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ABSTRACT

Background

Malaria continues to be a health threat in many parts of the world, claiming 2-3
million lives annually. Treatment and control of malaria have become more difficult
with the spread of parasite resistance to modern antimalarial drugs and limited
availability of effective and safe alternatives. This situation has highlighted the need
for new effective antimalarials.

Traditional herbal remedies have been used to treat malaria for thousands of years and
continue to be a source of treatment in areas where access to effective antimalarial
drugs is difficult. In South Africa, over 3000 indigenous plant species are used for
medicinal purposes. South African flora, by virtue of its biodiversity has a significant
role to play in being able to provide new leads that can be developed into
antimalarials. However, little work has been done to investigate the antimalarial
potential of medicinal plants indigenous or endemic to South Africa. The few plants
that have been shown to possess antiplasmodial activity have not been assessed for
toxicity. Of some of the plants that have shown positive antiplasmodial activity, the
constituents responsible for activity remain unidentified. In the search for antimalarial
lead compounds, this thesis describes the investigation of in vitro and in vivo
antiplasmodial activity and toxicity of five plants, and the isolation and
characterisation of plant constituents that are responsible for activity.

Methods and Findings

In a small-scale ethnobotanical survey, 10 plants species endemic to South Africa
were reported for use in treatment of malaria and fever. Based on the preliminary
screening of the plants extracts, five plant species; Tarnconanthus camphoratus,
Eriocephelus africanus, Warburgia salutaris, Achillea millefolium and Agathosma
betulina, were selected for further investigation. The in vitro antiplasmodial activity
of the plant extracts was assessed against cultured blood stage parasites of
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Plasmodium falciparum using the parasite Lactate Dehydrogenase assay. Extracts
which exhibited antiplasmodial activity of 10 pgml® and below were considered
active. Cytotoxicity was tested on Chinese Hamster Ovarian mammalian cell line
(CHO) in an in vitro 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide
(MTT) assay. Plant extracts that exhibited antiplasmodial activity were subjected to
fractionation using a combination of chromatography techniques. Bioassay-guided
fractionation led to the identification of compound(s) responsible for the
antiplasmodial activity in each plant extract. The identity of the compounds was
determined by two dimensional 'H and “C nuclear magnetic resonance (NMR)
spectroscopy, or Gas Chromatography Mass Spectrometer (GC-MS). The in vivo
antimalarial activity of the extracts and selected fractions was determined using
modified protocols of a 4-day suppressive test in Plasmodium berghei ANKA mouse
model. '

The dichloromethane (DCM) extract of T. camphoratus possessed in vitro
antiplasmodial activity (ICse= 7.7 pgml™) and low cytotoxicity (ICsp > 100 pgml™).
Bio-assay guided fractionation using a combination of Solid Phase Extraction (SPE)
and High Performance Liquid Chromatography (HPLC) led to isolation of 5,7
dihydroxy-flavanone, which showed antiplasmodial activity against CQ sensitive D10
(ICso = 2.2 pugm™) and CQ resistant K1 (ICsp = 2.4 pgm™) strains of P. falciparum,
and low in vitro cytotoxicity (ICso = 89.1 pgml™). The DCM extract of E. africanus
showed anitplasmodial activity against D10 (ICsy = 8.5 pgml™) and K1 (ICso = 8.7
pgmi™) and low cytotoxicity (ICso = 89.1ugmi™). Fractionation of the extract led to
the isolation of four compounds, three of which were identified as carnasol, Lup-
20(29)-en-28-0ic acid, and 5, 7-dimethoxy-4-hydroxyflavone. The compounds had
antiplasmodial activity with ICso values 7.6 pgmi™, 9.5 pgml™, and 6.5 pgm!™ against
D10 respectively. The unidentified compound showed activity against D10 with ICsp
of 6.9 pgmi™. The identified compounds showed varying degrees of toxicity with ICsp
values 4.4 pgml™, 9.6 pgml™, and 35.5 pgmi™ respectively. The ethanol (EtOH) leaf
extract of W. salutaris possessed antiplasmodial activity against D10 (ICsp = 2.5
pgmi™) and K1 (ICsp = 2.8 pgml™) strains. The DCM twig extract of this plant
showed activity with ICso values of 1.8 pgml™ and 3.6 pgmi™” against D10 and K1
respectively. The active plant constituents were identified as cinnamolide (ICsp = 1.4



pgmi™) and 3p-acetoxy-cinnamolide (ICso = 0.84 pgmi™). Interestingly, cinnamolide
showed less toxicity (ICso = 30.5 pgmi™) than its derivative (ICso = 3.6 pgml™).

The DCM extract of 4. millefolium exhibited similar antiplasmodial activity against
both D10 (ICso = 3.9 pugmi™) and K1 (ICsy = 3.8 pgml™). A combination of flash
chromatography and column chromatography led to semi-pure fractions with
enhanced activity (ICsp= 1.3- 2.8 pgml™), and the isolation of an active constituent
which possessed antiplasmodial activity with ICsy of 4.4 pgml™! against D10 and low
cytotoxicity (ICso > 100 pgml™). Although the DCM leaf extract of A. betulina had a
low antiplasmodial activity (ICsy = 14.4 pgml') against D10, its SPE fractions
showed enhanced activity ranging from 1.6 to 2.0 pgml™, and low toxicity (ICsp > 100
pgml™). The active components within each fraction were identified by GC-MS.
Some of the identified constituents have been reported previously as components of
the essential oil and fatty acid composition of the plant.

The acute toxicity experiments performed in mice revealed that the DCM crude
extracts of 4. millefolium, A. betulina, T. camphoratus and EtOH extract of W.
salutaris had no toxic effects when administered at a dose of 500mg/kg per day for 7
consecutive days. The DCM crude extract of E. africanus had effects of toxicity at
oral doses of 500mg/kg and 250mg/kg per day. The antiplasmodial suppressive test
showed that extracts of 4. millefolium, W. salutaris and A. betulina possessed
antimalarial activity with an average chemosuppression percentages of 46.5%, 95%,
and 55.7% respectively. The selected active fraction of W. salutaris showed good
suppressive and curative schizontocidal activity when administered both orally and
subcutaneously. The fraction however, exhibited no prophylactic activity. The active
fraction of A. betulina extract exhibited opposite results. The fraction possessed
prophylactic activity when administered 72hours before infection, but showed no
schizontocidal curative or suppressive antiplasmodial activity when administered at a

dose of 250mg/kg per day.
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I [Iatroduction and Literature Review

1.1 Malaria

Malaria 15 a parasilic inlectious disease caused by protosoa belonging to the genus
Mavmodinm. Parasilic protosoa are single celled organisms known to cause a variety

of diseases ip many animals including humans.

Malaria is a serwous wlcctious discase thal kills more people than any other
communicable discase. exeept tuberculosis and 1HV/ATIDS, T s estimated that there
are 300-300 million cases of malaria annually across the world with a mortality ol 2-3
million deaths, of which one million are children | WHOQ. 2003; WHQ, 14997
Children and pregnant women are at special risk to malaria [Desai ef of | 2007]. Over
80 percent of the reported cases occur in Africa, while one million deaths oceur in
sub-Saharan Africa alone, [WIIO, 1989 WITO, 2000; Beicrsman, 2007 |. Malaria has
now become a health tlreal in more than ) countrics, which are inhabited by 40

percent ol the world's population] Sharp, 1993 ] (lipure 1.1.1.1).

Figure 1.1.1.1 The estimated incidence of elinical malaria episedes, caosed by any specics of
Plasmediom. Svurce: htep:ffwww.rimuwheint/wme2 M5 hom Vmaspd.bom

Malaria epidemics are more lrequent 1n tropical and semi-arid areas, where the warm
and hurnid climate favours increased veclor breeding and survival [Abeko, 2007].
‘There is however a trend of incrcasing malaria transmission in highland arcas in
Africa. Malaria is geographically specific, but the mass movemeni of refugees.

migrant workers and non-immunce travetlers across borders have facilitated 1the spread



of the discase across the elobe There has also been an mercase i the number of
reported cases of imported malaria in Lurope and North America, with over 30 G040
cases annaaily, France which has the largest numbers of migrants of Afrnican ongin,
Ihuted Kingdom, Uniled States, laly and Germany were wop countnes with the

highest number of cases of impocted malana |Legros ef @f., 2007,

1.1 Plasmodivm species affecting mammals

here are four species of Plasmodinm which are able to infect humams; Plasmodivm
avale, Plosmodinm vivex, Plasmodivm wciarvia and Plasmodion fulciparum. OF the
four species, P falciparsm and P.oovivax are the most conunon causatlve agents of
severe malana. P faleiparion 15 the most vitulent and accounts [or the magority of
inlections and deaths. P madarice has a low prevalence even mn malaria enderic
arcas, while {2 ovafe 15 rarely reported as a cause of mortadiy | Mims ef af., 2004 and
Mueller e «f.. 2007 Other Plasmaodien species that are mammalian pathogens
mclude £ berghed, £ chabandi, £, voell and P owimckei. These species generally

affeet lower mammals.

1.1.2  Transmission of Malaria

Maluria parasites are transmitted by the various species of female Anopheles
mosquitoes, The parasite needs two hosts in order W complete s Life eycle; the
heuman host and the mosguitoes. All four Mlasaodinm species that affect himans have

a similar lite cyele [Khan and Witers. 2004

1.1.3  The lifc cycle of the malaria parasite

The complex life eycle of Plusmoditan comprises of four phases. The first phase 15
sexietl hul without multiplication while the following three phuses are asexual with
multiplication. The sextel and first ascxual phases occur in the mosguiloes while the

last two asexudl phases oceur in the infected human host (Figeee 130D,

When an inlected mosquito bites an individual, @ small amount of saliva containing an
anticoapulant and sporeroites enters the bloodstrean. Sporozoites migrate through the

Iymiphitics and Bloodstream 1o the liver and rapidly invade hepatocytes. In the liver.



the parasite undergoes a series of asexual replications, The parasite grows and
undergoes several nuclear divistions withouwt the cvtoplasm dividing. Division of the
cvioplasm thea follows. and the infected hepatocyies rupture and release thousands of
small offspring. merozones mio the blood stream o mvade host eryilrocyles, Fvery

siecesstul sporozoile can produce some 200,000 merozoites | Ménard, 2000,

In the intra-ervtlrocytic stage the parasites feed upon the host cell’s haemoglobin and
undergo developmental stages | Prescott, 1993 |, Merozoifes develop into (rophozoites,
which divide ascxually to produce schizonts. Schizonis divide and rapture the
crvthrocyte to release 16-32 merozoits por schizonl |Bannisicr et of, 2002). It 13
during the schizont rupture that a toxin fereiprotoporphyrin, also known as heam. is
refeased. This intra-ervthrocytic stage ol the parasite s cyclic and 1s repeated every 48

or 72 hours depending on the specics of the parasie.

“pnrnzae P Funrans
: P - o
Marazaites A {cla i (] o ——
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Firure 1.1.3. 1 The life cycle of the malaria pacasite, Masmodism, Source:
hitp:encarta.msa.com/media_do015341582/Life. Cvele_of the Malarvia Parasite html

While in the erythroeyles. merosoites can develop into male or fomale gametocyvtes
that can be ingested by a mosqutto during u blood leed. Cnee inside the mosguilo gut.
the pametocytes luse to produce a zygote. The zvgote asexually repheates and
differentiates {o lorm spororoites that spread o the mosquilo’™s salivary glands and

can be inoculated into a mammalian host.



1.1.4 The Pathogenesis of Malaria

During development in the erythrocyte, the parasite depends on the uptake of
nutrients and essential solutes such as hemoglobin from the host cell or from the
extracellular environment for survival [Goldberg ef al., 1990]. The parasite feeds on
the globin component of haemoglobin, and releases ferriprotoporphyrin (haem) toxin
into the blood stream. The toxin causes a cytokine response that leads to the typical
malaria symptoms. [Berman, 2004]. The haem is toxic to the parasite. However the
parasite has developed mechanisms to detoxify the heam by polymerising it to form
nontoxic haemozoin [Fitch et al., 1999 and Pandey et al., 2003].

Malaria caused by P. falciparum is called falciparum malaria. P. falciparum malaria
is considered a serious illness. It is a much more progressive and lethal illness. The
typical symptoms are high fever, weakness, chills, loss of appetite, diarrhea, vomiting,
nausea, headache and malaise [Beiersmann ef al., 2007; Legros et al., 2007; English
et al., 1996]. Irregular tertian fever is experienced at first, followed by dysfunction of
main organs such as the brain, liver, spleen, kidneys and lungs. Then there is rapid
deterioration of the patient into stupor, fits and coma. From coma, the end result is
usually death, especially if the patient is not treated immediately [MacPherson ef al.,
1985; Hearn ef al., 2000; Idro et al., 2005; Heddini, 2002].

1.1.5 Partial Immunity to Malaria

The severity of the malaria illness depends mostly on the immunity of the person who
is infected. Indigenous people and inhabitants in endemic areas have developed partial
immunity called premonition [Soe-Soe et al., 2001]. In such people, parasites are
commonly found in their blood without the experience of malaria symptoms
[Thomson, 1933]. Immunity to a specific species of Plasmodium is acquired slowly in
response to repeated infections of that species. Partial immunity is short-lived and can
be lost if there is no longer a continuous exposure to the infection. People who have
acquired immunity may contribute to some extent to the spread of the parasites
through blood transfusion and as carriers of parasites to help complete the life cycle.



Hereditary traits such as glucose-6-phosphate dehydrogenase deficiency, sickle cell
anaemia, P-thalassaemia and haemoglobin E, absence of a duffy blood factor, are
partially protective against malaria [Miller et al., 1976; Hutagalung et al., 1999;
Edingto and Watson 1965; Yuthavon and Wilairat 1993; Gilles, 1967; Martin, 1994].

1.1.6 Prevention and Control of Malaria

The type and target of preventive interventions in a country depends on the cost-
effectiveness, time, and availability of both financial and human resources [Abeku,
2007]. Preventive measures for malaria involve use of insecticide-treated bednets,
repellents and protective clothing. Complete prevention of malaria has unfortunately
been set back by a widespread resistance of the vector mosquitoes to insecticides such
as DDT [Subbarao, 1988; Corbel et al., 2007].

The interventions aimed at controlling and containing the epidemic include case
management through prompt diagnosis, antimalaria therapy and vector control.
Vector control encompasses indoor residual spraying with insecticides, and
larvicide’s, and proper environmental man;tgement to limit the number of mosquito
breeding sites.

1.1.6.1 Vaccine for malaria

Vaccination is regarded as the most cost-effective and powerful prevention strategy
for attacking the malaria problem [Graves, 1998]. The rapidly growing problem of
drug resistance and resistance of the vector to insecticides have made vaccine
development highly imperative. Unfortunately production of a safe, effective and
affordable vaccine for malaria has not been successful. This is mainly due to the
complexity of the malaria parasites and the difficulty of identifying and selecting the
appropriate protective antigens from a parasite [Webster, 2003; Xin-zhuan et al.,
2003].

However, significant progress has been made in malarial vaccine research. While a
number of potential targets in the parasite have been identified, recent research has

proved that the whole organism strategy and strategies that combine many antigens to



induce responses are more successful than those based on single antigens [Pinzo-
Charry ef al., 2006]. Several candidate malaria vaccines are being investigated, and
some are in early clinical trials [Ghosh et al., 2002, Schellenberg et al., 2005 and
Girard et al., 2006]. Some of the milestones achieved include the launch of a phaselb
candidate malaria vaccine trial by The African Malaria Network Trust [Wanga, 2007]
and phase IIb trials [Alonso et al., 2004; Snounou et al., 2005].

1.1.6.2 Treatment of malaria

In the absence of a vaccine for malaria, chemotherapy remains the major approach to
combating the disease. Unfortunately, other than the artermisinin derivatives, there
are few effective antimalarial drugs on the market, as the malaria parasite has grown
resistant to most of them [Peters, 1998]. Meanwhile, more effort is directed towards
improving on other crucial factors such as early diagnosis, correct dosing regime, and
use of combination therapy, to influence the epidemiology of the disease.

1.1.6.2.1 Classes of antimalarial drugs

There are three main groups of antimalarial drugs in use; the quinoline based
antimalarials, the antifolates, and artemisinin and its derivatives. P. falciparum has
developed resistance to almost all drugs except artemisinin and its derivatives.

L.1.6.2.1.1 Quinoline-containing antimalarials

Quinolines have been the most important class of antimalarial drugs. These include
quinine, quinidine, synthetic derivatives; chloroquine, mefloquine, primaquine, and

amodiaquine (Figure 1.1.6.1).

a b

Figure 1.1.6.1 Chemical structures of the antimalarial drags quinine (2), chlorequine (b),
mefloguine (¢), amodisguine (d).



1.1.6.2.1.2 Quinine and Quinidine

Quinine and quinidine are two alkaloids isolated in 1820 from the bark of the
Cinchona tree, which is native to South America [Foley and Tilley, 1998]. Quinine
was one of the first effective treatment drugs for malaria until the emergence of
parasite drug resistance in the 1940s. Resistance has since spread at varying degrees
across the world [Gregson and Plowe, 2005]. Quinine is now used as a second or third
line drug in Africa for treatment of severe cases of chloroquine resistant malaria
{ Wongscrichanalai et al., 2002]. Quinidine, which can also be prepared from quinine,
is used mostly as an antimalarial in the US but not in most African countries. Both
quinine and quinidine have a gametocidal effect on P. falciparum and P. vivax
[Skinner, 1996] and lethal effects on late rings, trophozoites and early schizoints
stages of the parasite. Their mode of action is through inhibition of the formation of

the malaria pigment, haemozoin.

1.1.6.2.1.3 Chloroguine

Chloroquine (CQ) is a synthetic analogue of quinine. CQ has played a major role in
the malaria eradication campaigns of the 1950s and 1960s. The wide use of CQ is
attributed to its low cost, safety and suitability for oral administration. Unfortunately,
resistance to CQ emerged in the 1960s, and has now spread across almost all malaria
endemic parts of Africa. CQ however, is still being used for economic reasons even
though its efficacy is on the decline [Sweetny, 1981; Bruce-Chwaat er al., 1986;
Chauhan et al., 2001].

Mode of action of Chioroguine

There are a number of hypotheses on the possible mode of action of CQ [Parker and
Irvin, 1952; Vander et al., 1986; Wellems, 1992; Surolia et al., 1991]. The most
common hypothesis is that CQ acts primarily by interfering with haem polymerizaton
in the intra-erythrocytic stage of the parasite life-cycle [Egan er al., 1994]. Free haem
is toxic to the parasite. The parasite has developed a mechanism of haem
detoxification by polymerizing haem to form a non-toxic haemozoin polymer. In the



absence of CQ, haem is degraded by glutathione and polymerized. There has been
evidence that CQ inhibits haem polymerisation by ‘capping the growing polymer
thereby terminating further growth. Also CQ binds to haem dimers to form haem-CQ
complexes which can bind to growing haemozin and inhibit polymerization. This
results in accumulation of haem in the parasite membrane, which disrupts membrane

barrier properties in the parasite and leads to parasite death [Dom et al., 1998].

1.1.6.2.1.3.1 Mode of chloroguine resistance

A few mechanisms of CQ resistance have been proposed. Evidence has shown that in
resistant strains of the parasite, there is less accumulation of CQ than in sensitive
strains. The actual mechanism of how the parasite attains the decrease in CQ
accumulation is thought to be due to the high rate of CQ efflux, a lower rate of CQ
uptake, or a varying combination of both of these mechanisms. CQ resistance
reversal by drugs such as verapamil, desipramine and chlorpromazine support the
hypothesis of an enhanced CQ efflux mechanism [Krogstad et al., 1987; Martin et al.,
1987; Reed et al., 2000]. The enhanced efflux rate has been linked to mutations found
in the P. falciparum multidrug resistance gene (pfmdrl) [Wellems, 1990; Foote ef al.,
1990] and in P. falciparum CQ related transporter gene (pfcre). [Sidhu ef al., 2002].

1.1.6.2.1.4 Other quinoline- based antimalarial drugs

Amodiaquine is a CQ analogue. Following reports on resistance to CQ, amodiaquine
remained effective against many CQ resistant strains of Plasmodium in many parts of
Africa [Olliaro et al., 1996], but resistance to amodiaquine has since escalated. The
other class of quinolines, the aryl amino alcohol derivatives of quinine, includes
primaquine and mefloquine. These are well tolerated but highly expensive. While
primaquine is active only against the liver stages of the parasite, its analogue,
bulagquine was shown to have gametocidal activity. The subclass of 9-
phenanthrenemethanols such as halofantrine and bisquinoline derivatives are yet
another group of antimalarials which proved to be effective against CQ resistant
strains but have been restricted by reports of serious toxicity. Resistance to



mefloquine and halofantrine developed very quickly and has become a major problem
[Chauban ef al., 2003].

1.1.6.2.1.5 Amntifolates antimalarials

Antifolates are synthetic group of drugs that target the parasite-specific enzymes.
These drugs were designed through synthetic medicinal chemistry and understanding
of the parasite biochemical pathways at a molecular level. Antifolates are divided in
to two classes; the dihydropteroate synthase (DHPS) inhibitors (sulfadoxine and
dapsone), and the dihydrofolate reductase (DHFR) inhibitors (Pyrimethamine and
proguanil) (Figure 1.1.6.2).
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Figure 1.1.6.2 Chemical structures of pyrimethamine (2), proguanil (b}, sulfadoxzine (c), dapsone
{d). Source: hitp://redpoil. Pharmacy.ualberta.ca/drughani/drugbank/PC_IMAGE

1.1.6.2.1.5.1 Mechanism of action of antifolates

Antifolates act by inhibiting the synthesis of folic acid, by interfering with the folate
synthesis pathway [John and Hyde, 2005]. Tetrahydrofolate is the essential co-factor
for the synthesis of pyrimidines and purines, which are the bases needed for DNA
replication [Schellenberg and Coatney, 1961; Gutteridge and Trigy, 1971]. The folate
metabolic pathway is unique to the parasite. Humans cannot synthesize folic acid but
obtain it from their diet. This makes the parasite distinguishably susceptible to folate
synthesis inhibitors [Hyde, 2002].

Antifolate drugs target the enzymes that catalyze various steps of folate synthesis
process. DHFR inhibitors competitively inhibit DHFR by mimicking the structure of
its natural substrate, p-aminobenzoic acid [Zhang and Meshnick, 1991}, while DHPS



inhibitors bind with high affinity to DHPS enzyme, thereby blocking the synthesis of
folate [Diggens et al., 1970]. Since the parasite is unable to take up pyrimidines from
the host, inhibition of folate synthesis retards DNA replication in the parasite, leading
to parasite death.

