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OPERATIONAL DEFINITION OF TERMS

Ethnobotany: The study of how people relate with plants. It involves the observation of

how people use plants for various purposes (Iwu, 2002).

Ethnomedicine: The healthcare system that includes beliefs and practices in relation to

health and diseases within a given indigenous community (Bhasin, 2007).

Ethnopharmacology: The systematic study of traditional medicine products and

evaluation of their biological activities (Katiyar et al., 2012).

Phytomedicine: A medicinal product derived from plant material or a preparation with
identified chemical substances derived from plants that contribute to its biological

activity (Pandey et al., 2011).
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ABSTRACT

Malaria remains a major disease in Kenya responsible for high mortality especially in the
children aged under five years and pregnant women. Many communities in Kenya still
use plants for the management of malaria. An ethnobotanical survey was conducted
among 21 herbal practitioners in Kakamega East sub-County in Western Kenya to
identify antimalarial plants used by the Luhya community. Two plants, Leucas
calostachys Oliv. and Justicia betonica L. were selected after the ethnobotanical survey

for evaluation of their antimalarial activities and phytochemical constituents.

Most of the herbal practitioners interviewed were aged more than 50 years old and had a
low level of formal education. A total of 42 plant species in 24 plant families were
identified for the management of malaria. Two plants, Rumex steudelii Hochst.ex A. Rich
and Phyllanthus sepialis Mill. Arg are reported for the first time for the management of
malaria. The Lamiaceae family was the most frequently encountered for treatment for
malaria in this community. Melia azedarach L, Aloe spp, Ajuga integrifolia Buch. Ham,
Vernonia amygdalina Del., Rotheca myricoides (Hochst.) Steane and Mabb, Fuerstia
africana T.C.E.Fr., Zanthoxylum qgilletii (De Wild.) P.G. Waterman and Leucas
calostachys Oliv. were the most commonly used plants for treatment of malaria. Leucas
calostachys Oliv. and Justicia betonica L., were selected for antimalarial activity testing

and phytochemical evaluation.

Extracts of Leucas calostachys and Justicia betonica were studied for activity against

chloroquine-sensitive 3D7 Plasmodium falciparum and p-hematin inhibition. The

XX



methanol extract and ethylacetate extract of Leucas calostachys and Justicia betonica
respectively showed the best antiplasmodial activity and p-hematin inhibition activity.

This is the first report of B-hematin inhibition activities of these plants.

Bio-assay guided fractionation led to the tentative identification of compounds from
active fractions of Leucas calostachys and Justicia betonica using LCMS/MS. Eight
flavonoidal compounds and 12 phenylethanoid were identified from the methanol
fraction of Leucas calostachys. The flavonoids were: isorhamnetin, luteolin-7-O-
glucoside, luteolin-4-O-glucoside, luteolin diglucoside, apigenin-O-glucoside, genistein-
O-glucoside, chrysoeriol-7-O-glucoside, and chrysoeriol-7-O-glucuronide. Seven
phenylethanoid compounds were identified and included acteoside, isoactoeside,
hydroxyacteoside, forthsoside B, samioside, alyssonoside and leucoseptoside A. Five
other phenyethanoids could not be identified. This is the first report of any

phytochemicals from Leucas calostachys.

Similarly, 13 compounds were identified from active fraction of J. betonica and these
included five carotenoids and nine indoloquinolines. Four of the carotenoids were
lutein/zeaxanthin, anhydrolutein I, anhydrolutein 11 and lutein 5, 6-epoxide. On the other
hand, five of the indoloquinolines identified were 5H, 6H quinindolin-11-one, 10H indolo
[3,2-b] quinoline, 6H indolo [2,3-b] quinoline, 11H indolo [3,2-c] quinoline and 7H
indolo [2,3-c] quinoline. The rest of the compounds could not be identified using the
LCMSMS. This is the first time carotenoids, 11H indolo [3, 2-c] quinoline and 7H

indolo [2, 3-c] quinoline have been identified in this plant.
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The results of this study supports the use of Leucas calostachys Oliv. and Justicia
betonica L. in the treatment of malaria among the Luhya community in Kenya. It
therefore justifies the continued search of antimalarial medicine from natural sources

based on folkloric information.
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CHAPTER ONE

INTRODUCTION AND LITERATURE REVIEW

1.1  Historical perspectives

Malaria is ancient disease which preceded human history. The oldest recorded malaria
parasites, Plasmodium dominicum, which infected non-human primates, existed more
than 30 million years ago (Poinar, 2005). This disease has affected human beings
throughout history. The ancient writings of China describe symptoms associated with
malaria such as fevers, enlarged spleen and epidemic episodes (Cox, 2010). Cuneiform
scripts discovered in Mesopotamia describe malaria like symptoms as “deadly periodic
fevers”. Similarly, in Egypt, malaria antigens were discovered dating between 3200 and
1304 B.C (Institute of medicine (US), 2004). However, a more severe type of malaria
arising from infection with Plasmodium falciparum causing fatality originated in Central
and West Africa and spread to the rest of the world about 4000 years ago (CDC, 2012a).
In India, malaria was known as “king of diseases” between 1500 and 800 B.C. The great
philosopher, Aristotle (384-322 BC) referred to malaria fevers in his writings. The
Corpus Hippocratus, by Hippocrates (450-370 BC), clearly describes malaria symptoms

(Sherman, 1998).

Malaria rapidly spread in Europe in the first century in the crowded settlements and often
affected the economic activities as many people fell ill during epidemics. It is believed
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that malaria may have contributed the fall of Rome. The malaria epidemic of 79 AD led
to migration of farmers from the fertile lands around Rome. This region remained
unsettled until the 20" century when these marshy areas (Pontine Marshes) were drained

and malaria eradicated in Europe (Dagen, 2020; Institute of medicine (US), 2004).

