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Abstract:

Malaria is one of the deadliest disease in the world affecting millions of individuals yearly.
Artemisinin combination therapies (ACTs), which are the first line of defense against this
disease for many years, show some inefficacy due to delay in parasite clearance. Many episodes
of resistance against these drugs have been registered in many countries in Africa and in Asia.
Currently, there is growing research interest in the use of full blend extract of medicinal plants
like Artemisia afra or Artemisia annua as an alternative treatment. Artemisia afra is an
indigenous species to Africa, and are traditionally used for decades by traditional healers to
cure a lot of afflictions among them malaria. The main objective of this thesis is to compare the
growth inhibition effects and molecular profiles of the parasite exposed to extracts of the
Artemisia afra plants collected from five regions. Artemisia afra leaves were collected from
five countries in Africa (South Africa, Tanzania, Burundi, Senegal, and Kenya), and compared
for their level of phytochemicals content, antimalarial, and antioxidant activities. The plant
extracts were first tested in vitro and the most active extracts were incubated during 2 days with
the parasites to study the expression level of Fabl and FabZ. A virtual screening was ran using
PyRx with vina to determine the potential interactions between the Fab enzymes (Fabl and
FabZ) and the active compounds of the plant extracts. The result showed a big antimalarial
property of the plant, however a different level of activity depending on the geographical
localization. A. afra collected from Burundi was found to have the highest level of phenols and
flavonoids. This plant also exhibited the highest antioxidant and antimalarial activities
compared to the others. Acute toxicity test run in mice revealed an ED50 greater than
2500mg/kg body weight and no toxic sign was detected on the liver, the organs, and the tissues.
The Fab | enzyme, which plays important rule during the liver stage of the malaria infection
was found to be downregulated in the W2 strain, after exposition of the parasites with the
ethanolic and dichloromethane of the plant extract collected from Burundi. In the D6 strain the
enzyme was downregulated with the hexane and ethanolic extracts of the plant. Compared to
Fab I, Fab Z was found to be downregulated only on the D6 strain when exposed to the hexane
and ethanolic extracts, both extracts downregulate Fab | and Fab Z in the two strains (D6, W2).
Virtual screening showed interaction between the active compounds of the plant and the Fab
enzymes. In conclusion the results confirm the high antimalarial effect of Artemisia afra and
also its prophylactic effect with the inhibition of Fab | enzyme which is crucial during liver

stage of the plasmodium falciparum life cycle. The difference in level of flavonoids and phenols

XVI



suggest that the agro-ecological zone play an important role in influencing the level of
phytochemical. Artemisia afra active compounds detected during GCMS analysis was found to

interact with the fab enzymes of the parasite, further study need to be done to confirm their in
vitro activities of those active compounds.

XVII



CHAPTER ONE.

1.0 Introduction:

Malaria is one of the most dangerous infectious diseases in Africa. In 2017, there were an
estimated 219 million cases of malaria in 90 countries. Malaria deaths reached 435 000, with
93% in Africa (WHO, 2017). There are approximately 156 named species
of Plasmodium which infect various species of vertebrates, such as reptiles, birds, and various

mammals (CDC, 2017). Five plasmodium species are considered human parasite, as they utilize

humans almost exclusively as a natural intermediate host: P. falciparum, P. vivax, P.
ovale and P. malariae, and P. knowlesi, P. falciparum and P. vivax pose the greatest threat
because there are the most virulent. In 2017, P. falciparum accounted for 99.7% of estimated
malaria cases in the WHO African Region, as well as in the majority of cases in the WHO
regions of South-East Asia (62.8%), the Eastern Mediterranean (69%) and the Western Pacific
(71.9%). P. vivax is the predominant parasite in the WHO Region of the Americas, representing
74.1% of malaria cases (WHO, 2017). Malaria occurs mostly in poor, tropical, and subtropical
areas of the world. Africa is the most affected due to a combination of those three factors (figure
1.1). Local weather conditions often allow also transmission to occur year round. A very

efficient mosquito (Anopheles gambiae complex) is responsible for the high transmission of the

Malaria transmission Malaria transmission Malaria transmission
: occurs throughout occurs in some parts is not known to occur
parasite (CDC, 2019). <. 3

Figurel.l: Geographical distribution of Malaria

Sources: https://www.cdc.gov/malaria/malaria worldwide/impact.html#
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In many of the countries affected by malaria, it is a leading cause of illness and death. In areas
with high transmission, the most vulnerable groups are young children, who have not developed
immunity to malaria yet, and pregnant women, whose immunity has been decreased by
pregnancy. The costs of malaria to individuals, families, communities, nations are enormous
(WHO, 2017).

1.1 Burden of Malaria

According to the latest World malaria report, released in November 2018, there were 219
million cases of malaria in 2017, up from 217 million cases in 2016. The estimated number of
malaria deaths stood at 435 00 0 in 2017, a similar number to the previous year.The WHO
African Region continues to carry a disproportionately high share of the global malaria burden.
In 2017, the region was home to 92% of malaria cases and 93% of malaria deaths. In 2017, 5
countries accounted for nearly half of all malaria cases worldwide: Nigeria (25%), the
Democratic Republic of the Congo (11%), Mozambique (5%), India (4%) and Uganda (4%).
Children under 5 years of age are the most vulnerable group affected by malaria; in 2017, they
accounted for 61% (266 000) of all malaria deaths worldwide (WHO, 2019).

US$ 3.1 billion were made available for control and elimination programmes in 2017 including
US$ 900 million (28%) from governments of malaria endemic countries. The United States of
America remains the largest single international donor, contributing US$ 1.2 billion (39%) in
2017. To meet the 2030 targets of the global malaria strategy, malaria investments should reach
at least US$6.6 billion annually by 2020 — more than double the amount available today (WHO,
2018).

1.2 Plant extracts as possible sources of antimalarial drugs

Natural products, including medicinal plants, have been used in the traditional treatment of
malaria for thousands of years due to their efficacy, safety, lower cost, and availability. In fact,
medicinal plants are the source of the two most successful antimalarial drugs, artemisinin and
quinine. Studies into the antimalarial activity of natural products (extracts and compounds)
derived from medicinal plants, animals, or micro-organisms therefore become quite expedient

(https://www.hindawi.com/journals/ecam/si/585486/cfp/).
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1.3 Herbal medicinal plants with antimalarial effect: Artemisia species

The large number of Artemisia species in the family of Asteraceae have been used as herbal
medicines for millennia in different parts of the world. Some medicinal plants, like A. annua or
A. afra, show high antimalarial effects. A. annua leaves has been used for many years by
individuals in China to treat a different form of fever. Artemisinin extracted from A. annua is
the major antimalarial component. Artemisinin or synthetic derivatives are used in combination
therapy with other antimalarial drugs referred to as artemisinin combination therapy (ACTSs)

(James Gathany, www.wwarrn.org).

Although ACTs drugs have worked well in many parts of the world, there is a serious concern
that malaria parasites are once again developing widespread resistance to this vital treatment.
Thus there is a need to develop alternative therapies, as well as to put in place effective

preventive measures (James Gathany, www.wwarrn.org).

A. annua extracts and powdered plant materials were found to be many times more potent than
pure artemisinin. This is in line with the recent findings published by P Weathers, showing that
A. annua leaf powder can be up to 40x as efficient as pure artemisinin (Weathers et al., 2014).
A. afra also was found to have a potent antimalarial effect and worked as effectively as A.
annua. Over the last ten years, a series of small-scale clinical trials have shown the superiority
of Artemisia plants over ACTs (P. Lutgen, 2016). Moreover, other Artemisia plants, such as A.
herba alba, A. sieberi, A. absinthium, A.ludoviciana, A. apiacea, A. maritima have shown

varying levels of antimalarial effects.

1.4 Medicinal uses of Artemisia afra

Artemisia afra is common species of the genus Artemisia in Africa with medicinal properties.
It is the only Artemisia species indigenous to Africa and widely distributed from South Africa
to Ethiopia (van der Walt, 2004). The traditional African medicinal uses of A. afra include the
treatment of colds, coughs, influenza, sore throat, asthma, pneumonia, blocked nose, stomach
ailments, headache, earache, poor appetite, heartburn, parasites, measles, gout, diabetes, colic,
flatulence, constipation, malaria, and wounds (Van Wyk, 2008). This shows the vast range of

diseases and conditions it is used for and thus its large medicinal potential.

An earlier in vitro study in Ethiopia with five medicinal plants found that A. afra had the highest
antimalarial activity (IC50 7 mg/L) (Kassa et al., 1998). Recent clinical trials in the RD Congo
have shown that A. afra is equivalent to A. annua in the cure of malaria (Munyangi and Idumbo,

-3-
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2015). Another recent study by South African research team shows that among 8 medicinal
plants A. afra has the lowest IC50 for impairing the development of late-stage gametocytes.
This represents a very important finding, as not many plants have such a significant

gametocytocidal effect (Moyo et al., 2016).

Artemisia afra is rich in luteolin, which may partly account for its antimalarial properties. A.
afra has the highest concentration of luteolin (1.9 mg/g) in all medicinal herbs (Dube, 2006),
20 times more than in A. annua. The author also found that luteolin present at high
concentrations in the herb specimen studied stays stable after several processing operations.
The IC50 value of luteolin displayed against P. falciparum was 2.9 pg/ml (P. Lutgen, Malaria
World, 2015).

Artemisia afra plants do not contain artemisinin, so other constituents are responsible for their
anti-malarial effect. Luteolin, one of the most important constituents of A. afra, is related to the
inhibition of fatty acid biosynthesis of P. falciparum. These lipids are required for the
detoxification by crystallization into hemozoin of heme resulting from haemoglobin digestion
by the parasite. Apicomplexan parasites utilises a fatty acid synthesis pathway, independent of
the human host and catalysed by specific enzymes like FabG, FabZ, and Fabl. These enzymes
are a potential target of new antimalarials (Tasdemir et al., 2006). The antimalarial activity
might also be related to the inhibition of alpha-glucosidase and amylase by luteolin. (Kim et
al., 2000). Among 40 flavonoids studied by these authors, luteolin was the most potent. These
enzymes convert carbohydrates into glucose required for the development and multiplication
of parasites. In addition to luteolin, other constituents may also contribute to the gross anti-

malarial effects of A. afra, similar to those of A. annua.

1.5 Statement of the problem

Malaria is still raising concern with high rate of death each year. The use of artemisinin and its
derivatives with other antimalarial drugs as ACTs are become problematic because of the
emerge of parasite resistance (WHO, 2019) and an enhance of recrudescence of gametocyte
carriage (Abdoulaye A. Djimde et al., 2016). The spread of that resistance is a significant threat
to humanity. The use of powdered or extracts of Artemisia afra can be a potential solution due
to his high antimalarial potential (Weathers et al., 2014). Also, the full blend of Artemisia afra
is much less likely to lead to resistance development because it doesn’t contain artemisinin. In

vitro studies have shown that Artemisia afra, which is native to tropical Africa, has an
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antimalarial effect comparable to that of A. annua (Jerome et al., 2019). This plant does not
contain artemisinin, have not toxic effect, and can be stronger than A. annua against malaria.
In this study, the antimalarial effects of five A. afra from different agro-ecological areas will be
compared using both in vitro and in vivo modes. Also, the molecular effects of the parasites
when exposed to the extracts of A. afra extracts will be studied.

1.6 Justification

Malaria is one of the most widely spread diseases in the world. In Africa, this disease affects
millions of individuals. It is one of the most deadly tropical diseases. However, in many
countries, resistance against ACTSs is noticed. The spread of that resistance is a significant threat
to humanity. Alternative solutions should be put in place to stop or mitigate this nascent
resistance. The use of full phytochemical blends of A. afra as prophylactics and curatives
remedy seems to be a promising way to address the problem. The different phytochemical
constituents of that plant seem to work in synergy against the malaria parasite. Our approach is
in line with the official WHO Traditional Medicine Strategy 2014 — 2023 which recognizes that
still, 80% of the people in endemic malaria countries rely on herbal medicines to boost their
immunity against malaria instead of using expensive imported drugs. The levels of prophylactic
and curative efficacy of these plants need to be established, and ways of improving them need

to be developed.

In this study, Artemisia afra from five countries will be used to test their antimalarial effect the
rationale behind using this same species is they may have various level of antimalarial activities
or different phytochemical concentration due to their different geographical areas. This study
will shed some light about difference in their activities. The plant is also claim to have
prophylactic effect so the inhibition test with the fab enzymes especially with Fabl will confirm

their prophylactic properties

1.7 Research questions

1 Do A. afra plants collected from different agro-ecological area have the same or different
levels of phytochemical compositions?
2 Do A. afra plants collected from different agro-ecological area have the same or different

antimalarial activities?


http://apps.who.int/iris/bitstream/10665/92455/1/9789241506090_eng.pdf

3 The in vitro antimalarial activity of A. afra plant is it the same compared to the in vivo
activity?
4 Antimalarial activity of A. afra is it because of one compound or several compounds

working in synergy?

1.8 Objectives

1.8.1 General objective:

To compare the growth inhibition effects and molecular profiles of the malaria parasites
exposed to Artemisia afra extracts collected from five different regions.

1.8.2 Specific objectives

1 To determine and compare in vitro antimalarial activities and phytochemical profiles of

extracts of A. afra plants collected from 5 different agro-ecological areas.

2 Todetermine the acute toxicity and the in vivo anti-plasmodium activities of the most active

extracts of A. afra on P. berghei.
3 To identify the active compounds of A. afra extracts using GC-MS.

4 Toassess gene expression levels for Fab_Z, and Fab_| associated with Plasmodium cultures

exposed to the most active A. afra extracts.

5 To determine potential interactions between active compounds from A. afra and
Fab_proteins from the Plasmodium falciparum (W2 AND D6) using the software PyRx
with AUTODOCK vina.

1.9 Scope and Limitation

This study will help to determine if Artemisia afra plants still have the same activity when it is
growing in different agro-ecological areas. Will also help to know the difference in the level of
phytochemical of that plant. Because of the time and resource limitations, (i) Five samples only
will be collected from five different countries. (ii) No clinical trial will be run to assess toxicity
in human, and (iii) full blend will be tested in vitro and in vivo but not active isolated

compounds.



CHAPTER TWO.

2.0 LITERATURE REVIEW.
2.1 Epidemiology of malaria

According to the World Health Organization (WHO) Malaria Report 2011, a total of 106
countries in the world are at risk of transmission of malaria infection. A total of 216 million
estimated malaria cases occurred in 2010, 81% of which were reported in the African Region,
followed by South-East Asia (13%) and Eastern Mediterranean Region (5%). The total number
of malaria deaths was estimated to be 655.000 in 2010; 91% of whom occurred in the African
Region, 6% in South-East Asia and 3% in the Eastern Mediterranean Region. However,
between 2005 and 2010, malaria cases decreased from 244 million to 216 million; moreover,
malaria mortality rates showed a global reduction of 26% between 2000 and 2010 (WHO,
2011).

In 2012, there were an estimated 207 million cases worldwide, a decrease compared to 2011
causing an estimated 627 000 deaths, mainly among children under five years of age in Africa.
Ninety per cent of all deaths occur in Sub Sahara Africa (WHO, 2013).

In 2016, there were 216 million cases of malaria in 91 countries, 5 million more than the 211
million cases reported in 2015. The disease continues to claim a significant number of lives: in
2016, 445 000 people died from malaria globally, compared to 446 000 estimated deaths in
2015. According to the latest World malaria report, released in November 2018, there were
219 million cases of malaria in 2017. The estimated number of malaria deaths stood at 435 000
in 2017 a slight decrease compared to 2016 (WHO, 2019). Children under 5 are particularly
susceptible to infection, illness and death; more than two thirds (70%) of all malaria deaths
occur in this age group. The number of under-5 malaria deaths has declined from 440 000 in
2010 to 266 000 in 2017. However, malaria remains a major killer of children under five years
old, taking the life of a child every two minutes (WHO, 2018). Fifteen countries — all but one

in sub-Saharan Africa carry 80% of the global malaria burden.

2.2 Causative agent of malaria
Malaria is caused by the Plasmodium parasite. The parasite can be spread to humans through

the bites of infected mosquitoes.



The plasmodium parasite is spread by female Anopheles mosquitoes, which are known as
"night-biting” mosquitoes because they most commonly bite between dusk and dawn. If a
mosquito bites a person already infected with malaria, it can also become infected and
spread the parasite on to other people. However, malaria can't be spread directly from person
to person. Malaria can also be spread through blood transfusions and the sharing of needles,

but this is very rare( https://www.nhs.uk/conditions/malaria/causes/).

2.3 Vectors of malaria

Malaria is transmitted exclusively through the bites of Anopheles mosquitoes. There are
512 Anopheles species recognised worldwide, and 50 only provisionally designated and

awaiting description (http://mosquito-taxonomic-inventory.info). Anopheles mosquitoes breed in

water, and each species has its own breeding preference. Forty-one of the
512 Anopheles species are defined by experts “Dominant Vector Species” (DVS). DVS are the
most important malaria vector worldwide, providing the majority of human malaria
cases. Characteristics of dominant vector species are their propensity for humans feeding,
longevity, abundance and elevate vectorial capacity (Takken et al., 2003). Africa has the most
effective and efficient DVS of human malaria, the Anopheles gambiae complex; thus some
areas account the highest entomological inoculation rates and the highest malaria prevalence
worldwide (Hay et al., 2009; Coluzzi M, 1999; Guerra et al., 2008).

Environmental factors play an essential role in vector distribution and malaria biodiversity.
Climate seasonality, rainfall patterns, temperature, humidity, presence of vegetation and surface
water all are directly related to the malaria transmission cycle. Also, human activities such as
agriculture, irrigation, deforestation, urbanisation, population movements, dam/road
constructions and wars are also connected to transmission levels and malaria epidemiology
(Machault et al., 2011).

