkl F25 in Figure 29), Npkl F29 and
Npkl F32 in Figure 30 , Npkl F42 in Figure 31, Npkl F70-77 and Npkl F78-90)
against the 3D7 strain of P. falciparum, with antimalarial activity ranging from 1.58

pg/mL to 2.64 pg/mL (Figure 32).

One sample, Npkl F39, showed moderate activity with antimalarial activity of 4.06

pmg/mL. The Z’-factors for the experiments ranged from 0.64 to 0.84 indicating that the
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assay worked well. When tested, the concentration of DMSO from 1% to 5.08 x 10-5%

(100 - 5.13 x 10 pg/mL) had no effect on the parasites (91.41% - 109.18% parasite

survival) (Table 9). Chloroquine showed 1Csy of 8.09 ng/mL.
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Figure 31. Log concentration vs. % Parasite survival data used to plot (Npkl F39 and

Npkl F42) dose-response curves.
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Figure 32. Log concentration vs % parasite survival data used to plot of Npk1 F70-77

and Npk1 F78-90 dose-response curves.
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4.5. Elucidation for the structures of antiplasmodial active compounds Npk1 F70-

77 and Npk1 F78-90

The chemical structure revealed that the two fractions contained the same compound
which was identified as Xerantholide with a molecular weight of 246.3042 g/mol. Due
to the chiral centers (molecules that possess two or more chirality centers) at position 1,
7, 8 and 10, it means the compound has diasteromers (stereoisomers that are not mirror
images of one another) (Figure 33). There is however a mixture of similar compounds

with different conformation or orientations of the groups attached.

Figure 33. Chemical structure of the isolated active compound Xerantholide from

NPK-1D F70-77.

71



The functional groups are defined as Vmax (KBr)/cm-! 2967(C-15 and C-14 2 X CHs)
2892(C-13 C=CHj), 1755(C-12 O-C=0), 1688(C-3 C=0), 1632(C-5 C=C). A functional
group is a specific group of atoms or bonds within a compound that is responsible for
the characteristic chemical reactions of that compound. The same functional group will
behave in a similar fashion, by undergoing similar reactions, regardless of the compound
of which it is a part. Functional groups also play an important part in organic compound
nomenclature; combining the names of the functional groups with the names of the

parent alkanes provides a way to distinguish compounds.

72



ma
ES T

B\ S

—7 3%

@

Figure 34. 'H-NMR Spectrum of Npk F70-77 based on the data on Table.11.

The above figure shows the protons in the indentified compound.
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Table 10. *H NMR and **C NMR Data of Xerantholide (400 MHz, CDCl5)

H dppm Splitting
1 4.12 Dddd
2a 2.62 doublet of doublet (dd)
2B 2.46 broad doublet (brd)
60 3.17 multiplet (m)
6B 2.51 Brd
7 3.01 Ddddd
8 2.30 multiplet (m)
9a 2.46 Ddd
9B 2.40 Ddd
10 231 M
11 -
13 5.58 D
13’ 6.28 D
14 0.73 doublet (d)
15 1.93 doublet doublet of doublet (ddd)

There is no proton observed at number 3, 4, 5, 11and 12

74



Mw

Figure 35. The "*C-NMR Spectrum of Npk1 F70-77

Figure 35 shows the carbons that are present in the identified compound
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Table 11. The *C NMR Data of Xerantholide (400 MHz, CDCl5).

C dppm
81.2
2a 41.5
2B 41.5
3 169.3
4 139.9
60 45.2
6P 45.2
7 44.2
8 33.0
9a 40.4
9B 40.4
10 30.9
11 138.9
12 169.6
13a 120.1
13B 120.1
14 12.7
15 41.4
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Figure 36. DEPT Spectrum of NPK1 F70-77
The above Fig 36. shows the CH3 that are found in the compound. The upward shows

the CH3, CH, and the C while the down ward are the CHs>.

Figure 37. COSY Spectrum of NPK1 F70-77
The homonuclear correlation spectroscopy (COSY) is the first and most popular two-
dimension NMR which is used to identify spins which are coupled to each other. It

shows the interactions between hydrogens.
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Figure 38. HSQC Spectrum of NPK1 F70-77

This is a heteronuclear single quantum coherence or correlation, it shows which proton

or hydrogen is bonded to which carbon. It is a two-dimensional (2D) spectrum
with one axis for proton (*H) and the other for a heteronucleus, an atomic

nucleus other than a proton which is usually *C. The above axes shows the

hydrogens, while below is showing the carbons
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Figure 39. The GC chromatogram for NPK1 F70-77

Figure 39 above shows the retention the compound took to resonate. Retention time
(RT) is a measure of the time taken for a solute to pass through a chromatography
column. It is calculated as the time from injection to detection. The RT for a compound

is not fixed as many factors can influence it even if the same GC and column are used.
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Figure 40. The MS CI and GC-MS EI for NPK1 F70-77

The above figure shows the fragmentation of the compound.

Figure 41. The FTIR spectra for NPK1 F70-77

The above figure 41 shows the functional groups that are found within the indentified

structure.
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The active crude extract for Npk-1 dichloromethane was tested for six classes of
phytochemicals with known antimalarial properties namely anthraquinones, coumarins,

flavonoids, terpenoids and saponins.

Table 12. Phytochemical profiling for the active plant Npk-1 (P. leubnitiziae)

Solvents
Compound
Ethyl acetate Methanol
Anthraquinones - + + +
Flavonoids + - - +
Saponins + + + +
Coumarins + + + +
Terpenoids + + + +
Alkaloids + + + +
Key: + Present
- Absent
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4.6 Cytotoxicity for antiplasmodial active of compounds
Cytotoxicity essay revealed that the isolated compounds are toxic with a 1Cso values of
2.747 and 2.524 pg/mL for NPK-1D F78 and NPK-1D F70 respectively. These

compounds are toxic to the mammalian cells (in this case CHO cells).
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Figure 42. Percentage inhibition on CHO cells by the standard drug emetine

with 1Cso of 0.02411 pg/mL.

Emetine is the chloride salt of a white crystalline bitter alkaloid isolated from the root of
the plant Psychotria ipecacuanha. It is one of the main active ingredients in ipecac syrup
used as emetic, and has been used extensively in phytomedicine as an antiparasitic drug.
It is able to inhibit both ribosomal and mitochondrial protein synthesis and interferes

with the synthesis and activities of DNA and RNA. For this reason, it has been a vital
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tool to pharmacologists and has demonstrated many biological properties, such as

antiviral, anticancer, antiparasitic and contraceptive activities.
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Figure 43. Percentage inhibition on CHO cells by the antiplasmodial active compound

Npk1-D F70 with ICs 2.524 pg/mL.