The greatest impact of malaria has been on Africa. This disease is still prevalent in the
sub-Saharan Africa, although it is also found in other tropical and sub-tropical areas such
as China, India and South and Central America (Olowe et al., 2015). Malaria
transmission is dependent on the climatic conditions which affect mosquito populations.
High temperatures, increased humidity and rainfall in the sub-Saharan Africa lead to the
proliferation of mosquitoes which in turn increase transmission of the malaria parasites.

(Camponovo et al., 2017).

For many years, the causative agent for malaria was unknown. It was believed to
originate from the miasmas around swamps. In fact, malaria derives its name from Italian
word “mal'aria”, meaning “bad air”. This belief was held on until 1880 when the French
surgeon Alphonse Laveran, discovered that parasites were responsible for the
transmission of malaria. Later, Ronald Ross, described the role of mosquito vector in its

transmission (Cox, 2010).
1.2  Pathophysiology of malaria

Malaria is a protozoal disease caused by unicellular eukaryotic micro-organisms of the

genus Plasmodium. This genus comprises of more than 100 species capable of infecting



several animal species including mammals, reptiles and birds (CDC, 2012b). Five of
these species infect humans, namely: P. falciparum, P. vivax, P. malariae, P. ovale and
P. knowlensi. P. vivax and P. falciparum are the most commonly encountered malaria

parasites worldwide and responsible for the largest disease burden (Cox, 2010).

Malaria symptoms vary and can be classified as either mild or severe. This disease
resembles flu-like symptoms and in most cases is accompanied by fever which usually
sets in after two days from the time of infection. Before this, an individual may
experience prodromal symptoms including backaches, anorexia, malaise, nausea and
vomiting. At first, the fever may be irregular but regularizes after some days (Bartoloni

& Zammarchi, 2012).

Mild malaria symptoms include fever often accompanied by chills, tremors, sweating and
vomiting. If not managed, it progresses to the severe form which manifests as cerebral
malaria, hypoglycemia, electrolyte disturbances, anemia and organ failure. Organs often
affected include the kidney, liver and lungs. Severe malaria is often associated with
fatality (Camponovo et al.,, 2017). In malaria endemic regions, these symptoms are
mainly seen in children under five years whereas most adults are asymptomatic because

of the acquired partial immunity (Laishram et al., 2012).

A typical malaria infection has three stages; cold, hot and sweating. During the cold
stage, an individual feels sudden extreme coldness due to peripheral vasoconstriction.
This results in a cold and goose pimpled skin, shivering and teeth chattering. This stage

lasts about 30 minutes after which temperature rises leading to the hot stage. The patients



feels hot with a flushed skin and in most cases vomits. If not controlled, the temperature
could rise further upto 40 °C with headache, extreme thirst and could alter consciousness.
In young children, convulsions is common at this stage. This second stage lasts 2-6 hours
after which the patient enters the sweating stage with generalized whole body sweats.
This results in lowered body temperature and relief from the symptoms (Bartoloni &

Zammarchi, 2012).

1.3  Life cycle of malaria parasites

Malaria are obligate parasites of insects and vertebrates. They are transmitted mainly by
bites from infected female Anopheles species of mosquitoes which bite mainly at night
and breed in water. Other rare transmission modes of malaria include blood transfusion,

organ transplant and congenital disease (Filler et al., 2003; Owusu-Ofori et al., 2013).

The life cycle of malaria parasites involves several stages within the human as
intermediate host and mosquito, the definitive host. First, the mosquito deposits
numerous malaria sporozoites on biting humans. The sporozoites enter the liver through
the blood stream. After 5 to 16 days, they divide into several merozoites (asexual
replication) which enter the blood stream and invade the red blood cells (RBCs).
However, some P. vivax and P. ovale parasites produce hypnozoites that become dormant
within liver cells and are responsible for relapses weeks or months later after the initial
infection. Once the merozoites invade the RBCs, they develop into “ring forms” which
further mature into trophozoites. These replicate to form schizonts. Upon the rapture of
the RBCs, the schizonts release numerous merozoites which continue propagating in the
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RBCs (erythrocytic stage). The infection of RBCs is responsible for fever and other
clinical symptoms associated with malaria. The time taken to complete the erythrocytic
stage varies depending on the malaria parasite. For P. falciparum, P. ovale and P. vivax,
this cycle lasts 48 hours (tertian malaria) whereas for P. malariae it takes 72 hours cycle
(quartan malaria) thus the differences in periodic fevers associated with malaria. Some of
the merozoites within RBCs can differentiate into gametocytes (sexual stage). When
these gametocytes are ingested by the mosquitoes, they are fertilized and mature within
the midgut to form infective ookinete. The ookinete migrates to the hemocele where it
develops into an oocyst where sporozoites are formed. Upon maturation, the oocyst
raptures and releases the sporozoites that re-infect humans through mosquito bites (CDC,

2012Db). This life cycle is illustrated in Figure 1.1.



Figure 1. 1: Life cycle of malaria parasites.

Source: (National Institute of Allergy and Infectious Diseases (NIAID), 2012)



1.4  Epidemiology of malaria

Malaria remains a life threatening disease globally. The differences in the prevalence of
different malaria parasites within different regions of the world gives rise to differences

in malaria epidemicity observed globally.