2.4 Life cycle of human malaria parasite

Infection in humans begins with the bite of an infected female Anopheles mosquito (Figurel.2).
The parasites undergo a series of morphological transformations during their life cycle. The
malaria parasite life cycle involves two hosts: mosquito (in red) and human (in blue). During
a blood meal, a malaria-infected female Anopheles mosquito inoculates sporozoites into the
human host@. In the human host, sporozoites infect liver cells@ where they continue
maturation and mature into schizonts€ before they are released into the bloodstream, where

another stage called the intra-erythrocytic stage is formed. The schizonts will rupture and
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release merozoites@ (Of note, in P. vivax and P. ovale a dormant stage [hypnozoites] can
persist in the liver and cause relapses by invading the bloodstream weeks, or even years later).
After this initial replication in the liver (exo-erythrocytic schizogonyld), the parasites undergo
asexual multiplication in the erythrocytes (erythrocytic schizogonyt=l). Merozoites infect red
blood cells&. The ring stage trophozoites mature into schizonts, which rupture releasing
merozoites®. Some parasites differentiate into sexual erythrocytic stages (gametocytes)?.

Blood stage parasites are responsible for the clinical manifestations of the disease.

Life cycle of human malaria parasites
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Figure 2.1: the Life cycle of the human malaria parasite

Sources: https://www.cdc.gov/dpdx/malaria/index.html

The gametocytes, male (microgametocytes) and female (macrogametocytes), are ingested by
an Anopheles mosquito during a blood meal®. The parasites’ multiplication in the mosquito is
known as the sporogonic cycleld. While in the mosquito’s stomach, the microgametes penetrate
the macrogametes generating zygotes®. The zygotes, in turn, become motile and elongated
(ookinetes)® which invade the midgut wall of the mosquito where they develop into oocysts®
. The oocysts grow, rupture, and release sporozoites®, which make their way to the mosquito’s

salivary glands. Inoculation of the sporozoites into a new human host perpetuates the malaria

life cycle (CDC, 2017).



Inside of the erythrocyte, the malaria parasite changes into a form called the “ring stage,” at
which the parasite degrades haemoglobin for its biosynthetic requirements (Rathore, 2006;
Pagola et al., 2000). Hemozoin formed during this life cycle is considered an important target

in the search for new antimalarial drugs (Sullivan, 2000).

2.5 Blood stage (Morphology):
During the erythrocytic cycle, we can observe different stages of the parasites inside the
erythrocyte (Figure 3) visible with a microscope (x100 magnificent) after a thin blood smear
stained by GIEMSA. Trophozoite stage (@) following by a ring stage (@) whose growing and
turning into schizonts (€) who after maturation burst and liberate the merozoites. Some of the
merozoites develop to become gametocytes (0) which are the sexual blood stages while the

other merozoites infect new red blood cells, and the cycle starts again.

Figure 2.2: Morphology of malaria parasites Plasmodium falciparum inside the infected
erythrocyte.

Sources: https://www.cdc.gov/dpdx/malaria/index.html

2.6 Vector Control
2.6.1 Indoor residual spraying

The control of vectors passes by the use of insecticides that are spraying on the interior walls
of homes in malaria-affected areas. After feeding, many mosquito species rest on a nearby
surface while digesting the bloodmeal, so if the walls of dwellings have been coated with
insecticides, the resting mosquitos will be killed before they can bite another victim,
transferring the malaria parasite (Lucy et al., 2016).

The World Health Organization (WHO, 2006) currently advises the use of 12 different
insecticides in Indoor residual spraying operations. These include DDT and a series of
alternative insecticides (such as the pyrethroids permethrin and deltamethrin) to both, combat

malaria in areas where mosquitoes are DDT-resistant, and to slow the evolution of resistance.
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One problem with all forms of Indoor Residual Spraying is insecticide resistance via the

evolution of mosquitos.

2.6.2 Insecticide and bed net

Mosquito nets help keep mosquitoes away from people, and thus significantly reduce the
infection and transmission of malaria. The nets are not a perfect barrier, so they are often treated
with an insecticide designed to kill the mosquito before it has time to search for a way past the

net (http://www.eac.int/health/index).

Insecticide-treated nets (ITN) are estimated to be twice as effective as untreated nets and offer
a protection greater than 70%. For maximum effectiveness, the nets should be re-impregnated

with insecticide every six months.

New technologies like Olyset or DawaPlus allow for production of long-lasting insecticidal
mosquito nets (LLINs), which release insecticide for approximately 5 years
(http://www.eac.int/health/index).

ITNs have the advantage to kill mosquitoes that contact the net and simultaneously protecting
people sleeping under the net. This has the effect of killing the most dangerous mosquitoes.
Some protection is also provided to others, including people sleeping in the same room but not

under the net (http://www.eac.int/health/index).

2.7 Diagnostic of malaria
Microscopy (morphologic analysis) continues to be the “gold standard” for malaria diagnosis.
Parasites may be visualized on both thick and thin blood smears stained with Giemsa

(https://www.cdc.gov/dpdx/malaria/index.html) and quantify (CDC, 2017). There are other

technics to diagnose malaria species in the case where microscopists fail to identify them due
to parasite overlaps or changes in their morphology because of drug treatment or improper
storage of samples. The Plasmodium species can be determined by using confirmatory
molecular diagnostic tests. PCR testing is most useful for definitively identifying the species of
the malaria parasite and detecting mixed infections. Detection and identification
of Plasmodium to the species level is done with a real-time PCR assay as described by
Rougemont et al. 2004 for a duel duplex assay (e.g., P. falciparum and P. vivax in one reaction,
and P. malariae and P. ovale in a parallel reaction, using species-specific TagMan probes) and

also with conventional nested PCR assay in case of infection by more than one species is
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suspected (Snounou et al, 1993). In addition to microscopy and molecular methods, there are
methods for detecting malaria parasites based on antigens or enzymatic activities associated
with the parasites. These methods are often packaged as individual test kits called rapid

diagnostic tests or RDTs. These methods include, among others:

o Detection of an antigen (histidine rich protein-2, HRP-2) associated with malaria
parasites (P. falciparum)

o Detection of a Plasmodium specific aldolase

o Detection of a Plasmodium associated lactate dehydrogenase (pLDH) either through its

enzymatic activity or by immunoassay (CDC, 2017).

3.11 Malaria treatment:

3.11.4 Treatment for Uncomplicated malaria

Patients with suspected malaria should have parasitological confirmation of diagnosis with
either microscopy or rapid diagnostic test (RDT) before antimalarial treatment is started. WHO
recommends artemisinin-based combination therapies (ACTs) for the treatment of
uncomplicated malaria caused by the P. falciparum parasite. P. vivax infections should be
treated with an ACT or chloroquine in areas without chloroquine-resistant P. vivax. In areas
where chloroquine-resistant P. vivax has been identified, infections should be treated with an
ACT. In low transmission areas, a single low dose of primaquine as a gametocytocide should
be added to the antimalarial treatment to reduce transmission of the infection. The frequency of
the administration of primaquine should be guided by the patient’s glucose-6-phosphate
dehydrogenase (G6PD) enzyme activity. ACTs are the most effective antimalarial medicines
available today. WHO currently recommends 5 ACTs for use against P. falciparum malaria.
The choice of ACT should be based on the results of therapeutic efficacy studies against local
strains of P. falciparum malaria (WHO, 2018).

3.11.5 Treatment for complicated malaria

Severe malaria should be treated with injectable artesunate (intramuscular or intravenous) for
at least 24 hours and followed by a complete 3-day course of an ACT once the patient can
tolerate oral medicines. This is to ensure full cure and prevent the development of resistance to

the artemisinin derivatives. In recent years, access to ACTs has expanded substantially. By the
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end of 2016, ACTs had been adopted as first-line treatment policy in 80 countries. In recent
years, parasite resistance to artemisinin has been detected in many countries.

It has been shown that amino acid (AA) mutations at the P. falciparum Kelch13 (Pfk13) gene
provide resistance to ART. Artemisinin resistance was reported first in western Cambodia,
(Dondorp et al., 2009; Noedl et al., 2008; Elizabeth et al., 2014) where failure rates for
artemisinin-based combination therapies are rapidly increasing (WHO, 2014) and where
resistance to previous first-line antimalarial drugs also first emerged. Artemisinin resistance has
since spread, emerged independently, or both in other areas of mainland Southeast Asia (Hein
et al., 2012; Phyo et al., 2012), but also in some countries in Africa. Because of the growing
threat of resistance to that vital and first-line treatment for malaria, there is an increasing interest

in Africa in the use of medicinal plants as an alternative treatment.

2.9 Antimalarial drugs

2.9.1 Classification
Anti-malarial drugs can be classified according to antimalarial activity and according to the

structure.

2.9.1.1. Classification according to anti-malarial activity:
a. Tissue schizonticides for causal prophylaxis:
These drugs act on the primary tissue forms of the plasmodia which, after growth within the
liver, initiate the erythrocytic stage. By blocking this stage, further development of the
infection can be theoretically prevented. Pyrimethamine and Primaquine have this activity.
However, since it is impossible to predict the disease before clinical symptoms begin, this
mode of therapy is more theoretical than practical.
b. Tissue schizonticides for preventing relapse:
These drugs act on the hypnozoites of P. vivax and P. ovale in the liver that cause a relapse
of symptoms on reactivation. Primaquine is the prototype drug; pyrimethamine also has such
activity.
c. Blood schizonticides:
These drugs act on the blood forms of the parasite and thereby terminate clinical attacks of
malaria. These are the most important drugs in anti-malarial chemotherapy. These include
chloroquine, quinine, meflogquine, halofantrine, pyrimethamine, sulfadoxine, sulfones,

tetracyclines etc.
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d.

Gametocytocides:

These drugs destroy the sexual forms of the parasite in the blood and thereby prevent
transmission of the infection to the mosquito. Chloroquine and quinine have
gametocytocidal activity against P. vivax and P. malariae, but not against P. falciparum.
Primaquine has gametocytocidal action against all plasmodia, including P. falciparum.
Sporontocides:

These drugs prevent the development of oocysts in the mosquito and thus ablate the
transmission. Primaquine and chloroguanide have this action. Therefore in effect, treatment
of malaria would include a blood schizonticide, a gametocytocide and a tissue schizonticide
(in case of P. vivax and P. ovale). A combination of chloroguine and primaquine is thus

needed in all cases of malaria (https://www.malariasite.com/malaria-drugs/) (White NJ, 1996).

2.9.1.2. Classification according to the structure:

a.
b.

C.

Aryl amino alcohols: Quinine, quinidine (cinchona alkaloids), mefloquine, halofantrine.
4-aminoquinolines: Chloroquine, amodiaquine.

Folate synthesis inhibitors: Type 1 — competitive inhibitors of dihydropteroate synthase
— sulphones, sulphonamides; Type 2 — inhibit dihydrofolate reductase — biguanides like
proguanil and chloroproguanil; diaminopyrimidine like pyrimethamine
8-aminoquinolines: Primaquine, WR238, 605

Antimicrobials: Tetracycline, doxycycline, clindamycin, azithromycin, fluoroquinolones
Peroxides: Artemisinin (Qinghaosu) derivatives and analogues — artemether, arteether,
artesunate, artelinic acid

Naphthoquinones: Atovaquone

Iron chelating agents: Desferrioxamine (https://www.malariasite.com/malaria-drugs/)
(White , 1996)..

2.10 Artemisinin and Artemisinin-based combination therapy (ACT)

The two most widely used artemisinin derivatives are artesunate and artemether, others are

artetheer and dihydroartemisinin. While they are widely used in Southeast Asia, they are not

licensed in much of the so-called "Western World", including Australia. It is now being

combined with mefloquine for the treatment of falciparum malaria. In Africa, artemisinin

combination therapy is being recommended (WHO, 2001). There are 5 ACTS: 1-Artemether—
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lumefantrine; 2-dihydroartemisinin-piperaquine; 3-artesunate-amodiaquine; 4 artesunate-

mefloquine; 5-artesunate— sulphadoxine/pyrimethamine

1-Artemether—lumefantrine; 2-dihydroartemisinin-piperaquine; 3-artesunate-amodiaquine; 4 artesunate-mefloquine; 5-
artesunate— sulphadoxine/pyrimethamine

Figure 2.3: Current global distribution of artemisinin-based combination therapies as the first-
line treatment of uncomplicated falciparum malaria.
[http://www.who.int/malaria/publications/atoz/9789241500470/en/index.html].

2.11 Prophylactic drugs

Antimalarial medicines can also be used to prevent malaria. For travellers, malaria can be
prevented through chemoprophylaxis, which suppresses the blood stage of malaria infections,
thereby preventing malaria. For pregnant women living in moderate-to-high transmission areas,
WHO recommends intermittent preventive treatment with sulfadoxine-pyrimethamine, at each
scheduled antenatal visit after the first trimester. Similarly, for infants living in high-
transmission areas of Africa, three doses of intermittent preventive treatment with sulfadoxine-
pyrimethamine are recommended, delivered alongside routine vaccinations (WHO, 2018).
For travellers in areas with Chloroquine Sensitive P. falciparum: Chloroquine, to be started

one week before exposure continued during exposure and for four weeks after that.
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For travelers in areas with chloroquine-resistant P. falciparum (High degree, widespread):
Chloroquine Plus Proguanil as above or Mefloquine, to be started 2-3 weeks before, continued
during exposure and for 4 weeks thereafter or Doxycycline, to be started 2 days before,
continued during exposure and for 4 weeks thereafter, or Atovaquone plus Proguanil, to be
started 2 days before, continued during exposure and for 7 days thereafter

(https://www.malariasite.com/prophylaxis/).

2.12 Vaccines against malaria

RTS, S/ASO1 (RTS, S) — also known as Mosquirix — is an injectable vaccine that provides
partial protection against malaria in young children. The vaccine is being evaluated in sub-
Saharan Africa as a complementary malaria control tool that potentially could be added to (and
not replace) the core package of WHO-recommended preventive, diagnostic and treatment
measures (WHO, 2019).

In July 2015, the vaccine received a positive opinion by the European Medicines Agency, a
stringent medicines regulatory authority. In October 2015, two WHO advisory groups
recommended pilot implementation of RTS, S/ASO1 in a limited number of African countries.
WHO adopted these recommendations and is strongly supportive of the need to proceed with
the pilot programme as the next step for the world’s first malaria vaccine.

In November 2016, WHO announced that the RTS, S vaccine would be rolled out in pilot
projects in selected areas in 3 countries in sub-Saharan Africa: Ghana, Kenya and Malawi.
Funding has been secured for the initial phase of the programme and vaccinations are due to
begin in early 2019. These pilot projects could pave the way for wider deployment of the

vaccine if safety and effectiveness are considered acceptable (WHO, 2018).

2.13 Resistance to Artemisinin

Artemisinin is derived from a Chinese herbal plant called A. annua and covers a group of
products. The two most widely used artemisinin derivatives are artesunate and artemether,
others are arteether and dihydroartemisinin. Artemisinin and derivatives are used as the first
line of defense to treat malaria this drug remain very efficient, but we are facing an emergency

of resistance against this drug, which constitutes a huge threat.

2.13.1 Definition of artemisinin resistance
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Artemisinin resistance is defined as delayed parasite clearance following treatment with an
artesunate monotherapy (WHO; 2015) or with artemisinin-based combination therapy (ACT);

this represents partial/relative resistance.
2.13.2 Possible consequences of artemisinin resistance

Artemisinin is used in combination with other medicines to reduce the parasite load quickly.
The effects of partial/relative resistance could include:

1) The development of total artemisinin resistance;

2) Failure to rapidly clear parasites, which could compromise the use of artemisinin for the

treatment of severe malaria; and

3) Slow parasite clearance in patients treated with an ACT, which could cause more parasites
to be exposed to the partner medicine alone once the artemisinin component has been rapidly

eliminated following the 3-day treatment course (WHO; 2017).
2.13.3 Prevalence of K13 mutations

It has been established that ACTs resistance is mostly related to mutations in the kelchl13
propeller region of the parasite. Mutations have meanwhile raised to 90% (Timothy et al.,
2016).

To date, more than 200 non-synonymous mutations in the K13 gene have been reported.
Distinct alleles with K13 mutations originating from multiple independent emergence events
have been observed in South-East Asia. The KARMA project has reported frequent C580Y,
R539T, Y493H and 1543T mutations in the eastern GMS (Greater Mekong Subregion)
(Cambodia, Lao PDR and Viet Nam) and frequent F446L, N458Y, P574L and R561H
mutations in the western GMS (China, Myanmar and Thailand). The P553L allele has been
found in the two areas. There is evidence that selective sweeps have occurred throughout the
GMS. Currently, the K13 C580Y mutation can be found in several genetic backgrounds
(haplotypes) throughout the GMS. The prevalence of one specific K13 C580Y haplotype is
increasing, replacing other haplotypes in an area that includes sites in western Cambodia, north-
eastern Thailand and southern Lao PDR. This indicates a selective sweep in this part of the
GMS. However, the frequencies of different K13 C580Y haplotypes vary by region, and no
single haplotype is dominant throughout the GMS.
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In Africa, non-synonymous K13 mutations are still rare and highly diverse. A very low ( 1.8%)
prevalence (5/283, 1.8%) of non-synonymous K13 mutations has been reported in Angola,
Burkina Faso, Cameroon, Central African Republic, Comoros, Congo, Cote d’lvoire,
Democratic Republic of the Congo, Equatorial Guinea, Ethiopia, Gabon, Gambia, Kenya,
Liberia, Madagascar, Malawi, Mali, Mozambique, Niger, Nigeria, Rwanda, Senegal, Sierra
Leone, Togo, Uganda and Zambia (WHO; 2017).

2.13.4 Resistance to artemisinin in South East Asia

ACTS is the first line of defence against malaria, but many episodes of resistance have been

detected around some part in the world in South-Eastern Asia; Africa and in South America.

Artemisinin resistance likely emerged at the border between Thailand and Myanmar in 2001,
but it was only clearly identified in 2008; Since 2009, available data have shown that parasite
clearance times are consistently delayed in a significant proportion of patients treated with
ACTs; delayed clearance has been observed with all three first-line ACTs (artemether-

lumefantrine, artesunate-mefloquine and dihydroartemisinin-piperaquine) (WHO; 2017).

A K13 F4461 propeller polymorphism is significantly associated with delayed parasite
clearance. Surveys indicate that there is a high prevalence of the K13 F4461 mutation along the
China—Myanmar and India—Myanmar borders. This mutant appears to be associated with an
intermediate rate of delayed clearance, and additional in vitro research is ongoing to validate

its role in artemisinin resistance (WHO; 2017).