Npkl1l-D F70 is a semi purified compound that was fractionated from the the
antiplasmodial active dichloromethane plant extracts of P. leubnitiziae. It can be
observed from the graph that the compound was able to inhibit more than 50% of the

CHO cells.
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Figure 44. Percentage inhibition on CHO cell by the antiplasmodial active compounds

Npk1-D F78 with ICs 2.747 pg/mL

Npkl1l-D F78 is a semi purified compound that was fractionated from the the
antiplasmodial active dichloromethane plant extracts of P. leubnitiziae. It can be
observed from the graph that the compound was able to inhibit more than 50% of the

CHO cells.
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CHAPTER 5: DISCUSSION

5.1. Evaluated mushrooms

The idea to include the mushrooms in this study was a follow up on the study by
Kadhila-Muandingi at al., (2014) in which it was reported that the antiplasmodial
activity of aqueous extracts for the indigenous G. lucidum and Terfezia pfeilii Namibian
mushrooms against P. falciparum 3D7A. Although they reported that the crude extracts
for two mushrooms showed antiplasmodial activity at concentrations ranging from 5-50
pug/mL, with T. pfeilii extracts showing the highest activity with an 1Csy of 0.022 pg/m:
compared to G. lucidum at 3.66 pg/mL, the two mushrooms showed no antiplasmodial
activities in the current study. It must however be noted that in this study, the two
mushrooms were extracted using organic solvents instead of water. This alone might be
the reason as to why there were no activities, regardless of the presence of
mycochemical such as anthraquinones, flavonoids and steroids present in both

mushrooms screened.

Kadhila-Muandingi at al. (2014) also used artemisinin-combination (ACT) therapy as
their positive control whereas chloroquine was used in this study. The lifecycle stage of
the parasites might have also played a role in these two studies when it comes to crude
extracts antiplasmodial activities of mushrooms as well. Kadhila-Muandingi at al.,
(2014), used P. falciparum 3D7A parasites at the ring stage, while the same species was
used in this study, but at trophozite stage due to the fact that there is more drug

accumulation at that stage.
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The antiplasmodial activities for the aqueous extract of G. lucidum have also been
reported in Nigeria to have been used to establish changes in serum and liver lipoprotein
cholesterols accompanying Plasmodium berghei malarial infection in mice by (Oluba et
al. 2012,). De Silva et al., 2013), have also reported that the lanostanes from G. lucidum
have shown moderate antiplasmodial activity raising more questions as to why the

indigenous Ganoderma species included in this study did not yield positive result.

5.2. Evaluated plants

Youmsi et al., (2017), stated that plant-based repellents are generally target specific and
relatively non-toxic, and are still extensively used traditionally as first intention and
affordable tools in malaria endemic rural communities for protection against mosquito
bites. In this study, the plant (Npk 3) A. inflata Benth from family Lamiaceae is reported
to be used as a mosquito repellent in Ohangwena region where the whole plant is
crushed and spread in rooms to repel mosquitoes. The crude extracts for this plant did
not show antiplasmodial activity when tested, but it might be a good candidate as a
malarial vector repellent. Nafuka, (2014), reported the ability of A. inflata to repel

mosquitoes.

Chinsembu, (2015), listed more than 30 plants species that are used as traditional
medicines for malaria in Namibia but the list does not include Pechuel-loeschea
leubnitiziae, the plant that gave good antimalarial activities in this study. The plants
species used as traditional medicines for malaria in Namibia in the report are also based
mostly on ethnobotanical surveys without any studies having been conducted to

elucidate antiplasmodial activities and active chemical compounds from the plants that
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can be used for new drug development. In Namibia, P. leubnitziae have been studied for
its In vitro antimicrobial activity and was found to possess compounds with
antimicrobial activities against five pathogenic microorganism namely E. aerogenes,
Pseudomonas aeruginosa, Neisseria meningitides, Shigella flexneri and Proteus vulgaris
(Hedimbi et al., 2012, Ndongo 2017). Ndongo, (2017) also reported the antioxidant
properties of P. leubnitziae and its effectiveness as mosquito repellent. Regardless of all
the studies on P. leubnitziae in Namibia, none of the studies focused on antiplasimodial

activities of the plant as in this study.

Crude extracts of P. leubnitiziae and C. mopane (Npk-1H and Npk-8H) showed %
parasite survival of 19.55 % and 11.66 %, respectively. Npk-1H showed % parasite
survival above 15%, but was screened for ICs, determination as the majority of
compounds showed no activity at 10 pg/mL. When these two extracts were screened to
determine their 1Csg, they were inactive, thus they could not be considered for further
analyses. Even though some of these extracts were screened again and still showed no
activity, the screening was repeated at 10 pg/mL using a different batch of 3D7 strain
but they were still inactive. Crude extracts of MAM-D showed marginal activity (9.80
and 7.24 ug/mL, respectively) while MAM-H showed moderate activity (4.21 pg/mL).
This plant could not be fractionated to determine the active compounds due to the
unavailability of the plant materials for further extraction. The plant was collected from
the Eastern Cape in South Africa. The plant was also not identified and thus it is to be

collected again for any further studies.
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5.3. Plants included in the study that show no activities

Although most plants evaluated in this study were recommended by the traditional
herbalist and despite strong associations with malaria and its treatment, they did not
show any in vitro antiplasimodial activitiy. Clarkson et al., (2004), stated that possible
explanation could be that the plants act as antipyretics or immune stimulants to relieve
the symptoms of the disease, rather than having direct antiparasitic activity. He further
stated that precursors of the active components may be present in the extracts but have to
be modified, usually in vivo, before activity is exhibited. Harvesting and storage
conditions could collectively influence the plant secondary metabolites prior to and
following harvesting, which in turn would be reflected in the bioactivity. However, most

of the plants have been reported to be antiplasmodial active in other studies in Africa.

Psidium guajava L. (Npk-2) is an important food crop and medicinal plant in tropical
and subtropical countries widely used like food and in folk medicine around of the
world. More recent ethnopharmacological studies show that P. guajava is used in many
parts of the world for the treatment of a number of diseases, including anti-
inflammatory, diabetes, hypertension, caries, wounds, pain relief and reducing fever
(P"erez Guti“errez et al., 2008). Psidium guajava crude extract showed no antimalarial
activities in this study, but its leaves are used for malaria in Nigeria as reported by

Ayoola et al., (2008).

Laggera decurrens (Npk- 4) is harvested from the wild for local use as a medicine and
insect repellent (Leffers, 2003). In both Ohangwena and Kavango East regions, the

leaves of this plant are crushed, boiled and the person suffering from fever and headache
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is exposed to its steam. It is reported for use on malaria related symptoms in Namibia
(Chinsembu, 2015). Laggera decurrens crude extracts showed no antimalarial activities

in this study, despite it being used traditionally for malaria symptoms.

Acanthospermum hispidum DC (Npk-5) (Okano ka Nahandja) is reported for use when
locals are suffering from malaria symptoms in Ohangwena region. The leaves of this
plant are crushed and sniffed for the cure of fever and chills. This plant’s crude extracts
showed no antimalarial activities during this study. It is reported that the ethanolic
extract of leaves and flowering tops for A. hispidum have activities against a wide range
of pathogenic bacteria. When crushed, it is used in the form of the paste to treat the skin
aliments and leaf juice is used to relieve the fever (Chakraborty et al., 2012). The plant is
reported for malaria use in Congo by Koukouikila-Koussounda et al., (2013), as well as
in Benin (Chinsembu, 2015). Chakraborty et al., (2012), has also reported that the
extract of A. hispidum was tested in vitro against two reference clones of P. falciparum,
the W2 chloroquine-resistant and the D6 chloroquine-sensitive strains and the significant
inhibitory activity was observed at (ICso = 5.02 pg/mL), though it was not the case in

this study.