1.4.1 Global malaria epidemiology

It is estimated that 3.2 billion people worldwide are at a risk of contracting malaria. Sub-
Saharan Africa is highly affected by this disease. It is estimated that in 2018, there were
about 228 million cases of malaria, majority of which were reported in Sub-Saharan
Africa. In the same period, 405,000 deaths occurred due to malaria (WHO, 2018).
Populations that are at high risk of malaria include children under the age of 5 years,
pregnant women and people with low immunity such as HIVV/AIDS patients. Most of the
deaths from malaria occur among children under the age of five in Africa where it is
estimated that a child dies every minute due to the disease (UNICEF, 2013; WHO, 2013).
Immunity to malaria develops slowly and can only be protective from the adolescent
period onwards (Doolan et al., 2009). Lack of immunity in children may be a

contributing factor to the high mortality rate in this age group.

The high disease burden in the Sub-Saharan Africa can be attributed to the fact that P.
falciparum, responsible for most fatalities, is most prevalent in these region. This parasite
is also associated with high epidemicity (Cox, 2010). Majority of people affected by

malaria live in poor nations which lack adequate facilities thus many cases may go



unreported. Some individuals get treated with traditional medicines with such cases going
unreported. It is therefore possible that malaria prevalence is higher than the estimated

numbers (Cohee & Laufer, 2018).

There has been a concerted effort towards eradicating malaria worldwide. In the 1950s,
the World Health Organization (WHO) set out to eradicate malaria. The effort involved
landscaping measures, use of dichlorodiphenyltrichloroethane (DDT), a pesticide, to
control the mosquitoes and use of the effective antimalarial drug, chloroquine. The war
was soon lost because of the ban on use of DDT and the development of resistance to
chloroquine (Schlitzer, 2007). Recently, the increase in global investment and action on
malaria such as “Roll Back Malaria” has substantially improved malaria control since the
year 2000 (UNICEF, 2013). This resulted in a 45 % decrease in global malaria mortality
rate in the period 2000-12 and a decrease in malaria incidence rate from 72 to 59 per
1000 population at risk between the years 2010 and 2017 (WHO, 2019). This decline has
been attributed to effective interventions including the use of insecticide treated nets
(ITNs), indoor residual spray (IRS) and artemisinin-based combination therapies (ACT)
(Zhou et al., 2011). The interventions have been used on a large scale in many regions.
This decline in morbidity and mortality in many countries has raised hope of elimination
and eradication of malaria. Figure 1.2 shows the global malaria case incidences rate in the

year 2018.



Figure 1. 2: World malaria case incidences rate (cases per 1000 people) in the year 2018.

Source : (WHO, 2019)

1.4.2 Epidemiology of malaria in Kenya

Kenya is ranked among the top 20 countries in the world with the highest burden of
malaria (WHO, 2018). Majority of Kenyans (70 %) are at a risk of the disease. The
disease burden is highest (> 40 % prevalence) in Western, a stable malaria transmission
region (KNBS & ICF Macro, 2011; USAID, 2013). Central Kenya has the lowest
prevalence of malaria in counties such as Laikipia, Nakuru, Nyeri and Muranga. The
disease accounts for more than 15 % of outpatient consultations nationally and over 60 %

in the endemic regions. Figure 1.3 shows the malaria prevalence in Kenya.
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Figure 1. 3: Malaria Endemicity in Kenya.
Source: (NMCP, KNBS & ICF, 2016)
Kenya has put in place malaria control strategies in order to reduce its malaria burden.
These includes; capacity building, prevention measures, case management, surveillance,
monitoring and evaluation. This is contributed to the decline of malaria burden over the

years. For, example, the malaria cases fell from 166.2 to 70.1 per 100,000 people
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between 2004 and 2018 (WHO, 2018). However, some factors still hamper the successful
elimination of the disease. For, instance, the development of resistance to pyrethrum
derived insecticides decreased the efficacy of indoor residual spraying. Other insecticides
such as organophosphates have been employed but they are not widely used due to the

toxicity associated with them (Abong’o et al., 2020; Bashir et al., 2019).

Majority (96 %) of malaria transmission in Kenya is due to Plasmodium falciparum
parasites. This is favored by the warm temperature experienced in most parts of the
country. A small proportion (16 %) of infections are due to mixed infection with P. ovale,
P. malariae or both. According to the Kenya Malaria Indicator Survey 2010, malaria
prevalence in rural areas was almost three times that of urban areas. This could be
attributed to several factors: most rural areas usually have lots of vegetation and stagnant
water which favors the multiplication of mosquitoes that transmit malaria. Some rural
areas also lack access to health facilities therefore infected patients lack proper
management of malaria (Govoetchan et al., 2014). Others still hold onto cultural beliefs
that hinder their search for medical information even when they are sick (Mazigo et al.,
2010). Effective antimalarial drugs and proper prevention measures are necessary in

lowering the malaria cases and deaths in Kenya.

1.5 Malaria chemotherapy and drug resistance

Drugs have been invaluable tool in the malaria management strategies over the decades.

Antimalarial drugs are used either for prophylaxis or treatment of malaria infections.
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Several classes of effective antimalarial drugs have been developed but their utility is

hampered by development of resistance to these drugs by the parasites over time.

1.5.1 Antimalarial drugs

The treatment of malaria has a long history. Even before the discovery of malaria
parasites in 1880s and 1890s, herbs were already use in the management of febrile
ilinesses. For example, Cinchona bark and ginghao (Artemisia annua) were used for
management of fevers for over 5000 years ago (Meshnick & Dobson, 2001). Compounds
derived from these plants (artemisinins and quinine) are currently the most effective

drugs in the management of malaria.