In Thailand; the efficacy of artemether-lumefantrine was evaluated in two provinces in 2012,
revealing treatment failure rates close to or greater than 10%. In Viet Nam: A study in 2015 in
Binh Phuoc province reported a high treatment failure rate (> 10%) following treatment with
dihydroartemisinin-piperaquine. Investigation has confirmed the emergence of piperaquine
resistance. In Cambogia: Artemisinin resistance was first identified in clinical studies in 2006;
however, the retrospective analysis of molecular markers has indicated that artemisinin
resistance likely emerged prior to 2001 and the widespread deployment of ACTs in Cambodia;
In 2017, artesunate-amodiaquine studies reported significant treatment failure rates, which
indicates that five ACTs are failing in Cambodia (WHO; 2017).

There are currently five ACTs recommended by WHO: artemether-lumefantrine, artesunate-
amodiaquine, artesunate-mefloquine, artesunate-sulfadoxine- pyrimethamine (AS+SP) and

dihydroartemisinin-piperaquine. A sixth ACT, artesunate-pyronaridine, was given a positive
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scientific opinion by the European Medicines Agency (EMA) under article 58 and is being
considered for recommendation by WHO. By default, AS+SP is considered to have a high
failure rate in the region because of high treatment failure rates with sulfadoxine-pyrimethamine
and/or because quadruple and quintuple Pfdhfr and Pfdhps mutations (which are usually fixed)
have been reported in the region (WHO, 2017).

2.13.5 Resistance to artemisinin in Africa

The most frequent allele observed in Africa is A578S. This allele is associated with clinical or
in vitro resistance to artemisinin. A high number of mutations, including some related to
delayed clearance in the GMS (in particular K13 C580Y), have been reported in Africa.
However, many of these mutations reported in Africa have not expanded in the African parasite
populations. A recent case report (Lu et al.; 2017) warned of the emergence of artemisinin
resistance in Equatorial Guinea, yet further investigations are needed before the K13 mutation
found (M5791) can be confirmed as an artemisinin resistance marker ; due to many confounding
factors, a single case with incomplete data is not sufficient to establish the presence of
resistance.

Artemisinin resistance in Plasmodium falciparum poses a threat to the control and elimination
of malaria. Mapping the geographic extent of resistance is essential for planning containment

and elimination strategies.
2.14 Recrudescent of artemisinin

Recrudescence with oral artemisinin monotherapy had been observed in Vietnam in 2001 (Giao
etal., 2001). A recent paper from Mali is alarming. What worries the authors of the 2016 study
from Mali is not only that similar results were found in a study in 2002-2004, but the fact that
baseline gametocyte carriage was significantly higher 6 years after the deployment of ACTs in
this setting. If artemisinin derivatives enhance recrudescence and gametocyte carriage, this is
indeed alarming. It would mean that ACTs would enhance malaria transmission in the long run
(Abdoulaye et al., 2016).

Artesunate a derivate of artemisinin does not clear mature gametocytes during oral artesunate
treatment and does not prevent the appearance of new gametocytes. This confirms, to a large
extent the randomised, double-blind, large-scale clinical trials run in Maniema-Congo end of
last year (Lutgen, 2016). It is well known that artemisinin drugs are gametocytocidal for

immature, but not mature gametocytes.
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2.15 Artemisia afra genus

Many plants from the Artemisia genus are used throughout different cultures as traditional
medicine. The genus’ name is derived from the Greek goddess Artemis, who gave Artemisia
plants to Chiron the Centaur (Wright, 2002). Artemisia is one of the largest genera in the family
of the Asteraceae and also one of the most widely distributed (EI-Sahhar, 2010). There are a
total of over 300 species, with the majority located in China (150 species), ex-USSR (174
species), and Japan (50 species) (Wright, 2002). The number of species in Europe totals 57
species (Stach et al., 2007). Artemisia ssp. are often aromatic herbs or low shrubs (Wright,
2002). Artemisia species serve a variety of uses such as ornamental decoration, flavouring,
perfume, and of course, as medicinal plants (Wright, 2002). The most well-known Artemisia
species is Artemisia annua, has made headlines a few years ago as a completely novel treatment
for malaria.

A. annua came under the spotlight during the Vietnam War. Viét-Cong who operated in swamps
and rain forests lost more soldiers by mosquito bites than by American bullets. Ho Chi Min
turned to China for help. Researchers at the Chinese Institute of Material Medicine had found
a region of China that reported no malaria cases, and when they investigated, they discovered
that its people drank a decoction of A. annua at the first symptoms of malaria. And actually,
wild Artemisia has been used for millenniums in several regions of China and is still used to
treat fevers and malaria. It was easy to acquire tons of this dried herb for Viét-Cong. Taken as
an infusion, it worked wonders (Puotinen, 2003).

Artemisia afra is also one of the most important and widely used herbs in that species mostly
in traditional medicine. In recent years, it has gained significant attention from the scientific
community. Studies have been conducted either to verify or substantiate the traditional use of
this herb. Further, its use is also being investigated in modern diseases like diabetes,
cardiovascular diseases, cancer, respiratory diseases etc. (Patil et al., 2011).

The significance of genus Artemisia is seen in its number of hits, which is 89,080. The total
number of hits appeared for “Artemisia afra” (A. afra) were 885 of which, 5 had no dates.
Figure 5 is the graph of 162 publications that appeared in Journal Sources classified and plotted
on a yearly basis from Jan. 1922 to Nov. 2011 for “4. afra” (Patil et al., 2011).
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Figure 2.4: Increase in number of results on Scirus, a search engine for scientific articles, for
Artemisia afra. [omicsonline.org/2153-0645/2153-0645-2-105.php]

2.16 Artemisia afra common names and geographical distribution

Artemisia afra is known by many names like “African wormwood” in English “Umhlonyane”
in Xhosa, “Mhlonyane” in Zulu, “Lanyana” in Sotho, “Lengana” in Tswana, “Wilde als” in
Africaans, “Koddoo-adi” & “Chugughee” in Ethiopia (Burits et al., 2001; Nibert et al., 2010;
van der Walt, 2004; Mesfin et al., 2009). It is also known by other names viz., ALS, Wild
wormwood, Fivi, Lusanje, Luyanga, Illiongana (FAO, 1993).

A. afra is a herb growing in the high land areas of Eastern and Southern Africa altitudes ranging
between 1500 and 3000m where the soils range from volcanic ash, loamy sands, to sandy or
calcareous clay loams of volcanic or granitic origin (FAO, 1993; Iwu, 1993). The plant grows
in the South and Eastern regions of the continent and has been located in Ethiopia, Kenya,
Tanzania, Zaire, Zambia, Zimbabwe, Angola and the Republic of South Africa (Watt et al.,
1932; lwu, 1993). In South Africa, it usually grows in rocky mountainous areas along forest
margins, and stream sides and its natural distribution extends from the Northern and Eastern
Transvaal to the Western Cape, except the Northern Cape (Mukinda, 2005). It is also
predominantly found in Asia, Europe and North America (Tan et al., 1998; Mucciarelli et al.,
2002; Patil et al., 2019).
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2.17 Plant description

Artemisia afra is a medium-sized multi-stemmed, clump-forming woody perennial shrub,
which grows up to 2 meters in height with a leafy, hairy ridged stem (Van, et al., 1997; Van et
al., 2004). Its soft leaves are finely-divided (like a fern), are silver-grey due to the presence of
fine hairs reaching in length up to 80 mm and width up to 40 mm arranged alternately, oval in
shape (Van et al., 2000; Hutchings et al., 1996; Dyson, 1998). The plant has an easily

identifiable aromatic odour and smells pungent and sweet after bruising (Liu et al., 2009).

Figure 2.5: Artemisia afra plant

2.18 Artemisia afra common habitat
A. afra is very drought resistant and hardy (Van et al., 2008; Patil et al., 2019) common to arid
soils (Greenham, 2000), open to the sunny situation with light, well-drained soil (Greenham,

2000), needing water occasionally (Van et al., 2008). The optimal temperature and annual
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rainfall as described in FAO Artemisia afra Data Sheet are 22-33°C and 550-750 mm,
respectively (FAO, 1993).

2.19 Geographical variation

The main components of the volatile secondary metabolites in A. afra varied enormously in
plants from different geographical regions. The principal constituent in Ethiopian oil (Worku
et al., 1996) was artemisyl acetate (24.4-32.1%) while it was 1, 8-cineole (67.4%) in Kenyan
oil (Mwangi et al., 1995). In Zimbabwean oil, a- and B-thujone (52%) was the major constituent
(Graven et al., 1992) while a-thujone (54.2%) was in South African oil (Libbey et al., 1989;
Patil et al., 2019).

2.20 Artemisia afra a potential flagship for African medicinal plant

Research run in Zimbabwe, South Africa, and Ethiopia proves the big antimalarial effect of A.
afra. When compared with other medicinal plants, A. afra is always the strongest against
malaria. (Moges et al., 1998; Kraft et al., 2003; Clarkson et al., 2004; Gathirwa et al., 2007)

A. afra tea also has proven to be very efficacy against malaria. The fact that the beverage of A.
afra is as effective as that of A. annua shows that artemisinin is not essential to treat malaria

and that other active ingredients present in numerous species of Artemisia play a role.

A freshly prepared infusion probably contains all the constituents of the plant, which have an
antimalarial effect. A true polytherapy which explains why the cure rate in all trials in a dozen
African countries is >95%, much higher than for any ACTs (artemisinin combined therapy)
which are not more than the combination of two monotherapies without synergy but with

resistances (www.iwerliewen.org/).

The debate on in vitro versus in vivo is linked to the debate on efficacy versus effectiveness.
Ideally, one can only talk about efficacy in laboratory conditions because the experiment can
be fully controlled. Measuring plasma levels of drug alone is not sufficient for efficacy because
of many other factors such as food, immune status, environment, and genetics etc. influence
drug efficacy. Therefore effectiveness describes the real-life situation, but the problem is that
mathematically we cannot compute real-life situations, and this is why most studies calculate
and report efficacy by having treatment group versus control group data compared. Even then,

inter-human and intra-human variations cannot be controlled entirely (Elfawal., 2012).
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When consumed consciously and systematically, many wild plants are essential for human
health because of their constituents. The effect of essential oils of plants on microorganisms in

vivo cannot be predicted from in vitro assays as concluded by the paper hereafter (Sevil, 2007).

Even more, in vitro trials may show the absence of an effect which is well present in vivo. The
University of Leiden found that Artemisia afra aqueous infusion has no in vitro antimalarial
effect, but numerous clinical trials in Africa show that it has a strong effect ( Mouton et al.,
2013).

In this study, a virtual screening was run with the compounds found in Artemisia afra after a
GCMS and the fab enzymes (Fabl and Fab Z) from the malaria parasite (W2 and D6).

2.14 Virtual screening.

Docking simulations and virtual screening are being routinely used in drug design, enabling
rapid identification of hits and lead compounds (Morris et al., 2008; Huang et al., 2010). The
goal of docking simulations is to determine the binding mode (bound conformation) and the
strength of binding (binding affinity) between a ligand, which is typically assumed to be a small
molecule, and a macromolecular receptor, such as a protein (Morris et al., 2008; Huang et al.,
2010; Petrenko et al., 2009). Given a resolved or modelled structure of a target receptor, virtual
screening involves performing docking simulations for a large number of candidate compounds
in order to identify putative leads (Ripphausen et al., 2011; Petrenko et al., 2009; Kellenberger
et al. 2004). These candidates can subsequently be characterised and validated by empirical
binding and activity assays, and by assessing their toxicity, pharmacokinetics and other

properties for further drug development (Fang et al., 2001; Barrett et al., 2008).
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Following library and receptor preparation, each compound in the library is virtually docked
into the target binding site with a docking program. Docking aims to predict the ligand-protein
complex structure by exploring the conformational space of the ligands within the binding site
of the protein. A scoring function is then utilized to approximate the free energy of binding
between the protein and the ligand in each docking pose. Docking and scoring produce ranked
compounds, which are then post-processed by examining calculated binding scores, validity of
generated pose, undesirable chemical moieties, metabolic liabilities, desired physicochemical
properties, lead-likeness, and chemical diversity. Post-processing results in a small number of
selected compounds, which proceed to experimental assaying (Lavecchia et al., 2013; Reddy
et al., 2007; Cheng et al. 2012; Kdppen et al., 2009)
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Materials

W2 and D6 lab strains from KEMRI,. The equipments used are the following: Centrifuge;
plates; Autoclave, fridge to store samples; Eppendorf tubes (1.5 ml, 2 ml); GC-MS (liquid
chromatography mass spectrometry) for identification of second metabolite compounds from
the our plants extract; Microscope to calculate parasiteamia; rotary evaporator, freeze dried, uv
spectrophotometer, real time gPCR machine etc.

3.2 Artemisia afra plants

Five samples of leaves of A. afra was collected each from different sources from five different
countries in Africa: in Stellenbosch, Western Cape, at South Africa, in Tanga region at Rushoto
district, East coast of Tanzania, in Kenya at Multiplant conservation Garden in GiGiri, in
Senegal at Sebikotane (offspring collected from South Africa then growing in Togo then in
Senegal), and in Burundi at Rumonge South Burundi. The leaves were harvested before
blooming and dried under shade before being sent to Nairobi in paper bags, then kept at room
temperature until extraction.

3.3 Mice

Fifty six Swiss albinos were used in the in vivo antimalarial test and thirthy mice in the acute
toxicity test. Mice were provided by KEMRI animal house and Kept in Makrolon type 1l cages.
All animals had free access to standard pellet diet and tap water ad libitum, and was provided
with bedding of clean paddy husk.

3.4 Extraction process of powdered leaves of Artemisia afra

3.4.1 Sample preparation

Five samples of leaves of A. afra collected from five countries in Africa (Senegal, Kenya,
Tanzania, Burundi and South Africa) were grounded and then extracted with four solvents of

different polarity ethanol; hexane, dichloromethane, and water.

3.4.2 Ethanolic, Hexane, DCM Extraction Process

Samples of dried and powdered aerial part of A. afra weighing each 125 gm were extracted with
600 mL of Ethanol (100%), Hexane (85%) and DCM (99.9%) in a flat bottomed flask and
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mixed on an orbital shaker. After gentle maceration for 48 hours, the extracts were filtered
through Whatman filter paper n°1. The filtrate was concentrated under reduced pressure using
rotary evaporator at 20 rpm and 40°C bath temperature. Finally, concentrated extracts were
collected in vials and placed on a water bath at 40°C to evaporate the remaining solvents and

stored at room temperature for complete dryness.
3.4.3 Aqueous Extraction

The powdered aerial part of A. afra weighing 125 gm was mixed with 800 mL distilled water
in a flat bottomed flask on an orbital shaker for 48 hours. After gentle maceration for 48 hours,
plant materials were filtered with Whatman paper N°1. The obtained filtrate was frozen at

—80°C and lyophilized (freeze-dried) using lyophilizer to collect the crude aqueous extract

3.5 Phytochemical screening

The crude methanolic, hexanolic, DCM and Water extracts of the leaves were tested for the
presence of alkaloids, tannins, saponins, terpenoids and glycosides. The qualitative results are
expressed as (+) for positive results and (-) for negative results.

3.5.1 Test for alkaloids

Few mg (about 10mg) of each extract was separately stirred with 1% HCI (3mL) on a water
bath for 5min and filtered.

Wagner’s test was performed: Potassium iodide (2g) and iodine (1,27g) were dissolved in
distilled water (5ml), and the solution was diluted to 100 mL with distilled water. Few drops of
this solution were added to the filtrate; a brown coloured precipitate indicates the presence of
alkaloids (Joshi et al., 2013; Abdullah et al., 2013).

3.5.2 Test for terpenoids
Salkowski test: the crude extracts (about 10mg for each extract) were separately shaken with
chloroform (2mL) followed by the addition of concentrated H.SO4 (2mL) along the side of the
test tube, the reddish-brown colouration of the interface indicates the presence of terpenoids
(Ayoola et al., 2008).

3.5.3 Test for tannins

Each extract (about 200mg) was separately stirred with distilled water (3mL) and then filtered.

A few drops of 5% ferric chloride was then added. Black or blue-green colouration or
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precipitate was taken as a positive result for the presence of tannins (Banso and Adeyemo,
2006).

3.5.4 Test for saponins
Each of the plant extracts (200mg) was separately shaken with distilled water in a test tube. The
formation of frothing, which persists on warming in a water bath for 5min showed the presence
of saponins (Banso and Adeyemo, 2006).

3.5.5 Test for glycosides

Keller-Killiani test: Each of the plant extract (200mg) was shaken with distilled water (3mL).
To this glacial acetic acid (2mL) containing few drops of ferric chloride, was added following
by H2SO4 (1mL) along the side of the test tube. The formation of a brown ring at the interface
gave a positive indication for cardiac glycoside, and a violet ring may appear below the brown
ring (Ayoola et al., 2008).

3.6 Determination of total phenolic and total flavonoid contents
3.6.1 Total phenolic content

The total phenolic content contents of the extracts were estimated using the Folin Ciocalteu
colourimetric method (Velioglu et al., 1998; Cai et al., 2004; Chlopicka et al., 2012). The
calibration curve was plotted by mixing 0.2mL aliquots of 50, 100, 200, 300, 400, 500, 600
ug/mL Gallic acid solutions with 1,25mL of Folin Ciocalteu reagent (diluted ten-fold) and 1mL
of sodium carbonate solution 7.5%. The absorbance was measured after 30 min at 765 nm using
a UV/Spectrophotometer 6800 GenWay. For each extract 0.2ml (1gm/100mL) aliquot was
mixed separately with the same reagent, as performed for the construction of the calibration
curve. After 1h, the absorbance was measured to determine the total phenolic contents in all the
extracts separately using the formula:

Conc. =C1x VIM

Where:

Conc. = Total phenolic content in mg of GAE/g of extract. GAE (Gallic acid equivalent)

C1= Concentration of gallic acid established from the calibration curve in mg/ml.

V= Total volume of the extract in ml.