The roots for Burkea africana Hook (Npk-6) are reported for use in wound healing and
tuberculosis (Shomkegh et al., 2016; Chinsembu et al., 2015; Uzodimma, 2013). In
Kavango East region the plant is used for malaria and dizziness, but the results from this
study is that there are no activities from the extracts of this plant. Eboji et al., (2016),
reported the use of B. africana in the traditional treatment of fever, inflammation,

pneumonia and cancer in South Africa. B. africana Hook which is used in Kavango East
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region for malaria and dizziness, did not show activities despite being reported in Mali
that it is used against cerebral malaria (Malterud, 2017). This might be due to methods

of extraction, solvents used or the geographical location (reference).

In Kavango East region it is believed that people who eat Hibiscus sabdariffa L. (Npk-7)
as a vegetable rarely suffer from malaria. Traditionally it is used as a food, but in East
Africa, the calyx infusion, called "Sudan tea", is taken to relieve coughs (Morton, 1987).
In China, the plant is used to treat hypertension, pyrexia and liver damage. Recently, the
sepal extract has been used as an effective treatment against leukemia due to its high
content in polyphenols, particularly protocatechuic acid (Mohamed et al., 2012). The
methanol extract of H. sabdariffa calyces contained effective antibacterial agents
(Abdallah 2016). The plant is also reported to be used for chronic diarrhea (Chinsembu
& Hedimbi, 2010). No antimalarial activities are reported for this plant and when tested

in this study, there were no activities from its crude extracts.

The plant Steganotaenia araliacea Hochst (Npk-9) is used in traditional medicine
especially in tropical Africa and savannah where it is mostly found. It is used to treat
pneumonia, asthma, peptic ulcer, sore throat, fever, as a diuretic agent and other diseases
of microbial origin (Ojerinde et al., 2013). The plant is said to be used for malaria,
stomach pain, libido and fertility in Kavango East region in Namibia. Chinsembu et al.,
2015) reported that the roots and leaves for S. araliacea are boiled in water and the
concoction is taken orally. Root infusion is drunk as a remedy for fever and to ease

breathing. When the root decoction is hot, it is also used as vapor treatment (Chinsembu,
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2015). Despite all the above cited treatment of malaria symptoms, this plant did not

yield good result as an antimalarial.

The Ipomoea hochstetteri House (Npk-10), genus Ipomoea, is used in different parts of
the world for the treatment of several diseases such as diabetes, hypertension, dysentery,
constipation, fatigue, arthritis, rheumatism, hydrocephaly, meningitis, kidney ailments
and inflammations (reference). Some species have been reported to possess
antimicrobial, analgesic, spasmolitic, spasmogenic, hypotensive, psychotomimetic and
anticancer activities (Meira et al., 2012). This annual climbing herb is used in Zambezi
and Kavango East regions for malaria related symptoms like fever and headache. When

I. hochstetteri crude extract was tested, there were no antimalarial activities.

The plant Boscia albitrunca (Npk-11 & 12) roots and leaves are used in Ohangwena
region for to cure malaria related symptoms, especially fever and headache. The leaves
are crushed and inhaled. The roots are also used to ferment the milk for the production
of omashikwa for human consumption among the Owambo and Herero tribes living in
north and central Namibia (Bille, 2013). An infusion of the leaves is also used to treat
eye infections in human and animals, the roots are reported to treat hemorrhoids and the
fruit are used for the treatment of epilepsy (Leistner, 2000). No antimalarial activity was

observed in this plant during this study.

Roots, fresh stems and young leaves of B. albitrunca are also used to treat syphilis in

Kavango region in Namibia (Cheikhyoussef et al., 2011). The tree’s mature leaves and
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twigs are the preferred source forage/fodder for livestock because they have protein and

are high in Vitamin A (Goitsemang, 2013).

The plant Dicoma tomentosa Cass (Npk-13) is a genus of flowering plants in the
sunflower family, native to Africa and the Middle East. The whole plant is strongly
bitter and is used as a febrifuge, particularly for children and women after childbirth.
The plant is applied as a dressing to septic wounds, and is used in a fumigation to relieve
itch skin. A roll of bruised leaves are inserted into the nostrils and left there for about an

hour as a treatment for colds (Burkil, 1985).

Dicoma tomentosa is reported for anti-plasmodial activity in Burkina Faso (Jansen et al.,
2012). In Ohangwena region, D. tomentosa is found growing in cultivated fields and
disturbed areas around fields. The whole plant is crushed and used as medicine for most
diseases including malaria. In a previous study dealing with the screening of several

plants used in Burkina Faso in the traditional treatment of malaria, D. tomentosa was

selected for its promising anti-plasmodial activity (Jansen et al., 2012).

Dichloromethane, diethylether, ethylacetate, and methanol extracts were found to be
highly active with 1Csq < 5 pg/mL. The above listed solvents DCM and ethylacetate
used by Jansen et al., (2012) were used in this study, but no activities were observed.
They further reported that hot water and hydroethanolic extracts for D. tomentosa
showed a good activity (ICsp < 15 ug/mL), which confirmed the traditional use and the
promising anti-malarial potential of the plant which was also confirmed in vivo and the

identified main active compound is urospermal A-15-O-acetate. They further stated that
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the active extracts exhibited cytotoxic activity, but no extract was found to display any

haemolytic activity.

5.4. Antiplasmodial active compound Xerantholide

The chemical compound xerantholide has been identified from Npk1-D (Pechuel-
Loeschea leibnitziae) in this study with a molecular formula of C;sH150; and a
molecular weight of 246.306 g/mol. It is a known guaianolide that has been isolated
from the aerial of P. leibnitziae (Bohlmann & Borthakur, 1982). The *H NMR spectral
data of compound that was elucidated by Bohlmann & Borthakur (1982) is not much

different from the result of this study (Table 8).

The compound Npk 1D F70-77 has a mixture of similar compounds with different
conformation or orientations of the groups attached to it this might have to do with what
is stated by Bohlmann & Borthakur (1982) when they referred to their compound as
xerantholide and its probable precursor. They further stated that the compound could not
be separated completely. This study found out that the isolated compound has
diasteromers which are molecules that are not mirror images of each other, which might
be the same scenario as observed by Bohlmann & Borthakur (1982). The compound
xerantholide has also been isolated from the aerial parts of the Xeranthemum

cylindraceum by Dekic et al., (2015).

The identified compound is listed among the 96 natural product fragments that have
different chemotypes and are different from the known antimalarial aminoquinolines,

quinolones, or diamidines. Xerantholide is listed as one of the sesquiterpene lactones,
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which share the same backbone carbon structure as the current most effective
antimalarial drug artemisinin which is a structural class known to kill P. falciparum
parasites at submicromolar concentration (Vu et al., 2018). Although xerantholide is
reported as a biologically active sesquiterpene lactones from the Asteraceae family
(Ivanescu et al., 2015), its in vitro antimalarial activity is not reported as in the findings

of this study.