Most antimalarial drugs target the parasites within the blood stream (erythrocytic
schizonticides). During this stage of the infection, individuals usually experience clinical
symptoms of malaria mainly characterized by episodes of fever. Treatment at this stage is
critical for all Plasmodium parasites. However, in cases of P. ovale and P. vivax
infection, it is necessary to use drugs acting on the exo-erythrocytic (tissue
schizonticides) stages of the parasites to avoid relapse of the disease due to the presence

of hypnozoites.

Drugs used for prophylaxis target liver stages of the malaria parasites and thus prevent
initiation of the erythrocytic stage and manifestation of symptoms. Some antimalarial

drugs target the sexual stage of the parasites (gametocides) and therefore prevent the
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Table 1. 1:

and their therapeutic effects are shown in Table 1.1.

transmission of malaria from person to person. Chemical classes of antimalarial drugs

Antimalarial drugs and their therapeutic effects

Chemical class

Examples

Therapeutic effect

Aromatic-amino alcohols

4-Amino quinolines
Sulphonamides
Sulphones

Diaminopyrimidines

Quinine, mefloquine,
lumefantrine, halofantrine
Amodiaquine, chloroquine
Sulphadoxine, sulfalene
Dapsone

Pyrimethamine

Erythrocytic

schizonticidal

8-Aminoquinolines Primaquine, tafenoquine, Tissue and
Hydroxynaphthoquinones pamaquine erythrocytic
Atovaquone schizonticidal;
gametocidal
Biguanides Proguanil Tissue and
Tetracyclines Doxycycline, minocycline erythrocytic

Macrolides

Spiramycin, azithromycin.

schizonticidal

Sesquiterpenes

Artemisinin, artesunate,
artemether,

dihydroartemisinin

Erythrocytic
schizonticidal and

gametocidal

(Adopted with modification from Eholié et al., 2009)
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The 4-aminoquinolines have a similar range activity as aromatic amino alcohols in
inhibiting only the blood stage of parasites. They are useful in treatment of malaria
attacks caused by sensitive parasites. On the other hand, the 8-aminoquinolines,
proguanil and atovaquone are effective in the tissue stages of parasites and are therefore
useful in chemoprophylaxis (Crowth, 2011). The 8-aminoquinolines are active against
both the dormant and active liver parasites whereas proguanil and atovaquone are only
active against the liver parasites (Bassat, 2011). They are used together with other
suppressive drugs in elimination of malaria due to P. vivax. The anti-folates
(sulphonamides, sulphones and diaminopyrimidines) are known to suppress the
erythroctic parasites but their efficacy is lower compared to the quinolines. They are

often combined to give a synergistic antimalarial effect (Gregson & Plowe, 2005).

Antibiotics have also been used as adjuvants in the treatment of malaria. The
tetracyclines, lincosamides and macrolides groups are effective and are often used in
combination with other antimalarial drugs. New antibiotics are still being tested for their
antimalarial potency. For example, a new antibiotic, tigecycline, exhibits good
antimalarial activity (Sahu et al., 2014). This group of drugs therefore have potential in
malaria chemotherapy. Since the mode of action of antibiotics differ from other
antimalarial drugs, there are lower chances of development of cross resistance between
them and standard antimalarial drugs. Some of them also show synergistic effects when

used with antimalarial drugs (Gaillard et al., 2016).
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The artemisinins are the main class of compounds in the malaria chemotherapy. Although
the plant Artemisia annua had been used for many years in the management of febrile
ilinesses, it was only in the 1972 that the sesquiterpenes were isolated and demonstrated
high antimalarial activity (Tu, 2011). The artemisinin and its derivatives are unique in
that they attack the parasites in the early erythrocytic stages resulting in rapid clinical
response (White, 2008). They are also effective at the sexual stage which prevents the
transmission of parasites from person-to-person (van den Broek et al., 2005; Bassat,

2011).

No single drug is effective against all the species of Plasmodia that infect humans.
Treatment regimens differ regionally because different regions are affected by different
species of parasites which with varying sensitivity to antimalarial drugs. The quinoline
derivatives and the artemisinins are fast-acting erythrocytic schizonticides and are useful
in acute malaria infections. Others such as proguanil, pyrimethamine and sulfonamides,
although active at this stage, are slow acting therefore not preferred in acute malaria

infections (Eholié et al., 2009).

The artemisinins, although effective with rapid parasite clearance have a short half-life.
To overcome this, they are administered in combination with other long-lasting
antimalarial drugs such as lumefantrine (Artemisinin Combined Therapy-ACT) to
prevent recrudescence of malaria infection. They form the current management regimens

for uncomplicated P. falciparum malaria infections (van den Broek et al., 2005).
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Recently, WHO recommended the use of malaria vaccine in 3 African countries. The
vaccine, (RTS, S) was adopted in the routine child immunization programs in in parts of
Kenya, Malawi and Ghana since 2019 in a pilot study. The vaccine acts against P.
falciparum and was shown to have a low efficacy of 39 % in preventing malaria in
children 5-17 months old in the phase Il clinical trials (WHO, 2020). However, the
vaccine is only intended to supplement other malaria control strategies and not to replace

them.

1.5.2 Antimalarial drugs resistance

The development of resistance to antimalarial drugs is a great threat to the effective fight
against malaria. Various drugs have been developed to fight malaria parasites over the
years but their effective life-spans have been cut short because of development of
resistance. The successful development of synthetic antimalarials in the 1940s was a
great milestone in malaria management. Chloroquine was preferred over quinine because
of the low cost of production and fewer side effects. It was widely adopted as the drug of
choice for malaria due to affordability and ease of access. However resistance to this drug
developed very fast on the Thai-Cambodian border and spread throughout the world

(Wongsrichanalai et al., 2002).