M= weight of the plant extract in g
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3.6.2 Total flavonoid content

Total flavonoid content was determined using the aluminium colourimetric method (Chang et
al., 2002; Rathore et al., 2006) with some modifications using the standard rutine. A calibration
curve (Figure 8) of rutine was prepared in the range of 0-1000ug/ul. Briefly extract (0,25mL)
and standard (0,25mL) were placed in different test tubes and to each 10% of aluminum chloride
(50uL) was added and potassium acetate 1M (50uL). 80% of methanol (0,75mL) and distilled
water (1,4mL) were added and mixed. Blank was prepared in the same manner where 0.25mL
of distilled water was added instead of the sample or standard, and the amount of aluminium
chloride was also replaced with distilled water. All tubes were incubated at room temperature
for 30min. The absorbance was taken at 415nm. The concentration of flavonoid was expressed
as mg rutine per gram of extract. All the test was performed in duplicate.

3.7 Antioxidant activities (DPPH assay)

The assay was done as described by Clark et al. in 2013. Briefly, 20 ul of extract diluted
appropriately in 2% of DMSO was mixed with 180ul of DPPH in methanol (conc. = 40ug/ml)
in wells of a 96- well plate. The plate was kept in the dark for 30min, after which the absorbance
of the solution was measured at 490 nm in an ELx800 Absorbance reader. Appropriate blanks
were used DMSO and standard (L-ascorbic acid solution in different concentrations 5, 10, 50,
100ug/ml) were run simultaneously with our extracts solutions in triplicates. Several

concentration of extracts (10, 30, 100, 300, 1000ug/ml) were accessed.

3.8 In vitro, in vivo antimalarial essay and acute oral toxicity

3.8.1 Parasite cultures and in vitro antimalarial essay

The different extracts were tested against two P. falciparum strains W2 (CQ-resistant) and D6
(CQ-sensitive) lab strains provided by KEMRI (Kenya Medical Research Institute). The
parasite was cultivated by a previously described in vitro technique (Trager et al., 1976). The
culture medium consisted of RPMI 1640 supplemented with 10% human serum (Schlichtherle
et al., 2000). Uninfected human red blood cells group O Rh-positive erythrocytes (<28 days
old) served as host cells. Cultures were maintained at 6% hematocrit with changes of culture medium
every 48 hours and diluted with uninfected red blood cells when the parasitaemia exceeded 2%. The
cultures were incubated at 37 °C in an atmosphere of 3% CO3, 5% O, and 92% N, (BOC,
Nairobi).
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Briefly, aliquots of the culture medium (25ul) were added to all the wells of a 96-well flat-
bottomed micro-culture plate. Aliquots of the test solutions (25ul) were added in triplicates to
the first wells, start concentration was 200ug/ul following by two-fold dilutions for each
sample. 200 pl of parasite culture with 0.5% parasitaemia and 1.5 hematocrits was added to
each well. Two hundred microliters of culture media without parasites were added into four
wells on the last row of each plate to serve as a background. Parasitized and non-parasitized
erythrocytes were incubated at 37°C in a gas mixture, 3% CO2, 5% 02 and 92% N2 for 48 h
after which 25 ul of culture medium containing 0.5 pCi of [G-3H] hypoxanthine was added to
each well. The culture plates were further incubated for 18 h-24h. At the end of the incubation
period, the radio-labelled cultures were harvested onto glass-fiber filters using a 96-well cell
harvester.[G-3H]hypoxanthine uptake was determined using a microbeta trilux liquid
scintillation and luminescence counter. The drug concentration capable of inhibiting 50% of
the P. falciparum (IC50) was determined by logarithmic transformation of drug concentration

and radioactive counts per minute (CPM) using the formula:
IC50 = antilog (log X1 + [(log Y50 - log Y1) x (log X2 - log X1)] / (log Y2 - log Y1))

Where Y50 is the cpm value midway between parasitized and non-parasitized control cultures
and X1, Y1, X2 and Y2 are the concentrations and cpm values for the data points above and

below the cpm midpoints (Sixsmith et al., 1984).
3.8.2 Oral acute toxicity for Artemisia afra plant collected from Burundi

Crude extracts of A. afra extracted with dichloromethane; hexane and ethanol were tested for
their oral acute toxicity LDso was determined for each extract. Effect of the extracts on the
Body weight, organ-weighs and also on the liver where tested. Ethical approval was given by
ACUC (Animal Care and Use Committee) in KEMRI (Kenya Medical Research Institute) to
carry out that work. The mice were used and handle with respect to animal care and ethics.

3.8.2.1 Experimental animals:
The animals used in this study were provided by KEMRI animal laboratory facility. The
animals were kept for 24hours in the acclimatization room before starting the experiment to
avoid any stress. Thirty healthy adult male and female of swiss albinos mice weighing between
20- 22g were used for the acute toxicity test. Mice were randomly assigned into 4 groups
divided in 10 cages, 3 animal per cages. Male and female were separated to avoid them from

mating. The animals were kept in makroloton type 11 cages and provided with bedding of clean
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paddy husk. All animals had free access to water and food. The three extracts of Artemisia afra
dissolved in 5% DMSO and PBS, were prepared for the acute toxicity test, three concentrations
were made for each extract 2500 mg/kg; 2000mg/kg; 1000mg/kg. Selection of doses was made
based on the OECD guideline (OECD, 2011). Mice were separated into 10 cages each cage had
three mice, 1 cage for control where the mice were inoculated with a mixture of phosphate
buffer saline 1X with 5% DMSO and 9 others cages where every mice was inoculated with the
extracts with only one single dose for each. The body weight of each mice was recorded before
dosing. The first set, from cage 2 to 4 received DCM extract with respectively three designated
dosages (1000mg/kg, 2000mg/kg 2500mg/kg of the formulation per body weight), the second
set, from cage 5 to 7 received ethanolic extract with respectively three designated dosages
(1000mg/kg, 2000mg/kg 2500mg/kg of the formulation per body weight), and the last set, from
cage 8 to 10 received hexanolic extract with respectively three designated dosages (1000mg/kg,
2000mg/kg 2500mg/kg of the formulation per body weight) to see a range of toxic effects and

mortality rates in 48 hours observation (table 3.1).

Table 3.1: Experimentation on mice

Groups GroupO0 Goupl Group 2 Group3
DCM extracts EtOH extracts Hexane extract
Cages Cage 1 Cage?2 Cage3 Caged4 | Cage5 Cage6 | Cage57 | Cage8 | Cage9 | CagelO
Control n=3 n=3 n=3 n=3 n=3 n=3 n=3 n=3 n=3 n=3
Dosages 1000 2000 2500 1000 2000 250000 | 1000 2000 2500
(mg/kg) PBS mg/kg | mg/kg | mg/kg | mg/kg | mg/kg | mg/kg mag/kg | mg/kg | mg/kg

n=number of mice; DCM = dichloromethane, EtOH = ethanolic. PBS= phosphate buffer saline

After the single dose inoculation, mice were observed for 14 days toxicity signs and weight of
animals were recorded every day. At the end of the experiment, mice were sacrificed using a
CO2 chamber and put on dissecting board where the organs were collected, and the blood was
drawn by cardiac puncture and kept in a vacuum heparin tube.

The blood samples in the tubes were centrifuged at 2500 rpm for 15 minutes, and the serum
was drawn and transferred into other clean vials and kept at -20°C until analysis for clinical
chemistry measurements. The organs (Liver, Kidneys; and spleen) were collected and kept in
phosphate buffered formalin solution for tissue processing, and the gross pathological
observation of these organs was performed to check for any lesions.
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3.8.2.2 Tissue harvesting and processing for histopathology

The organs (liver, spleen, and kidney) from the mice were preserved and fixed in 10% neutral
buffer formalin solution. They were then dehydrated with different concentration of alcohol
from 50% to 100% of Isopropanol. The tissues were dehydrated during 45mn in each solution
of Isopropanol from 50% to 80%, then during 1hours in 3 solutions of Isopropanol 80%; 90%;
and 100%. After dehydration, the tissues were cleared using xylene to make it clear and
transparent. The tissue was taken to several jars containing xylene as follows each taking 30
min Jar |, Jar I, and Jar 111 of xylene. The tissue was then impregnated with paraffin wax; this

was done by using three different Jars of molten paraffin wax or 45mn each.

Next, the tissues were embedding; this was done at the embedding machine by using a metal
base then molten wax is poured into it. The plastic tissue tek containing the tissue was opened
using a warm forceps and transferred into the wax in the metallic metal base. After a proper
orientation of the specimens, all tissue blocks were labelled and allowed to harden at room
temperature for 30mn. Tissue blocks were sectioned using microtome into small slices of 5um
which the light of a microscope can pass through. The ribbon of the tissue section was gently
collected and laid onto the surface of a water bath heated at 40°C. The straightened tissue in the
water bath is fished out by the use of a frosted end glass slide, then labelled and taken to a hot
air oven at 60°C to melt the wax and exposed the tissue. The slide was taken to xylene to remove
the wax which melted in the hot air oven, then to descending gradient of alcohol and stain with
Haematoxylin and Eosin stain method then mounted to DPX. Damage on tissue was assessed

using a microscope.

3.8.3 In vivo antimalarial test of Burundi extracts

Fifty-six Swiss albinos’ mice were used for in vivo antimalarial assays. The mice were infected
with 2x10 7 of parasitized red blood cells (P. berghei anka), and the assay was based on 4 days
Peter Test (Peters et al., 1975). The parasite was provided by KEMRI and passage several times
using donor’s mice by intraperitoneal injection (IP) way. Briefly, an aliquot of 0.2 ml of infected
blood from donor’s mice was used to infect the experimental mice through intraperitoneal

injection. The mice were infected with the same amount of parasitized erythrocytes and divided
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randomly in a group of 4 individuals. Fourteen groups were made among which negative and

positive group.

Two to 4 hours after infection (Day 0) mice were treated daily during 4 days with a single dose
of the test sample at a volume of 0.2ml by oral route. The positive group was treated with
artemether 10mg/kg of body weight dissolved in tween 80, and the negative group was given
of saline buffer constitute with PBS buffer, DMSO (5%) and 10% of tween 80. The remaining
experimental groups were treated with Artemisia afra extracts. All the extracts were dissolved
in DMSO and in Tween 80 and 4 dosages were made for DCM; hexanolic extracts (400 mg/kg,
200 mg/kg, 100 mg/kg, 50 mg/kg) and for ethanolic extracts (200 mg/kg, 100 mg/kg, 50 mg/kg,
25mg/kQ).

Parasitaemia was determined daily (24 hours interval) with a thin blood smear sampled from
the tail and stain with 10% of Giemsa solution. At the end of the 4 days peter’s test, thin blood
smear was similarly made (96 h post-infection) for all the animals and stained as described
above. Parasitaemia was calculated under a microscope by counting four fields of
approximately 200 erythrocytes per field. The difference between the mean value of the control
group (taken as 100%) and those of the experimental groups was calculated and expressed as
the percentage of Chemo-Suppression, according to the following formula (Gathirwa et al.,
2007):

%Chemo-Sup. = [(A-B)/A] x 100
A= Mean parasitaemia in the negative control group on day 4.

B= Corresponding parasitaemia in the test group.

3.9 Gas Chromatography Mass Spectrometry (GCMS) Analysis of Artemisia afra Plant

Extracts collected from Burundi

Artemisia afra collected from Burundi was collected and extracted with three solvents:
Dichloromethane, Ethanol, and Hexane. The extracts were dried using rotary evaporator and
kept in the oven at 37C until complete evaporation of the solvents. Pure artemisinin crystal was

used as a standard to test any presence of the compound in Artemisia afra extracts.

3.9.1 Sample Preparation
Samples were dissolved and diluted in suitable organic solvents ie dichloromethane and ethanol

extracts were dissolved in methanol solvent, while hexane extract was dissolved in hexane
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solvent) and passed through carbon black to remove waxes and chlorophylls. The samples were

then filtered through 0.45 um PTFE filters then transferred to sample vials for GCMS analysis.

3.9.2 Artemisinin standard
1mg of pure artemisinin was dissolved in 2ml of dichloromethane solvent and inject through
the GCMS machine to determine the chromatogram peak of the standard and his retention time.
This information was used to determine any presence of the compound in the Artemisia afra

extracts. Same GCMS parameters were used for both for the artemisinin and for the extracts

3.9.3 GCMS Method
A Shimadzu QP 2010-SE GCMS coupled to an autosampler was used for the analysis.
Ultrapure He (99.999 %) was used as the carrier gas at a flow rate of 1ml / minute. A BPX5
non-polar capillary column, 30m; 0.25 mm ID; 0.25 pum film thickness, was used for separation.
The GC was programmed as follows: 60 °C; 10 °C /min to 250 “C (10 minutes). Total run-time
was 30 minutes. Only 1 uL of the sample was injected. The injection was done in split mode,
10:1. Injection was done at 200 °C. The interface temperature was set at 250 °C. The EI ion
source was set at 200 °C. Mass analysis was done in full scan mode, 50-550 m/z. A solvent

delay time of 2 minutes was used.

3.10 Gene expression study for Fab_Z and Fab_I from P. falciparum after exposition of

the parasites to the crude extracts.

Cultures of Plasmodium falciparum (W2 and D6) with a parasitaemia of 4% were incubated
with Artemisia afra extracts collected from Burundi, e.g.: Burundi ethanolic, hexane and

dichloromethane extract to run an inhibition test.

Artemisia afra solution was made for all the extracts. 100 mg of extracts were dissolved in
200ul of DMS; double distilled water was used to dilute the extracts. 20ml of double distilled
water was added to the final concentration of 5ug/ul; then the solution was sterilized by filtering
it with a microfilter of 0.45um pore size.

e 6ml of W2 culture were incubated with 666ul of A. afra DCM extract
e 6ml of W2 culture were incubated with 666ul of A. afra EtOH extract
e 6ml of W2 culture were incubated with 666ul of A. afra hexane extract

e 6ml of negative control with 666ul CMS
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e 6ml of D6 culture were incubated with 666ul of A. afra DCM extract
e 6ml of W2 culture were incubated with 666ul of A. afra EtOH extract
e 6ml of W2 culture were incubated with 666ul of A. afra hexane extract

e 6ml of W2 culture were incubated with 666ul CMS

The parasite was then kept for 2 days in the incubation room. After the inhibition test is done,
the parasite was kept at -80°C. The samples were used later for RNA extraction to run gene

expression of FAB_Z and FAB_I in each sample.
3.10.1 RNA extraction:

After the inhibition test was done, the total RNA for all samples (W2 and D6) was extracted by
following the method of trizol reagent Invitrogen Company

(http://tools.thermofisher.com/content/sfs/manuals/trizol_reagent.pdf).

The parasites were thawed in ice, the whole blood was centrifuged, and the supernatant was
discarded. The pellet was lysed using 1ml Trizol, then Incubated at 37°C for 5 min to ensure
the complete deproteinization of nucleic acids. 200ul of Chloroform was added, the tube was
shaken vigorously by hand followed or using a vortex then centrifuged during 15 min at 12,0009
at 4°C. The upper aqueous phase was carefully removed and placed in a new tube. Isopropanol
was added (to precipitate the RNA) then mixed and centrifuged at 12,0009 at 4°C during 15mn.
The supernatant was discarded and the pellet suspended with 1ml of 75% ethanol then vortex
briefly and centrifuge for 10mn at 7,500 g 4°C. The supernatant was discard and the pellet air
dry for 10mn. The RNA was resuspended with 40 ul of RNAs-free water and incubated in a
heat block for 10 minutes at 60°C. The quantity and the quality of the extract respectively will
be checked by Nano_Drop. The purity of the RNA sample was defined by the A260/A280 ratio.
A ratio between 1.8 and 2.1 is indicative of highly purified RNA. The concentration of the
extracted RNA was determined using the following equation:

RNA concentration (ng/pl) = (A260 * 40 * D)/1,000  where D = dilution factor

3.10.2 cDNA synthesis

The RNA samples were normalized by adding RNA free water to get a concentration of 50ug/ul
of RNA for all samples; then the RNA was converted into cDNA by reverse transcription (RT).
The oligo (DTs) primers were used for the reverse transcription. cDNA synthesis kit from Solis
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BioDyne was used for the reaction. The samples were incubated in PCR machine at 50°C during
45 mn to allow the reverse transcription reaction to take place and to be complete, then in 85°C
during 5min to inactivate the enzyme and stop the reaction. The cDNA samples were then kept

at -20°C awaiting further analysis.

3.10.3 FAB_Z FAB_I primers
Primers for FAB_Z and Fab_I were created using Prime 3 (http://bioinfo.ut.ee/primer3-0.4.0/)

and ordered online. The primers were designed to avoid hairpins and self-annealing with a GC
content around 40% - 50% and an annealing temperature of 60°C.

A stock solution of 100uM was prepared for each primers using PCR water buffer. 10ul from
the stock solution was added to 90 ul of PCR water to prepare a working solution of 10uM.

» FAB_Z primer
OLIGO start len tm gc% any th 3'_th hairpin seq

LEFT PRIMER 511 20 58.93 50.00 0.00 0.00 0.00 TTTGCTGGAGTGGATGGAGT
RIGHT PRIMER 687 24 59.91 41.67 0.00 0.00 0.00 CGATAAGGCAAACGTCATTTCTGA

Product size: 177 bp

» FAB_I primer
OLIGO start len tm gc% any th 3' th hairpin seq

LEFT PRIMER 333 22 6036 50.00 0.00 0.00 0.00 CGGGTGGGGTATTGCTAAAGAA
RIGHT PRIMER 510 20 59.31 50.00 1.61 0.00 0.00 AGAAGCGTCAAAGGGTAGCA

PRODUCT SIZE: 178 bp

3.10.4 Conventional PCR for FAB_| and FAB Z
The design primers were tested during the conventional PCR, and their parameters set up. 5x
FIREpol Master Mix ready to load with syber green dye was used for the conventional PCR.
4ul of a master mix containing DNA polymerase, 5x reaction buffer, 12.5 mM Mgclz, 1ImM
dNTPs, blue and yellow dye added into labelled PCR tubes 1ul of primers solutions were added
cDNA samples were thawed a 2ul were added in each PCR tubes and topped up with water till
20 ul of the final volume. The sample was placed into the PCR thermocycler, and man run was
set with different parameters until we find the right one that works better. The following
amplification program was finally used for the two primers (FAB_Z and FAB_I): Initial

denaturation at 95°C for 5min and then 40 cycles of denaturation at 95°C for 1 min, annealing
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60°C for 1min, extension 72°C for 1min, followed by the final extension at 72°C for 10min,
and then held at 4°C. After gel electrophoresis was made to make sure that the primers got

correctly amplify with those parameters set up.