1.1.6.2.1.5.2 Mechanism of resistance

Resistance to DHPS and DHFR inhibitors is largely due to combinations of amino
acid substitution mutations in the DHPS and DHFR enzymes [Delfino et al., 2002].
These mutations possibly alter the structure (size or the shape) of the target site on the
enzyme, which could impair proper binding and reduce the affinity of the inhibitors.
Some degree of resistance is due to the use of an altetmative pathway to salvage folate
[Wang et al., 1997, Olliaro and Yuthavong, 1999].

1.1.6.2.1.5.3 Antifolate-based combination therapy

Increasing resistance to antifolates prompted the use of drugs in combination, which
proved to be more potent against resistant parasites. Usually two drugs with different
mechanisms of action or a drug with short-half life and another with a long-half life
are combined to minimize the occurrence of drug resistance [Trape, 2001].

Sulfadoxine-pyrimethamine, also known as Fansidar® produced a synergistic effect
on inhibiting the folate synthesis. Although the failure rates of 45%-60% in trials have
been reported [Winstanley, 2001; Winstanley et al., 2002], a number of African
countries still use Fansidar® as the first line treatment drug against uncomplicated
malaria. Unfortunately, resistance to Fansidar has now spread worldwide [Sharma,
1990; Talisuna et al., 2004; 2002; Nzila er al., 2000; TaKecki et al., 2001].
Chlorproguanil-dapsone (LAPDAP) is another low cost combination which proved to
be effective against resistant parasites. Resistance to LAPDAP has been reported but
is less compared to the resistance seen for Fansidar® [AHFS Drug Information, 2000;
Nzila et al., 2000]. Atovaquone-proguanil, also known as Malarone® is another
combination first introduced in 2000. It has high efficacy to multi-drug resistant
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strains. Resistance to Maleron® was reported only two years after its introduction,
and has since escalated [Farnert et al., 2003 and Fivelman et al., 2002].

1.1.6.2.1.6 Artemisinin and derivatives

Artemisinin (Qinghaousin) is a sesquiterpene lactone peroxide, which was first
isolated in 1971 from the aerial parts of Artemisia annua L., a Chinese herb used
traditionally to treat fever and malaria [Klayman, 1985; Li and Rieckmann, 1992;
Dhingra et al., 2000]. Artemisinin and its derivatives (Figure 1.1.6.3) are known for
their rapid activity and high efficacy against multi-drug resistant strains of
Plasmodium [Hein and White, 1993; van Agtmael ef al., 1999].

-1
]

y !

Figure 1.1.6.3 The structures of Artemisinin and its derivatives. Source: Internationsl Journsl of
Pharmacenticals 2047,

The great therapeutic value of artemisinin is limited by a number of factors such as
short half-life, neurotoxicity, and low solubility leading to low bioavailability [Balint
et al., 2001; Akamita, 2005]. As a result, attempts to improve the pharmacokinetic
parameters of artemisinin have led to the development of several semi-synthetic
derivatives; dihydroartemisinin, artemether, arteether and artesunate, which have
greater stability, lower toxicity and greater potency [van Agtmael et al., 1999].

1.1.6.2.1.6.1 Mode of action

Artemisinin and its derivatives contain an endoperoxide moiety, which is crucial for
their antimalarial activity [Meshnick et al., 1996 and O’Neill et al., 2001]. The exact
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mechanism is not thoroughly understood at present. However, there is evidence that
the peroxide bridge is cleaved, consequently generating artemisinin-based free
radicals, which alkylate parasite proteins through formation of covalent bonds
[Jefford, 2001]. It has also been reported that artemisinin acts by inhibiting
cytochrome oxidase, which occurs at the nuclear and food vacuole membrane as well
as in the mitochondria of trophozoites of Plasmodium parasite [Zhao et al., 1986].

Artemisinin and its derivatives kill the parasites at blood stages of their development.

1.1.6.2.1.7 Artemisinin-based Combination Therapy (ACT)

There is no evidence of sustained drug resistance to artemisinin and any of its
derivatives up to date. However, their short half-lives often lead to recrudescence of
parasites after treatment. As a result, artemisinin is used in combination with drugs
with long half-lives [van Agtmael, 1999]. An example is artemether-lumefantrine
combination, which is used as a first-line treatment of uncomplicated malaria
[Olumese, 2006].

1.1.7 Malaria and drug resistance in South Africa

South Africa has had a significant increase of malaria cases since 1996. The disease
reached epidemic levels in 2000. Malaria is distributed unevenly across the 10
provinces in the country. The disease is endemic in three provinces; Mpumalanga,
Limpopo and KwaZulu-Natal. KwaZulu-Natal is at the top with over 50 000 cases of
malaria and over 400 deaths reported in 2003 (DoH National Malaria Update, 2003).
In the year 2005 the annual number of reported malaria cases was approximately 7
755 while in 2006 it went up to 12 098 (Department of Health, 2007).

In South Africa, malaria transmission is distinctively seasonal according to local
climate. In KwaZulu-Natal and Mpumalanga provinces, malaria transmission occurs
in the rainy season, while in Limpopo province, the transmission reaches the peak
during the summer months [DoH, 2000, DoH National Malaria Update, 2003].

Containment of the disease has been challenged by the emergence of drug resistant
parasites. In all three provinces CQ was used as the first-line drug, but had to be
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The parasite strain is considered resistant when it is able to survive and multiply in the
presence of concentrations of a drug that normally destroy parasites of the same
species. But the common use of the term drug resistance usually relates to complete
resistance, which means the ability of the parasite strain to withstand maximum doses
tolerated by the host [Wernsdorfer, 1991].

The development of resistance of the malarial parasite to current antimalarials has
emphasised the need to search for new antimalarial agents with alternative
mechanisms of action. One of the approaches to antimalarial drug discovery is the
investigation of medicinal plants used traditionally to treat malaria and malaria-like

symptoms.
1.2 Traditional Medicine and Traditional Healing

Traditional medicine refers to the health practices, approach, knowledge and beliefs
that usually incorporate plant-based medicine therapy, which are applied to treat,
diagnose, prevent illness, and maintain well-being [Babb er al., 2004]. Traditional
healing is seen as a holistic approach to illness, which addresses treatment of
symptoms, psychological, spiritual, and social aspects of a patient [Goldman, 2001]. It
can be intertwined with religion, cultural beliefs and healing practices. These
practices are usually administered by traditional practitioners.

1.2.1 Use of Traditional Medicine

Traditional medicine and traditional healing have been practised for thousands of
years in countries such as China, India and Africa. Today multitudes of people,
especially populations in rural areas of Africa, Asia and Latin America still consult
traditional healers for health care. WHO estimates that 80% of the world’s population,
mostly people living in developing countries rely heavily upon traditional medicines
for primary health care and as a source of remedies for treatment of diseases [WHO,
2002]. Over the past few decades, there has been an increasing interest in traditional
medicines. The growing utilisation of traditional medicine could be attributed to the

fact that traditional medicine is more easily accessible than modern medicine,
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especially in most rural areas where modern health institutes are far and there is
shortage of health professionals. Populations in urban areas also continue to consult
traditional healers and use herbal medicine because it forms part of their culture
[Beirsmann ef al., 2007]. Traditional medicine is more affordable and people can use
other means of payment convenient to them. Reported records of adverse effects are
less frequent in patients taking herbal medicines compared to recorded adverse effects
from allopathic medicines [Willcox and Bodeker, 2000]. Furthermore, not many cases

of organism resistance to plant extracts have been reported [Gilani et al., 2005].

1.2.2 Traditional Medicine in South Africa

There is a strong history of utilization of traditional medicine in South Africa. It is
estimated that almost 80% of the South Africa population consult traditional healers,
and that there is 1:10 ratio of traditional healers to general practitioners in the country
[Edinburg, 1998]. Although traditional practitioners are classified differently by
various cultural communities in South Africa, the term traditional healer is used
generally to describe a practitioner of indigenous medicine, which includes herbalists,

diviners and faith healers.

The interest in traditional medicine as alternative treatment for ailments has increased
in the last decade owing to the acceptance and understanding of practitioners of
traditional, indigenous and alternative systems of medicine. The South African
government recognizes traditional medicine as an important potential resource for
primary health care. The ministry of Health has made advances in the process of
reassessing traditional medicine and integrating it in the national health care system.
This process encompasses the evaluation, registration, and regulation of traditional
medicines, registration of qualified traditional healers, co-operation between western
and traditional practitioners, and promotion of research for the validation of safety
and efficacy of traditional medicines [Edinburg, 1998; Baleta, 1998].
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1.2.3 Use of plants in traditional medicine and their potential as sources of new

drugs

Medicinal plants form the principal component of traditional medicine. They have
invariably been a rich source for new drugs and continue to provide effective
treatments both in places where pharmaceuticals are unaffordable or not available,
and where the disease is resistant to commonly prescribed drugs [Tran et al., 2003].
The majority of people in the world today rely almost entirely on plant-derived
medicines [WHO, 2002], causing an exponential increase in the market for plant-
based products [Raskin ef al., 2002; Dubey et al., 2004; Voigt, 2006].

A number of biologically active molecules such as antiviral, anti-parasitic, anti-
microbial and anti-inflammatory compounds have been discovered in great diversity
from plants. These compounds have been developed into commercial drugs, and
some have provided chemical skcletdns for synthesis of more drugs. In developed
countries, which make up 20% of the world’s population, more that 50% of all drugs
in clinical use are of natural product origin [Simmonds, 2003; Newman and Cragg,
2007]. These drugs were derived from only about 90 of the 250 000 known flowering
plant species in the world. Furthermore, there are more than 85 000 plant species
throughout the developing world which are used in traditional medicines [Balunas and
Kinghorn, 2005]. These, together with the other 23 000 species of higher plants, form

a vast reservoir of potential for new drugs.

A number of commercial drugs including current antimalarials such as quinine and
artemisinin have been derived from plants [Van Wyk et al., 1997]. Table 1.2.3.1 lists
a few examples of drugs that have been derived from plants [De Smet, 1997;
Kinghorn, 2001].
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Table 1.2.3.1 Examples of plant-derived drugs and plant species from which they were isolated

Name of the drag Plant isplated from Effect
Artemisinin Artemisia annua Antimalarial
Quinine Cinchona species Antimalarial
Morphine Opium poppy Relieve pain
Tubocurarine Chondrodendron toeniosum Muscle relaxant
Taxol Taxus brevifolia Anticancer
Vinblastine and vincristine Catharanths roseus Anticancer
Atropine Atropa belladona Anticholinergic
Reserpine Rauwolfia serpentina Antibypertensive
Salicylic acid (Aspirin) Salix species Pain relieve

As potential sources of new antimalarial drugs, plants continue to provide molecules
that possess inhibitory activity against various specific stages of the life cycle of the
parasite [Carraz et al., 2006; Francois et al., 1997]. A number of compounds with
good antiplasmodial activity have been isolated from plants in great diversity, ranging
from simple 8-carbon structures to larger and more complicated molecules. The
classes of compounds that are more commonly isolated include terpenes, flavonoids,
alkaloids, tannins, steroids and glycosides [Chauhan ef al., 2003; Son et al., 2004;
Schwikkard and Heerden, 2002; Wright ef al., 1992; Bohike ef al., 1996; Yu et al.,
1994]. Schwikkard and Heerden reviewed over 170 structures of compounds with
antiplasmodial activity. These compounds were isolated from different species in over
30 different families. A considerable number of compounds showed selective
antiplasmodial activity, and a few compounds also showed good antimalarial activity
in vivo [Ndifor et al., 1992]. Some novel chemical structures isolated from plants have
been proven to possess antimalarial activity exceeding that of current antimalarial
drugs [Ishih et al., 2000; Perez et al., 1994}, and possess more favourable selectivity
indexes [Zhang ef al., 2002]. Quan et al., 2003 and Saxena et al., 2003 have reviewed
a large number of plant extracts with antimalarial properties. Some of the plants have
gained use as substitutes for chloroquine. A number of lead compounds isolated from
these plants are undergoing further development as potential clinical antimalarials.
Recent advances in antimalarial compounds are covered in detail by Mital, 2007.

17



Furthermore, alkaloids with chemosensitizing activity against CQ resistant strains
have also been isolated from plants. While parasites acquired resistance by decreasing
the accumulation of CQ in the parasite, these plant molecules proved to be able to
increase the accumulation of CQ by preventing CQ efflux from, and stimulating CQ
influx into CQ resistant parasites [Ramanitrahasimbola et al., 2006).

1.2.4 The potential of South African medicinal plants as sources of
antimalarials

In South Africa, medicinal plants play an important role in the African culture and
tradition (Fennel et al., 2002). The country boasts remarkable biodiversity of plant
species. South Africa is considered to have the most diverse temperate flora in the
world, with an estimated 30 000 indigenous species of higher plants, 3000 of which
are utilized for medicinal purposes, and 300 are traded as medicines [van Wyk et al.,
1997]. A few South African plants have become popular across the globe and are
highly commercialized. These include Aloe ferox (Cape aloes), Agathosma betulina
(Buchu), Aspalanthus linearis (Rooibos tea), Hypoxis hemerocallidea (African
potato), Harpagophytum procumbens (Devil’s claw) and Sutherlandia frutescens
(Hoodia) [van Wyk, 2002]. The pharmacological investigation of South African flora
however, is still largely unexplored. South Africa contains 10% of the world plant
species, yet little phytochemical work has been done on these medicinal plants. Of the
24,300 higher plant taxa recorded in the Flora of Southern Africa (FSA) region, only
about 15% are reported to be used for medical purposes [Arnold er al., 2002; van
Wyk, 2002). The Ethnobotanical survey carried out by Thring and Weitz, 2006
revealed that in the Western Cape Province only, 36 plant species from 19 families
were used for medicinal purposes, and 58% of these plants are indigenous to South
_Africa. Hutchings et al., 1996 has also reported on 1032 plant species, which make
- nearly 25% of the flora of KwaZulu-Natal province, to be in use in Zulu traditional
medicine.

African medicinal plants studied in other African countries have demonstrated high
potential as possible source of antimalarial compounds [Saidu er al., 2000; Okokon et
al., 2006; 2007; Philippe et al., 2007; Frederich et al., 2008; Chauhan et al., 2003;
Addae-Kyereme et al., 2001; Rukunga et al., 2007; Odugbemi et al., 2007].
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Relatively, little work has been done to assess the antiplasmodial activity of similar or
related species which are native to or naturalised in South Africa. Many plant
preparations used in South Africa to treat malaria or fever are without any scientific
evidence on efficacy. It is necessary therefore that the species that occur in South
Africa be tested for activity, since the activity of plants within the same species can be
affected by the soil composition, geographical and climatic conditions [Massotti et al.,
2003; Angioni et al., 2006]. The Croton species for example, have gained use as
antimalarials in many parts of the world. The species of Croton were reported toxic
by Lewis and Elvin-Lewis, 1997, whereas Hutchings et al., 1996 reported conflicting
results on the toxicity of South African species of Crofon.

Just over 100 plant extracts from South African flora have been screened for in vitro
antiplamsodial activity [Campbell et al., 1998; Nundkumar et al., 2002; Clarkson ef
al., 2004; Kamatou et al., 2005; van Wyk et al., 2002; Kamatou ef al., 2008]. A large
number of reports on the antiplasmodial activity of South African plants extracts are
however, without reference to toxicity [Clarkson et al., 2003; 2004; Saxena et al.,
2003]. Other authors have reported on antiplasmodial activity of extracts of South
African plants, but have reported toxicity on only a selected few of the list [van Zyl
and Viljoen, 2002; Atindehou et al., 2004; Prozesky et al., 2001]. Since many
cytotoxic compounds can also exhibit antiplasmodial properties under the conditions
of in vitro testing, it is important that the selectivity of these compounds be assessed
to distinguish general cellular toxicity from specific antiplasmodial activity.

Moreover, most of the research on in vivo antimalarial activity of plants has been

done in other parts of Africa. Only a few in vivo studies have been done on South.

African flora [Waako ef al., 2005; Abosi et al., 2006]. South African plant extracts

that have been assessed scientifically for antiplasmodial activity were subjected to in
vitro testing only, the in vivo results are still lacking.

Medicinal plants may serve as medicinally significant entities in their crude extract
form. They also play an important role of providing lead structures for the
development of therapeutic agents and modified derivatives that possess enhanced
activity and/ or reduced toxicity [ WHO, 2000]. Therefore fractionation of biologically
active crude extracts and isolation of their active constituents remain crucial in drug
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discovery. A handful of South African plants have been shown to be selective against
the malaria parasite, but little is known about their phytochemistry. As a result, there
are no reports on the in vivo antimalarial activities of isolated constituents of these
plants. Table 1.2.5.1 lists several plants used in South Africa to treat malaria or
malaria-like symptoms. Most of these plants have been evaluated for in vitro
antiplasmodial activity, but information on their active components and in vivo

activity is lacking.

In a search for new plant-derived biologically active compounds against malaria
parasites, essential oils remain one of the unexplored resources. These volatile, natural
complex mixtures of compounds have demonstrated numerous biological activities
including antimicrobial, antifungal, antiviral, insecticidal, cytotoxicity, genotoxicity,
and antiparasitical activities [Bakkali et al., 2008; Carlton et al., 1992; Piccaglia et al.,
1993; Buchbauer and Jiroverts, 1994; Aruna et al., 1996; Jazet Dongmo et al., 2002].
The antimalarial properties of essential oils have been little studied. The encouraging
reports on the antiplasmodial activity of essential oils underline their potential as
antimalarials [Valentin et al., 1995; Lopes et al., 1999; Fabrice et al., 2003] and as
insecticides against the mosquito vector [Moore et al., 2002]. There are no reports on
the antimalarial activity of essentials oils from South African medicinal plants, which

presents an opportunity for more research in this area.
1.2.5 Safety of traditional herbal remedies

Traditional medicines account for 15.8% of cases of acute poisoning. Poisoning with
traditional medicines is often due to inappropriate use of traditional medicines,
contamination with pesticides, and variation of toxins levels in the plants. Rarely,
adverse drug-drug interactions are reported, as many patients consult both western
doctors and traditional healers simultaneously, without revealing this to either of the

doctors.

The significance of poisorling caused by traditional medicines in the South African
population is minimal when compared to the 80% of acute poisonings due to orthodox
medicines [Joubert and Mathibe, 1989]. Less than 10% of the endogenous plant

species in South Africa are classified as poisonous to man. This low number of toxic
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plants relative to the plants used medicinally increases the potential of South African

plants as sources of new chemotherapeutic agents.

Table 1.2.5.1 Plants used traditionally in South Africa to treat malaris and fevers

Generic name Family Local npame

Acacia burkei Benth Fabaceae Mkhaya

Acokanthera venenata G.Don. Apocynaceae Tsebedinthla/ intlungunyembe
Bachylaena elliptica Less. Asteraceae Uhlunguhlungu
Barringtonia racemosa Roxb Lecythidaceae Iboqo/ Umuluka
Cinchona species Simaroubaceae

Dicoma anomala Sond Asteraceae Hloenya, Nyongwana
Gunnera perpensa L Haloragaceae Qobo/Ugobo/Phalla
Harpagophytum procumbens DC. | Pedaliaceae Sengaparile

ex Meissn

Harpephylumn caffirum Bernk. ex | Anacardiaceae Umgwenya

Krauss

Helichrysum caespitosum Auct Asteraceae Phate ea ngaka
Leonotis leonurus (L.). R.Br. Lamiaceas Klipdagga

Letononis eriantha Berth. Fabaceae Molomo monate
Mentha longifolia (L) L subsp | Lamiaceae Koena

Capensis (Thumb.) Brig.

Pentanisia prunneloides Walp. Rubiaceas Setima-mollo
Pittosporum viridiflorum Sim Pittosporaceae Mfusamfu
Sclerocarya birrea subscpecies | Anacardiaceae Morula/Umganu
caffra (Sond.) Kokwaro

Siphonochilus aethiopicus | Zingiberaceae Serokolo/Sirugulu
(Schweinf.) B.L. Burtt

Strychnos henningsii Gile, Loganiaceae Maqaloti

Typha capensis Rohrb. Typhaceae Ibhuma

Warbugia saluaris BertoLf Chiov | Canellaceae Sehaba

Xysmalobium undulatum R.Br Asclepiadaceae Shongwe/Leshokhwa
Zanthoxylum capense (Thunb.) | Rutaceae Mnongwane/Knobwood

Harv.
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1.2.6 Depletion of medicinal plants in South African

The increased commercialisation of traditional medicine is leading to the depletion of
many plant species. More than 700 speéies and 700 000 tones of plant material are
harvested and traded through out South Africa and internationally annually [Lewu et
al., 2007; Mander, 1999]. Unrestricted collection and trading of medicinal plants has
resulted in an over-exploitation of medicinal plant resources, such that most
medicinally important species such as Arfemisia afra, Scilla natalensis, Thesium
pallidum and Knowltonia bracteata, Ocotea bullata, Eucomis autumnalis and
Warburgia salutaris, are in danger of extinction [Zschocke et al., 2000; Williams,
1996]. This has made management of natural medicinal plant resources a matter of

urgency.

There has been an integrated effort from the National and Provincial Governments,
and Non Governmental Organizations (NGO) to conserve the flora. The launch of
Medicinal Flora Co-operative in 2000 has created a platform for developing policies
and strategies aimed at conserving medicinal plants. Currently, the strategies that are
enforced include; cultivation of medicinal plants on a large scale, minimization of
destructive harvesting practice such as ring-barking and uprooting, restriction of
unauthorised collection of plants, and selecting species for the plant trade.
Additionally, traditional healers are being equipped with appropriate propagation and
cultivation skills to enable them to grow medicinal plants in their home environment.
Also, the healers are encouraged to use alternative parts of the plants e.g. the leaves
and twigs, instead of the bark [Cunning ham, 1998; Zschocke et al., 2000; Crouch and
Symmonds, 1999].

1.3 Intellectual property rights

The question of intellectual rights and remuneration of the local people remains a
political and important issue when utilizing indigenous knowledge for drug discovery.
South Africa has a well-established intellectual property framework under the
Biological Diversity Act, aimed to protect and preserve indigenous knowledge
[Wolson, 2001]. The National Research Foundation (NRF) has made research on
indigenous knowledge, and intellectual property two of its nine key focus areas. The
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NRF strongly enforces protection of indigenous property rights and continues to
create awareness on intellectual property and its value in drug discovery research
[NRF, 2003].

1.4 Drug discovery and development process

The process of drug discovery is divided into phases. The initial phase entails
identification of the bioassay suitable for the pathogen at test, followed by initial
screening process to identify a compound with the desired positive biological activity
in a bioassay. Such a compound is called a hit. Once the hit compound has been
identified, it can be chemically modified to improve its medicinal properties. It can

also serve as a template for the synthesis of derivatives.