Development of resistance to antimalarial drugs is not uniform but dependent on the
geographical location as well as the malaria parasites involved. For example, although
resistance to quinine was reported over 100 years ago in Brazil, this resistance is

currently restricted to southeast Asia and western Oceania (Wongsrichanalai et al., 2002).
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Quinine is still effective in most of the other regions of the world as a drug of choice for
management for severe malaria. On the other hand, chloroquine resistance is specific to
P. falciparum parasites. Chloroquine is still useful in management of malaria caused by

P. ovale and P. malariae parasites.

Resistance to other synthetic drugs employed in management of malaria after
chloroquine, such as the sulfadoxine-pyrimethamine (SP), also developed over the years
rendering them ineffective. For example, studies carried out in the Western Kenya show
high resistance to SP, the only drug used in Intermittent Preventive Treatment in

pregnancy (IPTp) (Iriemenam et al., 2012).

Resistance to the artemisinins has been reported in South-East Asia, a historical source of
emerging antimalarial drug resistance (Dondorp et al., 2009; Phyo et al., 2012). This
poses a global threat as it may spread to neighboring countries and eventually to the rest
of the world. There are already reports of high recrudescence rates of P. falciparum up to
10 % of patients after ACT treatment (LaCrue et al., 2011; Cheng et al., 2012). Recently,
there are reports of resistance in Rwanda with delayed parasite clearance after treatment
(Tacoli et al., 2016). Therefore, there is urgency in development of newer antimalarial
medicines before widespread resistance to the current mainstay treatment of malaria, the
artemisinins. One strategy is to study the plants used in ethno medicine which can

provide important leads in new drug development.
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1.6 Use of plants as medicines

Plants have been employed in the management of human diseases from time immemorial.
Herbal medicine is the oldest form of medical practice. Archeological evidence points to
the practice of herbal medicine more than 60,000 years ago (Pan, et al., 2014). Before the
advent of modern science where causes of diseases are well understood in most cases,
humans instinctively chose locally available plants to treat illnesses (Petrovska, 2012).
The practice of herbal medicine during this period was linked to cosmology and practiced
within the limits of available tools and understanding. However, with experience, certain
plants were preferred in management of certain illnesses. Traditional medicine
knowledge was passed on from one generation to another orally. With the advent of
human civilization, some of the traditional knowledge was recorded in documents or
preserved as monuments. The earliest records of use of medicinal plants on clay tablets
are attributed to the Sumerians of Mesopotamia which date back to more than 5,000 years

ago (Pan, et al., 2014).

The practice of herbal medicine developed independently within different geographical
regions. Some of the well-developed systems with a long history include Ayurveda
(India) which dates back to more than 4000 years and Traditional Chinese Medicine
(TCM) that is estimated to be over 5000 years old. The Greek physicians, Hippocrates
and Dioscorides, greatly contributed to the development of traditional medicine in
Europe. They described how to diagnose diseases as well as herbal medicines that could

be used. In his book, “De Materia Medica”, Dioscorides described the use 657 drugs of
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plant origin in management of human diseases (Petrovska, 2012). This formed the basis
of the modern conventional medicine. In Africa, this knowledge was mainly transmitted
orally from one generation to another (Atemezing & Pavon, 2009). However, the
practice of traditional forms of medicines declined as synthetic molecules were preferred

to the traditional medicines (Abdullahi, 2011).

The 21% century witnessed a growing demand for the use of phytomedicines. This was
necessitated by the emergence of drug resistant microbes as well as emergence of new
diseases such as human immuno-deficiency virus (HIV) and other chronic illnesses that
could not be adequately managed using the available drugs. Today, various forms of
traditional medicine practices are still practiced in many parts of the world. These
practices are no longer a preserve of certain regions but are now widespread in the form
of complementary medicine (Bag, 2019). The World Health Organization (WHO)
recognizes the important role traditional medicine plays in health care. Consequently,
WHO has developed guidelines on the study of traditional medicines (Kasilo et al.,

2013).

1.7  Plants as sources of new antimalarial drugs

Communities living in malaria endemic areas have for many years used traditional
preparations especially from plants for treatment of malaria (Ntie-Kang et al., 2014). The
diverse chemical structures of compounds with antimalarial activities from plants
provides a rich library for discovery of new anti-malarial drugs. This is well illustrated by

the discovery of quinine from Cinchona species and artemisinin from Artemisinin annua.
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In South America, Cinchona species were used in treatment of febrile illnesses for many
years. However, the first record of the use of this tree is attributed to the Jesuit
missionaries. The record states that the Countess of Chinchon visited Peru in the 1630s
with the Jesuits missionaries and she fell sick with fever. The natives of Peru treated her
with the bark of a tree which was later named “The Cinchona tree”. She later carried the
bark, christened Jesuit bark, to Europe in 1638 where it was adopted for use in treating
malaria-like fevers. Quinine, a quinoline alkaloid, was isolated from the plant by French
pharmacists in 1820 (Renslo, 2013). This drug continues to be used in the management of
severe malaria in most parts of the world (Toshihiro et al., 2009). Chloroquine, an
analogue of quinine, was synthesized in the 1940s but resistance to the drug by P
falciparum developed very fast on the Thai-Cambodian border and spread throughout the
world (Wongsrichanalai et al., 2002). As a result, the compound is no longer used in the

management of malaria.

In China, the sweet wormwood herb (Artemisia annua) was used for more than 2000
years in treating periodic fevers in form of herbal teas (Biesen, 2010; Renslo, 2013).
Artemisinin, a sesquiterpene, was isolated in 1972 during a Chinese government project
(Project 523) to identify antimalarial compounds from traditional Chinese medicines

(Renslo, 2013).