3.10.5 Housekeeping gene for P. falciparum

To run gene expression of Fab enzymes: Fab_Z (Beta-hydroxyacyl-Acyl-carrier Protein
Dehydratase) and Fab _I (Enoyl Acyl-Carrier-Protein Reductase) we need a housekeeping gene
as a reference which is necessary to calculate the expression level of the others genes during
real-time PCR. In our study, Actin was chosen as the housekeeping gene for Plasmodium
falciparum. Primers were made to amplify the actine gene during real-time PCR. Prime 3 was
used to make the primers and parameters were set to fit the same parameters than for Fab_z and
Fab _I.

> Actin Primers:

OLIGO start len tm gc% any_th 3'_th hairpin  seq

FORWARD PRIMER 813 20 59.89 50.00 0.61 0.00 0.00 AGCAGCAGGAATCCACACAA
REVERSE PRIMER 976 20 60.11 50.00 0.00 0.00 0.00 TGGTTGATGGTGCAAGGGTT
SEQUENCE SIZE: 1131

PRODUCT SIZE: 164

A conventional PCR was run first to test the primers chosen for actin as amplified. The
following parameters were used: Initial denaturation at 95°C for 5min and then 40 cycles of
denaturation at 95°C for 1 min, annealing 60°C for 1min, extension 72°C for 1min, followed
by the final extension at 72°C for 10min, and then held at 4°C. After gel electrophoresis was

made to make sure that the primers got correctly amplify

3.10.6 Gel electrophoresis for PCR products
After running the conventional PCR for the genes and the housekeeping gene, a gel was
prepared for the PCR product. Agarose gel (2%) in 2x TBE buffer was prepared. Ethidium
bromide was included in the gel. Eight pl of each amplification reaction was loaded onto the
gel. A molecular weight ladder was included and run at for 40 min.The gel visualized on UV
trans-illuminator and photograph gel. The remaining of the 20 ul of the PCR product stored at
-20°C.
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3.10.7 Real-time PCR

After a success amplification for all the genes (Fab_I and Fab_Z) and the housekeeping gene
(Actin) a Real-time PCR was run to study the expression of the genes Fab_I and Fab_Z when
exposed to our active extracts Artemisia afra. 5x HOT FIREPol EvaGreen qPCR mix plus (No
Rox) from Solis BioDyne was used for the quantitative real-time PCR. The gqPCR master mix
composition was: Hot FIREpol DNA polymerase, 5x Evagreen gPCR buffer, 12.5mM Mgcly,
dNTPs, Evagreen dye, No ROX dye. 96 wells plate for real-time PCR were used to set the
reaction (Figure 3.1). In each well 10 ul of total volume solution were prepared each containing
2ul of master mix for gPCR, 0.5 pl for the reverse primers, 0.5ul for the forward primers, 2ul
for cONA and 5ul of water. Each sample was tested in triplicate. LightCycler 96 software was
used to set the parameters for Real-time gPCR and to visualize the results
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Plate setting:

Sampie 1 Sample 1 Sample 1 SampleZ Sample3 Sample3 Sampled Samplefl
ACTINE ACTINE ACTINE ACTINE ACTINE ACTINE ACTINE ACTINE ACTINE ACTINE ACTINE ACTINE

-_-_-.'--_----_-__-
SampleS SampleS SampleS Samples Sample§ Sampleb Sample7 Sample? Sample? SampleS Sample8
ACTINE ACTINE ACTINE ACTINE ACTINE ACTINE None None None ACTINE ACTINE ACTINE

T T O 7 s o o
Sample 1 Sample 1 Sample 1 Sample2 Sample2 Sample2 Sample3 Sampla3 Sample3 Sampled Sampled Sampled
C FABL FABI FABI FABI FABI FABI FABL FABL FABI FABI FABI FABI

e e T T ] s ) i ] st Pt
SampleS SampleS SampleS Sampled Sample§ Sampleb Sample7 Sample7 Sample? Sampleg SampleS Sampia8
None None None FABI FABL FABI FABL FABL FABI FABL FABI FABI

“-_-_-_-“-_-“-
Sample 1 Sample 1 Sample 1 Sample2 Sample2 Sample3 Sample3 Sample3 Sampled Samplad Sampled
E FABZ FABZ FABZ FABZ FABZ FABZ FABZ FABZ FABZ FABZ FABZ FABZ

e .
SampleS SampleS SampleS Sample6 Samples Sampled Sample? Sampls? Sample? Sample8 Szmple8 Sample§
F FABZ FABZ FABZ FABZ FABZ FABZ FABZ FABZ FABZ FABZ FABZ FABZ
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Figure 3.1: Plate setting for real-time qPCR

Sample 1: cDNA from W2 strain of P. falciparum exposed to Hexane extract of A. afra.
Sample 2: cDNA from W2 strain of P. falciparum exposed to Ethanolic extract of A. afra.
Sample 3: cDNA from W2 strain of P. falciparum exposed to DCM extract of A. afra.
Sample 4: cDNA from W2 strain of P. falciparum (negative control, no drug exposition).
Sample 5: cDNA from D6 strain of P. falciparum exposed to DCM extract of A. afra.
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Sample 6: cDNA from D6 strain of P. falciparum exposed to Ethanolic extract of A. afra.
Sample 7: cDNA from D6 strain of P. falciparum exposed to Hexane extract of A. afra.
Sample 8: cDNA from D6 strain of P. falciparum (negative control, no drug exposition).
Sample 9: Repetition for Sample 4.

Negative control: cDNA plus gPCR master mix and water

Empty wells: Empty (no cDNA, no primers, no master mix, no water)

3.11 Drug screening with Autodock vina in PyRx

After GCMS a library of compounds was prepared based on the GCMS results of Artemisia
afra extracts from Burundi. The library was screened against two macromolecules (FAB _|I
FAB_Z) using Autodock Vina in PyRx 0.8 version (Trott et al., 2010). PyRx is a Virtual
Screening software for Computational Drug Discovery that can be used to screen libraries of
compounds against potential drug targets. The software is open access and is available online

at http://pyrx.sourceforge.net
3.11.1 Preparation of the library of small molecules

The 3D structures of all the compounds from GCMS were searched from three chemical
structure database and downloaded. Three databases were used: ChemSpider
(http://www.chemspider.com/), PubChem from NCBI

(https://pubchem.ncbi.nlm.nih.gov/search/), and ChEMBL (https://www.ebi.ac.uk/chembl/) from

the European Bioinformatics Institute (EBI). The small molecules (Compounds) were
downloaded and visualize with Pymol then save in the same file in PDB format.

3.11.2 3D structure of Plasmodium falciparum Fab enzymes: Fab Z and Fab |

The 3D structure of the Fab enzymes: Fab_Z and Fab_I were downloaded from the RCSB
protein database (PDB), (https://www.rcsb.org/). Fab_Z (PDB entry: 3AZA), (Maity et al.,

2011); Fab_I (PDB entry: 3L70), (Maity et al., 2010). The macromolecules were crystallized
with their ligands. The macromolecules were open in txt format with notepad then all the

ligands were removed to free the interaction sites.
3.11.3 Virtual screening with PyRx: Protocol

PyRx (fig7) have the two virtual screening software Autodock 4.0 and Autodock vina.

Autodock Vina was used during the drug screening because AutoDock Vina significantly
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improves the average accuracy of the binding mode predictions compared to AutoDock 4 and
is faster (Trott et al. 2010).
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Figure 3.2: PyRx virtual screening interface.

A. Protocol for virtual screening:

a. Preparation of input files for Docking:

e The two macromolecules (Fab_Z and Fab_I) were loaded into PyRx and converted to
PDBQT file suitable for docking with Autodock vina (Trott et al. 2010).

e All the compounds from GCMS were also downloaded in PDB format, and the library was

made.

e The compounds were imported into PyRx by clicking on file then import and to click then

on chemical table files-SDF.
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¢ Right-click to one of the loaded compounds and select minimized all. Notice that the title of
the molecules has changed. Example: Copaene_uff _E=6497.09. The _uff part corresponds
to the force field used for energy minimization, which, by default, is the Universal Force
Field (Rappe et al., 1992) as implemented in Open Babel software package (0’Boyle et al.,
2011). The _E=6497.09 part corresponds to the energy of the minimized molecule. The
precise value for this energy is not important here. However, this notation is helpful to
capture changes made to this molecule before we convert them AutoDock ligand file in the
next step.

¢ Right-click on any of the rows where the ligands are in Open Babel table and select Convert
All to AutoDock Ligand (pdbqt).

b. Virtual screening with Vina wizard
After converting the molecules in PDBQT files and minimize the energy of the ligands now we

can process to the virtual screening with Vina.

Protocol:

« Select Vina Wizard tab under Controls panel and click on the start button.

¢+ All the ligands were selected using the shift key for multiple ligand selection.

¢+ Macromolecule was selected (Fabl or FabZ) and click on the forward button on vina wizard.

¢+ Then we click on the maximized button under vina search space and forward button. This
starts Autodock vina and docks each ligand one by one to the selected macromolecule.

After virtual screening is completed, PyRx automatically advances to Analyze Results page,
where you can see results of virtual screening computation. AutoDock Vina, by default, outputs
10 best binding modes for each docking run (Sargis et al., 2015). The results are exported in

CSV format to be further analyzed. Binding Affinity is expressed in kcal/mol.

3.12 Statistical analysis

All statistical analysis was performed using SPSS. Difference between the level of
phytochemical contents were compared statistically by using one-way-ANOVA and Tukey test.
P< 0.05 are considered as significant. Pearson correlation was used to correlate the antioxidant

activity and phytochemical content.
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4.1 Phytochemical screening

CHAPTER FOUR

4.0 RESULTS

The phytochemical screening of the crude extracts revealed the presence of some secondary

metabolites such as terpenoids, alkaloids, Tannins, and glycosides (Table 4.1). Terpenoids were

present in all the extracts; all the plant extracts also showed the presence of glycosides. Tannins

are detected in all the water and ethanolic extracts of the plant samples. Alkaloids were detected

only in the ethanolic extracts from South Africa and Kenya. The results also showed ethanol,

and water solvent extract more phytochemical solvent due to the high polarity.

Tableau 4.1:

Senegal, South Africa, Kenya and Tanzania.

phytochemicals screening of Artemisia afra plant extracts from Burundi,

Phytochemicals Screening

Tests

Extracts

Terpenoids
Salkowski
test

Alkaloids
Mayer and
Wagner test

Tannins
test

Saponins

Glycoside
Keller-kiliani
test

BUR.DCM

+

+

SEN.DCM

+

+

S.A. DCM

+

+

Ken. DCM

Tanz. DCM

BUR. ETOH

SEN.ETOH

S.A.ETOH

Ken. ETOH

Tanz. ETOH

BUR .Hexane

SEN. Hexane

S.A. Hexane

Ken. Hexane

Tanz. Hexane

BUR. Water
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SEN. Water + - + + +

S.A. Water + - + + +
Ken. Water + - + + +
Tanz. Water + - + + +

Bur: Burundi; S.A : South Africa; Tanz: Tanzania; SEN: Senegal; Ken = Kenya; DCM: Dichloromethane; ETOH : ethanol

Saponins were found only in the water extracts (Table 4.1). Artemisia afra plant was used for
decades to treat a lot of affliction by traditional healers and those phytochemical compounds
identified in the areal part of the plants may be responsible for the biological activities and their

medicinal properties.
4.1 Total phenolic and flavonoids content
4.1.1 Total phenolic

Total phenolic content of the 20 extracts from A. afra plant was determined using Folin
Ciocalteu method. The results are expressed in mg of GAE/ gramme of extract, the standard
curve (Figure 4.1) was determined using different concentrations of gallic acid ranking from

50ug/pl to 500 pg/ul.

ABS
5.0

4.5

4.0
3.0 /

25
T
2.0 /

1.5
1.0
0.5

0.0 — T T T T T T T T T T T 1 %
(0] 50 100 150 200 250 300 350 400 450 500 550 600

Std. Cal. Parameters

K1: 154.6704
KO: -11.7366
R: 0.9987
R2: 0.9975

Conc. = K1*ABS + KO
Figure 4.1: Calibration for curve gallic acid standard

One-way-ANOVA were used to compare the results with Tukey test, P < 0.05 are considered
as significant. The results in table 4.2 revealed that generally, ethanol solvent extracts much

better the phenolic compounds than the other solvents, they contain more phenols following by
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water extracts then DCM extracts. Hexane extracts were found to have a very low amount of
phenols.

After comparison the ethanolic extracts from Burundi, Senegal and South Africa have the
highest amount of phenols respectively: 606.9449 mg GAE/ g; 490.5399 mg GAE/g; 513.8178
and they are statically different which mean that Burundi has the highest amount. Tanzania and
Kenya have the lowest amount compare to the other with respectively 337.7720 mg GAE/g for
Tanzania and 387.8852mg GAE/g for Kenya. Tanzania extract has the lowest amount.

The water extract, has the same scheme Tanzania water extract was found to have the lowest
amount 361.7227 mg GAE/g compare the Burundi and South Africa extracts which have the
highest yield 606.9449mg GAE/g

Table 4.2: Total phenolic content in Artemisia afra extract from Burundi, Senegal, Tanzania,
and South Africa.

Extracts Burundi Senegal Kenya Tanzania South Africa

/

Count.

Etoh 606.94:0.00  490.53+23.27 387.88+17.81 337.77+1.22 513.81+0.00
[0.00]* [0.00]* [0.00]* [0.00]* [0.00]*

DCM 308.77+£18.80 316.28+12.35 301.77£1.43 267.30+7.68 247.97£11.64
[1.00] [1.00] [1.00] [0.406] [0.04]*

Water 606.94:0.00  583.65+23.28 533.13+0.00 361.72+0.87 606.94+0.00
[0.99] [0.97] [0.007]* [0.00]* [1.00]

Hexane  4.931.77 10.97+1.43 36.93+1.04 23.78+2.86 57.70+6.19
[1.00] [1.00] [0.94] [1.00] [0.24]

* mean that the value of the total phenol is statistically different from the value of the other plant extracts, extracted
with the same solvent. Mean+ standard error, P-values are in bracket

For the DCM extracts, the results show that dichloromethane extracts from Burundi, Senegal,
and Kenya have a similar amount of phenols the difference is not significative, and the DCM
extract from South Africa have the lowest phenols content.

Hexane solvent extracts fewer phenols compare to the other solvents, so the hexanolic extracts
had the lowest phenols content, between 57.7026 mg GAE/g (for S. Africa) and 4.9396 mg
GAE/g for Burundi hexanolic extracts, and the difference is not significative.

4.1.2 Total Flavonoids content

Total flavonoids were determined using rutin standard; the result was expressed in mg of rutin/g
of extract. The standard curve (Figure 4.2) was made using different concentrations of rutin (5,
10, 20 50, 100, 200, 500 pg/ul).
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ABS
5.0

4.5
4.0
3.5
3.0
25
2.0

15

0.5

0.0 T T T T T T T T T T T T T T T T T T T T T | %
[0] 100 200 300 400 500 600 700 800 900 1000 1100

Std. Cal. Parameters

K1: 416.0710
KO: 3.3170
R: 0.9980
R2: 0.9961

Conc. = K1TABS + KO

Figure 4.2 Calibration curve for Rutin standard

The results in table 4.3 showed that:

The ethanol solvent extracts had higher flavonoids content compared to the other solvent.
Ethanolic extract from Burundi showed the highest flavonoids content (242.4745+2.0594)
following by ethanolic extract from Tanzania (165.002+2.1759), Senegal (162.3809+0.1781)
South Africa(140.3707+3.4136) and Kenya(139.5384+1.5294) they were significant differences
flavonoids content between countries (see table 4.3).

The DCM plant extract had the second highest flavonoids concentration. DCM extract from
Burundi had the highest total flavonoids content (143.532+4.74) when compared to the other
DCM plant extracts from other countries, and DCM extract from South Africa had the lowest
flavonoids concentration (106.7730 + 01434) compared to the other DCM extracts.

-47 -



CONCENTRATION (UG/ML)

Table 4.3: Total Flavonoids content in Artemisia afra extract from Burundi, Senegal, Tanzania,
and South Africa.

Extracts  Burundi Senegal Kenya Tanzania South Africa

/

Count.

Etoh 242.474+1.45 162.380+0.12 139.5385+1.08 165.0021+1.53 140.3707+2.41
[0.00]* [0.00]* [0.00]* [0.00]* [0.00]*

DCM 143.532+4.74 136.5845+.62 131.9661+0.76 108.7493+4.90 106.7730+0.10
[0.00]* [1.00] [0.99] [0.07] [0.04]*

Water 48.8767+1.87 33.3156+0.99 40.0768+0.85 32.4627+20.20 51.7684+3.34
[0.75] [0.753] [0.99] [0.683] [1.00]

Hexane  28.3112+0.14 39.9728+0.79 54.1608+0.33 50.1457+0.56 56.2619+0.64
[0.95] [0.99] [0.85] [0.99] [0.69]

* mean that the value of the total phenol is statistically different from the value of the other plant extracts, extracted

with the same solvent. Mean + standard deviation; p-values are in brackets

The water extract from Burundi; Senegal, Kenya, Tanzania and South Africa have
approximatively the same amount of flavonoids the difference between them is not statistically
different. The same observation was done for the hexanolic extracts. However, hexane solvent

extracts fewer flavonoids compare to the other solvent.
4.2 DPPH assay results

The DPPH radical scavenging activity of extracts are shown in figure 4.3. The results are
expressed in 1C50, which mean the concentration that inhibits 50% of the DPPH activity. The

results are presented in a diagram which ranks the 1C50 from the highest to the lowest.