The hit compound is tested for its profile of ADMET properties (Absorption,
distribution, metabolism, elimination and toxicity) [Lipiski et al., 1997; Wess, 2001]
before it is tested in pre-clinical animal models. The candidate hit goes through
extreme evaluation, and ultimately enters the clinical safety and efficacy trials. If the
compound is successful, it will then be registered as a drug and marketed.

There are different approaches to discovering a hit. A hit compound can be discovered
through empirical screening methods, where compounds from synthetic chemical and
combinatorial libraries and natural product libraries are screened for any biological
activity [Harvey, 1999]. Rational drug design through use of combinatorial chemistry
and computer-aided techniques, is another approach based on identifying a biological
target and designing a compound to interact with the target. The third approach is
through drug metabolism studies, where metabolites are screened for activity with the
aim of identifying the active functional groups of the molecule.

1.4.1 Plant product based drug discovery process

The process of bioprospecting can be lengthy and costly. In this process, the selection
of the plant species to be investigated for biological activity is a crucial factor. There
are three approaches that may be used to choose plants for investigation, namely, the

chemotaxonomical approach, where plants are selected according to a chemical class
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in a genus or family, the ethnobotanical approach, where plants are selected based on
folklore therapeutic reputation and use by indigenous people, and the random
approach, where thousands of plant species are randomly studied for any therapeutic
use [Gurin-Fakim, 2006].

The ethnobotanical and ethnopharmacology approaches to drug discovery were
followed in this study. While the ethnobotanical approach gives information that helps
to reduce the number of plants for investigation, ethnopharmacology (the study of the
active principles in the plants) is important in identifying the constituents of extracts
for development of single entity drugs.

Following proper botanical identification of the plant, plant constituents are extracted
and screened to identify an extract that gives a positive outcome in a bioassay process.
Through bio-activity guided fractionation, the active constituents of the extract are
purified using a number of scientific techniques, then identified by spectroscopic
methods. The compounds are then tested in vitro for selectivity. Successful
compounds are screened for efficacy and toxicity in pre-clinical animal models. The
efficacious, selective and non-toxic compound is then considered for clinical trials.

1.4.2 KEvslusation of antimalarial agents

A number of techniques for detection and quantification of malaria parasite in cultures
and body fluids are used to evaluate in vifro and in vivo efficacy of potential
antimalarial agents [Makler er al., 1993; Tamura and Waki, 1986; Druilhe ef al,,
2001; Mazier et al., 2004; Harald et al., 2003]. The techniques include giesma-stained
light microscopy, parasite lactate dehydrogenase assay, antigen capture, fluorometry
based on the use of DNA staining dyes, and isotopic assays based on the use of
radiolabelled precursors in nucleic acid synthesis by the parasite. Evaluation for safety
in vitro requires determination and quantification of cell viability. The assays used
include; MTT assay, which detects metabolic viability of the cells [Mosman, 1983],
electron microscopy, which provides information on morphological changes,
erythrocyte haemolytic assay based on quantification of haemoglobin in erythrocyte
culture [[Fischer et al., 2003; Winski ef al., 1997).
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1.5 Scope of the study

1.5.1 Motivation for the study

The world-wide escalating problem of resistance of Plasmodium to existing
antimalarial drugs has emphasized the need for new drugs with alternative
mechanisms of action. Malaria is common in South Africa and endemic in three
provinces. Failure of treatment due to drug resistance and shortage of drugs in many
provinces led the South African population to rely heavily on traditional herbal

remedies.

It is estimated that more than three million people in South Africa use traditional plant
medicine from healers for various ailments [van Wyk and Gericke, 2000]. The hazard
is that many herbal preparations used in South Africa to treat people are without
scientific evidence on safety and efficacy. There is a lack of research output on the
scientific information concerning the safety and efficacy of traditional medicine in in

vitro and mostly in vivo laboratory setups [Gessler et al., 1994].

South African flora by virtue of its diversity has great potential as source of
chemotherapeutic antimalarial agents, yet it has not been fully explored [Duncan et
al., 1999]. There are 30 000 indigenous species of higher plants, 3000 of which are
used medicinally. Of this reservoir, just over 100 plant extracts have been assessed for
in vitro antiplasmodial activity [Clarkson et al., 2004; van Dyk et al., 2001]. Most of
the reports on in vitro antiplasmodial activity of these extracts are without reference to
toxicity. Of the few plants that have been assessed for selectivity for malaria parasites,
little is known about their phytochemistry, and the active constituents. Furthermore,
there are even fewer reports on the in vivo antimalaria activity of South African
plants. Little work has been done on the potential antiplasmodial activity of essential
oils of species occurring in South Africa. It remains an important factor to thoroughly
study promising medicinal plants and identify the active antimalarial compounds
within the plants.

There is clearly a need to look into traditional medicines with a record of use in

treatment of malaria in South Africa, to scientifically validate their use and evaluate
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their toxicity, but most importantly to isolate and structurally characterize the active
constituents of the plants. It is encouraging to note that of the 119 plant-derived drugs
present in the market, 74% were discovered as a result of studies directed at the
isolation of the active substances from plants used in traditional medicine [Gurib-
Fakim, 2006]. Furthermore, a few hit compounds with antiplasmodial activity have
been isolated from South African medicinal plants [Pillay et al., 2007a; Clarkson et
al., 2003]. The analogue of these compounds was used as scaffold to prepare more
active and less cytotoxic derivatives through chemical modification [Clarkson et al.,
2003]. There is therefore supporting evidence that the methodology adopted in this
study has potential to yield lead compounds that can be developed into antimalarials.

South Africa supports the Roll Back Malaria (RBM) movement, which aims at
halving malaria deaths by 2010, and halving again by 2015 [Narasimhan and Attaran,
2003]. Along with other new strategies in malaria control, it is imperative that more
efforts be directed towards the recognition and validation of traditional medicinal
practices, and obtaining drugs with different structural features.

1.5.2 The aim of the study

The aim of this study was to investigate the antimalarial potential of five South
African medicinal plants, by conducting in vitro and in vivo efficacy and safety
studies, and to characterize their active constituents. The objectives of the study were:

1) To use an in vifro system to screen extracts of selected plants for antiplasmodial
activity against CQ-sensitive and CQ-resistant strains of the malaria parasite, P.
Jalciparum.

2) To use the in vitro system to determine the cytotoxicity of the extracts on a
mammalian cell line.

3) To isolate the bioactive constituents of the extracts through bio-guided
fractionation and application of various chromatographic techniques.

4) To determine chemical structures of the isolated compounds using spectroscopic
methods such as mass spectrometry and NMR.

5) To use mice models to screen extracts that showed antiplasmodial activity in vitro,

for efficacy and safety in vivo.
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The study was expected to provide information on the efficacy and safety of selected
South African medicinal plants. The information could be used in the development of
herbal remedies or for sources of lead compounds that can be developed into more

favourable compounds useful in treatment of malaria.
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2 Plants investigated
2.1 Introduction

Information on the use of plants for treatment of malaria and fever was gathered in
2003 from traditional healers in the Eastern Cape and Western Cape provinces which
habor 70% of South African flora. Although the healers lacked the scientific
information on the lifecycle of the parasite and the pathogenesis of malaria, the
malaria symptoms are however, well characterized. The typical symptoms of malaria
were used as guiding information for the traditional healers during the interviews.

2.2 The criteria for selecting plants
The criteria for selection of plants were as follows:
1. Fresh plant material was readily available in abundance locally, or the plant
could be easily harvested.
2. No references in the literature were found on the isolation and identification of
active anti-malarial principles in the plant species naturalised in South Africa.
3. No reference in the literature on the in vivo antiplasmodial activity of the plant

species.
‘For selection of plants for further investigation, it was required that in the initial
screening, the crude extracts of the plants showed 50% inhibitory concentration (ICsq)
value that is less than 10 pgml” against both the CQ-sensitive and CQ-resistant
strains of P. falciparum, and that the plant extract showed low cytotoxicity on a
mammmalian cell-line.

Based on these criteria, a total of 10 plants were collected, extracted and screened for
in vitro antiplasmodial activity against the CQ-sensitive strain of P. falciparum. Out
of the 10 plants screened, 5 of them that showed relatively higher antiplasmodial
activity were selected for investigation. These are; Eriocephalus africanus, Achillea
millefolium, Tarchonanthus camphoratus, Agathosma betulina and Warbugia

salutaris.
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2.3 Achilfea mitlefoliam L.

Common veroacu lar mames: Yarrow

2.3.1 Botanic Deseription and Distribution

Achillea millefoling belongs to the botanical family Asferaceas, which has numerous
well-defined specics and a aumber of subspeeics |Kubelka e af.. 1999]. Bat in other
parts of the world 4. millefolivm L. 15 defined as a single species [Gudaitvte, 2007]. A
milfefolinm vields blooms in many colors. The species investigated in this study is 4.
mitfefolium 1.. ssp Millelolium, which bears rosy white colored Nowers (Figure
2.3.1.1). Yarrow is widely spread over the Northern Hemisphere |Mockuate er af .

2002]. In South Alrica it s lound n almost all the provinees.

© Ereagring B

CoODrnght  Dloeters C3ardon  Send|

Figure 1.3.1.1 The picture of A, miflefedicm L. the plant (a) and at its Towering season (b
Sourecs: hitpSplan s sl sov av adprofile P svmbal = AC M2,
hitp:fwww ppws vtedu'seott/weed _id/achmi htm

2,32 llses

A, millefoliye has been used traditionally for treatment of pastro-intestinal disorders
as a digestive tome {Beoedek ef ¢f.. 2007]. 1t has been reported to possess antiseptic
and infection preventing properties {Mitich, 1990]. 1t is used o heal wounds, sores,
rashes, fever, respiratory infection, urinary-genital infection, menstrual problems, and
hemorthoids and rheamatism {Jarté ef of, 2007; Willuhp, 2002: Mockute ef of.,

20{2]. The plant also gained usc as an antiphlogistic drug [Benedek e &f, 2007, an
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2.4 Erivcepfialus africanns

Common vernacular names: kapokbos, wild roosmaryn (Alrikaans), wild mosemary

(Fnglish)

24.1 Botanical Deseription and Distribution

b cifricanus belongs to the Tamily Labiatae, £l afficans is a small shoub of up to one
metre in height. The plant is evergreen multi-hranched with hairy, thin silvery grey
leaves borne along the branches trom wiich the Nower heads emerge [Dhanai S ef al..
20071, The flower heads mature and bear the walis of seed snow-white hairs (Tigure
2411} The Ainkaans vernacular name i3 derived [rom the resemblunce o snow.
The plant is found in all provinees in South Africa. but occurs mainly in the Western

Cape, Lastern Cape and Namagualand.

Firure 2401 The pictare of acripl  parts  of  Eriocephafas  gffcesns,  Sonrce:
bt S plantaalrics com/planiefpferiocephfibtm

2.4.2  Ulses

The parts of the plant that commuonly used are the leaves and twigs, The leaves are
cxtensively used in cooking w0 Pavor [oods as they contaln a pepperish smell and
faste. The related species Rosmarimes officinafis. commonly known as rosemary, is
known for its potent antioxidant propertics and has been used for mmany years as a
preservalive [Ahn er e, 2008 Georguntelis ef af, 20007], T exhibits its anlioxidant

characteristics by increasing free radical scavenging activity in the body | Atsumi ef
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al . 2007]. Rosemary has been shown to have a protective effeet againgt samma 6 Gy
y-tadiations in the hver [Soval, 2007], The antimicrobial properties of the plant
|Govards ef af . 2007 | and anuplatelel activity of 1ts major constituents have also been
reported |Lec, 2006 [t exhibis diuretic, carmintive, diaphoretic, anti-rheumatic,
anti-cpilepiie, anumutageme and antispasmodic properties. 1t has been used as a
digestive tonic, and tn the treatment ol prostale disorders, colds and high Blood
pressure hearr fatlure. It has been reported 1o steengthen the capillanies, reheve
resprratory disorders, alleviate cederma. and inhibit [V protease. an enzvme invelved
i the replication of the Human Tmmune Virus [Al-Sereiid er af.. 1999 El-Gadi and

Bishina 1989|.

2.4.3 Phyiochemistry

Wild rosemary specics contain apigenin, rosmanol, epirosmancl and bertulime acid as
some of the major constiruents, A variety of bioflavonoids found in £, afrfcanus and
reluled species inclhide: diosmin and luleelin, Crrpanie acids wclude camosic, aleanie,
ursalic and rosmaric acids. [van Wk ¢f ¢f, [997] Rosmanc qoid and rosmanol are
potent anttoxidants in the plant, The plant species alse contain a-pinens, 15-cinecls,

and Tinalool as magor compounds [Gachkar, 2007].



25 Agathosm betuling

Common vernacular names: Buchu, Buceo, (Kho Englishy, Bocpoc (Afrikaans).

Ihuehu { X hosa).

2.5.1  DBotanical Description and Distribution

Agaihosime s o the Tanuly Rutacea, It consists ol aboul 150 species [Goldbhlatr amd
Munmimge, 20000, A befading 1% 4 perennial shrub with woody branches and small
leaves that vary i shape and size. There wre three specics used commiercially: A
feruling, with broad round leaves that bear white or pink flower. A erenulara, with
oval leaves that display white flowers. and 4. serrarifolia which is a long leat Buchuy (
Figure 2,5.1.1) [Spreeth., 1976, Pillans, 1950]. These species are usuully conlused. A
hetding 15 up 1 two metres m height, The Jeaves are ol a pale green colour, leathery
and glossy, with o blunt op and round oil glands scattered through the leat, They have

a strong aromatic taste and a peppermint-like odour.

Figure 1501 The lgure of specivs of Agathnsma species. Sonrce: pwwwspirit-
webocomd Agathosma % 20 Betulinaasp

A beindina s indigenous w South Adriea. The plant grows only in the narrow fynbos
sirip in the Western Cape Mountains | Spreeth. 1976]. The plant is particutarly adapied
1o dry conditions and grows on sunny lullsides | Van Wk and Gerieke, 2000 Stander

ef af., 20013].

L)
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2.5.2 Lses

A, betuling 1s mostly used 1o treat any infection of the gemtourmary system, including
mtlammation ol the urcthra, nephntis, cystitis and catarrh of the bladder, The plant
also exhibits diurctic, carminative and diaphoretic action. Other medicinal actions
include:; treatment of prostate disorders, colds and o, reliet of slomach complaints.
and symptomatic relief of rheumatism [Moaolla, 2006; Sunpson, 1998], digestive
tonic. uterine stimulanl. diabetes and extermal application on wounds [Van Wyk of af..

1997, Bruncton, 1995],

2,53 Phytochemistry

The principal constiteents of the leaves are volatile oils, mucilage. camphor and
diosphenol. Diophenol is responsible for the plant’s mild anliseplic properties. The
plant also comtaing  glveoside terpenes (terpineol), quinolinone alkalowds  and
hiotlavonoids (diosmin, hesperidin. quercetin and dervalives) |Posthumus, 1996:
Campbell et «f., 1990, Blommaert and Baricl, 1976|. Diosmin and its analog
hesperidin are known tor their phlebotome and antioxidant properties and as vascular
protectors,  also  as  chemopresventive agents 1 urinary-bladder  and  colon
carcinogencsis. These constituents have also demonstrated use 1 treatment of chrone

hemorrhoids [ER-Shatie and FRDomlacy, 2001 |

i



2.6 Tarchonanthus camploratuy

Common vernacolar names: Mohathla ( Uswana), mofahla {(Southern Sothol,
mathola (Xhosa), Vaalbos, Veld-vaalbos (Alnikaans), Leleshua  {(Swahilip  wild

camphor bush (English).

2.6.1 Botanical Deseription and Distribution

1 campboratus belomgs o the family Asteraceae [Arnold ef g, 2002]. Tt is a small
multi-stemmied trec ol about six metres 1n beight. The leaves are oblong in shape. The
top of the lcaves has a grey green color while the lower surlace 15 vellow to ¢réme and
furry (Figure 2.6.1.1). The leaves are oval or lanceolale shaped, and have a strong

camphorated aromatic smell [THilliard, 1977]. The plant bears crcamy while flowers

on the termmmal end o the branch.

Figure 2.0.1.1 The branch, leaves and flowers of T, camphoratus, Source:

herp:iinww, plaatealrica comy medo pnographs Lareh oman Ucaog. pdf

T camphoraius prows in cast Africa and Arabia, It is distributed in DBotswana,
Swaziland, Namibia, Lesotho and 18 widespread across all provinees ol South Africa
tArnold e af., 1993; Grant and Thomas, 1998]. It is found in almost any part of the
country, It grows in poeor smls, even on water delicient siles. 11 is suited to tough

conditions.

[FF]
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2.6.2  Uses

I'he leaves and the twigs are parts of the plant that are commonly used for medicinal
purpeses. The plant s used fo treat stomach problems, abdeminal pain, headaches,
toothaches, asthma, bronchitis, thewmatism, blocked sinuses. pasintis, mllammation
and fever produced by the bacterial endotoxin | Amabeoku et af | 2000; Ben-Lrik van
Wyk et af.. 1997]. It is used to prevent swelling up of the legs by diminishing the
lactic acid created i the muscle. Tt is alzo known to have insect repellant. inti-irritant.
a muscular tone and cellular oxypenation dmunishing action and was shown to
antagonize the acelic acid induced writhes |Faleiro et af., 2003| For treatment of
ailments, the plant is boiled and taken as a deeoction. In the case of trcatment of

ginuses. the fresh leaves are imscrted in the nostrils of a patient.

2.6.3 Phytochemnistry

The wolatile oil comtains many constitucnts, which differ in abundance between
Incalities [Mwangi er of., 1994]. Principal constitucnts of 7. camphoratus include | 8-
cincole, n-terpincel, a-fenchyl aleohol and a flavanone-pinoccmbrin [Bishay er af.
2002]. 'The plant contains ofher numerous minor constituents including camphor
[Mwangi cf «f., 1994], and warious flavones such as luteolin, apipenin, and nepetin,
Sesguiterpene luclones and guaternary alkatoids such as tarchonunthine have also

been found in 77 camphorafies | Bishay. 2002



2.7 Warbiraia silalaris

Common names: Manaku {Venda), shibaha (Tsonga), isibhaha (Zulw). pepper-hark

tree (Englishy, peperbasboom (Afrikaans).

271 Botanical Deseription and Distribuiion

Wenrtngrio belongs o the lanuly Cancllaccae. There are three species ol Harburgia;
W ugenicdeasis. W stuhlmannii and W, salwteris | Esterhuyse, 1996 Rabe, 20000 W
safietaris is a medium seized tree of about 10 meters in heipht, The beaves are oblong,
olossy and dark green on top and paler below igure 2.7.1.1. It produces small
creenish-vellow flowers of about 7mm in dianmzter, and round green frint [Coates,

1977 Palmicr und Piiman, 1973

Vigure 271,01 The leaves of Warbarsia alutariv. Sonree:
htipdwww. plantzalrica. com/plantw iyvefwarbure him

B salwiaris oceurs in Southern Africa, 1t is found in coastal Forest in Zimbabwe,
Mozambique. Swariland, and South Africa. [n South Africa it is mainly found in
Kwazulu Natal. Mpumalanga and Northern Provinee [Hollmann and Van der Schijtf.

[996]. It grows mostly in forests.
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272 Uses

W, salutaris has heen used extensively for medicinal purposes. with the stem bark as
the most widely used part of the plant. The plant has been used {or treatment of colds,
influenza, headaches. sinus, respwatory complaints, malaria [Mander er af., 1995].
sores and skin rritations, and cases ol inllammadion [[Tutchings ef af.. 1996]. It has

petent antibacterial activity [Rabe and van Staden, 2000 Mashimbye, 1993].

2.7.3  Phytochemistry

Major chemical constituents of  Warbureia  species  include  monoterpoids,
sesquiterpenoids.  triterpenoids  and  biodlavonoids. A number of  drimanc
sesquiterpenes  have been isolaled from the stem bark of Warburgia specics
[Mashimbye er @l., 1999]. These mclude: warburganal, polygodial, salutarisolide,
muzigadial, ugandensidial. isopolvgedial. These have a wide range of biological
activity including antimicrobial. insect antifeedant, antitungal. cyvtolexic, antiviral,
hacmolytic, moiluscicidal and skin irritant effects [Kubo ef af., 1977; Jansen and de
Groot, 1991: Treurnicht. 1997; Rabe et af, 2000: Rgbe and van Staden, 1997:
Madikanec er al., 20(6].
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3.2 Preparation of plant extracts

The leaves and twigs of selected planls were left o dry al room temperature WY
from dircet sunlight. The dry material wus ground to a fine powder nsing a plant
grinder (Warring, Conneticut. USA). The leaf matcrial of each plant (100 g) was
extracted separately with 300 ml of solvent and subjected to vigorous shaking on o
horizemtal orbit shaker (Labcon, California. USAY for 48 hours. Non sequential
extractions were porformed using the following solvents: deionised millipore warer
{I1:03), hexane {hex), methanal (MeOH) and dichloromethane (DCM). The mixtures
obtained from extractions were filtered using filter paper {(Whatmuan® Muidslone,
England). The orpanic filirates were concentrated under vacuum using a rolary
evaporator (BUCHI 461 [abortechnik AG, Flawil. Switzerland). while water extracts
were comcentraled by freese-drving (Virtis, New York, USA) under a reduced
pressure at - 80'C. The concentrated extracts were dried under fume heod al room
temperarure and stored at 4°C unlil use. The plant extracts were weighed belore and
alter lhe extraction w determine the percentage vield. The vields were caleulated as a

percentage ol the plant material extracted.

3.3 Preparation of plant extracts solutions for antiplasmaodial assay

The initial stock solution of 2 mgml" of the crude cxtracts, fractions, and the active
compounds was prepared. The weighed samples (2 my) were dissolved in Me(HT and
diluted accordingly in deionised HzO, then in complete medium to achieve a final

stock solulion of 200 pgml™ in 1% MeOH for the assay.

Fresh stock solutions were made up on the day of the experimenl. CQ {Sipma) was
used as a contrel to verify the /v vitre susceptibility of the different strains of £
faleiparwm. A 1 mpml ' stock solution of 0O was made up in water and scrially

. , . . -
diluted in complete mediwn to a concentration of 200 pgml™.
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34 Antiplasmodial activity testing

The experiments were camed out under sterile conditions i duplicate m 96-well
microtitre plates (Greiner). The wells of the plaie are arranged m oa matrix of eight
rows and |2 cotumms (1-12), Aliguots of 100 pl of complete medium were dispensed
to all the wells except 1n column 3. In column 3, aliguots o 200 w1l ol drog stoek
solutions (200 p,gml"} were added i duplicate (in two adjacent rows), and two fold

soral dilutions were carried across the plate using a multi-channel pipette.