The success stories about discovery of antimalarial drugs from plants has sparked the
interest in search for more compounds from nature. Several plants continue to be used by

local communities for management of malaria-like fevers. Scientific evaluation of such
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plants is important in the discovery of new anti-malarial drugs. Several compounds
isolated from plants have shown to possess varying in vitro and in vivo antimalarial

activities (Ntie-Kang et al., 2014).

1.8  Ethno-medical approach in drug discovery

Ethno-medicine is the study of indigenous medical systems which represents an
important tool for successful discovery of drugs from natural products. It is important to
understand the history of each community and their use of ethnic medicines (Cragg &

Newman, 2002).

1.8.1 Health system in traditional communities

Most traditional societies have a holistic view of health. Disease conditions are usually
viewed as a result of interrelated factors. Understanding the health system within
societies is therefore important for ethno-medical studies. This entails the understanding
of the society’s view of disease, belief systems, attitudes towards health and illness, role

of practitioners and choice of remedies.

Understanding of ethno medicine is well illustrated by Arthur Kleinman’s (1978)
“explanatory model” (Figure 1.4). The model proposes that a disease has more than one
potential cause. Whenever an individual experiences ill-health, they usually try to review
the circumstances leading to the disease and how it will eventually affect them
(Kleinman, 1978). Interviews carried out during ethno-medical studies seek to understand

the community’s view of diseases and the remedies used.
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Figure 1. 4: Kleinman’s Explanatory Model of Disease.
This model visualizes a disease as a result of culture, beliefs and environment. The
management should also be focused not just on the disease itself but also the causative
factors. It is a no wonder that the term malaria is derived from an Italian word,
“mal’aria”, meaning ‘“bad air”. The French people also referred to malaria as
“paludisme” which means “rooted in the swamp” (CDC, 2012a). These communities
related the disease to the environment where it was most prevalent. This relationship still
remains relevant in the present modern world. It therefore follows that control of malaria
involves not only the chemotherapeutic agents, but also the proper management of the

environment to control the breeding of the vectors that transmit the disease.

Cultural beliefs and practices greatly impact on the health and healing practices within
societies. These can guide the choice of remedies in management of diseases and care of

the sick person. However, some of the beliefs held within indigenous communities can
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impact negatively on disease management. For example some African communities
believe that taking a sick child to hospital or administration of an injection could result in
death (Maslove et al., 2009). In such cases, a person with severe malaria requiring
hospitalization may not access the required medical attention because of these cultural
beliefs. Local communities especially in rural areas therefore need to be educated against

such beliefs that hinder effective control and management of disease.

The understanding of the communities’ view of health is also important to the scientist in
understanding how to interpret the information given during the ethno-botanical research.
Different approaches such as ethnobotany and retrospective treatment outcomes (RTO)

are employed in successful ethno-botanical studies.

1.8.2 Methods used in ethno medicine

The success of drug discovery from plant depends on choosing the best candidate plant
for further study. Scientists have over a long period of time devised various approaches
of identifying the best candidate for this success. Several ethnomedical approaches, with

varying degrees of success, have been described in ethno medicine.

Ethnobotanical studies are based on the relationship between plants and humans. There
exists a complex interaction between people and plants and this varies from culture to
culture. However, some general processes are common in many cultures (Ulysses, 2010).
The relationship is evident through rituals and ceremonies performed in different

communities. People use plants for various purposes such as food, medicine, building,
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textiles, divination, cosmetics, music and social life. This indigenous knowledge is
rapidly disappearing all over the world. Ethno-botanical studies are therefore needed to
document most of this knowledge before it becomes extinct. Some regions such as Asia
have a strong history of use of ethno-medicine as recorded in ancient books. However,
most practices of ethno-medicine, especially in Africa, are undocumented. It is therefore
necessary to have such information documented for future use (Mahomoodally, 2013;

Mahwasane et al., 2013).

Ethnobotany involves exploration of how plants are used within communities. In this
approach, quantitative methods are employed in documenting plants used in disease
management within various cultures (Heinrich, 2000). The method has been used
successfully in the discovery of many drugs in clinical use (Fabricant & Farnsworth,
2001). However, the use of ethnobotany in drug discovery has some limitations. For
instance, the clinical outcomes, which is a pointer to efficacy, of the plant are not
considered important in ethnobotany. The method also does not clearly indicate why

some plants are chosen over others (Graz et al., 2005).

Plants can also be chosen based on climate and seasonality (Ulysses, 2010). Plants
available in most seasons are chosen over those that occur occasionally. There is
preference for use of native perennial resources among communities. This ensures
consistency in the supply of specific plants employed in management of diseases
throughout the year. However, this method leaves out potent plants that are available only

at certain seasons.
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Another method of drug discovery from ethno-medicine involves Retrospective
Treatment Outcome (RTO) surveys which was proposed by Graz et al., 2005. It involves
asking individuals about the disease status they suffer from, what medicines they took
and the outcomes of the treatment. Those plants with the best outcomes are selected for
further investigation. This approach gives a high success rate in drug discovery. It also
has an advantage that patients can describe any side effects related to the use of the
medicines. For instance, RTO carried out in Mali by Graz et al., (2005) resulted in

selection of plants with higher efficacy compared to those selected through ethno-botany.

A more comprehensive method in ethno-medicine studies involves the integrated
approach as postulated by Katiyar et al., 2012. The authors highlighted the importance of
using the knowledge of Ayurveda (traditional Indian medicine), documented and non-
documented uses of plants and a proper literature review of chosen plants. All these areas
can be analyzed to come up with the best candidate for the bio-assay guided

fractionation.