IC50 BY DPPH

400 362,46
350 325,01

300 256,09

250 197,05198,8
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Figure 4.3: DPPH radical scavenging capacity (EC50) of Artemisia afra extracts
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The 1C50 of the standard (Ascorbic acid) was found to be 6.1 pg/mL. The highest IC50 was
observed from Burundi ethanolic extract which was: 1C50 = 3.13 ug/mL. Burundi DCM extract
also had similarly the same IC50 which was: 1C50 = 3.17 pg/ml this two may have the same
antioxidant activity. Burundi water extract had a high 1C50 of 8.26 pg/ mL, this results showed
that the water extract from Burundi is more active compared to the other water extracts
including Kenya water extract 1C50 of 20.48 ugml; South Africa water extract 1C50 of 22.8
ug/mL, then Senegal and Tanzania water extract which had a similar IC50: 197.05 and 198.8
ug/mL respectively. Kenya Hexanolic and ethanolic extract had the lowest antioxidant activity

compared to the others. Their IC50 were: 325.01 and 362.46 pg/mL respectively.

4.3 Correlation of phytochemical contents with antioxidant activities

To explore the relation between antioxidant activity and phytochemical content for Artemisia
afra extracts, the correlation coefficient of the total phenolic, total flavonoids and DPPH
activity are shown in Table 4.4. Total flavonoids and total phenol are also correlated.

Table 4.4: Correlations between total phenols, total flavonoids and DDPH
Total Phenols  Total Flavonoids DPPH

Total Phenols Pearson Correlation (r) 1 ,342" -,344"
Sig. (2-tailed) 015 015
N 40 40 40

Total Flavonoids ~ Pearson Correlation ,342" 1 -,309"
Sig. (2-tailed) ,015 ,026
N 40 40 40

DPPH Pearson Correlation (r) -,344" -,309" 1
Sig. (2-tailed) 015 ,026
N 40 40 40

*, Correlation is significant at the 0.05 level (1-tailed).

All correlations are globally moderate. Total phenols and total flavonoids are positively
correlated with r=0,344. Total phenols and DPPH are negatively correlated with r= -0,344.
Total flavonoids and DPPH are also negatively correlated with r= 0,3009.
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4.4 Results for in vitro Antimalarial assay

Activity criteria in the assay were defined as very high when IC50 was below 5, active when
between 5 and 10, moderate when between 11 and 50 and low when between 50 and 100 pg/ml.
Samples with IC50 >100 pg/mL were considered as inactive. The antimalarial activity of the 5
samples of Artemisia afra plants against CQ sensitive/mefloquine-resistant P. falciparum (D6

strain) and CQ resistant/mefloquine-sensitive (W2 strain) are summarized in Table 4.5.

Table 4.5: In vitro antimalarial activity; IC50 of the 20 extracts from the 5 samples of Artemisia

afra plant collected from South Africa, Kenya, Tanzania, Burundi and Senegal (IC50 + SD

(ug/ml))

P.extracts | ETOH DCM HEXANE P WATER
IC50s (ug/mL) (M£SD)
Countries
W2 D6 | w2 D6 | w2 D6 | w2 D6

Burundi 2.66+0.35 7.84+0.64 3.04+0.32 7.92+0.36  0.715+0.10 3.18+0.72 61.9%£5.7 75.06+18.8
Senega| 7.26£0.91  17.6%£2.55 4.85+143 1457+0.36 11.21+1.7  30.13+1.02 121.8+13.01 72.7+19.3
South Africa 17.24+1.39 22.8+6.56 11.34+1.82 22.15+3.42 29.5+1.04 58.4+2.77  123.3%53.8 149.2+2.4
Kenya 22.18+6.1 44.97%15 11.3742.8  25.28+4.84 31.28+0.59 76.82+6.7 >200 >200
Tanzania 9.64+0.13 24.76x2.57  10.86+2.43 23.5#5.3 29.9+0.47  53.10+2.14 164.2+31.4 140.2+3.01

CQ(Contro|) 74.58+12.1 ng/ml W2
16.95+3.14ng/ml D6

b Forms two immiscible liquid layers, picked on DMSO layer

W2 chloroquine resistant; D6 chloroquine sensitive

The Burundi hexanolic extract were the most active IC50 range: 0.715+£0.1087 for W2 and
3.1896+0.728869 for D6 followed by Burundi ethanolic extract IC50 range: 2.666667+0.3597
for W2 and 7.843+0.641 for D6. And Burundi DCM extract IC50 range: 3.049+0.3215 for W2
and 7.9286+0.3638 for D6. Compared to the other plants; A. afra from Burundi have the highest

antimalarial effect and is highly active with an IC50 lower than 5ug/ml for W2, for D6 is still
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very active with an IC50 between 3 and 7pg/ml. Then come the one from Senegal (IC50 for
DCM extract range are: 4.8546+1.438 for W2 and 14.5716+0.368 for D6; and 1C50 for ETOH
extract are: 7.265+0.911 for W2 and 17.699+2.5576 for D6). The 1C50 for Senegal hexane
extract (11.219+1.786 for W2 and 30.133+1.02675 for D6) is slightly higher compare to
Burundi. We also have the extract from South Africa who come third which is also very active
but less than the previous ones with an IC50 between 11.341+1.823ug/ml and
17.24+1.395ug/ml for W2 and for D6 where it the activity is moderated; the 1C50 is ranking
between 22.8+6.564pug/ml and 58.408+2.7736pg/ml. Then comes Tanzania and Kenya.

4.5 In vivo acute toxicity results

Thirty albinos swiss mice were used to perform an acute oral toxicity test. Mice were randomly
assigned into 10 groups and were housed 3 animal per cages. Single oral dose was given to the
mice and toxicity sign was observed mostly during the first critical hours the first 24 hours any

toxicity sign was recorded, and the weight of the mice was recorded daily during 14 days.

4.5.1 Effect of acute toxicity of Artemisia afra extracts on the weight and behaviour

of the mice

After oral administration of the extracts, from the 30 mice used for acute toxicity test, only one
died 24 hours after oral administration. That mouse belongs to the group treated with
2500mg/kg of dichloromethane extract (DCM groupl). Changes like loss of appetite,
hypoactivity, lethargic, dizziness were observed at the dose of 2500mg/kg and disappeared after

the washout period after 2 days of observation.

Both the treated and control groups of mice had stable initial body weight during the first week,
and during the second week of the observation period, there is a proportional gain in their body
weight (figure 4.4, 4.5, and 4.6).
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Figure 4.4: Mean body weight change through weeks in mice treated with 2500mg/kg;
2000mg/kg, 1000mg/kg DCM extracts one single dose.
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Figure 4.5: Mean body weight change through weeks in mice treated with 2500mg/kg;
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Figure 4.6: Mean body weight change through weeks in mice treated with 2500mg/Kkg;
2000mg/kg, 1000mg/kg Hexane extracts one single dose.
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During 14 days of acute toxicity test weight of the animals were recorded daily. One-way-
ANOVA were used to compare the results with Tukey test, P < 0.05 are considered as
significant. The statistical analysis of the weight between animal treated with extracts and the

control showed some slight differences (table 4.6).

Mice treated with DCM extract the difference in body weight was significative (P< 0.05) when
compared to the control for groupl and group3. Group 1 their weight was slightly small
compared to the control, and for the group 3 it was in contrast since showed progressive body
weight gain (figure 4.4) in the same time the group3 had received the smallest doses, and the
groupl had received the highest doses.

For mice inoculated with ethanolic extract, there was a significant difference in body weight
compared to the control. The mice in group 2, had a slight loss of their body weight and a
similar observation was reported in those treated with hexanolic extract although there was an
increase of their body weight for the mice in group?2 treated with 2000mg/kg.

For the last group of mice inoculated with hexanolic extract, when we compared each group to
the control, a gain of weight was observed in group 2.

Table 4.6: Mean body weight of mice treated with 3 extracts as compared to the control during
14days. Results presented as the mean of the body weight plus standard Error of the mean (P-
values are in bracket)

Groups  Doses DCM Ethanol Hexane
mg/kg (Mean body (Mean body (Mean body
weight+SDE) weight +SE) weight +SE)
Group0  Control 23.8095£.28966 23.8095%,28966 23.8095,28966
Groupl 2500 22 0357+.43998** (,008) 23.095238+(.584) 22.8571+.35414 (.287)
Group2 2000 23.9524+.28996(,993) 21.976190+** (,010) 25.6429+.41561** (.006)
Group3 1000  26.7857+.44145* (,000) 24.500000%(,610) 22.6667+.42510 (.150)

SE standard error of the mean, P-values are in brackets

4.5.2 Effect of acute toxicity of Artemisia afra extracts on the organ’s weight of the mice

After the 14" day, all the mice were sacrificed. Observation on the gross appearance of internal
organs including liver, kidney, spleen, and stomach of treated mice did not show any abnormal
changes in texture, shape, size or colour in comparison to that of the control group. No lesion

was noted in the internal organs in all groups.
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Liver, kidney, and spleen of each experimental group of mice were weight and compared to the

control. A. afra extract did not produce any significant effect on the weight of the organs. The

statistical analysis revealed that there were no significant differences between the organs of the

mice inoculated with extracts (DCM, ETOH, and Hexanolic extracts) and the organs of the
mice from control (Table 4.7,4.8,4.9).

Table 4.7: Mean weight organs of mice treated with DCM extract as compared to the control

(P-values are in bracket).

Mean weight=SDE for DCM extract
Doses
Liver Kidney Spleen
Control 1.5400%,07572 .3500+01528 .1000%£.00000
1000 mg/kg 1,6267+.13383 (1.000) .4933%.05487(.037) .1033+.01333(1.000)
2000 mg/kg 1.3067+.08647(.829) .3000+.02000(.978) .0933+.02404(1.000)
2500 mg/kg 1.2533+.03756(.586) .3433+.00882(1.000) .1033+.00882(1.000)

Table 4.8: Mean weight organs of mice treated with HEX extract as compared to the control

(P-values are in bracket).

Mean weight=SDE for hexane extract
Doses
Liver Kidney Spleen
Control 1.5400%,07572 .3500%,01528 .10002,00000
1000 mg/kg 1.2867+.06438(.746) .2800%.01202(.993) .0800%.01000(1.000)
2000 mg/kg 1.2800£.01732(.715) .2800%.01764(.442) .0967%.00333(1.000)
2500 mg/kg 1.1600%.06429(.202) .2800%.02082(.813) .1000.00000(1.000)

Table 4.9: Mean weight organs of mice treated with EtOH extract as compared to the control

(P-values are in bracket).

Mean weight=SDE for Ethanolic extract
Doses
Liver Kidney Spleen
Control 1.5400%.07572 .3500+.01528 .1000.00000
1000 mg/kg 1.4300+.12166(1.000) .4300%.02517(.661) .1867+.06692(.419)
2000 mg/kg 1.1233+.12252(.118) :3500.03215(1.000) .0767%.02186(1.000)
2500 mg/kg 1.3900%.09018(.992) .3300% .01528 (1.000) .1267+.03180(1.000)
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4.5.3 Effect of acute toxicity of Artemisia afra extracts in the biochemical parameters
compared to the control group

AST and ALT level were tested in plasma of the mice treated with extracts and compared to

the control to detect any sign of toxicity on the liver. One way anova was made followed by a

T-test, P < 0.05 are considered as significant. When we compared the biochemical parameters

between the experimental mice and the control, there were no significant changes for the ALT

and AST level in all doses of Artemisia afra extracts (Dichloromethane, hexane, and ethanolic)
(Table 4.10, 4.11).

Table 4.10: Effect of DCM, EtOH, Hex. Extracts on AST biochemical parameter, mean of
experimental groups compared to the control (Expressed in Mean £+ SDE, P-value in bracket).

Liver Function Test (AST in u/l)

Groups Doses DCM Ethanol Hexane

(mg/kg)
Control - 196,3333+25,89938 196,3333+25,89938 196,3333+25,89938
Groupl 1000 259,0000£19,07878(0,852)  189,0000+65,96211(1,000) 422,3333+63,83399(,440)
Group2 2000 206,6667+42,58456(1,000)  305,0000+57,42241(,906) 508,0000+122,40234 (,667)
Group3 25000 304,0000+66,39528(,951)  264,6667+27,50959(,901) 370,3333+45,03455(,397)

Table 4.11: Effect of DCM, EtOH, Hex. Extracts on ALT biochemical parameter, mean of
experimental groups compared to the control (Expressed in Mean £SDE, P-value in bracket).

Liver Function Test (ALT in u/l)

Groups Doses DCM Ethanol Hexane

(mg/kg)
Control - 33,2333+1,6835 33,2333+£1,6835 33,2333+1,6835
Groupl 1000 41,8000+6,23244(0,975)  45,2333+13,57895 (0,999) 63,4000£3,43948 (,055)
Group2 2000 34,6667+3,10179(1,000) 51,2000+£13,55434 (,974)  119,0667+36,7249 (,0715)
Group3 2500 37,0500£2,62694(0,994) 48,0667+9,71774 (0,944) 79,2333+18,48480 (,673)
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4.5.4 Acute toxicity effect in mice tissues:
a) Histopathology results on Liver

The liver shows typical hepatolobular architecture, consisting of a central vein with radiating
cords of hepatocytes separated by sinusoids; portal areas composed of the portal vein, hepatic
artery, and bile duct were situated at the periphery. The hepatocytes were polygonal in shape,
with central, lightly stained nucleus and clear nucleolus.

Congregations of Kupfer
cells

Figure 4.7: Photomicrographs of liver sections of control mice (A) and mice treated with

hexane extract (B), ethanolic extract (C) and dichloromethane extract (D) at the dosage of
2500mg/kg

Figure 4.7 (A) Normal ultrastructure. A central vein (CV) with radiating cords of hepatocytes.
Regular sinusoidal (S) arrangement around the central vein. A portal triad (PT) also clearly
visible. Figure 4.7 (C) Mag. X 10 Congested central vein. Focal areas of congregation by
Kupfer cells. Note loss of hepatolobular arrangement. Figure 4.7 (C) No histopathological
changes were observed. Cords of hepatocytes radiating from the central vein (CV). There

however appears to be a higher number in kupfer cells (KC).
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b) Histopathology results on Kidney

Generally the kidney shows normal typical ultrastructure. Features observed include normal
proximal and distal tubules (DT), glumerulus (G), blood vessels, and interstitium, Podocytes

(P), urinary pole (UP), and Bowman’s capsular space (BCS).

Numerous

2 Kupfer cells
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Figure 4.8: Photomicrographs of liver sections of control mice (A) and mice treated with

hexane extract (B), ethanolic extract (C) and dichloromethane extract (D) at the dosage of
2500mg/kg

Figure 4.8 (A): (Mag.x20). Normal ultrastructure showing glomeruli (G), podocytes (P) and
convoluted tubules (CT). Figure 4.8 (B): Mag. X 40. Central vein (CV) surrounded by
numerous Kupfer cells (KC). There is loss of hepatolobular arrangement and absence of clear
sinusoids. Figure 4.8 (C) Normal ultrastructure showing glomerulus (G), podocytes (P) and
Bowman’s corpuscular space (BCS). Figure 4.8 (D): Normal glomeruli (G) and convoluted

tubule (CT) structure. Blood vessels (BV) are congested.
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4.6 In vivo antimalarial assay for Burundi extracts

Antimalarial effects of extracts of Artemisia afra on Plasmodium berghei in mice are
summarized in table 4.12 and 4.13. The suppression of the Parasitaemia (chemo-suppression)
and the ED50 were used as measured of efficacy. Four Dosages were used to do the in vivo
antimalarial assay. Samples were categorized as highly active when chemo-suppression was
above 60% or moderately active between 30 and 60%, but lowly active below 30%. At the
dosage of 200mg/kg of body weight for all the different extracts, we got around the same
percentage of suppression (ETOH 61.64%; DCM 63.82%; and Hexane 66.89%) all results
showed a high suppression of the parasites. When dosage was decreased the parasitaemia
changed as follows, at the dosage of 100 mg/kg EtOH extract were the most active and showed
moderate suppression compared to the others with a percentage of chemo-suppression which is
still high at 57.07% for ETOH extract; following by DCM extract 42.17% and come in last
Hexane extract 32.19%. The same observation was observed at the dosage of 50mg/kg of body
weight the activity is still moderate for the A. afra ethanolic and DCM extracts but low for the
hexane extract.

Table 4.12: In vivo activity of DCM, ETOH and Hexanolic extracts of Artemisia afra on P.
Berghei infected mice

Dosage / Dosage 1 Dosage 2 Dosage 3 Dosage 4
%Chemosup. 200mg/ml 100mg/mi 50mg/mi 25mg/ml
DCM 63.82% £6.54%  42.17%=9.66 32.26£9.25% 5.84% + 2.20
ETOH 61.64% £6.04 57.07%+11.97 50.52%+7,93  35.42%+4.3
Dosage Dosage 1 Dosage 2 Dosage 3 Dosage 4
400mg/ml 200mg/ml 100mg/ml 50mg/ml
Hexane 73.23%+13.52 66.89%z=5.07 32.19%+23.34 22.86%+18.88
Positive control 88.33%

The ethanolic extract of A. afra has the highest in vivo antimalarial activity with the highest
ED50 = 6.43mg/ml following by the DCM extract ED50=11.99mg/ml then came is last the
hexanolic extract ED50= 14.79mg/ml.
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Table 4.13: ED50 from in vivo antimalarial assay for DCM, ETOH and Hexanolic extracts
of Artemisia afra collected from Burundi.