Parasilized red blood cells (RBC) in the trophozotle stage weore adjusted 10 a 2%

parasitcamiia and a 2% haematocrit in complete medinm, and 1000 pb of s
suspension wits added 1o colummns 2-12, The Nrst codumn served as a hlank and
contained 100 ol complete mediuvm and (M) ] of unparasibsed RBC at 2%
hacmaioerit. Column 2 contained oo drog and seeved as a positive control. 'L he plates
wore covetcd with a sterile lid, put i a chamber, gassed with 4% CO., 3%0; and

93%N ;. and then incubated at 37°C for 48 hours.

3.4.1 Cultivation of malaria parasites

I falciparim parasites were cultared as deseribed by Prager and Jesen (19763, with
minor modilcitions. The CQ-sensilive siran DL derived from I'CQ-27 from
Papua New Guinea [Ukong ef @f., 1993] and CQ-resistant strain K1 iselaled in
Kanc¢hnabur, Thailand |Thaithong ef af, 1981] and RSALL isolated in Kwa-Zulu
Natal, South Alrica were domued by Mr T Taylor ol the Thvizsion of Pharmacology

al UCT.

The parasites were maintwned i RPMI 16400 (BioWhitlaker) culture medinm
supplemented with phenol red. albwmix 1T (bovine serum atbumin) (Gibeo) {23 piL),
HUEPLS  (AN-[2-hvdroxvethyl |-piperazine-N-| 2-cthansulphonic  acid]) (6 g1,
4.25%0f sodium  hicarbonate and gentamyein (380 mgl) The reagents were
purchased from Sigma-Aldrich. South Alrica, Washed (7 human BHC and human

serum wore added to the culmure, RBC were washed twice with medium belore use.



Hunn  serum! blood was donated by the Blood Translusion Service and
Hematology Departiment at Groote Schuur hospital, Cape Town, The parasiles were
" =, : = - L . ey -
cultured in scaled flat botem Nasks and maintained at 37°C in an atmosphere of
9t Nz, 4% OO and 3% On The haematoerit and parasitacmia were kepl between
2-4% by the addition of RBC. Parasites were synchronized at the ming stape
regrularly by treatment withe 3% D-sorbitol. 'The parasitacmia was determined

mictoscopically using a sicmsa stained thin blood smear ol cultuee on the shde,

3.4.2  Parasite Laclate Dehyvdrogenase assay

The parasite lactate debyvdrogenase (pLDID assay was osed 1o measure parasite
vidhility as described by Makler ef @f., 1993, This assav 1s based on the discovery
that pT.IDH activity is distinguishable from host cell LDIT uging the 3-acetyl pyridine
adenine dinucleotide (APAD') an analogue o NAD | Lactate dehvdrogenase is a
tettminal crevme o the elyeolvsis pathway of malarna parasites. [t cartalyses
conversion of T-laglate to pyruvate in the presence of NAD' which gets reduced to
NADIT pLIDIT has the ability to use APAD as a cocneyme and reduces 1t 1o
APADH. but this process happens neglinibly slowly in the host, As the APADH ls
released. it eeduces the vellow tetrazolion salt (NBTTES) to pumple crystals of
formazan salt. pLDII enzyvme 15 used primarily as an indicator of parasite survival.
Its proeduction and accumulation 15 used as indices ol parasile viability, whereby the

levels ol the ensyine cortespond 1o the parasite densily.

343 Meusuring pLIDH Activily

The pL.DH activity was measuted using, Matstat' ™ reagent (1ml/L) ATPAD (033 o)
in millipore water). and 0.24mM phenasane ethoesulphate (PESY1.96mM nitro biue
tetrazolium N3 (Sigma) At the end of 2 48 hour incubition pericd of the Lest plate,
the parasites were resuspended and |5 pl was transterred with @ multi-channel
dispenser to the corresponding wells in an empty micretitre 96-well plate. To ths
developing plate, 100 ul of Malstat and 25 nl of NIF/PLS solution were added, The
plate was placed in the dark for 5 minutes for colour development. Absorbance
values were tead at 6200 mm using a 7250 microplate Reader (Cambridge

Technology, Inc.). The parasite viability was calculated as a percentage of the



control absorbance. The dose response curves were plotted in Prism V4.0 to obtain

the 0% inhubitory concentration (1C:) values.
3.5  Cytotoxicity assay

The eylotoxicity assay measwres cell survival aficr exposure 1o lest samples. The
assay determinces the relative toxicity and sclectivily ol the aclive compound aygainst
malaria parasites. Lhe evtotoxicity was cvalumed against the mammalian cell line,
Chinese Ovanan Hamster (CHOYL The cell-line stock was donated by Dir FL Hoppe,

Department of Pharmacology, University of Cape Town.
351 Cell culturing

The cells wore mainiained in complete mediom; 43% Duolbeco’s Modihed Fagles
Medium (DMEMY (133 2 of DMLUM. 3.7 g NatlCO5 at pll 7.). gentamycin-300 pl-1.
and 2 L of Millipore water), and 45% HAMS F-12 medium supplemented with 10%

ol heal inactivaled Fetal call serum and gentanvein (0,04 _ugm]':}.

The cells were stored at 80°C and thawed for culturing, Cell growth was monitored
under a light nueroscope. Cells were subeultured once they had reached conlluency.
Cells were rinsed twice with 5 ml ol sterile phosphate bultered saling (PBS). Then 3
ml of 1% trypsin solution (37°C) was added into the MDask and incubated at 37°C for 2
minutes to detach the cells from the flask. A 5 ml aliquot of complete medium was
added 10 inhibit enayme activily. Cells were centriluged at 700 rpm for 5 min. The
pellet was re-suspended in the 3 ml of medium, from which 200 1l was removed and
diluted with 20 pl of crystal Blue nuclear dye. Cell viability assessment and cell
couttting were done wsing a microscope. The stock cullure with a cell density of 10°

cellsml™ was prepared Jor the assay.
3.5 Drug preparations and dilutions for eytotoxicity assay

Fmetin (Sigma) was uscd as a positive control 10 the assay, An initial emetine slock of

2 myml™ was prepared in HaO and stored at -20°C aniil use. The stock solutions of
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the test samples were prepared at 2 mgml™ in (0% MeOIl on the day of the
cxperiment. Six 10-fold serial dilutions of the stock solutions werc prepared in

complete medium to give concentrations of 200 pem!™ to 0,002 pgm!™’.

The experiments were carried out under sterile conditions in Y6-well plates. The cells
were diluted 1o a concentration of 107 cellsml™, and 100 pl of this cell suspension was
dispensed in all the wells except codumn 1, An aliquot of 100wl of complete medium
was added 1o all the wells. The plated cells were incubated for 24 hours at 37°C ina
uas combrolled environmenl of 3% CO4. Adter incubation, rhe medium was aspirared
oul of the wells, and cells were exposed 1o g drug concentration range ol 100-0L0001
penml L Ahguots of 100 pul of the drug concentrations were dispensed in Lo codumns 3-
& m a1 decreasing order of concentration, then 100 pl of complete medinm was added
to these wells. Column | served as blank and contained 200wl ol complete medium
oftly. Codurm 2 contained no drug and served as a positive control, The plate was then

incubated ot 37°C lor 48 hours,

353 Moeasuring cell viability

The cell grivwth was measured using the MET (3-[4, 3-Dhimethylthiazol-2-vl]-2,5-
diphenylletrazolium bromide) assay as described by Mosmann, 1983, Onee the 48-
hour incubation was complete, 23 pl of sterile MTE (3 mg/ml in PBS) was added to
cach well and plates were incubared for 4 hours at 37°C. The plates were then
centrtfuged at 200 ref for 10 minures. The supernatant was aspirated fron the wells,
100wl of 100% Dimethylsulphoxide (IDMS04) was added to cach well to dissolve
the formazan crystals. The plates were genily shaken on g microiiire plate shaker for
5 minutes and then read immediately on a microtitre plate reader at 340 nm. For cell
viahilily analysis. dose response curves were plotted using nonfimear dose response

curve fitting analvses with GraphPad Prism V.4.00 software.
354 The MTT assay

The M1 assav is a non-radicactive quantitative colometric assay used for in virro

mecasurement ol the evtotoxicity and metabolic activiiy of cell culures suhjected 1o
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different culture conditions. It is based on the ability o viahle cells to reduce the
yellow water-gseluble tetrazolium salt 10 a water-insoluble purple lormazan product.
Since this activity requires functional mitochondria, only viable cells can cleave the
tetrazolium nng. The metabolic activity in the cells and the number of viable cells are

directly proporiional 1o the amount of formaran crystals formed.

b6 Selectivity Index

I'he selectivity 1ndex 18 caleulated o determuine the selectivity of a lest sample agamst
malaria parasite, The selectivity index is the ratio of evlotoxicity to antiplasmodial
activity, given that units used are the same. Higher sclectivity mdex veflects less
cxiotoxicity, and s therefore more favorable. 10 s undesirable for the test sample to
kill the mammalian cells at the same rate or concentration as it does to the parasites.

Selectivily index — Cytoloxicity 1Cs ! Antiplasmodial 1C s [Benoit-vial ef af.. 1999

3.7  Fractionation of plani extracts that showed in vitro antiplasmodial activity

in hioassay

371 Salid Phase Extraction {SFPE)

The crude extracts of W sadwteris. A, betniing, T camphoratus and £ africanus were
each Lractionated using SPE on o C18 [SOLUTE cartridge ot mass absorbent 10 2 and
70 ml capacity (International Sorbet Technology, Glamorgan, UK} Samples were
cluted with a step pradient of decreasing polatity of water: acetonitrile (T1:0: MeCUN)
mobile phase. Al the extracts were weighed, digsolved in 100%% McCN and dilured
with 1163 such thal the fingl concentralion was § mgml * in 40% MeCN. The samples
were then centrituged at 300 rpm for 5 minutes. Prior to application of the samples on
to the column, the cartridage was welled with 50 ml of H,O and conditioned with 50
ml ot 8:2 HaO: MeCN. The saniple (10 ml) was applied onto the cartridge and eluted
under small vacuom. The pressure from the vacuwn pump was set 1o conteol the flow
rate tir 17 mil/min, The cantridge was then rinsed with 30 ml of 1120 o elute unrclamed
matcral. The relained material on the cartridec was scparated by eluling at a step
oradient with 50 ml volumes of Hx0: MeCON at differcar increments for gach plant

extract. The final 100% MeCN clution was followed by 100 ml wash with acetone to



rinse any remaining material oll the cartridge, The collected fractions were
concentrated by rota-cvaporation under vacuum (240 mbar) at 45"C and dried by
freeve-drying. The samples were reconstituted in methanol, dried in pre-weighed ulass
vials in the [wme hood and stored al 4°C. T'he collected iractions were then tested for

i1t vitro antiplasmodial activity.

The crude extract of . safuraris was cluted with a mobile phase system ol increasing
20% inerements of McCN in H:0 starting at 10% MeCON. Fight fractions:. wash
(L00% HaOd), 10, 30%, 50 70%. 90%, 100% McCN and Acctone wash, were

collected.

The eluling svsiem for crude extract of £ afficans was a step gradient ol increasing
10% Increments of MeCN m HaO (lrom 0% to 100% MeCN), vielding a total of 12

fractions including the Ha() wash and acetone wash,

The crude extracts ol 4. hetuling and 1. camphoratus were each eluted al a gradient of
inereasing polarity of 20% increments of McCN in 110. Scven fractions: Ha2O wash,

20%. H)%, 60%, 80%%, 100% MeCN, and acetone wash were collected.

3.7.2 High Pressure Liguid Chromatography (TIPLC)

The instrument used was a Shimadzy LO-10AS that is connected to a lexi 486
X:2-50 deskiop PC running soliware via a Shimadeu CBM-10A comninicarion
modiie (Shimadza Corporation, Kyvoto, Japan)., The samples were detected by a SPL-
MIOA Shimadzu diode array detector at wavelengths 210-33%m. The mobile phase
was a mixture o HPLO prade MeCN and mollipore Ha0 {Milli-0) Water System). The
flow rate and impection volume were adjusted for cach fraction (0 maxinnze
resolution. The samples were dissolved in 111 MeCN: Ha(), sonicated and centrifinged
in a microcentrifuge (Abbott) at 10 000 rpm for 5 minutes to pellel any undissolved

material. The supernatant was then run on HPLC.

The active constituents of . safutaris and 1 camphoratus oxtracts were ddentilied
using an HIPLC based methodology. To identily the active constituents in cach plant

criude extract, the extracts were prepared in 0% MeCN o Ha0). and ron on THPLC ot a
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shallow gradient of 10-100% MeCN over 4} minutes al & flow rate of 2 mlmin ',
view the full prafile ol the components of the extract. The HPLC profile was divided
into  fractions. lollowing multiple injections, cluting fractions were collected
separately, prepared appropriately and tested for in vitro astiplasmodial activity
against D10, The fractions that showed activity were run on HPLC and their profiles
were further scgmented into smailer fractions, which were collected and tested for
activity, Bioassay goided fractionation was carried ot in this manner until the peaks
respansible Lor activily were identitied. The amounts collected from HPLC were too
little and could not be weighed. Thus a quantitative analvsis was impracticable.
However, a qualitative comparison of antiplasmodial activity was achieved, The
concentrations of the Lactions were nol calenlaled, as al this stage the mam was o
identify the active fraction, not to evaluate the [Csp values, The results were plowed
arbitrarily lor comparison. whereby the highest sample conceniration loaded onto the

plates was arbitrarily set 10100 pgml™.

{mee the active peak had been identified, SPL was used to semu-purify  and
concenirate fractions that exhibited activity, Preparative HPLC was then performed in
order o obtain weighable amount of active constituents for delermination of 1Cs;

values.

3.7.2.1 TPreparative HPLC

Preparative TTPLC was used 1o purify amd obtamed weighable amounts of constituents
of sclected fractions penerated from SPE. The fractions were selected on the busis ol
their antiplasmodial activity. The preparative HPLC separations were achieved using
4 preparative Discovery® Crg § pm (250 cm x 10 mm) column, protecied by a pre-
packed Bondesil Cz 40 um guard column {Anatech). The injection volume was set at
200 ul and the flow rate a1 2.5 mimin''. A § mgml™’ stock solution of the selected
samples was prepared and applied onte the column. Scparation conditions were
adjusted to achieve desired resolution for each Faction. The mun conditions were
aptimised for each fraction. Fractions were then delineated for collection. Repeated
mjeetions of the samples were then run and the cluting fractions were collected.

prepared appropriately (section3.3) and tested for in vitro antiplasmodial activity.
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Bascd on punty amalysis, the collected fractions were cither further purified using an

analytical column, or were taken for NMR analysis Tor structure elucidation.

3.7.2.2  Analvtic BPLC

For cach plant extract [racticen, the linal purification ol the active components aclive
fractions wis carried out on analytical ITPLC. The injection volume was set to 100 pl
and the flow mate at 1.0 mimin” or 1.3 mimin”', To pwify SPE fractions of £
africens, W, salutaris, and 1IPLC fractions of £ comphoratus, a reverse phase )z
column (Discovery & Cg 150 x 4.6 mum, Sping and maobile phase of MeCN:H20O a1

varving pradisnts were used,

e SPE fractions of £ africanus that showed antplasmodial aclivity, R70, RE0, R90
and R100. were run an HPLC ar different pradients. The ron time was set wo 20 nun.
Fraction R70 was run at 40% to 20% MeCN, fraction REO at SO-100% McCN, whilc
R4tk and K100 were run at 704 to 1{0% MeCN.

The SPE fractions of 4. hefedine were purified on HPLC using a €, amide codumn
(Supeico Sigma-Aldrich Cpe. 1530 % 4.6 mm, 5 pm), and mebile phase of MeCN and
1% TFA in Ha0, al varving gradients, at o flow rate of 2 mlmin’', The run time for all
the Imctions was |5 nunutes. Fraction 60 was run on HPLC at a pradient of 3% -
8094 MeCUN, Fractton 80 was rum al a gradient of 40%0-100 while [raction 100 was run

at a gradient of 508a-100%,

38 Fractionation of DCM extract of A, naiffefolinm

3.8.1  Flash Chromatography

Flash Chromatography was used in the mitial separation ol the 1JCM extract of A
millefoliunr, The extract (2 g) was dissolved in 10 ml ethyl acelate (ELAc). The
solution was ansferred o a round bottom flask, to which silica (T'ype H 51 gel 10- 4

ug Sigma) was added untl a homogenous slurmy was oblained. The FiAc was

evaporated ol (Buchi rota-evaporator), and the plant exiract silica powder residue
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was loaded into a flat-bottonmt funnel column { 10,3 x 9.0 cm). The column was washed
twice with 50 ml of hexane, The sample was eluled with a step gradient, with 150 ml
increments ol 0% increasing polarity from hexane Lo EtAc (100:0, 90010, 8020,
F0:30, 60441 56130, up to ¢:100%) to afford 11 fractions. The column was then eluted
with CrAc: MeOH at imereassing concentrations of MeOLL; (90: 10, 70:540, 40:60 200:80
and 100% McOH ) at 130 mi per fraction,

The profile of cach fraction was montored using Thin Layer Chromatography (1LC),
Fractions with similar profiles were pooled, concentrated and stored at 4°C in pre-

welirhed vials,

3.8.2 Column Chromatography

Bioassay detected the antiplasimedial activity in fractions: 60040, 70030, BO:20, 9010
{hexane: FIAC), and 110, 70:30. 40060 (LrAc: McOID. The active lractions werc
pooled and further fractionated using column chromatography., Silica ((L0O63-
{(1.200mm) was mixed with DCM to make slury, which was pourcd in lo a glass
column (60 x 4 cm) and lefi to scitle. The active fraction (20 mgml™) dissolved in Iml
MeOH was applicd onto the column and washed with DCM 1o wash out McOH. The
wash was followed by a slow and constant lNow ol FrAc: hexane: MeOH (5:4:1)
mabile phase, vielding a total of 114 Fractions. Collected fractions of about 2 ml each
were analyvzed by THC and weree then pooled on the hasis of the similarity ol thar

TLC profiles.

3.8.3 Short column chromatography

Five of the fractions gencrated irom colunn chromatography  showed  good
antiplasmodial activity, These were subscquently combined and  subjected 1o
fractionation on sitica hexane slwry using a shorl column (7 ml x 3.3 em).  The
sample (1.1 g) was dissolved in 10 ml of LtAc and MeOTT (1:1) and was slowly
applicd omo the column using a 200 pl pipette, The colimn was washed with 30 ml
ol hexane 1o wash out McOLL, and then eluted with a continuows Now of 10% 1XCM in
LtAc at 0.5 mlminy' 10 allord 140 fractions. Fractions were pooled to 7 [ractions based

on their profiles on 2 1TLC plate.
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384 Thin Layver Chromatography

TEC was perfvrmed on Whalman alunamium sheets coated with a 0.2 mm layer of
sthea (81 gel 60). TEC was used o determine the prohles ol the eluted fractions
oencrated from flash chromatography and columin chromatography, ‘The tractions
were reconstituted in MeOll and spotted on the TLC sheets using 10 ol capillars
tubes, or the first 8 fractions pencrated fron flash chromatography (100%: hexane to
04 L1Ac: hexane). the TLC plates were developed in the mobile phase hexane: LtAc
{6:4). The polarity of 1he mohile phase was increased 10 a hexane: ElAc: MeOH
{5.53:4.0101.3) solvenl syvstem for the more non-polar fractions and all the fractions
ccncrated from column chromatography, The TLC plates were viewed under 254 nm

and 365 nm UY light,

3.8.5 Preparative Thin Layer Chromatography {I"1'LC)

Active compounds obtained from short column chromatography were in munute
amounts and were inadequate fn spectral analysis. The [actionation process was
repeated under simalar condinons to obtain more of the active compounds, 'The crude
extract was subjected to flash chromatography followed by columm chromalography
of the aclive [Fgetions, PLITA was used w tsolate compounds present in the active
[ractions generated lrom column chromatography. Preparative TLC was performed on
silica coated elass plates (1mm layver thickness), The fractions were reconstilyted 1n
MeOH. somicated and applied oo o the plate usiog 10wl capillary tubes and dried. The
TLC plates were developed in 20 mal of mobile phase FrOAc; hex: MeOH (5:4:1)m a
elass tank, The plates were then viewed under 254nm and 365nm light in the dark
roont. The bands were cach seraped off the plate. reconstituted in MceOIL The
suspension was clarified by filtralion, prepared accordingly and lested for in vitro
antiplasmodial activity. The [ractionation proeess led o the Isolation of a single

compound that exhibited antiplasmodial activity,

The active hand of 4. millefolivm was purified using a Cy column (Sphen GROM-

OCTYL, 2350 x 4 v, 5 pm) and mobile phase system ol MeOH: IO, ar a gradient



ol 40-100% over |5 minutes a1 a low eate of 1.5 mlmin. 'The injection volume was

at 500 ul.

2.9 Speciroscopy foriselaied compounds

The mass of the isolaed compounds was determived firsily by rmoning samples on
low resolution mass spectra APCL 2000 LC/MS/MS, (Applied Biosystems, Califoroia,
LUISA). The masses were recorded in 11 MeCN: [0 at 25°C, The Iigh Resolution
Mass Spectra (TIRMS) were run on g Walers APL Q-TOT Ultima {Waters, Milford,
LSA) The mass range scanncd was between [00-1800 atomic mass untls (amu), The
run conditions were as follows: sample introduction: 300 plmin' Waers UPLC,
injeetion: 3 ul. source: ES1 4, capillary voltaze: 3.3kV. cone voltage: 35, RF1: i,

source: |00 °CL desolvation temp: 330 °C, desolvation gas: 330 L/h, cone gas: 30 Lih,

The FIPLC dsolates of the SPE Nactions of A4 bending were apalysed on Gas
Chromatography Mass Spectruometer, {Mass Spee Eleciron Tmpact Agilent 6890 (L
MBI Agilent 5973 mass sclective detecter). Samples were ran on capillacy column
[IP-1M$, 30M. 1 0.25mm. tilm 0.250m, at a How ratc of 1 mlmin™'. The carrier gas
was helium, The initial temperature of the oven was 90"'C while the injection port was
al 250°C. The imitial ime was | minute, the rate was 35 degrees per minute W 340

degrees, and the [inal time was 8 minutes.