The choice of any method will usually vary from place to place. Countries such as India
and China have a very rich system of traditional medicines which are well documented
(Katiyar et al., 2012). However, in Africa most of the knowledge is passed from
generation to generation through the word of mouth. Therefore, the integrated approach
may not be fully utilized as described in literature. In such cases, working with the

traditional practitioners and asking in-depth questions are necessary. Very few RTO
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studies are available therefore this poses a challenge in the search of the best candidate
plants for study. Ethnopharmacogical studies are important in evaluating the biological

activities and phytochemical constituents of plants.

1.9  Ethnopharmacology in drug discovery

Ethnopharmacology facilitates intentional, focused and safe natural product drug
discovery. The starting point in ethnopharmacology is usually the identification of the
correct plant candidate(s) by use of ethnobotanical methods. Bioassay-guided
fractionation is important in successful discovery of lead compound or formulation of

standardizes extract. (Katiyar et al., 2012).

1.9.1 Conceptual framework in ethnopharmacological studies

Since most traditional communities use plants in ethnomedicine, ethnopharmacology is a
useful tool in the evaluation of the biological activities of such plants. These are based on
reductionist approach which utilizes biological systems in drug discovery. The approach
assumes that plants contain molecules that interact with specific target within the body to
alleviate a disease condition (Mazzocchi, 2012). Figure 1.5 shows the development of

modern drugs from ethnomedicine.
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Figure 1. 5: Development of medicines from ethnopharmacology .

(Adapted from Ashok, 2007)

Ethnopharmacology has been successfully used in discovery of many drugs from natural
sources. The current antimalarial drugs, quinine and artemisinins were discovered based

on their traditional uses (Achan et al., 2011; Tu, 2011).

Ethnopharmacological methods have for a long time been biased towards isolation of
active compounds and evaluation of their chemical, biological and pharmacological
activities (Etkin & Elisabetsky, 2005). However, more needs to be done by integrating
social sciences in ethnopharmacological studies to validate traditional knowledge in the
context of different cultures (Reyes-Garcia, 2010). When social sciences are involved,

peoples’ behaviors and practices can be studied. These could help in explaining the
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reasons why communities prefer some remedies over others. For example, practices
related to the use of the ecosystem affect the available natural resources. Involvement of
anthropologists will define how culture affects the human behavior in terms of their

health and wellbeing (Reyes-Garcia, 2010).

1.9.2 Ethnopharmacology in development of antimalarial drugs

Cinchona trees were used in management of fevers associated with malaria among the
natives of South America. The cinchona alkaloids, quinine, quinidine, cinchonine and
cinchonidine, were the first drugs used in management of malaria. Due to pressure on the
South American cinchona trees, efforts were made to cultivate the trees elsewhere
including Java and India (Karin & Toni, 2009). The Javan cinchona bark was preferred
since it mainly contained quinine (Achan et al., 2011). However, during the second
World War, the supply of cinchona barks was cut off by the Japanese (Dewick, 2011).
This necessitated production of synthetic drugs as alternatives to quinine. This led to the
synthesis of 4-aminoquinoloines (chloroquine and amodiaquine) and the 8-
aminoquinolines (primaquine, tafenoquine and pamaquine). Efforts were also made to
synthesize quinine in 1944 by the American chemists, Woodward and Doering (Crowth,
2011). However, the laboratory synthesis is not economically viable as it involves many
stages with only a small yield of the compound. For example, in 2001, Stork et al.,
successfully carried out a stereo-controlled synthesis of quinine. The synthesis involved
20 steps and only yielded 7 % of quinine. For these reasons, Cinchona bark remains the

main source of quinine.
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1.9.3 Phytochemistry of medicinal plants

Phytochemistry is the study of plant chemicals which is essential in the discovery
development of new drugs from natural products. Plants produce an array of secondary
metabolites which have been found to be important in fighting and prevention of diseases
in humans. These compounds are grouped based on their chemical structures in classes
such as terpenoids, alkaloids, flavonoids, glycosides, phenylpropanoids and phenolics
among others. Phytochemistry involves various techniques such as extraction,

chromatography, isolation and structure elucidation.

Ethnopharmacological knowledge is critical in the phytochemistry procedures and
subsequent success in identification of biologically active compounds. The way the plant
Is used in traditional medicine gives a pointer to the nature of compounds that elicit the
biological effect. For example, plants whose vapors are inhaled may be a pointer to the
volatile compounds as the biologically active entities. The importance of ethnomedical
procedures is well illustrated in the discovery of artemisinins. During the screening of
plants for antimalarials by Chinese scientists in project 523, artemisinin showed
promising antimalarial activity but the activity was not reproducible in subsequent
experiments. Literature search pointed to the preparation of the plant extract in cold water
unlike in the experiment where heat was used. Extraction of the plant at low temperatures

gave better results (Tu, 2011).

Successful extraction of secondary metabolites involves proper preparation and

preservation of plant material to avoid degradation of target compounds. Suitable
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extraction procedures for the target class of compounds are chosen based on standard
protocols (Jones & Kinghorn, 2012). These compounds can then be evaluated for
biological activity. Although often these secondary metabolites lack the required activity
or only exhibit a fraction of the crude extract, their isolation is important as they can be

important marker compounds in standardization of herbal products.