The guaianolide Xerantholide which is the identified compound in this study is toxic to
the CHO cells. Gasymova et al., (2018), stated that xerantholide exhibited cytostatic
activity against HeLa and KB tumor cells during their study and this has also been
reported by Deki¢ et al., (2015). This suggests that xerantholide is toxic to mammalian
cells. Many sesquiterpene lactones isolated from asteraceae have already been described
as anti-plasmodial and cytotoxic in the literature, but xerantholide has not been reported
before. This is the first study to report on the in vitro antiplasmodial activity of
xerantholide compound found in P. leubnitiziae plant from the family Asteraceae. In
Namibia, P. leubnitziae is also used as a mosquito repellent. The use of P. leubnitziae to
repel mosquitoes is warranted because Nawrot et al., (1986) also explained that
Xerantholide isolated from Xeranthemum cylindraceum acts as a good deterrent and an
antifeedant to beetles that infest stored grain. Sesquiterpene lactones including
Xerantholide are known to have cytotoxic and anti-inflammatory activities (Rios et al.,
2014). This is consistent with our findings that Xerantholide is cytotoxic as well as the

traditional applications of P. leubnitziae to treat inflammatory diseases in Namibia.
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CHAPTER 6

6. CONCLUSION AND RECOMMENDATIONS

6.1. Conclusion

Traditional knowledge and the use of plant-based medicines remain important in the
treatment of malaria. The discipline of ethno pharmacology, the study of biologically
active agents traditionally employed or observed by man, has in recent years received
increased attention, and there is presently a widespread interest in medicinal plants used
by different cultures worldwide. Thirty six (36) plant extracts were screened for in vitro
antimalarial activity against the chloroquine-sensitive strain, 3D7. Three of the plants
extract P. leubnitiziae in dichloromethane (DCM) and MAM in DCM and hexane (Npk-
1D, MAM-D and MAM-H) showed in vitro antimalarial activity ranging from 4.21

pg/mL to 9.80 pg/mL.

Pechuel-loeschea leubnitiziae showed in vitro promising antiplasmodial activity.
Antiplasmodial activities were determined to be of IC5y 2.63 and pug/mL 2.64 pg/mL
for NPk1 F70 and NPK1 F78, respectively. Phytochemical profiles were anthraquinones,
saponins, terpenoids, coumarins, alkaloids, and flavonoids. This positive outcome
supports the traditional use of this plant in Kavango East and Ohangwena regions.
However, the plant’s lack of selectivity would urge caution in its consumption. Thus
further studies on its genotoxicity and chronic toxicity are needed to examine its

toxicity.
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One active compound was identified from Pechuel-loeschea leubnitiziae as
xerantholide. The chemical compound is a known guaianolide that has been isolated
from the aerial of P. leibnitziae before, but it’s in vitro antimalarial activity has never
been reported before. The cytotoxicity of xerantholide showed that it is toxic to the CHO
mammalian cells. This makes it not to be a good antimalarial agent, unless if it is further

purified, before it is developed as an antimalarial drug.

The four mushrooms used in this study showed no in vitro antimalarial activity against

the chloroquine-sensitive strain, 3D7 strain of P. falciparum.

6.2 Recommendations

Many people living in developing countries do not have access to modern therapeutics
such as ACT to treat malaria because of financial, socio-economical, geographical
and/or cultural reasons. As result they use plants, often in combination, for the health
care management of malaria (Jansen et al., 2012). People living in communities where
the plant was collected must be informed of the outcome of this study in order to
continue using it as per the indigenous knowledge. This is because better knowledge of
plants from traditional pharmacopoeias and local valorization of traditional remedies in
improved traditional medicine could lead to effective, standardized, available and
affordable therapeutics for the management of malaria by local populations, when

modern drugs are unavailable.

There is a need to do further studies on these mushrooms using aqueous extraction in

order to isolate and identify the active compounds that were observed to possess
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antiplasmodial activities by Kadhila-Muandingi at al., (2014). It is recommended that
pharmacomodulation study should be carried out on the compound identified in this
study in order to decrease its toxicity, while maintaining or improving activity. Further
studies also need to be done on xerantholide to determine the diasteromers
(stereoisomers that are not mirror images of one another). Modification on xerantholide
chemical structure also need to be carried out so that such a toxic compound could be a

possible anti-cancer therapy candidate.
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APPENDICES

APPENDIX A: In vitro antimalarial assay for mushrooms crude extracts.

ICs0 and Z’-factors of test samples

Test sample 7’ factor

ow 0.55 > 100
GE 0.52 > 100
GW 0.65 > 100
GMD 0.52 >100
KTW 0.65 > 100
KTH 0.76 > 100
KTE 0.76 > 100
KTMD 0.78 > 100
KPMD 0.78 > 100
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Log concentration vs. % Parasite survival data used to plot chloroquine dose-response

curve.
Log Conc Chloroquine
297 CQ: ICsq = 7.99 ng/ml
- -0 : =7.99 ng/m|
(ug/mh)? | Chloroqui | = ) FEE ® ¢
3
ne 2 1001
¢
& 504
%PS | SD | =
04 . 0000 .
2 0 2 4

Log [chloroquine] ng/ml

3.000 0 0

2.520 0 0

2.040 0 0

1.570 0 0

1.090 54| 17

0.614 | 125 6

0.137 | 152 5

-0.337 | 165| 15

-0.818 | 165 | 11

-1.294 | 169 | 10

®Data are expressed as means of duplicate values. SD = standard deviation; %PS =

Percentage Parasite Survival.
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Log concentration vs. % Parasite survival data used to plot KTW, KTE and KTH dose-

response curves.

Log KTW KTE KTH

N
a
S

—— KTW
-8~ KTE
-e- KTH

n
Q
2

Conc %PS | SD | %P | SD | %P | SD

N
a
i

=
o
i

(ng/ml)? S S

% Parasite Survival

o
?

2.00 4 3 91| 15 4 6

o
1

-3 -2 -1 0 1 2 3
Log [extract] ug/ml

1.52 79 9| 153 6| 139 | 13

1.04 96 41 176 | 12| 161 8

057| 109| 10| 166 | 17| 182 | 16

0.09| 109 8| 164 | 12| 186 9

-0.39 | 115 9| 175 6| 186 | 14

-0.86| 118 | 11| 168 | 14| 180 | 10

-1.34 | 121 14| 166 | 21| 180 5

-1.82 | 112 9| 171} 16| 169 8

-2.29 | 113 6| 177 25| 185| 11

%Data are expressed as means of duplicate values. SD = standard deviation; %PS =

Percentage Parasite Survival.
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Log concentration vs. % Parasite survival data used to plot GW, GE and GMD dose-

response curves.

Log GW GE GMD
Conc %PS | SD | %P |SD | %P |SD
(ng/mI)? S S
200 107| 26| 112 7 35 3
152 | 112 33| 185| 13| 138 | 18
1.04 93| 39| 217 41 172 | 20
057 109| 28| 197 | 18| 164 | 20
0.09 99| 49| 204 | 10| 165 9
-0.39 | 136 41 187 | 24| 168 | 12
-0.86 | 124 6| 182 | 10| 156 | 22
-1.34 | 114 11| 187 | 21| 147 | 20
-1.82 | 139 6| 189 | 32| 162 | 29
-2.29 | 134 7| 197 | 31| 142 | 16

% Parasite Survival

N
a
S

n
Q
i

N
a
i

=
o
2

o
?

o
T

Log [extract] ug/ml

%Data are expressed as means of duplicate values. SD = standard deviation; %PS =

Percentage Parasite Survival.
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Log concentration vs. % Parasite survival data used to plot KPMD, KTMD and OW

dose-response curves.

ow
Log KPMD KTMD
_250- KPMD
conc %PS | SD | %P |SD | %P |SD o
@ 150 -
(ug/ml)? S S R B N
200| 34| 13| 186 11| 103| 4 01

3 2 1 0o 1 2 3
Log [extract] ug/ml

152 | 201 7| 217 21| 101 7

1.04| 214 8| 186 | 14 86 8

057 | 214| 11| 199| 12 81 9

0.09| 193] 29| 166 | 21 91 1

-039| 215| 16| 171 8 89 6

-0.86| 208 | 35| 159 | 22 83| 10

-1.34 | 190 | 19| 162 8 97 5

-1.82 | 186 | 18| 154 4 96 5

-2.29 | 182 7| 147 5 97 6

%Data are expressed as means of duplicate values. SD = standard deviation; %PS =

Percentage Parasite Survival.
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APPENDIX B: In vitro antimalarial assay for Plants crude extracts

% Parasite Survival @ 10 pg/ml against 3D7 strain of P. falciparum.