3.9.1  Nuclear Magnetic Resonance (NVIR)

The protom (lﬂ} anel carbom {HC’] MM data were recorded 1 CDCLE o DRSOy or
acetone-dy al room lemperalure, al frequencies of GO0MIz and 150MHy respectively
ot Marian "N Ineva 600 spectrometer (Variao Ine., Calilorma, TSA). The sample
tube (2mm diamectery was uscd, Al the chemical shifts (6) are reporled 0 parts per
willion {(ppa) relative o TMS & =0} as an incternal standard. The 2-Dimensicnal

MME apalysis meluded COSY, NOESY, HSOQC, and | [MOQC experimenis.
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310 The fx vive antimalarial activity of plant extracts and active fractions

A murine model of cerchral malaria was used to investigate the antimalanal activily
uf plant extracts and selected active fractons. The model was firther manipulated in
order to investigate the protective and curative activily of the lesied samples. The
study was granted clearance lrom the Research and Hilnes Committee of the

University of Cape Town, under project number 061471,

J.11 Animals

Wild strains of C37B16 muice o enther sex, weighing between 20 30 g, 8-10 weeks
old were obtamed from the Umiversity of Cape Town (LCT) animat house. Animals
wore housed under standard environmental conditions 124°C room lemperature) and
led with standard puelicts and water. The amimals had contineous free access o water
and food throughout the cxperiments. The experiments were conducted wnder the

survelllance of the ethical committee of ammal care and nse of LCT.

3.00.2 Acute toxicity

Acute toxicity of the crude extraels of the lve planis was evaluated at a dose of
S00meky body weipht twice a day. The extracts were administered orally lor 7
consecutive days and the animals were monitored tor a period of 30 days. Parameters
such as survival. chanpes m body weight and gencral health dicators such as

mubility, paralysis, and swollen abdomen were used to assess loxieily.

T10L3 Parasite strain

The £1 berghei (ANKA) streinn was donated by the Swiss Tropical Institute. Basle
Switzerland., The stock of the parasitc was preserved in liguid nilrogen in our

luboratorics.



3.10.4 Parasite inoculation

The stock ol CQ-sensiive P, herghei was stored in liquid nitrogen. 'The preserved
parasites were thawed on ice, diluted with saline and introduced intraperitoncally into
two e, as parasite donors, Lach animal received 0.2 ml of the moculwmn After 6
days, tnn blood smears were prepared and the parasitesnia was deterenined by light
microscopy. The hlood from the donor mice was collected through tail bleeding into
heparinised bottles and diluted with saline such that 4.2 ml of blood contained
approximarely 1 x 10° infected red blood cells/ml. The animals (five of cach group)
were incculated  intraperitoneally with 02 ml of Plasmodivm berghei ANKA
parasitized blood. The donor mice were sacriliced by cervical dislocation.  Parasite

straifes were maintained by serial passage of blood [rom mouse to mouse,

3.10.5 Treatment of animals

The test profocol was based on the d-day suppressive test as described by Peters ef
al. 1975, A total of five infeeted but untreated mice served as a negalive control and
recerved the sohvent. Another group of five mice infteted and treated with €F) served
a5 positive control. The test samples were administered at different dosages, The
animals were (reated orally or subcutancously for four consecutive days, with (.2 ml
of the test sample. The crude extracts were dissolved in 20% FEtOH, 5% hicarbonate
in HpO. and piven at a dose of 230mekg once a day. 'The animals were marked by a

Mack permanent marker on the tail.
31051 Sappressive test

The suppressive test was carried out to evaluate the schizontoeidal activity of active
fractions of W, sghaariv and A betuling on carly infection. using the method
described by Knight and Peters 1980, The mice were divided into four groups of five
mice each. The day of inoculation was termed Dy, On the first day (Dy), mice were
inoculaicd accordingly. Treatment with the fractions/drugs commenced 24 hours
post-inoculation, The fractions were administered orally at 250mg/ke onee a day for
4 conzecutive days. CQ (10megkg) was given o the positive control and an equal

volume of 3% bicarbonate was administered to the negative control group. Thin



blood smcars were naade on the Gilih diy (7). and used In assessing the activity of

the test samples. 'Fhe average chemosuppression ol parasitermia was then culculated.
31052 Evaluation of prophylactic activity

lhe test was perlormed Lo assess the prophylactic activity of fractions of W salwaris
and A hetsding using the method deseribed by Peters 1963, The mice were randomly
divided into four test groups of five mice cach, twa groups per each test lraction, The
mice were administered orally with a 2530ma'kg dose ol the [fractions lor 3
consecutive days {Ly- Da) before inlection. On day 4 (1), the mice were inoculaled
wilh Plasmodivm berghei (scetion 3.10.4). Following inlection, one group for cach
test sample stopped treatment while the other group continued with treatment for
lurther 4 days. thin blood smears were nade on day 4 post-infection in both groups

and the parasitemia levels were assessed.
3.10.5.3 Curative test

‘the curative lest evalualed the schizontoaidal activity in established infection using a
maodilied method similar w that desenbed by Ryley and Perers 1970, On the first day
{[3p), mice were infected as in section 3.10.4, In this case, oral treatment with the test
fractions at a dose of 230me'ky commenced on day 3 (72 hours alter inlection). Q)
(10 mgdkg) was given o the positive control and an egual volune of 3% bicarbonate
was given to the negative control group. Treatment continued datly wnul day 7 (4

days postanfection). Thin blood smears were made on the 3™ dav post-infection (),
3106 Evaluation of aclivity of test samples

The activily of test sumples was evaluated by observation of survival, behavioural
chanues, typical signs of cerebral maluria, and parasitemia levels inmice. Survival of
the mice was observed every day. The mean survival time for cach group was
determined arithmetieally by fioding the average swrvival time (days) ol the mice
{post-inoculation) i each group over a period of 20 days. Parasitized ervibhroeytes
were counted in Giesma stained thin blood films. The filns were made lrom the Lail

bload ol each mouse, fixed with methunol, stained with 4% Giesma at pH 7.2 for 10



minutes and cxamined microscopically. The parasitemiia level was determined by
counting the number of parasitized erythrocytes oul of total erythrocytes in random
fields of the microscope. The percentage chemo suppression ol parasitemia for cach
compound was caleulated with the formula (A-B/A)Y x 100, where 4 15 the average
pereentage parasitemia in the nepative control proup and 2 is the average percentage
parasitemia in the test proup [Tona ¢f of., 2001]. Parasitemia was observed from the
fourth day post- wmfection and every second or third day thereafier. The mean
parasitemia. survival time and weight were determined and analysed praphically

using the Microsott excel XP and Prism vision 4.

3.11 Statistical analysis

[ata obtained from the study were analvzed statistically using Student's test, and

values of £ < 0,05 were considered sigmiticant,
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Chapter 4




4 Results
4.0 Introduction

This chapter reports om the results of the extraction of plants, antiptasmodial and
cylotoxteity  activities ol the oxtracts and aetive [ractions, bio-activity guided
fractionation of cxtracts, and phytochemical analysis of active constiluents of the

extriacts.

The vield of the extracts is expressed as a percentage ol dry weight ol the plant
material. The procedure for antiplasmodial aclivity ol extracts, fractions and
compounds was Tollowed as detailed in section 3.4.5. The antiplasmodial activity of
test samples was determined by their 50% inhibilory concentration (1) Extracts
with anliplasmodial activity ol 50% inhibitory concentralion (150} of lopeml™ or
Jess were considered to have sighilicant activily, (1) was used as a positive control in
all the tests for antiplasmodial activity. CQ exhibits [Csp values of 7-15 ngml™ against
the CQ-sensitive stram DO and 100-200 ngml" apainst the CQ-resistant strain K1 of
P palciparim. The experiments were done n duplicate on three difTerent oecasions.
The plors shown m this study are a pooled combination of dose response curves used

to determine the mean (n=3) 1Csg value.

The extlracts, fractions and compounds that showed antiplasthodial activity against
D0 were sereened for evlotoxicity on Chinese Hamster Ovarian (CIIO) Cell line,
Emetine was used as a positive control. The 1Cs of emetine is in the range 0.04-0.00
peml™. The solvent contral, 20% McOII did nor have any elfict (050 100 ugm!™)
on the antiplasmodial activity or eviotoxicity results of the test samples. Plant
extracts, fractions or compounds that showed selectivity indiccs above 15 were
comsidered 1o have specific antiplasmodial activity as opposed to general cytotoxteity.
The dose response curves of positive control drugs and solvent control are shown in

appendix A (page 188).
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4.4 Tarconenthus camploratuy

4.1.1  Inirodoetion

The leaf material of 1 casmpliorares was extracted waing H-0), MeOH and DOCM, The
crude extracts were preparcd appropnately and tested for antiplasmodial activity in
vitro against the D10 strain of £ fafedoray, Vhe active cride extract was subjected

tor bio-guided fractionation using a combination of HIPLC, SPL and TLC techigques,

4.1.2  The in vitro antiplasmodial activity of ihe leal extracts ol 72 camplroratus

Lhe DO leat extract of . comphoratus showed amtiplasmaodial activity agains! Lhe
Ly b0 steatn wath an 15, value 760 = 0.6 pgml"ﬂ"igurc 4,.1.2.1) The MeO1T exirac
showed moderate activity ([Cs = 1004 - 1.2 ;Lgml"}. while the water extract showed

hittle activity (1Cs; = 25 pgml"‘“_} iTable 4.1.5.1 ).
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Figurce 4,1.2.1 Dose response curyves of the DM crude extract of T. campliorafies against thie DL
and K1 steains of £ fafcipirnme,

4.1.3  Tdentification of the active principles of the DCM crude extract of 7.

carmphorafig

Analiquot of the crude exiract was run on TI'L.C at o shallow gradient 1o view all the
components o the cextract, The gradient was adjusted accordingly o improve
separation between the components, Four Iractions {(1-4} were collected separately as

delineated on the HPLC chromatograph in Figure 4.1.3.1.
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Figure 4.1.3.1 The chromatosram of the foll HPLC profile of the IWOM extract of 1
crmpfiorarrs vup on o Cy column at a gradieot of 10-100% MeCN in L0 over 40 minutes, at
flow rate of 1 mlmin ', No constituents cluted alter 16 minutes.

The yviclds ol the fractions collected by HPLC were low and could not be weighed,
therefore a qualitative comparisom rather that a quantitative analysis of antiplasmodial
activity was carried ouwt, Iractions [ and 2 showed cqual antiplasmodial activity.
fraction 3 showed no aclivily while fraction 4 showced the highest activity, Following
identificalion of the active fractions. SPL (details sce 3.7.1) was performed to
coneentrate the getive fractions using the eluting svstem of increasing 20% increments
of MeUN in T1:0. SPL fractions 46, 60 and 50 (%MeCNI showed activily with [Csg
vilues 4.6 + 0.6 pgml ' 34 0 1.2 pgml * ané 2.2 1 0.2 pgml | respectively, as shown

m Lable 41501 and on their respeclive dose tesponse curves 1 Figure 4.1.3.2.

Tabbe 4.1.3.1 The viclds aod aotiplasmodial aetivity of the leaf erude extracts und SPE fructions
af the DCM extract of T. coummpliorars.,

Plant extract Yield in percontage (o) 1Cs mean - 8.1 (peml™)
1316 strain o

DM (3.9 Ll

Mle(3H 24 b0

H:{} 1.% Sl

SPL fractions { MeCh %) . B

) 2.04 4.6-0.6

) 1.1 34-12

80 5 ek o .

5%



In vitrer antiplasmuodial activity of the SPE fractions
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Fipure 4.1.3.2 The antiplasmodial activity of the SPE fractions of DM extract of T, campfierarns
aingt the 0 and K1 strains,

4.1.4  Purilication of Fraction 4 {T-60}

Fraction 4 (T-60), as identificd on HPLC, was present in both SPL fractions 60) and
80, T-60 cluted at a retention time of 3.94 minutes at specified chromatographic
conditions (Figure 4.1.4.1}, The purified peak (T-60) showed untiplusmodial acuvily
of 22 0 03 peml™! und 24 1 03 peml”! against the DI0 and K1 sieaing of 2
Foleiparum respectively. The elueidated chenuical struclure o eompound 1-60 is

shown in Figure 4,191
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Fioure 4. 1.4.1 The HPLC chromatogram and UY speciram of compound [-60 present in the SPE
OO Fractiom, rum al o gradieont of J0-80"% MeON over 15 minutes at 13 wilmin™ flow eate,



445 Turification of fraction 1 and fraction 2 of the DCM crude exoser of T

Carplioratis

Fracuons | and 2 appeared as single peaks on the HPLC chromatogram of the crude
extract. The two fractions were collected and run separately on HPLC at the same
gradicnt as the crude, The chromatogram ol esch peak appeared to have three cxira
peaks, These results suggested that each peak collected lrom the ernde extract could
ke a combinalion of three compounds with close retention times. Tt was also possible
that the compounds represented by the original peaks in the crude were unstlahle. and

could have decomposed 1nto bwo other compounds,

In recallecting fractions | and 2 on [IPT.CL several attcmpts were made to improve
scparation between the [ractions. The concentralion of the sample run on TIPLC was
lowered to avoid overloading of the colwnn. The gradient was made more shallow
(20%-40% MeCN over 40 minutes, flow ratel . Fmlmin”' Y o im prove resalulion and o
avind any overlap or carrvover, '[he sample was dissolved in a more polar mohile
phise (723 T1:0: MeCN) o improve separation, 'The connecting mbe from the detector

to the colleening end was shortencd 10 reduce possibilities of cross conlamination.

The peaks were [airly spread auwt from each other, with a resolution faclor of 2,39,
However, when the collected peaks were run individually on FIPT.C, each peak =1l

viclded two other peaks (Figure 4.1 310 Peak 1 oand peak 2 swere separaicly run
igocratically at 35% MeCON Lo investgate 1 the compounds were ot co-eluting when

run ab a gradient. The results were similar to the ones obtained previously,

1 oo aon aon A0 = [l T ann S0 1003 11 o 1= e
P hae

Figure 4151 The chromatoeram of “peak 17 fractinon (similar fo that of “peak 27 isolated from
the erude extract of T2 conpfrorasas. The peal was run on Oy at 8 gradient of T-60%MeO N over
IS min ata fMow rate of L5 mimin™, The two “peaks™ showed similar decomposition patterns,

L



I'he suppestion that the compound represented by one of the peaks wis unstuble and
decomposed imo two other comipounds scenied to be a sensible interpretation ol the
results tropt THIPT.CTo mvestipate this supeesion further, the LC separation method

was apphed as an attempt e puri iy (raetion © and Guetion 2,

4.1.5.1  Thin-layer chromatography

Fraciioms ‘peak | and “peak2” were separated on a TLE plue as deseribed o seetion
3.8.4 uzing the mobile phasc, potroleuny ethor: DOM: BtAC: McOH (1:1:8:0.2), The
resulls revealed that the TLOC profiles of the two fractions were similar. with the
presence of three bunds with Ry values o 0.36 am. 0.27em and .24 em. The bands
were scraped tromy the plates. reconstiuted in mobile phase and run on HPLC.
Unfortunately the 1IPLC chromatopram results obtained for each bhand still showed

the presence of three peaks with similar UY spectra Figure 4.7.5.2 (ay and ().

The UV spectra of peaks present in the HPLC prolile of crude extract and of
HPL.C fractions of T. canplroratis,

Fignre 4.1.52 {ay Comparison of the 1'% spectea of the three ariginal peals in the erude exoract
of Toocamepherrietres (lefl) and the UY spectra of the three peaks present in (e salated samples

tright ).
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(B3 The eomparison of the LY spectra of peak | and 2 Teom the “peak 17 Draction (el and the

UV spectra of peak | oand peak 2 in the “peal 27 {ractinon, alter separcation with TLC.

4.1.6  The in vigro antiplasmodial activity of “peak 1" and “peak 27 fractions

isolated from the crude extract of T campharatus

Adthough Lthe anuplasmedial activity testing was performed wsang samples that were
not absolutely pure, there was an observable creichowent of each peak of inlerest.
which accounted for the major part of the activity. Fractions 1 {"peak 17} showed
activity with an 1Csq of 6.1 peml”' and 6.2 peml™ against D10 and K1 strains
respectively, while fraction 2 ("peak 27) bud an [Cs, of 4.2 pomil™” and 4.12 pgnl™!
weramst [0 and K1 strzans respectively. The respective dosc response curves are

shown in Vigure 4.1.4.1,

The crude extraet showed no toxicily effects ol lested concentralions (1Cs, =100 pgim!’
"), The isoluted compound, 1-60. und fiactions “peak 17 and “peak 27, exhibited less
cytotoxicity on the CLIO celd line with 100 values 794 pemi'. 631 o™ und 60,3

ugnﬂ'] respectively (Fioure 401,620

a2



fr vifro antiplasmodial activily and eytotoxienty of HPLOC fractions und 1salules of

DOM exrract of 11 cemmphoraius.
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Figure 4.1.6.1 Duse response curves of enrviched »peakl™ and *peak2” fractions of 1. cauepfioraias
apainst the D10 and K1 strains of P falciparwen |
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and isolates of §. complrarafis on the CHO ecll line.



4.1.7  Mass spectrometry

The solated peak sumples contained more than one compound. Their purity wis not
sutficient to obtain NMR and molecular formula data, however their molecular muss
a5 determined using low resolution mass spectrometry. Peak | had a molecular

welght of 380,260 while peak? had a molecular weiphi of 408,27,

4.1.8 NMR of compound T-60

Assionment of the molecalar tormula CosH 500 was based on Lhe TIR-FIS-MS dala
{miz = 237.0821 [M]. calculated 257.0814). The 'H. "¢, and 2D-NMR; HSQ(C,
TIMOQC and COSY NME are summarised in Fable 4.1.8.1. Spectra are i appendiz B

(page | 89). The chemical structure of the compound 1s shown in Figure 4.1.9.1.

Tzble 4.1.5.1 The summary of the 'H, ", COSY 2nd HSQC spectra of compound T-60 iselated
from STE 60 and B0 fractions of T. camphoratus,

i Position 18 'H () He) T P HMC CCORY '
2 546dd (132, 3011 To.0d | 134
3a 3.09dd (159, 12,611z} . 42 8t LT, -4, O-da H-2, 11-3h
b 2 TR dd (159, 3.0Hx«} I : -7, -2, 004 H-2 H-3u
1 L 19495
4a l 1020 i
5 6415 |
6 589 d (2 11z 957d 1 C-T,0-8 | |
7 167,05 |
& 293421 Hx) G4 8d -7 0-Ba !
R L6325
| 1390y
a TA% (7 BHe) 12s9d -2 0-3 H-3"
3 71 L(7.5Hz) 128.3d o I L
€ 7.361(7.200z) 128.25 -5
5 741 1(7.511z) 128.3d g 0 s
3 7.4% ¢ (7.RHz) |25.9 s LR H-2'
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4.1.9  The chemical structure of '1-64

Fipure 4.1.9.1 The chentical structure of T-60

4.1.9.1 Assignment of C and "H NMR

The abzence of a NOESY spectruny indicated that T-60 is a planar molzcule.

The molecular mass of miz — 256 suggested a 15-carbon molecule. The UV spectrinm
of the molecule was highly similar o that of avonoids as i1 consisted of two major
absorption maxima at approximately 270 nm and 320 om, which originate from the
A-ring and B-ring of flavonoids. The vwo meta-coupled doublets al & 3. 8% and & 5.93
{] — 2.1 Hz) arc typical of protons on the A-ring of flavonoids with O-group

substitution ar C-7 and C-5 posilions.

The resonamices of the B-ring overlapped due to the symmetrical nuture ol the ring at
C-1' and C-4". The svomumctry caused C-2' signals o overlap with that o C-6'. und
similarly signals of C-3' overlupped with that of C-5. A pair ol ortho-coupled
doublels () — 7.8 Hz) at 6 7.49 integrated lor two protons which were identified as H-
2 and H-A'. H-2' and H-6' prowons were linked 1o carbon at & 1239 through
correlations abserved in HSQO spectruny, A pair of ortho-coupled triplets (1 — 7.5 Hz}
al & 741 intcgrated for two protons identfied s H-3' and H-3" T1S0OQC correlalions
linked hoth H-3' und H-3' to a carbon at 6 12835 H-3' and H-3' protons were
distinpuished from T1-2°, & prowns as they always resonate up-field. and resonale as
iriplets due 1o (he additionsl splitting by 114", The magmitude of the coupling
constunts and correlations in COSY and HMQUC speeira resoived the positdomng of
protons T1-3'. H-3', and H-2', H-6" protons. Proton [1-2" interacted with the H-3' H-5'
pair in the COSY spectrum, and correlated w C-3' in HMOQC, Darthermore, H-3', H-5'

showed corvelation o C-4'



A double doublet at & 5.46 was assigned to 11-2, | his signal is highly characteristic of
flavanones, HSQIC linked H-2 10 C-2 at 6 7900 The COSY spectrum revealed that 11-2
coupled wath two double deublets ar 6 3009 and & 278, assigned to H-3a and H-3b
respectively and positioned gt C-3 at & 48.2 through correlations in the T1SQC
spectrum. | heir positioning was confirmed by their double doublet spliting pattern
due 10 spin-spin interaction with cach other, and with H-2, This information was
highly supportive of a Navanone, Correlations from the 11-3 protons to C-2. and C-1'

wire bserved mthe HMOQO specirum,

The carbonyl at & 19449 and two highly deshiclded quaternary carbons at 8 1020, and
163.2 were assigned o C-4, C-4a and C-8a respectively. Two and three bond
correlations from the H-3 protons o (-4 and from H-3a 0 C-4a observed m the
IO specirum resolved the assignment of the guaternarcy carbons,  HMOQO
contours from -6 and T1-8 to a cathon at & 16740 (C-7) and from |1-6 to a carbon at &
[64.1 {C-5) resolvied the positening of C-7 and (-5, The assigning of & 163.2 10 C-8a
was alzso supporied by the HMOQO corrclation obscrved between H-8 and C-8a. The
spectroscopie data supported  the  charactenzation ol compound  T-60 as 5.7-

dihvdroxvilavanonc.

4.1.10 Discussion

The DOM extract of . camprhoraizy showed antiplasmaodial activity against D1 and
K1 strains without any evidence ol ¢hloroguine cross restslance bevween the two
strains. The results of antiplasmodial activity of the extract are in agreement with
activity reported by Clarkson e of, 2004, The repoited activity was however, withom
reference 1o toxicity, and the constituents responsible  [or actvily  remained
unidentificd. The results in this study have indicated that the exteact has relatively less
evtotoxicity  against the mammalian CIIG cell ling, The selectivity ol the
antiplazsmoedial activity was high by a magnitude of over 12 for the crude. and 14 for

puri led fractions.

alE



The resolution Taclor lor peak 17 und “peak 27 fractions was found 1o be 259
Resolution values greater thal 2 are regarded us good resoluton. Therelore 11 was
lghly untikely that there was any overlap or cartyover between the [ractions. Inswead
there is a high possibility that the compounds in *peak 17 and 2 have similar chemical
structures with identical carbon backbone, Vhe UV spectra of “peaki’ and “peak?”
were simlar, Furthermaore, the results also revealed that the LY spectra of the three
peaks present in the collected samples were identical 1o the UV spectra of the first

three peaks in the crude extracl.