ED50 (mg/ml) 6.43 11.99 14.79 ‘

4.7 GCMS results of A. afra Burundi extracts

After GCMS ran, artemisinin was detected at 20.687 of retention time, peak and mass
spectrometry of artemisinin was compared with the mass spectrometry of Burundi ethanolic,
hexane and dichloromethane extracts (figure 4.9). The results showed that at the same retention
time, no peak from the other extracts was detected.
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Figure 4.9: Chromatogram of artemisinin standard, dichloromethane extract, hexane and
ethanolic extract of A. afra
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Tableau 4.14: Main compounds detected by GCMS from dichloromethane extract, hexane and ethanolic extract of A.
afra and result for GCMS for artemisinin standard

Retention Area

Standard/Extracts =~ Name of the compounds Formula  time (s) %
Cyclodeca[b]furan-2(3H)-one, 3a,4,5,6,7,8,9,11a-octahydro-3,6,10-trimethyI- 19.718 11.91
Artemisinin Deoxyartemisinin 20.687 25.71
1,8-Diazabicyclo[5.4.0]Jundec-7-en-11-one 20.909 13.3
Bicyclo[4.1.0]heptane, 1-(3-0x0-4-phenylthiobutyl)-2,2,6-trimethyl- 22.897 49.08
A afra DCM 3,3,6-Trimethyl-1,4-heptadien-6-ol 5.964 111
extract Eucalyptol 6.751 19.77
1,5-Heptadien-4-one, 3,3,6-trimethyl- 7.054 6.87
Cyclohexanol, 1-methyl-4-(1-methylethenyl)-, cis- 7.377 0.68
Linalool 7.76 1.06
5-1sopropyl-2-methylbicyclo[3.1.0]hexan-2-ol # 7.909 179
Camphor 8.794 1.29
Bicyclo[2.2.1]heptan-2-ol, 1,7,7-trimethyl-, (1S-endo)- 9.176 31.87
Hexane, 1,6-dimethoxy- 9.235 0.46
Cyclohexanol, 2-methyl-3-(1-methylethenyl)-, (1.alpha.,2.alpha.,3.alpha.)- 10.013 0.81
1-Acetoxy-p-menth-3-one 10.472 0.65
1,7-Octadiene-3,6-diol, 2,6-dimethyl- 10578 096
Bornyl acetate 10.796 2.63
(1S,5S,6R)-6-Methyl-2-methylene-6-(4-methylpent-3-en-1- 1.01
yl)bicyclo[3.1.1]heptane 13.048
Methyl (1R,2R,8aS)-2-(methoxycarbonyl)-2-hydroxy-5,5,8a-trimethyl-trans- 0.52
decalin-1-acetate 14.151
2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-trimethyl- 14.602 0.52
2,2,4-Trimethyl-1,3-pentanediol diisobutyrate 14.854 0.71
Caryophyllene oxide 15.165 1.08
.alpha.-Cadinol 15.867 5.27
(1S,4aS,7R,8aS)-1,4a-Dimethyl-7-(prop-1-en-2-yl)decahydronaphthalen-1-ol 16.258 2.86
Pulegone 17.514 0.96
2-Pentadecanone, 6,10,14-trimethyl- 17.837 1.64
6-C14H26 20551 042
Ethyl 9,12,15-octadecatrienoate 20.636 0.52
Phytol 20.704 5.28
Geranyl ethyl ether 2 21.142 1.99
11alpha-Hydroxyprogesterone 21.325 231
11alpha-Hydroxyprogesterone 22.075 3.11
1-Aminocyclopentanecarboxylic acid, N-(but-3-yn-1-yloxycarbonyl)-, but-3-yn-1- 1.59
yl ester 22.97
A. afra Hexane Bicyclo[2.2.1]heptane, 2,2-dimethyl-3-methylene-, (1S)- 5.4 2.68
extract Eucalyptol 6.745 55.52
1,5-Heptadien-4-one, 3,3,6-trimethyl- 7.048 24.19
Undecane 7.621 2.45
Dodecane 9.231 3.62
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Acetic acid, 1,7,7-trimethyl-bicyclo[2.2.1]hept-2-yI ester 10.783 3.72
.alfa.-Copaene 12.167 2.95
Tetradecane 12.221 1.24
Caryophyllene 12.87 242
4a,8-Dimethyl-2-(prop-1-en-2-yl)-1,2,3,4,4a,5,6,7-octahydronaphthalene 13.764 1.21
A. afra Ethanolic  3,3,6-Trimethyl-1,4-heptadien-6-ol 5.967 0.45
extract Eucalyptol 6.75 5.58
1,5-Heptadien-4-one, 3,3,6-trimethyl- 7.054 3.23
2,7-Dimethyl-2,6-octadien-4-ol 7.417 1.01
Bicyclo[2.2.1]heptan-2-one, 1,7,7-trimethyl-, (1S)- 8.796 1.02
Bicyclo[2.2.1]heptan-2-ol, 1,7,7-trimethyl-, (1S-endo)- 9.173 30.12
3,7-Octadiene-2,6-diol, 2,6-dimethyl- 9.227 0.69
1,7-Octadiene-3,6-diol, 2,6-dimethyl- 10.573 111
Bornyl acetate 10.794 0.96
3-Cyclohexene-1-methanol, 2-hydroxy-.alpha.,.alpha.,4-trimethyl- 11.932 15
(1S,2S,4S)-Trihydroxy-p-menthane 13.964 1.99
4-O-Methylmannose 14.289 6.76
.alpha.-Cadinol 15.863 1.73
.alpha.-Methyl mannofuranoside 16.132 18.51
(1S,4aS,7R,8aS)-1,4a-Dimethyl-7-(prop-1-en-2-yl)decahydronaphthalen-1-ol 16.253 2.06
Longifolenaldehyde 17.907 3.05
Pentadecanoic acid 19.154 0.75
Longifolenaldehyde 19.276 1.56
Phytol 20.703 1.67
Corymbolone 21.316 3.57
5.beta.-Androstan-3.alpha.,11.alpha.,17.beta.-triol 22.07 1.58
2-((2R,4aR,8aS)-4a-Methyl-8-methylenedecahydronaphthalen-2-yl)prop-2-en-1-
ol 24.025 3.35
1H-1,3a-Ethanopentalen-5(4H)-one, 2,3-dihydro- 24.124 3.18
Thiourea, 1-(adamantane-1-carbonyl)-3-cyclohexyl- 26.574 4.57

After the GCMS of extracts of Artemisia afra from Burundi, the results showed that the
ethanolic and dichloromethane extract had a high content of Bicyclo [2.2.1]heptan-2-ol, 1,7,7-
trimethyl-, (1S-endo)-. The hexane extract had the same compound but at low amount compared to
ethanolic and DCM extracts. The major compound in the hexane extract is Eucalyptol (Area 55.52)
this compound is also found in DCM extract though at a lower amount (area 19.77) and also in ethanolic
extract of A. afra (5.59). Hexane extract has fewer compounds compared to the others. Most of the

compounds present in the ethanolic extract are also present in methanolic extract.
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4.8 Gene expression results

4.8.1 Gel electrophoresis for PCR product

After parasite RNA extraction with trizol from the 8 samples, we got different concentration of
RNA for each sample after measuring with a nanodrop. The concentration of RNA was
normalized to get equal concentration for the 8 samples (experimentals and controls) before
making the cDNA. A conventional PCR was then run to parameter the primers for the Fab
enzyme genes and the housekeeping gene (Actine). A gel was run for the PCR product (figure
4.10).

Figure 4.10: Gel electrophoresis of Actine Fabl and FabZ

A: Actine

FZ: Fabz

FI: Fabl

N: Negative control

L: Ladder

The results showed that the primers had well amplified the Fab enzymes genes and also the
housekeeping gene. Many parameters were set to get the best amplification. The amplification
was optimum with these parameters: Initial denaturation at 95°C for 5min and then 40 cycles
of denaturation at 95°C for 1 min, annealing 60°C for 1min, extension 72°C for 1min, followed
by the final extension at 72°C for 10min, and then held at 4°C.
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4.8.2 Real-time amplification

The same parameter for the conventional PCR was reported to do the real-time PCR for the
gene expression study. The target genes were well amplified as shown in figure 4.11.
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Figure 4.11: Amplification curves for Fabl, FabZ and Actine

In blue colour, we have the amplification for the housekeeping gene (Actin), in yellow the
amplification for Fabl and in red colour the amplification for FabZ, In grey the amplification
of the negative control and for the empty wells (that are drawn down of the picture). Actine has
started first to be amplify following by Fabl then by FabZ. Actine was well amplified and has
the best fluorescent curve till 5.7 then followed by Fab I that was also well amplified with a
fluorescent curve till 5.7 then for FabZ was also well amplified with a fluorescent curve of 4.8,

but the amplification was less compared to the other genes.

4.8.3 Expression for Fab | and FabZ when the parasites are exposed to different

extracts of A. afra

The fold change expression of Fabl and FabZ was calculated from the Ct (cycle threshold is
defined as the number of cycles required for the fluorescent signal to cross the threshold) values
generated during the real-time PCR, and the result is showed in table 4.15 and 4.16. The fold
change for the untreated sample is 1, for the treated samples when the fold change is greater
than 1 it means that the targeted gene is upregulated and when it is lower than 1 it means that
the targeted gene is downregulated. The Fab | gene from W2 strain of P. falciparum is
upregulated with the hexane extract and downregulated by the ethanolic and dichloromethane

extracts of the plant. In the second train for D6, we have a different path, Fabl is upregulated
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by DCM extract and downregulated by hexane and ethanolic extracts. For the two strains, Fabl

is downregulated by the ethanolic extract of Artemisia afra (see table 4.15).

Table 4.15: Fold change expression for Fabl after treatment with A. afra extracts

Titre de I'axe

Figure 4.12: Gene expression for Fab |
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AACT (ACT
ACTINE Fab I treated -ACT Fold difference EXTRACTS
Samples Ct Mean Average CT ACT (ACTINE) untreated) F.I 2 "(-AACT) (A. afra)
P. falciparum
W2
Untreated S4 | 23.84+0.18 26,58+0.25 2.74+0.3 0+0.3 1 -
Treatment 1 | 24.84+0.03 27,0340.10 2.19+0.1 -0.55+0.1 1.464085696 W2 Hexane
Treatment 2 | 25.36+0.08 29,64+0.47 4.28+0.47 1.54+0.47 0.343885455 W2 ETOH
Treatment 3 | 23.26+0.07 26,42+0.17 3.16+0.18 0,42+0.18 0.747424624 W2 DCM
P. falciparum
D6
Untreated S8 | 25,12+0.16 29,35+0.32 4.23+0.35 0+0.35 1 -
Treatment5 | 26.59+0.19 29,11+0.50 2.5240.53 -1.7140.53 3.271608234 DCM
Treatment 6 | 23.04+0.07 28,67+0.15 5.63+0.16 1.4+0.16 0.378929142 ETOH
Treatment 7 | 23.1+0.05 28,39+0.16 5.29+0.16 1.06+0.16 0.47963206 Hexane
0,6 Gene expression for Fabl
045
<
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0,2 <
N . B W2 Hexane
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L
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The logarithm of the fold change for Fabl in each treatment was calculated to make a histogram

(Figure 4.12). The histogram is centered in 0 the up column showed upregulation, and the down

column showed downregulation.

For Fab Z form W2 strain, the gene is upregulation when exposed to the three different extracts.

For the D6 strain, the gene is also upregulated when exposed to the DCM extract but

downregulated when exposed to the others extracts. Fab Z is upregulated by the DCM extract

in the two strains of P. falciparum.

Table 4.16: Fold change expression for FabZ after treatment with A. afra extracts

AACT F.Z (ACT

ACTINE Ct FabZ Average ACT treated -ACT Fold difference | EXTRACTS
Samples Mean CT (ACTINE_Fab 7) untreated) F.Z 2 "(-AACT) (A. afra)

P. falciparum W2

Untreated

S4 23.84+0.18 30,42+0.2 6.58+0.26 0+0.26 1 -

Treatment 1 | 24.84+0.03 30,61+0.82 5.77+0.82 -0.81+0.82 1.7 Hexane

Treatment 2 | 25.36+0.08 30,67+0.51 5.31+0.51 -1.27+0.51 2.4 ETOH

Treatment 3 | 23.26+0.07 28,29+0.16 5.03+0.17 -1,55+0.17 2,9 DCM
P. falciparum D6

Untreated S8 | 25,12+0.16 30,02+0.45 4.9+0.47 0+0.47 1 -

Treatment5 | 26.59+0.19 29,23+1.6 2.64+1.6 -2.26%1.6 4.7 DCM

Treatment 6 | 23.04+0.07 29,5+0.38 6.46+0.38 1.56+0.38 0.3 ETOH

Treatment 7 | 23.1+0.05 29,65+0.54 6.55+0.54 1.65+0.54 0.3 Hexane

In that figure (figure 4.13) the results for the expression for FabZ are shown in the histogram;

this allowed a better view of the scheme of expression for FabZ depending on the extracts where

they are exposed. The histogram is centred in O the up columns showed upregulation, and the

down columns showed downregulation.
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Figure 4.13: Gene expression for Fab Z

4.9 drug screening results:

Neg W2
W2 Hexane
W2 EToH
W2 DCM
Neg D6

m D6 DCM

W D6 EToH

B D6 Hexane

After GCMS of the ethanolic, hexane and dichloromethane extracts in total, 51 molecules were

detected. The affinity of the molecules was tested against Fabl and FAB Z with vina. After drug

screening, the binding energy for each molecule was determined and expressed in Kcal/mol see

table 4.17. The results showed that many compounds have a high affinity with the Fab enzymes.

Table 4.17: Artemisia afra compounds from GCMS and Docking energy with Fabl and FabZ

Binding
Binding Energy | Energy
(Kcal/mol) (Kcal/mol)
Ligands (Fabl) (FabZz)
(1S, 2S,4S)-Trihydroxy-p-menthane -6.4 -6.1
.alfa.-Copaene -7.9 -7.1
.alpha.-Cadinol -8.1 -7.4
.alpha.-Methyl_mannofuranoside -5.7 -5.3
1 6-Dimethoxyhexane -4.7 -4.9
1 7-Octadiene-3_6-diol__2_6-dimethyl- -5.7 -6.6
cetoxy-p-menth-3-one -6.9 -6.9
1-Aminocyclopentanecarboxylic_acid_N-but-3-yn-1-yloxycarbonyl-but-3-yn-1-
yl_ester -7.1 -4.9
1H-1,3a-Ethanopentalen-5(4H)-one_23-dihydro- -6.7 -6.5
2-((2R,4aR,8aS)-4a-Methyl-8-methylenedecahydronaphthalen-2-yl)prop-2-en-1-ol -7.9 -6.1
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2_2 4-Trimethyl-1_3-pentanediol_diisobutyrate -6.8 -6.6
2 _4H -Benzofuranone 5 6 7 7a-tetrahydro-4 4 7a-trimethyl- -7.2 -6.2
2_7-Dimethyl-2_6-octadien-4-ol -6.3 -6.6
2-Pentadecanone_ 6_10_14-trimethyl- -6.2 -5.5
3_7-Octadiene-2_6-diol__2_6-dimethyl- -6.1 -5.2
3-Cyclohexene-1-methanol__2-hydroxy-.alpha._.alpha._4-trimethyl- -7.0 -5.8
3-Isopropenyl-2-methylcyclohexanol -6.7 -6.9
4a_8-Dimethyl-2- prop-1-en-2-yl -1,2,3,4,4a,5,6,7-octahydronaphthalene -8.0 -5.6
4-O-Methylmannose -6.2 -4.8
5.beta.-Androstan-3.alpha.11.alpha.17.beta.-triol -9.7 -7.6
6-C14H26_tetradecyne -5.8 -6.3
Acetic_acid_1_7_7-trimethyl-bicyclo_2.2.1 hept-2-yl_ester -6.9 -5.9
Aspidospermidin-17-ol, 1-acetyl-19, 21-epoxy-15, 16-dimethoxy -10.2 -7.6
Bergamotene -71.5 -8.0
Bicyclo_2.2.1 heptan-2-one__ 1 7_7-trimethyl- 1S - -6.3 -6.7
Bicyclo 221 3d 6.2 -6.6
Borneol -6.5 -6.7
Bornyl acetate -6.9 -5.9
Camphor -6.3 -6.7
Caryophyllene -8.0 -7.3
Caryophyllene_oxide -8.3 -7.0
Corymbolone -8.6 -7.3
Dodecane -5.0 -5.8
Ethyl 9 12 15-octadecatrienoate -6.6 -5.7
Eucalyptol -6.4 -5.9
Geranyl_ethyl ether 2 -5.6 -5.9
Intermedeol _ -7.8 -7.0
Isoartemisia_ketone -6.0 -6.0
Linalool -5.8 -6.2
Longifolenaldehyde -7.9 -7.1
Methyl 1R 2R_8aS_-2-_methoxycarbonyl_-2-hydroxy-5_5_8a-trimethyl-trans-

decalin-1-acetate -8.3 -6.2
Pentadecanoic_acid -5.6 -4.8
Phytol -6.4 7.2
1lalpha-Hydroxyprogesterone -10.7 -10.0
Pulegone -7.8 -5.7
Tetradecane -5.2 -5.5
Thiourea, 1-(adamantane-1-carbonyl)-3-cyclohexyl -9.0 -8.4
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Thujanol -6.3 -6.3
trans--terpineol -6.8 -6.2
Undecane -4.7 -5.8

The results showed some hit compounds for Fabl and FabZ with high biding energy. 11alpha-

Hydroxyprogesterone have high binding energy with Fabl (-10.7 kcal/mol) and Fab Z (-10

kcal/mol). The second hit is Aspidospermidin, which also have a high binding energy with Fabl

(10.2kcal/mol). The third is Thiourea,- which have a binding energy of -9 kcal/mol for Fabl and

-8.4 kcal/mol for FabZ.

The binding site for Fab | with 11 alpha-hydroxyprogesterone (hit 1) and with Aspidospermidin

(hit 2) were shown respectively in figure 4.14 and 4.15. The 3D structure of Fabl was download

from PDB, and the active sites were determined before docking. After the virtual screening, the

ligands were found to bind inside the active site and were in interaction with many residues in
the active site (figure 4.14, 4.15).
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Figure 4.14: Interaction site for Fabl (chain B) and hit N°1 (Hydroxyprogesterone)

Residue with hydrophobic interaction: lle 369, Phe 368, Tyr 267, Tyr 277, Ala 312, Gly 313,
Ser 215, Pro 314, Tyr 111, Leu 265, Ala 320, Ala 319 and hydrogen bound with Ser 317.
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Figure 4.15: Interaction site for Fabl (chain B) and hit N°2 (Aspidospermidin).

Residue with hydrophobic interaction: Tyr 277, Tyr 267, Ala 320, Gly 313, Leu 315, Tyr 111,
Ser 317, Gly 110, Met 281, Ala217, Ala 319, lle 323, Lys 285, and Thr 266.