Npk 1 Hex 19.55 £ 0.03
DCM 16.11 £ 0.03
MeOH 83.46 * 6.07
Ethyl Ac 94.57 + 4.39
N
Npk 2 DCM 41.25 + 2.00
MeOH 88.84 £ 2.50
Ethyl Ac 82.86 £ 4.21

Npk 3 Hex 44.44 +0.03
DCM 75.26 + 0.22
MeOH 98.22+4.20
Ethyl Ac 73.03+1.65

Npk 6 Hex 73.36 £ 0.06
DCM 81.90 + 4.26
MeOH 91.06 + 2.23
Ethyl Ac 66.82 + 0.02
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Npk 7

82.16 +1.45

MeOH

80.99 + 0.50

Npk 8 Hex 11.66 % 0.02
DCM 28.51+0.03
MeOH 90.67 £0.83
Ethyl Ac 71.62 £ 0.03

Npk 9 Hex 64.17 £ 3.93
DCM 67.58 £ 0.01
MeOH 89.78 £ 0.83
Ethyl Ac 45.55 +0.02

Npk 10 | Hex 80.99 + 0.06
DCM 94.84 + 4.78
MeOH 85.27 + 1.00
Ethyl Ac 89.95 + 1.56

Npk 12 Hex Not assayed
DCM 65.91+0.10
MeOH 75.09 + 1.39
Ethyl Ac 83.27 £ 0.33
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The Z’-factor for the single concentration experiments in table 1 were 0.71 and 0.84.

The chloroquine showed 0% parasite survival at 100 ng/ml.

ICs and Z’-factors of test samples against 3D7 strain of P. falciparum.

Test Sample 1Csp Z’-factor
(Hg/ml)
1 | Npk-1D 7.24 0.69
2 | Npk-1H 73.87 0.65
3 | Npk-8H 40.86 0.69
4 | MAM-D 9.80 0.63
5 | MAM-E 32.35 0.60
6 | MAM-H 4.21 0.60
7 | MAM-M > 100 0.68

Log solvent percentage vs. % Parasite survival data used to plot dose-response curves.

Log DMSO 1504
Solv.Perc | %PS | SD N L \
2]
(%)a % 50
91.4 = i -
-5 -4 -3 2 1 0
0.00 1| 8.66 Log [DMSO] %
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101.

-0.48 62 | 5.42

107.

-0.96 17| 1.17

100.

-1.43 72 | 5.58

99.5

-1.92 6| 7.82

106.

-2.39 94 | 5.85

102.

-2.85 51| 1.52

121.

-3.33 92| 5.28

103.

-3.82 65| 6.05

109.

-4.29 18 | 6.16

®Data are expressed as means of triplicate values. SD = standard deviation; %PS =

Percentage Parasite Survival.
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Log concentration vs. % Parasite survival data used to plot dose-response curves.

Lo C
g Q 150+ ~e ICgq = 9.93 ng/ml

B
Conc %PS | SD Eloo- .

v
(ng/mi)? 8 5l

¢

00| °
2 41 o 1 2 3 4

3.000 0.00 0 Log [Chloroquine] ng/ml

0.0

2.520 | 0.00 0

0.0

2.040 | 0.00 0

5.0

1.560 | 2.94 9

375 14

1.090 6 9

93.6 | 8.7

0.614 9 4

994 | 4.6

0.137 8 4

108. | 2.1

-0.340 98 3

103. | 4.0

-0.818 43 7
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- 995 | 4.3

1.294 4 3

®Data are expressed as means of triplicate values. SD = standard deviation; %PS =
Percentage Parasite Survival.

Log concentration vs. % Parasite survival data used to plot dose-response curves.

Log Npk-1D
Conc %PS | SD 150-
_ =+ |Csq = 7.24 pg/ml
a g A
(hg/mi) - e—
9]
2.00 0.00 0.00| 3 o
g 5o
o
1.52 1.40 1.04| ¥
o-
3 2 1 0o 1 2 3
1.04 | 33.39 7.10 Log [Npk-1D] pg/ml

0.57 | 80.07| 7.33

0.09| 9483 | 6.43

-0.39| 94.78| 0.74

-0.86 | 109.13 | 1.65

-1.34 | 102.24 | 6.65

-1.82 | 103.80 1.20

-2.29 |116.20| 2.22

®Data are expressed as means of triplicate values. SD = standard deviation; %PS =

Percentage Parasite Survival.
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Log concentration vs. % Parasite survival data used to plot dose-response curves.

Log Npk-1H

Conc %PS | SD

N
a
S

) ~~ ICs = 73.87 pg/mi
% < ;} {
§100 } T3
(Hg/ml)°® 2 ol
200 | 2509 200| & ]
3 -2 -1 6 1 2 3
152 7718 3.76 Log [Npk-1H] pg/ml

1.04 | 88.10| 3.89

0.57 | 109.42 | 9.65

0.09 | 113.11 | 10.74

-0.39 | 9469 | 7.30

-0.86 | 96.95| 5.20

-1.34 1 106.68 | 4.25

-1.82 1 101.26 | 10.31

2.29 114.66 1.03

®Data are expressed as means of triplicate values. SD = standard deviation; %PS =

Percentage Parasite Survival.
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Log concentration vs. % Parasite survival data used to plot dose-response curves.

Log Npk-8H -

- -8 |Cgo = 40.86 ng/ml
Conc | %PS |SD £ 1001 _

(]

g 504
(ug/ml)? -

3 2 1 0o 1 2 3
2.00 7.18 6.48 Log [Npk-8H] pg/ml

152 | 80.28| 9.06

1.04 | 98.80| 4.00

0.57 | 9560 | 0.91

0.09 | 102.49 | 4.30

-0.39 | 106.08 | 4.95

-0.86 | 98.95| 8.98

-1.34 | 98.94 7.44

-1.82 | 99.21| 8.88

2.29 102.87 | 7.22

®Data are expressed as means of triplicate values. SD = standard deviation; %PS =

Percentage Parasite Survival.
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Log concentration vs. % Parasite survival data used to plot dose-response curves.

Log MAM-D 150+

= I1C50 = 9.80 pg/ml
Conc %PS | SD 2 ool
@
(hg/mi)®
2.00 0.00| 0.00| =
04

s 2 4 o 1 2 3

1.52 0.00| 0.00 Log [MAM-D] pg/ml

1.04 | 50.16 1.22

057 | 7515| 0.82

0.09| 8852 | 731

-0.39| 97.69| 5.88

-0.86 | 97.76 | 5.56

-1.34 | 101.40 2.66

-1.82| 96.58 | 6.09

-2.29 | 103.37 | 6.36

%Data are expressed as means of triplicate values. SD = standard deviation; %PS =

Percentage Parasite Survival.
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Log concentration vs. % Parasite survival data used to plot dose-response curves.