T-60, one of the active constituents of the extract was identified as 3,7-dihvdroxy
Nuvanone, The compound 3,7-dibydroxyilavanone has been isolated Irom medicinal
plants belore, and hus been reported o possess molluseicidal and Tungieidal biological
aelivitics | Ahanglan ef af . 2002: Kehau ef e, 20000 This s the first report of the
olation of 3. 7-dihvdrosyfavanone from F cesmpfiorarns, and i antiplasmodial
activity. The structure of 3. 7-dilvdroxyllavanone is not related and has no similarities
tor the chemical structures of current antvmalarial dengs, Thes could be an indication of

the different mode of action exerted by this compound to kil the malaria parasite.

In conclusion, the “peuk]™ and “peak 27 Jractons, and the wsolated compound {T-610).
showed good antiplasmodial activity withoul chloroquine cross resistance and ow
cvlotoricity, The aetivity s however, considercd moderare when compared to the
activity of current antimalarial drags, which is in the range of nanograms, In malaria
endemic areas where ¢hloroguine resislanee is prevalent and there is a shortage of
antimalarial drugs, extracts ol 7. egmpboreius could be usetul, The eftectiveness of

the extracts however, still needs o be determined in fn vivo svstems,

O



4.2 Erivcephalus afrivanus

4,2.1 Introduction

The leat material of £, africanns was extracted with MeOH and DUM, The extracts
were sereened for in vifro antiplasmodial activity against the D10 strain. The active

crude extract was subjected 1o bio-activity guided frachionation using SPE and HPLC.

4.2.2  In vitrs antiplismodial activity of the crude extract of E, africanus

The DOM and MeOTT leal extracis ol £, gfricenuy showed antiplasmodia] activity
against D10 with 10 vahies of 8.5 « 6.5 pgml” and 9.2 - 1.2 pgml” respectively
The XM exivact also showed antiplasmodial activity apainst the resistant strain K1
with an ICsq value of BT - D,Sugml"'. The IXOM extract showed slightly more
antiplasmodial activity than the McOH cxtract, and less eytotoxicity (1Cq =841 - 5.2

paml ™y (Figure 4.2.2.1), and was scleeted for fusther fractionation.
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Fizure 4.2.2.1'Vhe dr vifro antiplasmodial activity and cytoioxicisy of the crude Me(OOH and DCM
extravts of £ afeicanus.
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4.2.3  Fractivnalion of DCM extract of £, africanas by SPE

The DMCM extiact ot £ affcanmey was Tractionated using SPE following the procedute
shipulated 1nosection 37,1, The fractionation process vielled [0 fractions. which were
prepared appropriately and tested for in virre antiplasmodial activity ageinst the 13O,
Four fractions; 70:30, 80:20, 90:10 and 100:0 (McCN: HaO) cxhibited positive
antiplasmadial sctivity, The yields and 1Csp values of the crude and the active
fractions are shown in lable 4.2.4.1. The aclive fractions were selected and further

fractionated oo HPEC m order 1o purily their active constituents,

424 Cytotoxicity of erude extract and active fractions from SPE

The Tour active fractions: R70, R8O, K90 and R100. were wsted for evtotoxicity on
the CITOY cell line, Iractions K70 and B80 had 1Cs), values o 2.8 - 0.6 |.lgml" and 14.8
+ 1.1 Ing_ml" respectively while RO, and R100 had [1Cq; values of 35.5 - {1.5 u,gml'i
ard 135 _ 0.5 pgml™ respectively, The selectivity indexes of the crude and active

Iractions were calculated (section 3.0) and are shown in lable 4.2.4.1.

Table 4.2.4.1 'The pereentage viclds, in vifro antiplasmodial activily and seleetivity indeces of the
DCM leaf extract of £, afeicanies, and lracticns generated Trom SPE.

Extract o1 Fraction Pereentage 1Cs DO mean | Selectivity
vield (%) + 8.0, (uegmly | Index
: 12N extract 2.6 8.5 105 10,4 .
| R70 (70:30}) 32 B3+ 0.4 b3
REO (80:20) (.0 G50 12 L2
R9O (90:140) 1.1 0.7 =04 33
RGO { 100:40) 23 | 4.5 =002 31

ay



4.2.5  Purification of active SPE [ractiens using HI'LC

The active lractons generuted from the SPE wore run separiely on HPLC under the
different chromatographic conditions stipulated in seetion 3.7.2.2, using 4 C g column.
Pcuks on the chromatogram were collected individually, gquamilicd and lested for

activity,
4.2.5.1 Fractien R70

The TTPT.C chromatogram reveaied that the fraction contained three clusters of peaks,
which were grouped into three fractions (Figure 4.2.5.1) Only the second fraction
(70-2) clutng at about 7 minutes showed antiplasmodial aciivaty. This sub-friction
contained a single mujor peuk. The peak exhitited an antiplasmaodial activity of 1Csy
value 7.6 + 0.5 pgml . The peak was purificd and the chemical siructore of the

compound was cluciduted,

d.u0- priz e =t R e e
| |
2.00 | | |
- TR |
Z Thcll
1.0 | ; Y
o | i Al
£y | - . : ,
0.0 | s TR N Bl _ =T L i |
2.0 .0 B oo .00 13 00 420101 14 60
Minwtes

Fipure 4.2.5.1 The HPLC chromatogram of the SPLE feaction R78 wien run gl a gradicnt of 45-
Y MeCN over L3 minutes at & flow cate of 2 mimin ' The peak eliting at ahout 1 min i< a
solvent peak.,

4.2.5.2 Fraction I8

The chromatoeram of the R8O [racion showed one prominent peuk and three smali
pedks, The major peak accounted for 93% of the total arca under the peak of the entire
chromatogram (Figure 42,52} The major peak possessed antiplsmodial aetivity
witl an ICse value of 6.3 1 004 peml™, while the three small peaks showed nepligible
activity (1Cspe= 20 paml™) This compound (RO0-1) wus also present in the R90

iraction, The compound was collected as i clued trom HPLC and s chemicul

Y



q : 2 5 ) s
structure was determimed. The structure clucidation and the assigiunent of °C and 'H

NMER ace discussed in section 42731,
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Figure 4.2.53.2 The chromatograpl of fraction 80 when run at a geadient of 40-100% over 20 min
al a flow rate of LS mimin, The fraction containal compound R90-1 eluting at 16.8 min.

4.2.5.3 Fraciton 9

The profile of the fraction 940 contamed two main peaks, R90-2 and R90-3, which
showed antiplasmodial activity with 10 values of 9.5 - 0.5 ppml - and 6,9 - 0.3

- : 3 ’ :
woml™ respectively, Both compounds were also present 1o the RGO fraction.

4.2.6  Cyvtotoxicity of the iselated compounds

The yields of the isolated compounds RU0-1 and R90-3 were low, Compounds R90-1
and R90-3 could net be tested dor cviotoxicily due to msutlicient amounls.
Compeunds K70-2 and R%M)-2 exhibited toxicily with 1Cs valucs of 4.4 + 0.4 ugnil"

and 9.6 - 0.6 }lg_ml'l respectively.

Table 4.2.6.1 Summary of the antiplasmodial activity and eytoloxicity of the compounds isolated
Tran Lhe DCM exiract of £ africares. ND indieaies that the st was not dane,

Compounds 1Cs D10 mean - S.D Seiecth-‘ity index
(ngml™)
R70-2 7.6+ 1.5 o (1.6
RY0-1 6.5 0.4 ND
' R90-2 195105 1.01
R90-3 6.9+ 0.3 ND




Activity of SPE lractions and isolated componnds
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4.2.7 Structure elucidation of isolated compounds

4.2.7.1

NMR of compound R78-2

The 'H and "*C NMR spectra were recorded in CDCI3 and in DMS0y4 as some of the

resonances on the 'IT spectrm were not clear in CDCI3 due (o overlapping sipnals.

The 'H and 'O chemical shifts, and the 11SQC, [1MQC and COSY correlalions are

shown in Tabie 4.2.7.1 and Tabie 4.2.7.2 below, The specira are shown in appendix B3

age 193). The chemical structure of compound R70-2 is shown in I'igure 4.2.7 .3,
piL ]

Table 4.2.7.1 R70-2 in D1

| Position | & H (FHe
h i 2.56 ddd
: {138, 7.1, 4.8 Iiz)
[2a2ddiled, 1.8
I1z)
: i i 1.59 dquinter
! {138 35z}
; Bidlgrel3.8.53
i Hz)
L3 o 1.350 ddd
: (135,135 3611
§ BLA51ddd13.2, 18
Iz)
2
1 w169 dd (15, 6.0
: Iz
| 6 w 1,83 dd (16h8. 1.2
| Hz)
i B21%ddd
(9.3, 9.3 4.7 12
7 @542 dd (3.9, 1.5
[T
8
9
11
11
12
13
|4 il 5
[ 3.2 seplet {6.9 Hed
(H3-16 | 1.20d (7.1 Hz)
CHI-17 | Ll9d 7.0 1z
Cl3-18 | 0875
CH3-J9 | D86 s
i "

R

| 2891

188t

4101

3435
4584

2971

A

132.1 5
12185
8.6 5

143.5 5
143.4b 5
1319 5
111.3d
Ik d

234q
Mg
32y
20.1g
| 782+

HMOC

Cr CLC9 )

-

-1, 401, 09, C- 1,

{18, -1 C-20

-3, C-8,C-9,C-14,

=20
C-12,C-13.C-14.¢
lg, C-1

C-13, 615, {0-17F

1
1
C-3, C-4 -5, 618
3, 0-40-5,0-18

. COSY NOESY
i H-1fi, H-2f1
" H-lu
H-2fi
i H-le H-Zo H-Far
i
" H-201, H-3p
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Table 4.2.7.2 Compouod RTU-2 run in DNMSO

Pusivion | 314 () lHz) 8¢ TIMBC COSY
| o242 ddd 94t O3 W5 O ey, - | H-14, H-2R |
(14,0, 135, 4.2 117} 20
[}2.64 dd T1-Tli
(140, 1.3 [1z2)
2 wl 3| dguinrer 1921 C-14 -2
(13.2, 3.6 Hz) !
[1.75 m il -2 -3
3 el 21 ddd 4121 C-d " H-2. H-3)
{133,133 330l
[F1.42 dd H-3o
{13.5. 1.4 HZ)
4 3485
3 i1 30 dd 436.d U=, -6, C-%, (C-10. - | H-6, -6
(L8 G Le) 18, C-19, -20
& i@l 75 m 2991 C-10 -5, BL-0
(207 m : -4, -5 -7, C-8 il-3e Bl-bo, H-Ta
= H-af
T Wi 44 ddd TTEd -5, -8 C-9 C-20, H-14
(4.2 1.2 Hz) '
® Ladady
9 2265
11 485 5
11 [4349 5
12 14375
13 134495
14 608 5 [Flad e P N S il B e CH3-16. CH3-17 -z
] 324 zeptet (7.1 Hey | 2694 C=1280-13, C-14,
16, C-17
Cl3-16 1.20d (7.1 117) 2344 Sl W o R H-13
CH3-17 1.19d (7.1 He) 235y C-15, C-15, -6 H-I5
{TH3-18 LE. IS 324q C-5,00-0, O-3, - 19 TIR2E BT-3 )5
FT-Gf, 075
11319 0.86 3 2kl g -3 04 -5, 018
20 1762 5
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Assignment of the molecular formula of as Cagl 104 was basced on the [HR-TSI-MS

data {mdz - 331,1923 [M1 ], caleulated 331, 19049,

Figure 4.2.7.3 The chemival strweture of Compeoand R70-2,

4.2.7.2  The Proton and Carbon assionments of NMR spectra of R70-2

I'he DMSOh run results were used for assignment of the proton and carbon NMR. The
kg spectrum revealed the presence of 20 carbons, o Wypteal carbonyl resonance at &
176.2, oxyveen attached aromatic carbons resonances at 6 1437, 1439 and 1226, and
tlieee othoer aromatie carhons, The DEPT speetram reveated presence of foor CHS.

tour CII2, four CH and eighi quatemury carbomns.

The 'H spectrum showed lour three-proton signals at 8 1.20. 1.19, 0.87 and 0.86, and
one aromadic proton at & .68 ppm. The presence of only one aromatic proton at 6
6.6% resonaling as o singlel, suggested subsiilutions on the oher five carbons on the
ring. The sinplet was identificd as [1-14. 1H-14 ¢correlated o the carbon at & 1119 {C-
14) a5 observed in the HSQU spectruny. Lhe HIMBC spectra showed long-runge
corrclations from H-14 1o guatemary carbons al & 122.6, 4 143.9 and & 143.7 which
were identified as C-9, C-12 and C-11 respectively. The downlhicld resonances of C-
12 and C-11 snggesied Lthal they are dircetly aitached 1o an O-group. 'Lhe deshizlded
sighal ol quaternary carbons at & 134.9 and & 132.2 Tinked in the HMOQC to CH3-16
ad T3-14 respectively were ussigned C-13 and C-8. The HSQC linked a septed
resomating ot & 3,24 to a carhon ot & 26.9, idemified us C-15. The integration of a
septed (H-15) revealed that it wus one proton. The oultiplicity pattern indicaled that
IT-15 was split by 6 uther protons. The COSY spectrum showed vicinal coupling (-

7.1 Hed hetween H-15 and two methyl signals atd 120 and & 1,19, Wdentified us CH3-



1o and CH3-17 through their HSQC comelations to carbons 8 234 and & 23.3
respectively. The COSY corrclations between H-13 and the two methy] groups
positoned T1-15 in the middle, Comrelations from H-13 o CH3-16, CH3-17. C-13. (-
14 und C-12 phserved in the TIMDBC spectrum confirmed its positioning,  Further

correlations Trom CI13-16 and CII5-17 to C-15 and C-13 were also observed.

The carbom resonance of & 77.0 35 highly indicative of a carbon artached to an O-
proup. Carbon & 77.6 was identilied us C-7. The HSQC spectrum linked a double
doublet at & 3.44 to C-7. The downbield resonance ol & 344 wus supportive ol an (-
croup substitution al C-7, H-7 also showed correlation to -8 and C-9 through HMBO
contours. 1he double doublet splitting pattern indicated that H-7 was interacting with
two other protons, The COSY spectrum revealed 11-7 coupled with two protons
resonaling as multiplets at & 1.75 and 6 2.07. The protons interacted through vieinal
coupling with eacl olther und both correlated o Ure carbon at 8 299 in the TISQC, and
were consequently Lientified us the H-6 protons. The H-6 mulliplets further coupled
with a double doublet at & 1,59, identificd as H-5. HSQC hinked H-5 to C-3 at & 456,
Corrclarions tfrom H-6 to O-5, C-7, and C-%, and from H-3 o C-6 and -9 were

observed in the LIMBC speetrum,

More correlations in HMBC trom -6 and H-3 to two quaternary carbons al & 483
and & 348 together with two bond correlations Irom CH3-18 and CH3-19 Lo curbon 8
348 hrelped assipn the two quaternary carbons to C-14) and C-4 respectively, Two of
the tour methyl singlets at & (LRT ancd & (.86 were positioned on carhons § 32,0 and 8
2001 by HISOO comrelalions, and assigned ws CH3-18 and CH3-19 respectively.
Further corrclations form H-5 o CH3-18 and CH3-19 confirmed their position at C-4,
The lwer methyl groups showed three-hond commelution n the HMBC to carbon al &
41.2, which was identilied as C-3, The HSOQC spectrum revealed that two protons
resanating as a double double doublet (ddd) and a double doublet (dd) ut & 1.21 and &
|42 respectively were attached to C-3, The protons showed peminal coupling (-
13.3 Hay in the COSY and also showed correlation 1o O-4 W the HMBO spectrum,
1he space orientation of the protons was resolved by interactions in the NOLESY
spectrumy, H-7 was assigned an g-onientation. as the molecule would be most stable
with H-7 1o this oricntation. NOESY spectrum showed that H-3 at & 1.42 interacted

with F-6[ and was theretore wssigned a [l-orientalion. The COSY speetrum showed
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that 11-30 coupled with TI-3[3 and with a multiplet at & 1,73 which was identificd as H-
2. Tncaddition o T1-33. TI-2{ also showed geminal coupling (J=— 13.8 112} to a double
gquintet which was linked to C-2 at 6 19.2 through 1150QC correlation, The double
gumnlet was tdentilied as [{-2a, T12{ alzo showed COSY coupling with another
proton resomaling as o double double doublet al 6 2,42, identified as T1-Ta. -1 and
another double doublet {H-1{1) showed HSOQO correlation W a carhon & 294 which
was then identified as -1, Protons H-2a and H-2[ exhibited vicinal coupling (J=13.2
[1z) with II-3 protons wnd geminal coupling (J= 3.6 11z with cach other as revealed in
the COSY. Furthcrmore, 11-1 showed three bond coupling with T1-3[ (J= 1.5 T1z).
Proton TT-1a conlirmed that 11 was positioned two or three bonds from C-2, C-3. C-9.

C-10 and C-20 carbons through correlations in the ITIMBC specirum.

By comparizon of the speciroscopic dala with compounds previously solated [rom
related plant speeics. the NMR data of compound R70-2 was similar o that of
carnosol. I was concluded that the molecule isolated 15 carnasol. There are no reports
in the literature on the isolation of carmasol from £ gfriconus specics, This is the first
report on the isolation of camaszol from £ afeicenmus, There are however, reports on
the isolation of a derivative of carnasol, which has an oxyeen atom attached o carbon

b (C-0) instead of C-7.

A



4.2.7.3 Swtructure elucidation of compound RM-1

The molecular formula of compound R90-1 was found to be CgH 405 from the M
1 peak i the HREMS at mér 2990921 (calculated 299.0924). The "1 and “C-NMR
spectra were recorded in CDCL. The structure of the compound 1 shown in Figure
4.2.7.5, while the 'II, “C, HMBC. and COSY spectra are summarized in Table

4.2.7.4. The speetra are o appendix B (page 192).

Table 4.2.7.4. The calculaied choemical shifts and 2D-5MR correlations of R¥-1 Compound, 5,7-
dimethoxy-4’-hydroay Mavonc

Position “ % "H (I Hz} BT P HMBC - TEasy
(2 ! i ' |
|3 LR L34 d = ‘
4 ' LE2.0g ;
g ! o465
] i :
L b 636 d{2.4He) 981 d ' H-8

7 |

B C6ARd{2.4He) 9244 C-8a 1-6

8a '

I _ 82s

i CTORd{R Tl (2824 5N 13

3 P {42 11454 -4 -2

i 1z}

4' - 163.2

5! P 0di4.211z)  Fl4Ad . H-&'

&' c70%d(8.7Hz) (2824 0 g 115

5-0OMe ! 353 :
P F-0Me : 549
40 940
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Figure 4.2, 7.5 The stencture of Compound RM0-1. which was characterized as 5,.7-dimethoxy-4'-
hvorexyflavone,

4.2.7.3.1 Proton and Carbon assisnments for compound KR90-1

The absence of a NOESY spectrum supgested a plasar aromatic maoleeule, The
presence of two mete-coupled doublets at 6 6.68 and & 6.36, and further wo ortho-
coupled doublets at & 7.98 and & 7.10 are strongly indieative of a flavanod, The
singlel al & 6.6% 15 highly characteristic of the II-3 proton of a Havone. F1-3
positioning was confirmed by a correlation to a qualernary carbon at C-4 as observed
in the HMQC specirunt. The presence of only two doublets i the B-ring indicated
substiturion at C-4'. There wus an overlap of signats from H-2' and H-6" at 6 7,98, and
overlap Iromn H-3' and H-3" at 8 7.10 duc to the svammetrical nature and the tree
rotation of the B-ring.  H-2'. H-6" and H-3', H-3' protons appeared as two pains ol
ortho-coupled doublets (1= 8.7 Elz) at & 798 and 7.10. The [1-3'. 3" doublel occurred
upfield (6 7.10% from the T1-2°, 6 doublel (6 7.98) due 1o the destielding by the (-
gronp substitution at C-4°, The increased elecrron densily is due o O-group at C-4
leeding clectrons o the carbon at C-3" and €237 Also, a HMOC corvelation [rom F-2'
-6 1o C-1" helped position prowens H-2" and H-¢". The range of the resonance of
these two doublels are tvpical of that of flavanes, HSQC correlations finked T1-27, H-6'
and T1-3 11-5" pairs 1o carbons at 1282 (C-2') C-0% and 1145 (C-3. C-3)
respectivel v, A resonance downficld at 8 9,49 suggested a hyvdroxyd group, and HSQC

carrelation from o 9.46 to carbon & 163.2 positioned the Oll-group at C-4'.
The 'H speetrum showed two signals at 4.0 and 3.9 ppm. which are typical of

mcthoxy groups. The doublet splitting of 11-8 and H-6. and the mcta-coupling

hetween the two protens (J= 2.4 Hz) supgested O-group substitulions al positions C-7
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and (-3, The chemical shifts of & 6.68 (11-8) and 8 6.36 (H-6) ol the A-ring. suggested
that the methoxy proups are positioned al positions (-5 and C-7. The methoxy group
al C-3 is slightly downficld duc to its proximity (o the kelone at -4 HMBC
correlation [rom the methoxy at C-3 to C-4 further confirmed ns position. H-8 (8
6.68), 15 more deshiclded due to its close proximity to an C-group at posituom C-1,

which then lel proton 6 6.36 at position C-6.

From the spectroscopic data, conipound RY0-1 wag characterized as 5,7-dimethoxy-
4" hydrosyNavone. This compound is the derivative ol apigenin, which is present m
Rosemarinus species. In the literature, there has been a report om the 1solalion of 5.7-
dimethoxy-4-hydroxy flavone from this species. To the best of our knowledge, this is

the first report ol the isolation of this derivalive from £ gfricanus.

4.2.7.4 Structure elucidation of compound R90-2

Compound R90-2 was obtained as 4 white amorphous powder. The HR-LSI-M5S
spectrum showed a molecular ion peak al mfz — M 456.2102, calculated (456.211(H,
corresponding to the molccular formula CipfligQs - The "H and "'C chemical shifts
and HMBC, COSY and NOLSY NMR are shown Table 42.7.6. The speetra in
appendi B (page 194). 'Lhe chemical structure o R100 s shown in Figwre 4.2.7.7.