A review of compounds with anti-malarial activities from African plants revealed that
over 300 phytochemicals have been isolated and tested for antiplasmodial activity
(Batista et al., 2009; Oliveira et al., 2009; Onguén et al., 2013a, 2013b) . Among the
classes identified, alkaloids and terpenoids are the major groups of compounds with anti-
malarial properties. Other compounds with antimalarial activity include: flavonoids,
phenolics, lignans, polyacetylenes, xanthones, quinones, steroids and coumarins (Bero &
Quetin-Leclercq, 2011; Ntie-Kang et al., 2014; Onguén et al., 2013a, 2013b). These
studies were informed by traditional uses of these plants in African communities. Figure
1.6 shows selected compounds derived from plants with significant anti-plasmodial

activity.
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Figure 1. 6: Some antimalarial compounds isolated from African plants
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The plant based antimalarials have a diverse chemical structures indicating that they act
by different mechanisms from the known antimalarial drugs such as chloroquine in
combating malarial parasites. The parasites may also not have developed resistance yet to
such compounds making them useful as novel drugs in areas with multidrug resistance.
For example, the artemisinins presented a different chemical class from classical
antimalarial drugs such as aminoquinolines. There is therefore need to continue the
search for antimalarial compounds with unique chemical structures for further

development of new antimalarial drugs.

1.9.4 Biological assays for antimalarial activities

Biological assays are useful tools in verifying the pharmacological activities of plants. In
testing for antimalarial activity, in vivo and in vitro methods are employed. In vitro
methods allow for the evaluation of several drugs at the same time thus are useful tools in
high throughput screening in drug discovery. Since the procedures are carried out on
isolated parasites, they are not affected by individuals immune responses and reinfections
within a person (WHO, 2001). However, the efficacy of a drug in in vitro studies does
not guarantee effectiveness in clinical application. It is therefore necessary to carry out in
vivo tests of components that show good in vitro activities. This is because other factors
such as metabolism and absorption are necessary for a drug to attain in- vivo efficacy.

Several in vitro and in vivo methods are available for study of antimalarial activity.
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1.94.1 In vitro assays for antiplasmodial activity

Several in vitro assays have been developed over the years to evaluate the activity of
antiplasmodial drugs. The first antiplasmodial assay, the macro technique was developed
in 1968 and demonstrated both the in vitro growth of the parasites and the effects of
antimalarial drugs on the growth (Sinha et al., 2017). Several variations of the macro
technique have led to many other in vitro tests. Currently, micro technique assays are
utilized. These assays developed from the macro technique concept with variations in the
culture of malaria parasites as described by Trager and Jensen, 1976. These methods
include schizont maturation method, isotopic assay, parasite lactate dehydrogenase
(pLDH) assay and histidine-rich protein Il assay (HRP2 assay) (Noedl et al., 2003;

Krettli et al., 2009).

The schizont maturation assay method was the first in vitro method developed for the
assessment of effect of antiplasmodial drugs on malaria parasites. The method is based on
the ability of drug to inhibit the maturation of parasites from the ring stage to the schizont
stage. The schizonts are counted on thick films using microscopes. However, this method
is limited to only synchronized malaria parasites and those with only one asexual form
(Srinivas & Puri, 2002). The method is simple to carry out and economical thus used as
an epidemiological tool for global baseline assessment and measuring the response of P.

falciparum parasites to antimalarial drugs (WHO, 2001).

The second method utilizes the measurement of level of hypoxanthine, a known low
molecular weight compound, required in the erythrocytic stage of malaria parasites in
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serum-free culture medium (Asahi et al., 1996; Desjardins et al., 1979). In this method,
the level of incorporation of hypoxanthine, labelled with radioactive tritium, into the
parasites which is measured using spectrometric methods. Antiplasmodial activity is a
measure of the inhibition of the uptake of the [*H] hypoxanthine . This assay can evaluate
several compounds at the same time and is highly reproducible. However, it has lost
popularity due to the expensive equipment involved and the safety requirements for

handling radioactive substances (Smilkstein et al., 2004).

The third method is based on measuring activity of the enzyme, parasite lactate
dehydrogenase developed by Makler et al., (1993). This enzyme is important in the
conversion of lactate to pyruvate. In P. falciparum the co-enzyme 3-acetyl pyridine
adenine dinucleotide (APAD) is necessary in this reaction catalyzed by lactate
dehydrogenase forming reduced APAD. The reduced APAD in turn reduces tetrazolium
to form a blue product, formazan, which can be measured using a spectrophotometer (650
nm). The level increases with the increase in parasitemia (Makler et al., 1993; Basco et
al., 1995). This fact that this method requires an initial high parasitemia of 1-2% and
there is interference from pigments present in natural extracts limits its application

(Kaddouri et al., 2006).

Another assay method based on the lactate dehydrogenase enzyme activity was
developed by Druilhe et al., in 2001. Instead of using tetrazolium as in the earlier
method, it utilizes the double-site enzyme-linked lactate dehydrogenase immunodetection

assay (DELI), an immuno-enzymatic reaction. In this assay, there are 2 monoclonal
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antibodies that recognize 2 different sites of LDH. One of the monoclonal antibodies
develops a colorimetric reaction in the presence of peroxidase substrate, the level of
which is determined using optical density (Brasseur et al., 2001). DELI assay is more
sensitive as it can be used even when parasitemia as low as 0.005% (Druilhe et al., 2001).

However, the reagents used in this assay are very expensive thus limiting its application.

A fourth method developed by Noedl et al. (2002) is based on the ability to quantify the
water-soluble histidine-rich proteins Il (HRP2) produced by P. falciparum parasites.
Histidine rich proteins Il are a group of histidine and alanine rich proteins produced
during the active phase of multiplication of the parasites. The measurement of these
proteins is done using enzyme-linked immunosorbent assay (ELISA) technique. The
amount of proteins produced in presence of an antimalarial drug is inversely proportional
to the growth inhibition ability of the drug. The method is relatively simple to perform,
sensitive and highly reproducible and more sensitive than the isotopic methods (Noedl 