Lo MAM-E
g B 1507 e 1Cgp = 32.35 pg/ml
Conc [%PS [SD | £
(grmiy’ . N
200 000| 000| =
oA 3
3 2 4 o 1 2 3
152| 51.84| 801 Log [MANE] ngimi

1.04 | 65.22 | 10.57

0.57 | 86.45 1.31

0.09| 9851 | 391

-0.39 | 99.20 | 11.18

-0.86 | 103.01 | 14.45

-1.34 | 101.41 6.24

-1.82 | 100.93 | 3.70

-2.29 | 89.72 | 11.57

%Data are expressed as means of triplicate values. SD = standard deviation; %PS =

Percentage Parasite Survival.
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Log concentration vs. % Parasite survival data used to plot dose-response curves.

Log MAM'H 150
) - |Cgq = 4.21 pg/ml
Conc %PS | SD ;lOO- i.*,
(ug/miy®
g
2.00 0.00 0.00| ¥ N
3 2 1 o0 1 2 3
1.52 0.00| 0.00 Log [MAM-H] pg/mi

1.04| 1694 | 0.25

057 | 5229 | 9.69

0.09| 7751 8.46

-0.39 | 88.43| 2.27

-0.86 | 92.38| 3.25

-1.34| 91.60 | 10.11

-1.82 | 95.07| 2.33

-2.29 | 104.02 | 8.73

%Data are expressed as means of triplicate values. SD = standard deviation; %PS =

Percentage Parasite Survival.
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Log concentration vs. % Parasite survival data used to plot dose-response curves.

Lo MAM-M
? _ 1509 —+ 1Csg = 2100 pg/ml
Conc %PS | SD 2 ool I
(?) A I
(ng/ml)? N
200| 59.67| 295| & |
5 2 1 0 1 2
152 | 9438 10.93 Log [MAM-M] pg/mi

1.04 | 91.89 | 10.40

0.57 | 100.18 | 13.59

0.09 | 106.34 | 4.42

-0.39| 91.87| 3.03

-0.86 | 91.03| 1.15

-1.34 | 101.81 8.22

-1.82 | 98.46 247

-2.29 110281 | 3.32

%Data are expressed as means of triplicate values. SD = standard deviation; %PS =

Percentage Parasite Survival.
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APPENDIX C: In vitro antimalarial assay for Npk-1D Fractions and compounds

Log solvent percentage vs. % Parasite survival data used to plot dose-response curves.

Log DMSO

1501 - DMSO

1004 m_}

504

Solv.Perc | %PS | SD

(%)*

% Parasite Survival

91.4

Log [DMSO] %

0.00 1| 8.66

101.

-0.48 62 | 5.42

107.

-0.96 17| 1.17

100.

-1.43 72 | 5.58

99.5

-1.92 6| 7.82

106.

-2.39 94| 5.85

102.

-2.85 51| 1.52

121.

-3.33 92| 5.28

131



103.

-3.82 65| 6.05

109.

-4.29 18| 6.16

®Data are expressed as means of triplicate values. SD = standard deviation; %PS =

Percentage Parasite Survival.

Log concentration vs. % Parasite survival data used to plot dose-response curves.

Chloroquin Chloroquine
1509 ICsp = 8.09 ng/ml
Log e 3 T
=
>
< 100+ $
Conc %PS |SD | &
b
S 50
[l
o
S
(ng/ml)® ] ; — ‘
2 0 2 4

Log [Chloroquine] ng/ml

0.0

3.00 0.00 0

0.0

252| 000 O

0.0

204| 000 O

0.0

156 000| O

1.09| 33.84| 1.3
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5.0

0.61| 70.27 4

4.0

0.14 | 82.59 3

100.9 | 4.3

-0.34 5 9

4.6

-0.82 | 89.95 8

1.29 96.95| 0

*Data are expressed as means of triplicate values. SD = standard deviation; %PS =

Percentage Parasite Survival.
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Log concentration vs. % Parasite survival data used to plot dose-response curves.

Npkl F21 Npk1 F21
Log %PS | SD = 0 s~ |Cgo = 1.58 pg/ml
Conc émo“ i
(ng/ml)?® a ]
2.00 0.00 | 0.00 o i

-3 -2 -1 0 1 2 I3
Log [Npk1 F21] pg/ml

1.52 0.00| 0.00

1.04 0.00| 0.00

057 | 3349 | 4.01

0.09 | 6255 | 8.47

-0.39 | 70.21 | 14.66

-0.86 | 94.16 | 11.83

-1.34 | 102.57 1.57

-1.82 | 101.53 | 6.71

-2.29 | 107.38 | 6.06

%Data are expressed as means of triplicate values. SD = standard deviation; %PS =

Percentage Parasite Survival.
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Log concentration vs. % Parasite survival data used to plot dose-response curves.

Npk1 F25 Npk1 F25
1501
Log 9%%PS SD = -8~ |Cgq = 2.09 pg/ml
Conc § :
(hg/mi)’
0 ) _m

2.00 0.00| 0.00

&
N
[
o
i
N
w

Log [Npk1 F25] pg/ml

1.52 0.00| 0.00

1.04 0.00| 0.00

057 | 3730 2.95

0.09| 68.95| 3.32

-0.39 | 84.95| 12.56

-0.86 | 107.70 | 9.41

-1.34 | 112.48 6.50

-1.82 | 9457 | 3.96

2.29 105.72 | 2.36

%Data are expressed as means of triplicate values. SD = standard deviation; %PS =

Percentage Parasite Survival.
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Log concentration vs. % Parasite survival data used to plot dose-response curves.

Heg Npk1 F29 Npk1 F29
Conc %PS | SD = 1 ~ 1Cgp = 1.42 pg/ml
§ 1004
(%]
(g/mI)®
2.00 0.00 0.00 0] T r : .

-3 -2 -1 0 1 é I3
Log [Npk1 F29] ug/ml

1.52 0.00| 0.00

1.04 0.00| 0.00

057 | 3281 | 6.70

0.09 | 53.78 | 2.46

-0.39 | 7438| 061

-0.86 | 95.74| 5.25

-1.34 1 108.43 | 8.15

-1.82 | 98.53 | 11.68

2.29 101.85| 3.78

®Data are expressed as means of triplicate values. SD = standard deviation; %PS =

Percentage Parasite Survival.
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Log concentration vs. % Parasite survival data used to plot dose-response curves.

Npkl F32 Npk1 F32
1501
Log %PS | SD = ~v |Cgo = 1.33 pg/ml
§ 1004
Conc @ 1
(ug/ml)?
2.00 0.00 0.00 0] T T SR e

-3 -2 -1 0 1 é I3
Log [Npk1 F32] pg/ml

1.52 0.00| 0.00

1.04 0.00| 0.00

0.57 0.00| 0.00

0.09 | 5899 | 9.39

-0.39 | 87.19| 3.85

-0.86 | 106.15 | 291

-1.34 | 101.28 2.73

-1.82 | 104.52 2.99

2.29 102.47 1.44

®Data are expressed as means of triplicate values. SD = standard deviation; %PS =

Percentage Parasite Survival.
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Log concentration vs. % Parasite survival data used to plot dose-response curves.