Table 4.2.7.6. The 'H. "C, HMOQC, COSY and NOFSY NMR spectra of compound R%0-2,
L p

Position 1§ & '11{J Iz} | a1'C [ HMOL COSY | NOFESY
| | e
| La092m(lk2) | 389t Il (3655 H-1p | 1-3a
| p16ym i 3 A Lo
& g .55 2691 58] H-3g CHL3-24
FE CH3-23 CI-
' 25
Pa e 3.12 dd 7854 Y T El-da, H-200 DL la, H-%e,
: 112.0.4.8 Hz) Cli3-24
4 iBfs
3 w71 (9ollz) . 55.7d | Tt H-fex, |1-6F - F1-3e, H-Ta, H-
fi w137 m P IRt -5, [1-T : 9g,CH3-Z4
[Fi3im : 1-6a | CH3-24
P C13-25, CIB-
i e 147 3441 H-éne "o
N B H-g, i
$145m Vi-ger, H-6F @ CH3-27 :
% - 0.7 5 b : i
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4.2.7.4.1 The 'H and “C-speetra Assignment for compound R110 {R90-2)

ey i i e ;
. | J S remrndl]
g8 i
L3 ) I 1F ||I|
Tt i -1

Fipure 4.2.7.7 The chemicat strucinre of compound HMI-2,

The hagh moelecular weight of the compound suggested 2 C-30 compound, possibly a
triterpenoid or dimeric sesquiterpenodd, The "C-NMR revealed the presence of 30
carboms; 6 methvls, 12 methylenes, 3 methines and 7 gquartenary carbons including a
carbony| group at & 1784, The 'H spectrum displaved 6 singlels integrating for the 6
methyls (6 — (0074, 094, 085, 0096, TOL, and 1.6%9). The above spectral data sugocated
a triterpeniid. Tymcally, from the biosynthetic pathway, triterpenoids bear 2 methyl
groups at C-4 and 5 methy] group at every ring junction of the molecule (C-8, C-10

and C-141.

The 5 methyl singlets were assigned 1o their respective carbons through HESQU
corrglations and their positionine confirmed through their corrclations o adjacent
carbons in the HRMOQO speetrwmn. CH3-23 and CH3-24 both showed comvelation 1 O-4
al & 388 and to each other in the TIMQC spectrum. Correlation from a double doublet
signal at & 3,12 1o both CH3-23 and CH3-24 was obscerved in the HMOQC spectrum. A
deshielded upiield signal of & 3.12 suggested a proton in close proximity to an O-
group. The signal was linked to C-3 ar & 7835 through HSQC corrclation. The
chemical slafl of C-3 supported a link 1o an O-group substitution. The presence of two
methyl groups at C-4 and the O-RB functional group on C-3 of the A-ring arc
characleristie ol lemponcids from their Mosynthestic pathway, The OLE group at an
equatorial pesition would be highly tavourable for the stabihity of the molecule, The

CT13 ar O-4 would he more deshielded. CIH5-23 assumead an g-oricntation due o s



resonance up field, CH3-24 was consequently assioned fB-ovientation. H-3i also
coupled with two protoms at & 1.55 and [.6 in the COSY, positioning the protons
adjacent to C-3. Bolh prodons correlated o C-2 at § 26.9 in TTSQC and were identificd
as [1-2o and -2 respectively. C-1 (8 38.9) was identilficd through comrelation from
11-2a using HMBC conlours, Two protons resonuting ws multiplets at 8 0.92 and &
1.6% showed corrclation 1o C-1 in the TISQC. No coupliog between H-1 protons and
I-2 protons was obscrved o COSY. The positioning of the H-1 protons was
comlirmed by their correlation to C-3 and C-5 as observed in the TIMOQC spectium,
The positioning of CH3-25 at C-10 was confirmed also by a correlation from T11-[5,
Lhe H-1 protons correlaled to C-5 (6 35.7) to which a doublet at 8 0.7 1 idenutied as
-3, was altached. H-3 comelated to a carbon at & 18.3 assigned us C-6. and coupled
in the COSY with two protons resonating as mwltiplets at 81.37 and 1,533, The
multiplets corelated o C-6 n the TISQC and were identified as H-6 protoms. The
mubtiplicity is due to splitting by H-3. two H-7 protons as well as interaction with
cach other. Apart from =5, T-6[ further coupled with a muliplet at & 141 identified
as H-7o. Another multiplet at 8 1,43 showed correlation o C-7 in the HSQC, und also
showed interaction with hoth TI-6 protons in the COSY spectruny. The mulliplel was
wentified as H-7H. CORY coupling pliced the following protons adjacent w0 cach
other; -3¢ to H-60, H-6u 1o H-To. H-70 o =60 and -6, 11-9a 0 H-11a, H-130 to
=160, TI-130 to T1-1 8e, =180 10 H-190. H-198 o H-21 3 and T1-1a to CTI3-25[5.

The other three methyl groups CH:-23, CI13-26 and CI-27 were positioned on ring
Junctures at quatgrnary carbons C-140. -8 and C-14 respeenvely. The relative
stereochemistry was determined by analysis of the NOESY spectrum. The NOESY
corrclutions o CH4-25 and C1-24, CT1:-25 and CH3-26. indicated that the rings have
a ehair contipuration with wans-tused nng junclions and f-uxial orienlalions of CHa-
25026 und H-13, while CH;-27 at C-14 projects below the planc of the ring, The chair
comficuration is more stable. This configuration was conhitmed by WNOESY
correlation between CHs-24 and H-6a, and. C105-23 and CI-23, The NOLSY
spectrum also revealed spacial correlations hetween the following proton sigoals: H-
Lot TT-2a. -200CH-24, H-50/H-30/H- 7o H-90/C -24, CIE25/CH-26:1-60, 1I-113
AH-130 H-1306. and between T-16[3 H-225/H-195.



Conunenly. triterpenoids arc tetracyelic or pentacyelic, The 3" ring of the pentacyelic
triterpeneids is always a pentagon, with a number of functional groups attached,
conmmonly awlhenyl and curboxyl groups.

C-17 at 6 5362 appearced 1 be deshiclded due to its attachment o the carboxy] group.
(C-20 was highly deshiclded as expected of a carbon with no protons atlached within a
typrcal CTI3-CCH2 struelure. €-20 was wdentified as o carbon at o 13008 on winch
H-294 and H-29b are attached (HSOQOY. Further confirmation of the strocture was
altained from HMOQO coreelation troom CH3-300to C-20, and froem H-140 to C-15, C-
20 and C-21. H-2%1 und H-29b protons also correlated 1o €0-3(0

The stroeture of the R90-2 molecule was conlivmed as 35-hyvdroxylop-20( 29-0n-28-

oic acid (betulinic acid),
4.2.7.5 Compouand H'™-3

Compound R90-3 was 1solated from lraction R and fraction RIOD. The compound
was 1 small quantitics in the fraction. The NME data of Lhe compound was obtained.
Due to the minute amounts of the purilicd sample. the goality of the 'H spectrom was
roor. The upficld proton resonances were not clear, and there was a lot ol overlap of
resonances. which made the specirum complicated and tmpossible 10 interprel. As a

resull the chemical stuclure of compound R90-3 could not be clucidated.

4,2.%  Discussion

The leal DUM exlrucl of £ africamey showed antiplasmodial activity against the D10
and K1 strains of £ fofciperwar. and low evlotoxicity on the CTIO mammalian cell
line, Through bio-ruided fractionation using SPL and LIPLCL three compounds were
1solaled and identlied as carnosol, 3.7-dimethoxy-4'-hydroxyflavone, and betulinic

actd, and were shown to have positive activity against Plasmodiam falciparum.
Carnosol is onc of the potent phenolic antioxidants present in extiracts ol the berb

rosemary  (Rosmuarimes officinalisy [Tnatam er al, 19850 W et al, 2005] This

diterpenoid was isolated for the first time by White and Jenkins from Saliva cernosa

A



i 1942, and from R, officinalis 20 vears later |Gaghede ef al., 1990]. 1t is the first time

that carmosol has been isolated from the £ africanus species.

Carnosol has been reported o possess antiseplic. anti-ind{lammatory, antioxidant.
anticarcinogenie and weak antimicrobial propertics |Moujir er @f.. 1993; Horiuchi er
al., 2007 Haung ef af., 1994 Chan er «f., 1995]. It has been reported to inhiba tumounr
formation, induce apoptosis, and cause cell cyete arvest [Singletary ef af , 1996; Chan
ef af., 1995], These properties could account for its high eytotoxicity effect on CHO
as observed in this study, There s a ligh pessibibty that carnosol acquires 118
antiplasmodial acovity by exerting sitmlar mechanistms 10 inhibit the growth of the
parasite, Therefore. the activity observed here might not be specific to the parasite,
but be due to its peneral eytotoxie effect o any biological cell, including the host cells
|CHTord er af | 1995 Based on these resulls, carnosol can therelore net be considered

as an antiplasmodial agent.

The problem encountered when isolating this compound s its instability. The peak of
cammosol decomposed mto two  other unknown products. Titerature reports  thal
carmnosol can easily be converted mto rosmunel and other intermediates [Gonzalez er

al., 1992 Ho et al.. 1994].

Betulinic acid, also known as ap-20029)-en-28-0lc acid derivative, was isolated fram
fraction K20, Hetulinic acid s a naturally ocowrring pentacyelic  lupanc-type
iriterpene, a derivative of hetulin, This compound was first isoluted from the hark of
Ziziphms mavritiana and has since been identitied in many other plants. It can be
chemically derived from betulin, a substance found in large quantities in the bark of
white birch trees. especially in Betwla alba [Pisha er al., 1995] Betulinic acid has
been reported to possess anti-inflammatory, anti-1H1Y, anti-malarial and anti-tumour
properties |Tan ef «f., 2003]. Betulinic acid was onginally thought 10 selechively
induces apoptosis in human melanona cells, but  has heen found to be active cven
against non-melanoma tumor cell tvpes including neuroectodermal and mahgnant
bruin tumors [Zuco ef al., 2002; Selzer ef al.. 2000; Shmidt ¢t af., 1997]. Bewlime
acid 1% currently undergoing preclinical development 1o increase its pharmacological

properties as a potential anticancer agent [Gautheir ¢f af., 2006: Tan er af., 20{03],



Betulinic acid bas been found to cxhibit moderate /v vifro antimalarial activity apainst
ascxual ervihrocylc stages ol the human malaria parasite Plasmodivm falciparum
|Bringmann ef ef.. 1997 Stecle ef af . 1999 The results from this study are in
apreement with these findings, Betulinic acid however, exerted a considerable level of
toxieily on CHO cells. The selectivity index of this compound is low, which indicates
that the mode of action ol betulinie acid is not selective for the parasite. This could be
attributed to its antitumour propertics, Based on the results obtained in this stady, this

compound can not be considered a htt as an antimalarial agent.

The third compound 1solated from fraction 90 is 5. 7-dimcthoxy-4 -hvdroxyilavone. [t
15 also known as pinocembrin, This compound has been previously isolated front a
lew plants such as Afinia gafangal. Flowrensia refinoplydla. Popnfus species, and
sunflower species |Kumar ef af., 2006; Jasso de Rodrigues, ef @f, 2007; Zhou et al..
1999; Bruce ef @, 20001 |, it has been shown to possess antifungal and antitumour
properties, [t has also been shown to trigger mitochondrial-independent cell death
[Kumar ef af.. 2006]. In tlis stody pinocembrin has shown moederale aniiplasmod:ial

activity and less eytotoxicity on the CHO cell line.

In conclusion, £ africanus has high a composition of bioNavanoids. Biolavanomds
exhibit multiple biological activites including inhibinon of proliferation or ndoction
of apoptosis in tumor cells. The antiplasmodial activity and cytotoxicity observed in
this study correlate with the antitumor and antidiexidant properties ol these

maolecules.

B



4.3 Warburgia salitaris

4.3.1 Introduction

The initial screenmg was aimed at identifying madicinally active parts of the plant.
LCtOLL, HO, hexane, and DOM were used to extract the bark, lcaves and twigs of the
plant. The extracts were prepared appropriately and wsted lor fr vitre antiplasmodial

activity against the 130 strain of [ faleiparun,

4.3.2 The yiclds and antiplasmodial activity of crude extracts of W, safutariy

Both the ethanol and hexane leave extrocts showed good in vifro antiplasmodial
activity, with 1Csy values 01 2.5 - 1.0 pgm™ and 2.5 1 0.6 pgm’' respectively. The
hexane extract of the bark and the DUM extract ol the twigs also showed sigmihiciant
antiplasmodial activity with ICsy of 29 - 08 pemi'and 3.0 + 010 peml’
respectively, The Hx() exiract did not show signilicant anuiplasmodial activity. The
vields and antiplasmedial activities (105 valuesh of the extracts obiained fom exch

sobvent are summarized i Table 43,21

The hexane extract of Lhe hark had good antiplasmaodial activity, buat due to the Timiled
amount of the bark material. only the leave and Lwig extracls were pursued. Also, Jue
o small vields ol hexane leat and twig extracts. only the EtOH leafl extract and DOM
bwig extract were assessed {urther and subjected (o biv-activity gaided fractionation.
The EtOIl leaf extroet was tested against K1oand REALL and  exhibited
antiplasmodial activity with 105 values of 1.9 + 0.5 pgml” and 2.9 - 1.2 pgml’!

respectively. The respective dose response curves are shown in ligure 43,721,
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lable 4.3.2.1 The yiclds and aonplasnusdial sctivity of the extracts of B, safuvaris on the D
strain of . falcipartin,

Fxtract Pant part 4o Yield | ICs mean | SD
(ugml!y

Hexane Leaves 15 I54+05

Twigs 0.4 6.210.1

Bark (.42 29+0.8
Fthanol

Twigs 2005 6.8 - 0.7

Bark 3.2 4.2-0.2
Walcr Twiys 2.6 13.8+ 0.3

Bark 2.5 6.5

In virre antplasmodial activity of the TAOH leal extract of W saluraris

K1
150
1ifi=
. 010 A
g 100 . I g i
" 1280 1 2-i. =g
i‘ ' 7 i 2 ™ gan -1 gpgmlt
5 g 75
L I L % =
& 1 8
¥ R LT
C - o - N
1 o 1 - 3 [ T T .
A 1 1 2 2

Laglaruds extract] pgnl
Leglcrude exiract] cgaml ¥

R3A11

IEG—l
& 1o
a8
.1_;' 75 B ghhe=? f—'.l_u,gl'rf1
2
&
&

Loal¥.5 crude patraetLigmic

Flgure 4.2.2.1 The fn vfiro antiplasmodial acliviey of the FtOH leaf extract of W, salufaris against
the DL and the resistant straing of 2. falciparorns, K1 and RSALL
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4.3.2  Bioassay-guided lractionation of the active extracts of B safntaris

‘The LtOH leaf extract was fractionated using the HPLC based methodology as
described in section 3.7.2. The HPLC profile of the crude was divided into four
fractions (Figure 4.3.3.1), which following multiple mjections. were collected
scparately. prepared appropriately and tested for antiplasmodial activily agaimst T3 ().
Fractions 2, 3 and 4 showed activity, Through further fractionation of each [raction,
praks responsible Jor activaty  were adentilied. The aclive regioms were then

concentrated using SPLE,

I I | |
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010 I 3 | | s |
Al I . | |
I i : I

0aos | | ' ;

| I | I

I I | I

0aa I I I I

Z.00 400 .00 g.o0 12,00 12,00

Minutes

Figure 351 I'he HPLC chromatogrant of E6ON crude extract of B, safirtaris showing the four
fractions demarcated and labeled 1-4. Fractions were callected separately and tested for activity,
I he crude was run an a Coy cotumn at a gradient of 20-100% MeCN over 15 min at 1.5 mimin e

4.3.4  The in vitro antiplasmodial activity of the SPFE fractions ol the FtOH

crude extracts of W safutaris

Subsequent to identilyving the ihree regrons responsibie Jor activity on the crude
extract 1HIPLC profile. SPE was uscd to concentrate and semu-purify the identitied
active [tactions. The SPL process viclded a lotal of cight fractions, which were

preparcd appropriately and tested for antiplasmodial activity against 10

Three fractions; W.S30. W.570 and W.590 showed good antiplasmodial activity with

1Cs0 values 1.6 4 0.2 ugml™ 084 4 0.2 puml™ and 2.4 - 0.6 npm! ' respectively.
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4.3.5  Purilication of the active SPE lractions of the ECOH leaf exteact by HPLO

Fractions W.570, W.530 and W.S90) were run scparately on HPLC, The profile of
W.ST70 was subdivided into four peaks. which were collected individually and tested
tor antiplasmedial acuvity against D10, Peak four, 7002-4) shown in Figure 4.3.5 [ a.
was found to be responsible for the antiplasmodial activity with the ICs value of (1.9
=03 ppml”!| Fraction W.S50 contuined (hree peuks. The Uhivd peak (WSS0-3) (Figure

4.3.5.1 b} was Tound to be responsible for the activity with an 1Csq of 1.6 — 0.2 peml™,

The IIPLC protile of fraction W.5%0 showed two peaks with close refention times
(fieure not shownd. Together the two peaks exhibited in vitre antiplasmaodial acusaty

with ICs values of 1.5 1 00235 ugml'l,
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Figure 4351 HPLC Chromatograms of semi-pure I"R-2-4(a) and W.530-5 (h) aned their
respective Uy spectra. Samples were run o a Oy column under similar chromatographic
condlitions, a gradient of 33-100% over 15 min at flow rate of 1.5 mimin f
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4.2.0 Decomposition of peak 70-2-4

Following repeated multiple injections of the SPL W.570 traction on to the HPLC,
peak 7O{2-4) was collected and stored at —4"'C. The colleetions were done on three
different occasions. Unfortunately, when sample 7002-4) was re-run on HPLL, the
[TPLE clromatogram revealed the presence of two extra peaks, and the original 70(2-
4) peak had also decreased in size. These findings suggested that the collected 70(2-4)
peak had decomposed. Furthenmore, the antiplasmodial activity of the decomposed

sample had decreased (1C5, 25 1 5.0 pgml™,

4.3.7  fu vitro antiplasmaodial activity of batch 11 of the leaves of B salutariy

In an attempt to obtain larger guantitics of the active eonstitucnls ol the plant.
additional plant material was required. 10 kilograms of leaves of the plant were
obtained. The leaves were dricd and oxtracted the same way as the first bateh.
Undortunately the extract had reduced antiplasmaodial activity, The 1Csq was 8.7 1 0%
ngrnl™ . The profile of the crude extract on HIPIC showed that the active peaks were
presend, but in minute amounts.  As a result, the active peak could not be isolated
from this hatch, A second attempt was made to source more plant material or leaf

extract of this plant from other research groups.

4.3.8  Invitre antiplasmodial activity of W, safuiaris bateh 11

The dry FtOH leave extract of B safutards was obtained from Oxford University, a
kind donation by Dr Madikane. The extract had an antiplasmodial activity of [Csg 3.5
peml™! acainst DO, The activity of the extrac: was good. and the amount ol the active
noak as revealed by the size ol the peak on the chromatogram was high enouch and
could be collected. The isolaton of both 70-2-4 and 5(0-3 peaks was performed as
hefore, using SPE 1o concentrate the fractions, and HPLC to purify the peaks of
interest. The purified compounds were identified. The structwre ¢lucidation of these

compouids is discussed in section 4.3.11.1,
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i viveo antiplasmodial activity of crude extracts from bateh 1 and batch [11. the SPE

fractions and isoiated compounds
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Figure 4.345.1 The antiplasmodial activity Gagainst DI of the BoOD Teal extracts of balches of
B sefraris and the active Tractions generated Trom SPEC Phe activity of the second and fhivd of
the erinde extract is also shown.

4.3.9  Purification of the active SPE Tfractions of the DCM twig exeract of W

salufris

The DOM. hesane and EHOH twip extract showed antiplasmodial activity with 105
values of 1.8 pgml™, 2.9 pem ™ and 6.9 peml | against the D10 strain, and 3.6 pgml”
3.8 paml™ and 12.9 peml” against the K1 strain respectively. The DCM twig extract

was fractionated using SPE and cluting with inereasing 20% increment ol MeCN in



[T:00. Trom the six fractions generated rom [ractionanen by STE, three fractions:
Twalk, I'Wad and TW 100 exhibited antiplasmodial activity of 1.1 = (01 f.Lgml'l, {16+
010 pmb and 0.8 + 0,09 pomb respectively. The active SPE fractions ol the [DUM

twig crude extract of W, safuforss, TWOO, TW R and 'TW T were puritied on HPLC,
4.3.9.1 Fraction 'I'Waol

The HPT.O profile of fraction WO had two pronmiment peaks cluting at relention
tmes 8,2 and 9.2 mmutes (Figure 4.53.9.1), Peaks TWol-1 and TWal-2 possessed
antiplasmodial activity, with [Csy values of .86 + 0.1 weml™ and 1.4 - 0.2 pemt
respectively. The LIV specteum. carbou and proton speetra of TWo0-1 were similar (o
that ol PK2-4 jsolated from the leat extract. Lnongh quantities of TWO0-2 were
purified for the purpose of shucture identification. The Assigmment of Hand ''C

MK and structore elnerdation are discossed mosection 4.3.1 2.

Al

200 a1 6,00 Gt 1c oo “E.00 .00 TE.C0
R _fes

Fipure 4.3.0.1 The chromatozeam of SPE Lraction TWe0 run at a gradient of 25.90%, MeCN aver
15 min at o Aow rate of 1.5 mimin". The profile displays TW60-1 eluting at 8.2 min and 'T'Wé[)-2
cluting at 9.2 min.

4.3.9.2 Fraction TWS(

The TIPLL privile of Iraction TWHI) composed of four peaks. all of which had good
antiplasmodial activity, The chromatograms of TWOG and TWEO were superiniposed.
The first two peaks i TWE were the same compounds '] Wo-1 and TWoO-2. The
mass spectrmm of TWEG-2 was identical to thal of TWa0-2. The last two peaks on the
TWERD fraction chromatogram TWEO-3 (R = 1 L0 min) and TWEI-4 (R - | 1.4 nan)
in Figure 4.3.92 had aatiplasmodial activity o £2 pegml’ and (.88 pgml™
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respectively. The 1wo peaks were isolated, but their chemival structures could not be

elucidated dug w thetr rapid decomposition and limited amounts.
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Figure 4.3.9.2 The chromatogram of SPE {raction TWSD run on o O eolumn b a pradient of 25.
W MeCN over 15 min ai a Mow rate of LS milmin™, The profile of the fraetion shows TW8RH-1

and TWHEE-2 which similarh elufed al 8.2 and alowt L0 minetes ax did TWEN-1 and TWaI-2
respectively. TWEI-3 and IWHG-4 cluted al retention times THIand 1L minules respeetivety,

4.3.0.3  Fraction TW1iM)

The chromalogram of {raction 100 had twa small peaks elating at L0 and 114
minutes. The chromajogram was superimposed on that of TW8D The twa peaks
present in TWIH) eluted at the same retention tunes as peales TWEO-3 and TWR0-4,
The UV spectra of corresponding peaks were identical, The peaks were however. in

small quanities and could therelore oot he collected trom this fraction.