The binding site for FabZ with 11 alpha-hydroxyprogesterone (hit 1) and Thiourea,-(hit2)
were shown respectively in figure 4.16 and 4.14. There is mostly hydrophobic interactions

with the ligands, and also one hydrogen bind between Thiourea and the residue Tyr 100(G).
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Figure 4.16: Interaction site for FabZ (chain K, L, I, H) and hit N°1 (Hydroxyprogesterone).
Residue with hydrophobic interaction: Tyr 100(l), Pro 101(K) 267, Tyr 100(H), Asn 131(K),
Asn 131(1), Tyr 100 (L), Pro101(L), Pro 128 (K), Tyr 100(K), Asn 131(L) and Pro 128(L).
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Figure 4.17: Interaction site for FabZ (chain K, L, I, J, G) and hit N°2 (Thiourea).

Residue with hydrophobic interaction: Phe 129(J), Pro 101(J), Pro 101(1), Tyr 100(l), Pro

128(1), Tyr 100 (1), Tyr 100(K), Asn 131 (L), Phe 129(J), Pro 128(J) and one hydrogen bond
with Tyr 100(G).
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CHAPTER FIVE

DISCUSSION

5.1 Phytochemical screening, Total phenol, and total flavonoid:
5.1.1 Phytochemical screening

The phytochemical screening revealed the presence and absence of different secondary
metabolic compounds. Some phytochemical compounds like terpenoids and glycosides were
found in all extracts. Previous studies have reported terpenoids such as triterpenes,
sesquiterpenes and diterpenes to exhibit antibiotics, insecticidal, anthelmintic and antiseptic
activity (Duke et al., 1992; Parveen et al., 2010) while glycosides are known to treat congestive
heart failure and cardiac arrhythmia (Vladimir et al., 2001). Alkaloids were only found in the
ethanolic extract from South Africa and Kenya; the test was negative for the other extracts.
Tannins were detected in all ethanolic and water extracts, which according to earlier studies is
reported to have antibacterial (Hisanori et al. 2001), antitumor and antiviral activities (Kumar
et al., 2013). They work by precipitating microbial protein, thus making nutritional protein
unavailable for them. Saponins were found in all water extracts. It’s believed saponins have a
favorable effect on cholesterol, can help boost the immune system, have an antioxidant effect,
and may even support bone strength [2]. Phytochemical screening is essential because

especially the therapeutic potential uses as medicinal plants.

5.1.2 Total phenols and total flavonoids
This study demonstrated a different level of phenols and flavonoids from the different plant
extracts, depending on the solvent used and also depending on the agro-ecological localization
of the plant extracts. The difference in phenols and flavonoids may be due to various
geographical locations in which sampling was done because this soils and other environmental
factors may have a great influence on the phytochemical contents of the plant (Borokini et al.,
2012). Extensive data are showing that flavonoids and phenols synthesis in the plant is
influenced by different factors abiotic and biotic including UV light radiation, drought, ozone,
phytopathogens, insect-deterrent (Duangjai et al., 2018), and environmental factors (Borokini
et al., 2012). Globally the results show that Artemisia afra plant collected from Burundi had

the highest flavonoids and phenols content compared to the other plant collected in different
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agro-ecological location. Also, ethanolic extract from Burundi had the highest phenols content
and flavonoids content. This study also reported that Ethanolic extract from Burundi had the
highest phenols content and flavonoids content. Then the second concentration was the DCM
extract from Burundi, which also had high flavonoids content compared to water and hexane
extracts. On the other hand, water extract from Burundi was reported to have more phenols
compared to the DCM extract. Previous studies have reported phenolic compounds as well as
flavonoids to be well-known antioxidant and to contain many other important bioactive agents
that have long been known to have human health benefits like, curing and preventing many
diseases (Nikolova et al., 2005). It can be speculated that the high concentration of phenols and
flavonoids of Artemisia afra is responsible for their medicinal properties and antioxidant
activity. In this study, ethanol and water solvents, extracts had more phenols than DCM and
hexane solvent; this could be due to high polarity as reported in earlier studies (Prashant et al.,
2011).

Furthermore, Burundi had the highest level of flavonoids followed by Tanzania, then Senegal
and lowest reported in South Africa and Kenya. These differences in term of phytochemical
concentration are due to their different location and may be attributed to different antioxidant
activities. The global results indicated that polyphenolics are important components of A. afra,
and most of the pharmacological effect attributed to this plant could be due to the presence of
these valuable constituents. To the best of our knowledge, this is the first study to report total
phenol and total flavonoids content results for Artemisia afra plant with gallic acid and rutin as

standards.

5.2 DDPH and Antimalarial assay:

This study has reported the antimalarial properties of Artemisia afra plant and also the
antioxidant activity. Artemisia afra plant collected from Burundi (hexanolic; ethanolic and
DCM extract) expressed the highest antimalarial activity which could be due to high-level
content of flavonoids and phenols compared to the others plants collected from Senegal, Kenya,
Tanzania and South Africa. The hexane extract from Burundi had the highest antimalarial
activity followed by Burundi ethanolic extract, then Burundi DCM extract. On the other hand,
Burundi ethanolic extract had the highest antioxidant activity, followed by Burundi DCM
extract and lastly Burundi hexane extract. In this study, the antimalarial activities and the
antioxidant activity do not always correlate. For example, Burundi hexanolic extract had here

the highest antimalarial activity but not the highest antioxidant activity. Research done by
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Stephen et al. (2012) about the antioxidant activity of methanolic extract of Artemisia afra
collected in South Africa is in line with our findings. Study done in South Africa by Clarkson
et al. (2012) about in vitro antiplasmodial test against D10 with extracts of A. afra collected in
South Africa showed different IC50, for (i) DCM, (ii) MeOH and (iii) Water were 5, 8 and
>100 pg/mL indicating non-polar solvent DCM extract to have highest activity against the P.
falciparum. This results from this study had higher IC50 compared to the study by Clarkson et
al. (2012). The variation may be due to the difference in extraction technique or the storage of

the plant sample.

The water extracts did not show any antimalarial activity, but some study shows that concoction
is more active than infusion and also more active than normal water extraction without any
heating. Concoction may help in access to essential mineral (Baldwin’s team, 2012). This
suggests that concoction may extract more active compounds which are more efficacious. This
is in line with the In vitro antimalarial test done by Gathirwa in 2007, which showed a high
activity in Artemisia afra water extract (Gathirwa et al., 2007). Although the study reported that
water extract of Artemisia afra extracted without any heating has no antimalarial activity
(Gathirwa et al., 2007), however, the current research reported high antioxidant activity with
Burundi water extract, followed by Kenya water extract. The total phenols and total flavonoids
were found to correlate positively, and the correlation between phytochemical compounds and
the antioxidant activity was negative, these results indicate that more they the total phenols or
flavonoids is high and more the antioxidant activity is high.

5.3 Acute oral toxicity and in vivo antimalarial activity

Based on the previous results Artemisia afra collected from Burundi showed the highest
antimalarial and antioxidant activities, so the extracts of A. afra from Burundi was chosen and

tested to check his toxicity but also his In vivo antimalarial activities.

5.3.1Acute oral toxicity

The toxicity was ran using mice toxicity sign and body weight was recorded every day at the
end of the test the organs were weight and the blood was collected to test the ALT and AST

parameters of the liver.

-74 -



5.3.2. Body and organs weight
Acute (single dose) toxicity was conducted in mice swiss albinos for a period of 14 days to
determine the toxicity of A. afra plant extracts collected from Burundi. Most studies have tested
toxicity only on the aqueous extract of that plant. The toxicity of A. afra extracted with other
solvents (DCM; ethanol, hexane...) needs to be investigated because also having high
antimalarial activities due to interest in the medicinal value of the plant. In this present study,
the ethanolic, hexane, and DCM extract of A. afra were tested for their toxicity and also for
their antimalarial activity in mice. The result of the acute toxicity did not report mortality with
single oral dose up to 2500mg/kg body weight. Only one individual mortality was recorded for
the DCM extract at the dosage of 2500mg/kg body weight. The present result, therefore,
suggests that the oral LD50 of all the extracts are greater than 2500mg/kg. Others studies after
an acute toxicity test have reported an LDsg more than 5000mg/kg of body weight but for
Aqueous extract of Artemisia afra (Idris et al., 2015) that showed that the aqueous extract is
much safer. During the 14 days test, the body weight was recorded daily. Body weight changes
are indicators of adverse side effects of drugs and chemicals (Hilaly et al., 2004), as the animals
that survive cannot lose more than 10% of the initial body weight (Teo et al., 2002). An Increase
of the body weight for all groups is observed during week 2. Increment in body weight
determines the positive health status of the animals (Heywood et al., 1983). However,
differences between the experimental and control group were noted. A decrease of body weight
was observed for the group of mice treated with DCM extract at the dosage of 2500mg/kg and
also for ETOH extract at 2000mg/kg compared to the control, but for hexane extract of A. afra
at the dosage of 2000mg/kg of body weight there is a gain of weight compare to the control.
For the other groups, the weight gain is not significantly different from that of the control group.
Therefore, the overall weight gain in both treated and control mice might indicate a good health
status of the experimental animals. Research done by Eshetu et al., 2016 in the same
observation was done during an acute oral administration test of aqueous extract of Artemisia
afra. For the weight of the organs, there were no significant differences between the
experimental groups and the control. Organs weight is an index of swelling, atrophy or
hypertrophy (Amresh et al., 2008). Comparison of organ weights between control and treated
groups have conventionally been used to predict toxic effects of test material (Nisha et al., 2009;
Pfeiffer, 1968) and help to know if the organs were exposed to injury or not. However, in the
present study, there was no significant change in organ (liver, spleen, and kidney) weights and

gross visual examination of the organs of both treated mice and the controls. These showed the
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normal architecture, no colour change and no morphological disturbances, indicating that the
acute toxicity oral doses of A. afra extracts administered had no effect on the organs of the mice

and was well tolerated.

5.3.3 Biochemical parameters (ALT and AST)

ALT and AST biochemical test were evaluated using the plasma from the blood of the mice to
obtain further toxicity related information, not detected by direct examination of organs and
body weight analysis. No statistical differences were noted when we compare the experimental
mice with the control, which suggested that the extracts have no effect on the liver function.
Generally, liver cell damage is characterised by a rise in serum enzymes like AST, ALT, ALP,
etc. (Brautbar et al., 2002). In our results AST is more expressed compare to ALT this is due
to that AST is expressed in higher concentration in a number of tissues (liver, kidney, heart and
pancreas) and it is released slowly compare to ALT (S. Chanda et al., 2017 Artemisia afra is a
promising medicinal plant with a high antimalarial effect. Mostly the acute toxicity for A. afra
plant is done for the aqueous extract it is also very important to check the toxicity of the plant
extracts when others solvents are used for the extraction. The antimalarial effect is more
important when the plant is extracted with others solvent for example with methanol or ethanol
compare to when it is extracted with water because this solvents (methanol, ethanol) extract
more bioactive compounds that may have medicinal importance. The problem using those

solvents is they may have toxic effect why toxicity test is important to run for them.

5.3.5 Effects of Acute Administration of the Extract on Histology of the Kidneys and
liver

The microscopic architecture of the kidneys and livers in treated mice had similar appearance
to that of the controls. Administration of the extracts only caused minimal tissue effect in some
animals, mainly characterized by congestion of blood vessels. There were no histopathological
changes visible in the kidneys. Minimal changes noticed in the liver include multiplication of
Kupfer cells and mild loss of hepatolobular arrangement in some slides. There are mild toxicity
signs that have any implication on the health of the mice.

5.4 In vivo antimalarial assay

The in vivo antimalarial assay of A. afra extracts (EtOH, DCM, and Hexanolic extracts) was

found to have high activities. A. afra extracted with ethanolic have the highest activities with
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an ED50= 6.45mg/ml, following the DCM extract ED50=11.99mg/ml then following by the A.
afra hexanolic extract (ED50= 14,79mg/ml). The results are in line with an erlier study did by
Gathirwa et al., who found a high chemo-suppression activity of A. afra plant extracted with
MeOH during in vivo antimalarial activity with P. berghei anka (Gathirwa et al., 2007). A. afra
not only has a big antimalarial activity but also was found to inhibit rapid growing of
Mycobacterium aurum and virulent Mycobacterium tuberculosis replication (Siyabulela et al.,
2009), to reduce also blood glucose and may have beneficial effects on complications of
diabetes (Idris et al., 2015), and also to have potential anticancer properties (L. Spies et al.,
2012).

5.5 GCMS of Artemisia afra extracts

After the in vitro and in vivo antimalarial test, GCMS was run in all the three extracts: ethanolic;
hexane and dichloromethane of Artemisia afra leaves from Burundi. 10 compounds were found
in hexane extract; the major compound was Eucalyptol (55.5%). Cineole or Eucalyptol has
mucolytic, bronchodilating and anti-inflammatory properties and reduces the exacerbation rate
in patients suffering from COPD (chronic obstructive pulmonary disease), as well as
ameliorates symptoms in patients suffering from asthma and rhinosinusitis (Juergen et al.,
2013). In the dichloromethane extract, 30 compounds were detected by GCMS, and the major
compounds were Borneol (33.5%) and Eucalyptol (21.9%). Borneol is a common ingredient in
many traditional Chinese herbal formula and has a wide range of uses, It aids the digestive
system by stimulating the production of gastric juices; tones the heart and improves circulation;
treats bronchitis, coughs, and colds; can relieve pain caused by rheumatic diseases and sprains;
reduces swelling; relieves stress; and can be used as a tonic to promote relaxation and reduce
exhaustion (http://acupuncturetoday.com/herbcentral/borneol.php). In the methanolic extract,
the major compound was also Borneol (Bicyclo [2.2.1] heptan-2-ol, 1, 7, 7-trimethyl-, (1S-
endo) (40.6%). Majority of the compounds found in the ethanolic were also found in the
dichloromethane and some also in the hexane extract. The same major compound was found
by Josphat et al. when analysing the essential oil from Artemisia afra by GCMS. The major
constituents were 1, 8-cineole (67.4%), terpinen-4-ol (6.5%) and borneol (5.1%) (Josphat et al.
1995). The medicinal effect attributed to that plant can be because of the presence of all those
active compounds. The first line against malaria is artemisinin and derivatives, which are
extracted from Artemisia annua. Artemisinin was not detected in all three extracts of Artemisia

afra, so this means that the antimalarial activity laid on the other active compounds of that plant.
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5.6 Gene Expression

Inhibition test was run by incubating during 48hours the parasite cultures with A. afra extracts
to study the expression level of the P. falciparum Fab enzymes (Fabl and Fab Z). The fab
Enzymes play an important role in fatty acid synthesis pathway (FAS Il). The prodigious
proliferative capacity of malarial parasites necessitates access to an abundant source of fatty
acids (FAs). These carboxylic acid-linked acyl chains are required for the production of lipid
species that are essential for parasite membrane and lipid body biogenesis (Palacpac et al.,
2004). It has been shown that FAS Il can be exploited for antimalarial drug discovery (Waller
et al., 2003; Perozzo et al., 2002). In our results, FabZ (D6 strain) was found to be
downregulated by the ethanolic and hexane extract of A. afra. Fab Z is the primary dehydratase
that participates in the elongation cycle of saturated as well as unsaturated fatty acid
biosynthesis (Kumar et al., 2003). Downregulation of FabZ can lead to parasite death due to his
crucial role in the fatty acid biosynthesis. Fab | also play a crucial role during liver-stage of
malaria infection (Min Yu et al., 2008). A downregulation of Fab | can lead to a failure of the
parasite to complete the liver stage by an inability to form intrahepatic merozoites that normally
initiate blood-stage infection. The results showed a downregulation of Fab | by the ethanolic
and the DCM extracts of Artemisia afra for the W2 strain, and in the D6 strains the gene is
downregulated by the hexane and ethanolic extracts; this indicated that Artemisia afra could act
as a drug with a prophylactic effect that can be able to stop the parasite in the earlier liver stage

before the spread into the bloodstream.

5.7 Affinity binding with Fabl and FabZ

A library was created based on the compounds found during GCMS and was screened against
the two fab enzyme (Fab | and FabZ) to test their potential interactions using Autodock Vina
with PyRx.

Autodock Vina is docking software that aims to predict the ligand-protein complex structure
by exploring the conformational space of the ligands within the binding site of the protein. A
scoring function is then utilised to approximate the free energy of binding between the protein
and the ligand in each docking pose (Evanthia et al. 2014).
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After the virtual screening all compounds were found to display a binding affinity that varies
from high to low with the Fab enzymes, this may indicate that the all active compounds of
Artemisia afra may play a significative rule by interacting with the P. falciparum Fab enzymes,
which has a significant role in parasite survival during malaria infection. Comparison of the
different binding energies for all molecules have shown up some dock hits. It was found that
11 alpha-Hydroxyprogesterone, Aspidospermidin-17-ol, 1-acetyl-19, 21-epoxy-15, 16-
dimethoxy, and Thiourea, 1-(adamantane-1-carbonyl)-3-cyclohexyl were the efficient binders,
with high binding energy. There is no literature about the pharmacological effects of
Aspidospermidin- and Thiourea, 1-(adamantane-1-carbonyl)-3-cyclohexyl. 1lalpha-
Hydroxyprogesterone has recently been patented for the treatment of skin diseases,
particularly psoriasis, it is an important pharmaceutical compound with anti-androgenic and
blood-pressure-regulating activity (Nguyen et al., 2012). Those active compounds were also
found to interact with most of the residue of the active side of Fab I. However, an in vitro test

is necessary to confirm their antimalarial activity.

5.7 Conclusion:

The antimalarial effect of A. afra plant has been demonstrated in that study. The results showed
a big in vitro and also in vivo antimalarial activity and no toxicity effect. A. afra constitutes a
great candidate in the battle against malaria. Due to the inhibition of Fabl, this plant can be used
as a prophylactic drug to prevent malaria. The drug screening of the active compounds of that
plant shown high interaction with the Plasmodium falciparum fab enzymes, this useful in the

search for new anti-malarial drugs from natural sources.

5.8 Recommendation

o These results provide room for future extensive investigations on the plant.

o Isolation and characterization of the bioactive compounds leading to establishment of novel
antimalarial compounds.

o Toxicity test of the actives compounds

o Invitro test of the active compounds

o Use of the herb as profilactic and curative remede against Malaria.

o Overcome drug resistant malaria with A. afra.
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5.9 Ethical consideration

Permission to carry out this study and ethical clearance was sought from the CBRD Scientific
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