Npkl1 F39 Npk1 F39
1504
Log %PS | SD = ~— 1Csp = 4.06 pg/ml
2
>
5 1004
Conc 30 it
§ 504
o
ES
a 04 —o—e
(Hg/mi) | T A A

Log [Npk1 F39] ug/ml

2.00 0.00| 0.00

1.52 0.00| 0.00

1.04 0.00| 0.00

0.57 | 5451 | 3.05

0.09| 8733 | 488

-0.39 | 91.70| 8.43

-0.86 | 85.62| 4.82

-1.34 | 95.08| 7.28

-1.82 | 9454 | 481

2.29 9459 | 2.95

®Data are expressed as means of triplicate values. SD = standard deviation; %PS =

Percentage Parasite Survival.
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Log concentration vs. % Parasite survival data used to plot dose-response curves.

Npkl F42 NpkL F42
1504
Log %PS | SD - o ICs = 1.89 ugim
Conc Sor o
(Hg/mi)*
2.00 0.00 | 0.00 =%

Log [Npk1 F42] ug/ml

1.52 0.00| 0.00

1.04 0.00| 0.00

0.57 | 2947 | 8.85

0.09| 6354 | 259

-0.39 | 7854 | 9.13

-0.86 | 81.21| 9.89

-1.34 1 91.63| 3.00

-1.82 | 101.12 4.73

2.29 103.65| 7.61

®Data are expressed as means of triplicate values. SD = standard deviation; %PS =

Percentage Parasite Survival.
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Log concentration vs. % Parasite survival data used to plot dose-response curves.

Npkl F70- Npk1 F70-77
1001
Log 77 = =~ |Csq = 2.87 pg/ml
Conc |%PS [SD | 4
5 04 n
(ng/ml)* 5 2 1 o 1 5 3
Log [Npkl1 F70-77] pg/ml
2.00 0.00 0.00
1.52 0.00 0.00
1.04 0.00 0.00
0.57 | 42.66 5.08
0.09 | 61.15 2.66
-0.39 | 74.90 2.31
-0.86 | 87.41 0.23
-1.34 | 86.45 1.99
-1.82 | 87.60 2.89
2.29 90.06 3.05
Log Npkl F70- Npk1 F70-77
1001
Conc 77 = ~=~ 1Cs0 = 2.42 pg/ml
(wg/ml* [%PS [SD | &
g
X
04 N
2.00 0.00 0.00 —
Log [Npk1 F70-77] pg/ml
1.52 0.00 0.00
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1.04 0.00| 0.00

0.57 | 32.50 1.59

0.09 | 57.78 | 3.80

-0.39 | 76.69| 9.8

-0.86 | 82.27 1.44

-1.34 1 79.60| 5.99

-1.82 | 8418 | 2.87

2.29 87.89 | 511

*Data are expressed as means of triplicate values. SD = standard deviation; %PS =
Percentage Parasite Survival.

Log concentration vs. % Parasite survival data used to plot dose-response curves.

Npk1 F78- Npk1 F78-90
100+
Log 90 = i3 . e~ 1Cyp = 2.97 pg/ml
Conc %PS | SD % .
(Hg/ml) g
2.00 0.00 | 0.00 O

-3 -2 -1 0 1 2 é
Log [Npk1 F78-90] pg/ml

1.52 0.00| 0.00

1.04 0.00| 0.00

0.57 | 41.05 1.33

0.09 | 62.65| 3.19

-0.39 | 7559 | 3.62
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-0.86 | 82.11 1.51

-1.34 | 86.05 1.27

-1.82 | 87.67| 2096

-229 | 8788 | 3.33

Log Npkl F78- Npk1 F78-90
Conc 90 ‘_6100— il - ~— ICsp = 2.29 pg/ml
(Mg/ml)* [%PS [SD | 3 |

2.00| 0.00] 0.00 ° S

-3 -2 -1 0 1 é é
Log [Npk1 F78-90] pg/ml

1.52 0.00 | 0.00

1.04 0.00 | 0.00

057 | 3231 | 201

0.09| 5381 | 284

-0.39 | 78.68| 6.42

-0.86 | 82.81| 7.78

-1.34 | 7841 | 4.22

-1.82 | 8556 | 4.53

-229 | 8494 | 3.26

%Data are expressed as means of triplicate values. SD = standard deviation; %PS =

Percentage Parasite Survival.
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APPENDIX D: Research ethical clearance and permit
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ETHICAL CLEARANCE CERTIFICATE

Ethical Clearance Reference Number: SEC/FOS/4/2014 Date: 3March, 2014

This Ethical Clearance Certificate is issued by the University of Namibia Research Ethics Committee
(UREC) in accordance with the University of Namibia’s Research Ethics Policy and Guidelines. Ethical
approval is given in respect of undertakings contained in the Research Project outlined below. This
Certificate is issued on the recommendations of the ethical evaluation done by the
Faculty/Centre/Campus Research & Publications Committee sitting with the Postgraduate Studies
Committee

Title of Project: EVALUATION OF INDIGENOUS NAMIBIAN MUSHROOMS FOR
ANTIMALARIAL PROPERTIES

Nature/Level of Project: Doctorate
Principal Researcher: Nailoke Pauline Kadhila-Muandingi
Host Department & Faculty: Biological Science, Faculty of Science.

Main Supervisor (s): Dr. Kazhila C. Chinsembu (Main), Dr. Mamello Sekhoacha (Co)

Take note of the following:

(a) Any significant changes in the conditions or undertakings outlined in the approved Proposal
must be communicated to the UREC. An application to make amendments may be necessary.

(b) Any breaches of ethical undertakings or practices that have an impact on ethical conduct of the
research must be reported to the UREC.

(c) The Principal Researcher must report issues of ethical compliance to the UREC (through the
Chairperson of the Faculty/Centre/Campus Research & Publications Committee) at the end of
the Project or as may be requested by UREC.

(d) The UREC retains the right to:

(i). withdraw or amend this Ethical Clearance if any unethical practices (as outlined in the
Research Ethics Policy) have been detected or suspected,
(ii). request for an ethical compliance report at any point during the course of the research.

URE ishes you the best in your research.

&

Prof. |. Mapaure
UNAM Research Coordinator
ON BEHALF OF UREC
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T VT YA
FRLATALE
1R nr 00006240
REC Reference nr 230408011
IORGO005187
FWADO012784
12 August 2015
MRS NP KADHILA-MUANDINGI
DEPARTMENT OF PHARMACOLOGY
FACULTY OF HEALTH SCIENCES
UFS
Dear Mrs NP Kadhila-Muanding!

ECUFS 150/2015

4. Kindly use the ECUFS NR as reference in correspondence to the Ethics Committee Secretariat.

5 mmmmnmmuumuumm—

Ethics Commuttee
Office of the Dean: Health Sciences

1, 27 (0)51 401 7795/7794 1 F: + 27 (0 luumltm @
Block D, Dean's Division, Room D104 | P.O. Bos/Posbes mul—_-m

www uls ac 22
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MINISTRY OF ENVIRONMENT AND TOURISM

RESEARCH/COLLECTING PERMIT

Permit Number 2124/2016
Valid from 25 February 2016 to 31 January 2017

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

1975) to:
Name: Mrs N.P. Kadhila-Muandingi
Address: P O Box 98848

Pelican Square
Windhock
Namibia

Coworkers: Dr. K.C. Chinsembu, LS. E. Ulictilec and Ms F.N. Mhanda

To conduct a study on the evaluation of selected indigenous Namibian plants and mushrooms
for antimalaria properties in Zambezi, Kavango West and Ohangwena Regions, subject to

attached conditions.

IMPORTANT: This porndt s not valld if alteced o any way.

OF €N OMNMENT

D TOURISaS
IC '_‘.k -—' A
0 2 MAR 2016
P %
Sag 12 Windhoek
S42111 ~ Fax: 258663




RESEARCH/COLLECTING PERMIT CONDITIONS

aaRanee
You must report to the Regional Office of the Ministry of Environment and Tourism prior to arrival
in fieldwork area, and must be shown your permit.
The permission of the land owner is required to work/collect on private lands.
The permission of the concession holder is required to work/collect in concession areas,
You are to seek permission from com ity authorities prior to entering a community for collection
of the resource and or interviewing of members.
No further work, other than specified in the submitted proposal, is to be carried out without
notification of and approval from the Ministry of Environment and Tourism and the respective
communities.

. You or Supervisor (s) are expected to provide the Ministry of Envi and Tourism a copy of

the research work.

No commercial filming will be permitted without prior approval by the Ministry of Environment
and Tourism.

Duplicates of publications and / or final report should be made available to MET R Centre
and also the final report is to be submitted to the NBRI reference library.

No palacontological and or archacological ples may be taken without a permit from the National
Heritage Council.

. The specimens and their derivatives may be used for the purposes of'this study only and may not be

patented, commercialised, donated or sold to a third party without the written consent of the
Mini Y of Envirc and Tourism.

. All results (raw materials) or technology derived directly or indirectly from this research must be

made available free of charge without reservations to the Ministry of Environment and Tourism.

. Please submit a report on the work conducted under this permit to this office not later than one

month after the expiry of this permit as well as to regional office where you have reported.

. Applications for rencwal of this permit must reach this office at least three months prior to the
expiry of this permit.

. Habitat destructive collecting methods must not to be used.

. All field teams must be in possession of the permit and permit copy must pany the port
of specimens.

. It is your responsibility to make the necessary contacts and arrangements as specified above.
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MINISTRY OF ENVIRONMENT AND TOURISM | PERMIT No.: /bOS 239 7
c Scientific L VALID FROM: /4 Gy RO /
Voot Narii Fax 2046125 801 | VALID T0: & Noe? 2o /&
R RECERTNo: | /N E 765 // O

GENERAL PERMIT

Name: /( KL A
&L
Postal Address: /) s .6OX 75{4‘8 ﬂ% (@ \96/0'-8 ~

Permission is hereby granted in terms of the Nature Conservation Ordinance 1075(0-1‘0“076)/

by Lot 4
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IMPORTANT: This permit is not valid If altered in any way
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APPENDIX E: Identification Report for the plants used

Number

Ministry of Agriculture, Water and Forestry
National Herbarium of Namibia (WIND)

Identification Report

Report No.: 2016/376
10 May 2016

ID cat.  Identification

B b e b b wb b G D e b b b b b B e e e e B e b -

Acanthospermum Nspidum OC.
Terminaba sarices Burch. ex DC.

Laggern decurrena (Vi) Happer & JR.I Wood
Yenonda cafira Sond. v, caflen

Seanska tenuinervs (Engl) Moflett

Mollugo corviana (L) Ser. ex DC.
WWMMIW
) OMoftm,

Hibiscus sabdarits L

Sclerocaryn biea (ARich.) Hochst. subsp. caftra (Sond.) Kokwaro
Harpagophytum procumbens (Burch. ) DC. ex Melan.
Acacia enoloba € Mey.

Steganctsenia aaliaces Hochst.

Ipomoss hochsletiert House

Fan L subsp. gnophok (Mg) C.C.Berg
Boscia albarunca (Burch.) Gig & Gilg-Ben.

Teapheoska burchel Burtt Davy

Paigum guajava L

Aloo 80, Boker

Burkea oficana Hook.

Parinarl capenais Marv.
Marsdenis sybvestris (Retz ) P | Forst

Moringa oletlers

Gymnosporia senegalensis (Lam ) Loss.
Acrotoma inflata Benth.

Dicoma tomentosa Cass.

Identilication categories: 1. mnw l.cm-u- 3. Certain 10 genus only 4. Unable to identity

M“ll!“m "d '* 61 m ma '- 0”‘ 61 25018 .-M‘Wﬂu
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APPENDIX F: Chemical structure for antiplasmodial active compounds

7.261

7.283

7.247

Figure 1. "H-NMR Spectrum of NPK F70-77
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Table 1: 1H NMR and 13C NMR Data of Xerantholide (400 MHz, CDCls3).

H dppm splitting

1 4.12 dddd

20 2.62 doublet of doublet (dd)
2B 2.46 broad doublet (brd)

60, 3.17 multiplet (m)

6B 2.51 brd

7 3.01 ddddd

8 2.30 multiplet (m)

9a 2.46 ddd

9B 2.40 ddd

10 231 m

11 -

13 5.58 d

13° 6.28 d

14 0.73 doublet (d)

15 1.93 doublet doublet of doublet (ddd)

No proton in number 11.
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Table 1: 13C NMR Data of Xerantholide (400 MHz, CDCly).

C oppm
1 81.2
2a 415
2B 415
3 169.3
4 139.9
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60 45.2
6P 45.2
7 44.2
8 33.0
9a 40.4
9B 40.4
10 30.9
11 138.9
12 169.6
13a 120.1
13B 120.1
14 12.7
15 414

DEPT-NMR Spectrum of NPK F70-77
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APPENDIX G: Cytotoxicity of antiplasmodial active compounds

Cytotoxicity (%)

Log (conc)

NPK-1D F70

log(inhibitor) vs. normalized response
Best-fit values

LoglIC50 0.4021
IC50 2.524
Std. Error

LoglIC50 0.1964
95% Confidence Intervals

LoglIC50 -0.1030 to 0.9071
IC50 0.7889 t0 8.074
Goodness of Fit

Degrees of Freedom 5
R square 0.9404
Absolute Sum of Squares 707.2
Sy.x 11.89
Number of points

Analyzed 6
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Cytotoxicity (%)

4 3 2
Log (conc)

Emetine

. . . '
0 1 2 3

log(inhibitor) vs. normalized response

Best-fit values

LogIC50

IC50

Std. Error

LogIC50

95% Confidence Intervals
LogIC50

IC50

Goodness of Fit

Degrees of Freedom

R square

Absolute Sum of Squares
Sy.x

Number of points
Analyzed

-1.618
0.02411

0.2562

-2.276 t0 -0.9591
0.005291 to 0.1099

5
0.8060
1208
15.54
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Cytotoxicity (%)

120+
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Log (conc)

|
D
1
w
1
N

NPK-1D F78

log(inhibitor) vs. normalized response
Best-fit values

LogIC50 0.4388
IC50 2.747
Std. Error

LogIC50 0.2508
95% Confidence Intervals

LogIC50 -0.2060 to 1.084
IC50 0.6222t0 12.13
Goodness of Fit

Degrees of Freedom 5
R square 0.8996
Absolute Sum of Squares 1146
Sy.x 15.14
Number of points

Analyzed 6
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