4.2.10 Cytotoxicity of the erude extracts and SPE fractions

The Ieal and wig vrude extracts of W salueris, and their respective active tractions
venerated from SPE were tested {or cviotoxieity. The 1Csy values of the BEtOI] leaf
crude extract, SPE70 and SPLE30 on CHO cells were 4.8 - 1.9 pgml']_ 3.4 =05 ngmi

Dand 300.2 = 3.5 penl” respectively, The crude extract and SPETO had an 1Cs, of 18.2

<= 2.0 ugml! and 32,1 & 2.4 pemi” respectively agaiost the HELA celi line. The

respective dose response curves are shown in Figure 4.3.10.2.

The twig DOM crude extract, TW6N, and TWEO showed 1Cs, values of 28.4 1 0.6
peml™, 2.4 + 0dpeml and 6.7 ¢ 0.6 peml respectivelv. The selectivily indeses of
the crude extracts and lractions are shown i Table 4.3 1001, The respective dose

response curves of the evtotoxicity results are shown in Figure 4.5, 1002,
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The antiplasmaodial activity of the iwig crude extracts and SPE fractions

venerated from fractionation of the DOV extract.

o k1

e RO s Ky = el LR, - gl

T e E I
A = 1R Bl

toHen eatan Koy = F Sl

TR e Ky = Rl

“3 Parasite viability
g

Y Parasite viability
g

754 2
- e -
.25 : : : . 54 — = ——— e ——y
1 I 1 Fa 2 1 8 * d '
Lrn[Tewdn rrode extrasts of Wosatesnzuom L[ k] rrinde: coelsack=] gl il
mn
RRAI
15 (KRNI
FEE
£ 100 : q
= T IS4 = 1] ™ Z 1o )
T TOTWAD T - DEE Ml £ BOTE T ey = L Rl
£ nq OIS o LOTw i A 15, = 0027 dgnd T
q : &
£ oo g S
iy .
= - 2 -
a5. g ———— e e ey = : S = =
-1 il 1 2z 3 - u 1 2 3
Lng [y b extract SPF frastiaes; ggm ' Luaar[1IPLE fractiass ol T 9d] pa m!

Figure 4.3 101 The anmiiplasmodial activity of twig crude extraels, SPE [racticns of the IWCM
extrzet and of constitoents of the SPE TWS30 fraclion {TYWS0-3 and TWS0-4), as shown on their
respective duse response corves,

Tahle 4.5 101 Summuiry of the resulls on the antiplesmodial sctivity and eytoloxicity of eal and
twig crnde extracts of Wisaduzaris, and their respective SPF lractions.

Sample = 1Cs0 mcan + 80 Selectivity 1Cy mean | SD '
(el ) DO strain | ndex (peml”y K1 strain
FeO1T leaf crude extract | 2.5 + 118 1,92 1.9 03
| SPF. 50 16+02 ) 18.88 1.4-025
SPI- 70 0.84 - 0.06 4.2 | es-006
SPE9 L5 +06 ND
DM twiyp crude extract '3u+02 - 15.78 3.6 — (08
TWa) B I % 2.2 I3 =51 N
TW& R ¥ 9.8 082 + 0.06
TWI00 0.8+0.09 N 182 + 0.06 |
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The evaluation ol cytotoxicity of the crude extracts, and selected SPL fractions
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Figure 4.3 10.2The evtoroxicity dose response curves of the rwig and leaf crude extracts of KL
serfarards and their respective SPE fractions. The SPE 70 fraction was alse tested oo the HELA
cell ling.
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4.3.11 Structural wlentification of compound 70-2-4.

Table 43001 The 'H. "C. HSQC, HMQOC.COSY and NOESY data of compound T0-2-1, which
wis isolnied from SPE 70 finetion of the EGOR leaf extract of Blsafudariv.
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4.3.11.1 NMR assignment of compound 70-2-4

Figure 3.3.11.1 The chemical siructure of compound 70-2-4, clucidated as Af-Acetoxyeinamolide.

Compound 70-2-4 was obluined as colorless needles. The HREI-MS  spectrum
showed a prominent peak at m/z; measured 293, 1722 [M+ H], caleslated for C H O
20317643, which corresponded o a molecular lormula 200y . The 'H, g
HSQC, HMOQC, COSY and NOESY NMR of compound 70-2-4 are summarized in
Table 4.3.11.[. The spectra are shown i appendix B {page 198).

The prescnce of fificen carbon atoms sugpcsted a sesquitcrpenc. Sesguiterpencs
isolaled from Warburgia species are churaclenzed by o, f-unsaturated carbonyl
chromophores  assembled around  a  truns-decalin ring  system. An absorplion
maximum at about 234nm in the UV spectrum was indicative of an o, -unsaturated

lacione.

The 'H spectrum revealed the presence of four three proton sivnals at & 0.85, 1.03,
(.93 and 2.04. The methyl singlets were linked to their respective carbons at 6 12.4,
15.1, 27.0 and 19.9 based on correlalions observed in the HSQC, and were assigned
as CII3-15, CH3-14, CH3-15 and CT13-17 respectively, Methyl groups CH3-14 und
{H3-15 were positioned at £-4 through HMOC corrclations to a quaternary carbon at
& 37.5, dentified as C-4. [t s also characteristic of some sesquiterpenes to have an O-
group substitution al position -3, two methy] groups at O-4, and another methyl
oroup at ring juncture {(C-10). Both methyl groups, CH3-14 and CH3-15 showed
HMOQC correlation to a carbon at & 80.7, identified as C-3. The chemical shift of (-3

suggested an O-group substituted carbon.
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The two downlicld signals o carbomy] carbons at e 1715 and 17101 were assighed to
C-16 and C-12 respectively. An acetyl group was identified through corrclation from
CH3-17 to C-16 in the TIMOC speetrum, which explained the downtield resonance of
the methyl signal (6 2.02). The positoning ol the acety] group at C-3 was [urther

conlimmed by HMOQC correlations from CH3-17 w C-3.

The double doublet resonating at & 4.54, was linked to carbon ¢ 80,7 through T15QC
correlation and was identilicd as H-3. The multipheity of H-3 sugpested a splitting by
only two neighboring protons at C-2, and this conlimmed the O-group substitution al
-3, The melccule would be more stable with an acctyl group at C-3 at f-oricntation.
which would consequently leave H-3 at an axial orientation, H-3a showed correlation
in HMQC to carbon at 8 23,3, assigned to C-2, Two protons. a multiplet at & 1.47 and
a double triplet at & 170 coupled in the COSY gnd hoth correlated 1 C-2 in the
IISOQC spectrum were assigned to H-2a and H-2[ respeetively. Coupling between H-
2o und H-3u (1 — 4.2 Hr) observed in the COSY confirmed the positioning of protons
on C-2 adiacent to C-3. The HSOQC experniment indicated corelations from proton
signals at d |68 and 6 144 w0 a carbon at & 367, Corredations [rom the two protons to
C-3, C-10, and C-5 in the HMQC speetrum led to their identification as H-1 protons.
Comelation between & 1.08 (TF-1[(3) and -2 in NOESY was observed, leaving 81.44
at an g-orientation. A lomg range comrelation from H-lo to C-3 0 the HMOQC
spectrum was also ohserved, The third methy] group CII5-13. showed a comrelation o

-9 iy the HMOQC speetrum, and was thus positioned at the juncture at C- 1.

A double doublet resonating at & 1.533 was dentified as H-3. H-5 correlated to C-5 at &
48.2 in the HSQC spectrum. Positiomnge of H-5 was condimmed by its correlation to C-
10, C-4, C-92 and to CLI3-15 and CH3-13 as obscrved in the TIMOQC. The splitting
pattern of H-5 suggested that it was interacting with two protons. The COSY
spectrumn revealed that IE-5 coupled with a double double triplet (ddt) at & 2,44 (1 —5.7
Hz) and a double doubic double doublet {dddd) at 8 2.3, identified as H-6a and H-6[3
respectively, HSOQO Iinked 11-6 protons to C-0 resonating at & 24.5, Correlations n
the HMQC from H-60 and H-6a to C-3 and C-d woere ohserved. NOL interactions
between [1-6a and CII3-13. and between H-6F and CH3-14, gave the -6 protons

their respective orentations. The comelation berween H-5 and CH3-15 in the NOESY
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spectrum peogilioned  H-3 al un w-onenation. Furthermore, H-3 also showed
comelation in NOESY with H-1a, and H-3a, H-60 and H-6f coupled with a signal ar
a 0.84 () =35 Hz) in the COSY. 'The downoficld resonance of this deshiclded double
doublet at & 0.84 identified an o-f-unsaturated carbony! group. The signal was
assipned ro 11-7, The DMOQC spectrum revealed long range correlation [rom 11-7 w a

carhony! at & 1711 (C-12).

i the PC NMR spectenm, double bond earbon resonances at 8 127.4 (C-8) and 136.3
(C-7} and a carbonyl carbon C-12 confirmed the presence of an o, P-unsaturated
lactone ring. Considering the gencral structure of known sesquierpenond lactones
isodated from B safutaris. the lactone carbonyl group was placed at position C-12,
Lhe FISQC experiments showed correlation from a mubtiplet at & 292 o C-9 at &
S, T1-9 coupled with two triplet signals at & 441 and 6 4,43, identified as T1-11a
and -1 1§ respectively. The protons were more deshielded due to the close proximiry
ter & lactone group and 115 resulung inductive elfeer, TI-11 prolons coupled with cuch
ather (1 = 9.3 Hz) and with H-9 (] — 8.2 Hv). Posiioning ol H-9 was conlirmed by
correlation abserved 1 the HMOQC spectrum [rom H-9 to C-11 and 1w a quaternary
ciarbon at @ 339 (C-10) H-9 lurther mnteracted with H-30 in spuce, and was assigned
an e-orientation. The spacial inleractions bevween CH3-13 and CH3-14, CH3-13 and
H-T10, 1125 and =65 observed in the NOESY helped resobve the stereochemistry of

the TT-11 protons, TT-%9¢ and 11-1To also showed NOL coreelation wo T1-3u,

On the basis ol these observations. compound PK2-4 was identified as 3[-acetoxy
cinmamolide, The NMKR data was similar to that of cinnamolide -3[-acetate reported

by Kaow et al., 1990 and Ying ef e . 1995,

The "H and ¢ NMR data for W,S350-3 showed similur signals @ those abserved lor
PR2-4. The chemical shifts were similar to that of PR2-4 with some curbon und
proton signals differing by 002 units, The COSY, HSQC and HMQC experiments
resulls were the same as those in PR2-4. The TTREL-MS jon patlermns of the two
compounds were similar, showing an jon at 279, indicating a loss of a CI13 of an
acelyl group, and miz 233 indicating a loss ol un acety] group. Aceording 1o the NMR
data obtained and our interpretation, the difference between the two compounds could

not be identilied. Tlowever, 11 13 suspecred thal the two molecules might difTer by
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different spacial ortentation of functional groups. In W.550-3 compound. the acetate

eroup amd -3 could have possibly assumed an a-oriantation.

4.3.12 The structural identification of TYW6{-2

The 'H, Y'C, HSQC, HMBC, COSY and NOESY NMR of compound TW60-2 are

summarized in Tabic 4.3.12.1. The spectra are shown in appendix B (page 204

Table 4.3.12.1 The 'H, "C, HSQC, HMBC, COSY und NOESY NMR of compound TW60-2

Posit | & H () Hz) L6 C | HMBC COSY NOESY
i i. !
I al44dd 391 | C-9. (-3 H-T{, H-2§ | H-2}5
Sy 124m | C=9. C-10, C-3
2 i | .hbm 18.2 -3,
L [h 1 48m "C-1L0-3,C4 P HAIB HS3P | H-LB CLIB-13
T g 1.524d(2.7.3 Ho 42.2 - L -3 H-5,  Ik-ta,
! ; ClI3-13
[1.28 P C-2,0-14 i H-2a
4 370 !
5 it 1.46 dd (116, 5.3 He) 49.7 | €6, C-14, C-13. H-6e. H-6f | 3a, 9a |
' 24.9 (9 03, Ol O CT13-14
: 10, 015 !
é i 2,45 didddd (9, 36, 1.5 1.2 (7,085, C4 - H7, H6fh, ! CH3-13
: Hz ) H-5
C7, CefCs5
[ 2.17m 7 H-f1a " CH3-14
7 6.83dd(7.2, 3.6Hz) 136.7 e e e ot : H-5 ,
0 ; |
] 1375 ; ;
i i 2.8m (9.2, 3611 .7 C-7, G-, G0 | 1Lty B !
C-1.C13.C9 | EES |
11 4.2 |
1 | wdA42t{%3Ha 67 8 CA2.C8.C9  [IL1p e |
{5 4.08 (9.3 Nz) -9, 01 H-9 H-l{a
i
12 1714
13 |08y 12.4 M1 H-248 |
: H-6f, CH3-14
14 (97s 1.5 CH3-15 L-6f,  H-2[
; CH3-13 |
3 :093s 32.4 CH3-14 H-6a.  T-5a. -
E H-3it 3
| |
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Figure 4.3.12.4. The chemical structure of componnd TW6(0-2

The TIRMS of Twol-2 showed a molecular ion[MiTI]  at mds 2355214
corresponding 1o a molecular formula of Cs1150:, caleulated lor més 2355201

[M .

The "H NMR and "€ NMR speetra ol compound TW60-2 closely resembled that of
compound 70-2-4. A comparison of the “C-NMR speetrum revealed that the number
of carbon resonances weore similar except for the absence of an acetoxy group in the
YO spectrum of TW60-2. which appeared in the "C NMR of PK-2-4 a § 171,35 (C-
17y and & 199 (C-16), This indicated 4 luss of an acely] group in compound [Wod-2,
This was lurther conlirmed by the ahsence ol a C-3 at & 80.7 in the °C spectrum of
I'Woel-2. The mdication of a loss of an acetyl group was also supported by the
difference of 38 in the molecular weight ol the two compounds, which is equat o that

of an acetyl group.

The simtlarity in the COSY, T15QC. TIMBC and NOESY specira of the two
compounds suogested that their mam skeletons were identical, While the majority of
chemical shifts and spliluing pattems in their 'H spectra were similar, a methyt singlet
resonating at & 2.04 i the ' specuum of PK-2-4 was absent in the 'I1 specirum of
TWa2, In the HSQC, the proton at 8 2.04 correlated with C-17 at 19.9 (CH3-17),
and with a carbonyl carbon C-16 in the TIMBC, The second noticeable difference in
the 'H spectrum of TW60-2 was the ahsence ol a triplet resonating at 8 4.43,
corresponding to H-3 in the "I spectrum of PK-2-4. Instead, there were additional

protun resonances in the "H specirum of TW60-2, a multiplet at 51.2% and a double




doublet at a 1,32, which were linked to C-5 at & 42.2 by HSEOCO correlations. Lsing
TIMBC contours, the 11-3 protons correlated to -2, C-1, C-4 and C-14, Furthermore.
COSY coupling was observed berween 11-3 (8 1,532 and H-2e. which then positioned
C-3 adjacent lo -2, Prolons resonating as muluples at 8166 and 81 48 hoth
correlated to a carbon at & 182, assigned C-2 and were identified as H-2o and H2[
respectively, 11-2a showed couplineg with =30 and another mubiplet at 6 1,24,
Protons at & 124 and 144 correlated to carhon at & 391 in T15GC, and were
consequently identified as (-1 and [-1a respectively, COSY correlation between 11-
la and H-13 and H-2[, and between H-2 and H-3) and t1-p were observed, The
[IMI3C spectra showed that T1-1a correlated to C-3, 11-10 to C-2, C-9. C-10 and C-13.
The H-2 protons showed correlation w C-3, and further correlation from 11-2[3 to C-1
wits ohserved,

In the NMOESY spectrum. H-3 ar & 132 jmteracted with H-53a, H-la, CH3-13,
indicating that it assunied an g-oricntation. H-3 at & 1.28 was assigned a f-onentation.
H-2[ showed spacial intcractions with CH3-13 and H-11 as revealed i the NOESY.

Mhore interactions are stinmarized in'lable 43,121,

The double doublet resonating a1 8 146 was assigned Lo H-5. The position ol [1-5 was
confirmed by COSY corrclations with protons at § 2.45 and 8 2.17 identified as H-6
and [1-0u respectively, and further HMBC correlations to C-1, -3, C-n, -9, (=10,
C-14 and C-15. H-60 coupled with H-60, and H-5 in the COSY. [1-6a further coupled
with a deshielded double doublet ar ¢ 6.83. I1-7. Also, two bond correlations from 11-6
protons ty C-7 and -3, and a theee bond corelation 1o C-8 were observed in the
HMBC spectrum. -7 positioned on C-7 al 6 136.7 by [1SQC showed correlation to
C-b_ -5, C-9 and C-12, The mutually coupled protons at 8 408 and § 4.42 {1— 9.2,
9.2 11z} were identificd as [1-11[ and H-11i respectively. H-9 was positioned througgh
its COSY correlation with the H-11 protons and through carbon correlations o €-7,
C-10, C-11. C-1, and C-13, 'The theee methyl groups were similar to that in the 'H

spectruny ol PR-2-4 and were positioned accordingly.
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#.3.83 iscussion

The crude extracts of both the lcaves and twigs of # safuraris showed positive
anbiplasmodial activity against both DO and K1 strains of £ falciparum. The results
are not surprising as thes plant has been reported for use m the treatment of malaria.
The in vitre antiplasmaodial activity of the hexane and water extracts of this plant have
been reported by Gumede B 2003 and Clarkson ef af., 2002} The reports were
however. without reference lo toxicity, and most importantly. the active molecules
responsible for antiplasmodial activity of the plant were never solated or chemically
characierized, This work reports for the Hrst time, the isolation and idennlication of
chemigal structures of compounds responsible for the antiplasmodial activity of leal

and twig extracts ol W safwtaris

A large number of sesquiterpenimds isolated from Warfurgia species have shown
various biological activities such as anti-bagterial, anti-molluscigidal. anti-gancer, and
anti-fungal propertics [Kubo er ¢f., T983: 1988: Rabe and van Staden., 2000: Brooks
ef ail., 1969 Manpure ef ol 2003; Kioy ef e/, 1990]. Although tew sesguiterpenods
with a charactenstic chenucal skeletom as the ones reported here have been solated
lrom W sefutaris speeics |Mashimbye ef of 0 1999 Rabe and vin Staden., 2000);
Clarkson ef af., 2007, none of the isolated scsguiterpenoids have been reported to
possess antiplasmodial activity, The two sesquiterpencids isolated in this study.
cinnamolide and 3fi-acetoxy-cinnamolide. have been isolated previously fuxm other
plants and from related plant species [Canonica ef @/ 1967, Kubo ef al., 1976; Kioy
ef af.. 1990: Wubc ef af , 2003], hut there were no reports on their antiplasmodial

activity.

Only two compounds were characterized in this study, Other compounds which also
showed pood antiplasniodial activity could not be characterized because of their
mmstability and hmited amounds, The isolated compounds represented by individual

peaks on the 1IPLC chromatogram. decomposed and vielded one or two nmore peaks.
Both compounds exhibited good in vitro anbiplasmodial activity. The punfied

compounds were in limited amounts and were inadequate for cyvtotoxicity testing.

Tlowever. the activity of the W.S70 and W.550 SPE fractions was used as an

1




indication of the activity of cach compound since the compounds were n large
amounts (»93%) in their respective SPE fractions, and could have accounted for
activity in the fractions, Cinnamelide-3[-acetate showed relatively high sty
against the CHO cells, The compound however, showed reduced toxicity 1o the Hela
cells by a magniude {actor of 4.2 when compared to toxicity against the CIIO cell
line. Citmamolide showed similar antiplasmodial activity but exhibited low toxicity
on the CHO cells with a sefectivity index of 18, This compound can be regarded as

promising and ¢an be considered for Murther development

W. saluraris 15 one of the medicnally important plints in Souh Alvica 11 18 widely
traded both Jocally and across the countries borders, The high demand tor the plant
Ias conlrbuted greatly Lo depletnom of the plant specics. Sadly, this plant has now
become une of the endangered plant specics. Sinee the bark 1s the parl of the plani
ihat is used for medicinal purposes, the debarking method 1w used w harvest the
plants, This destructive method of barvesting is of great comeern as the debarked tree

has no means of survival.

Tl was ntercsting o discover that the profile of the covstituents in the lzaves 1 silar
o Lhe chemical profle in the twigs. This would allow subsiitution of bark with the
leaves, Healers can be enconraged to colleet altermative plant parts such as leaves and
twigs instead of bark, since leal birvesting poses less damage than debacking

[Cunning-ham., 1988
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4.4 Achilfea miltfefolinm L.

4.4.1 Introduction

The plant leal” material was extracted with DCM and MeOX solvents, The DCM
extracl was [l fractionated usimg SPE. The yields from SPE were however,
extremely small, As a result, flash chromatography was selected as an alternative
method ot ractionation. The prolile of each fraction generated was montored using
TLC (See section 3.8 tor details). Fractions that had similar band proliles were
pooled. prepared appropriately and tested for antiplasmodial activity agast the 10
steain of P falciparum. Active fractions were combined and firther fractionated using
column chromatography. Fractions generated from column chromatography were
tested for aclivily. Active factions were separately purified using short column

chromatography. Final purification was performed on HPLC.

4.4.2 Antiplasmodial activity and bio-activity guided fractionation of the DCM
extract ot A. miflefolium

The DCM extract of A, milfefolium showed the highest activity with [Ce values of 3.9

+ 0.3 pgml! and 3.1 4+ 0.4ugml™” against D10 and K1 respectively.

4.4.2.1 Flash chromatography

Column preparation and sample application were done as stipulated 1n section 3.7.3.
A total of sixteen fractions were collected from eluting the extract with a step gradient
of ncreasing polarity with 1% increments from hexane to E1OAc, and EtOAc o
Me(OH, Seven fractions: 40:60, 3(:70. 20:80. 90:10 (hex: EtOAc) and 90:1{}. 70:30
and 640 (ErOAe: MeOTT), were idenhified as active. The [Csy values of the fractions
are sumnmarized n Table 4.4.2.1 and the respective dose response curves are shown n
Figrure 4.4 2.1, The active {ractions were selected for further fractionation by colunm

chromatography.
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4.4.2.2 Column chromatography

A total ol 64 fractions were colleeted from cluting the sample with a slow and
comstant flow of mobile phase, EtOAc: hexane: MeOF {34 1), Fractions with st lar
profiles on the TLC plate were pooled. yielding a total off 15 fractions. The 1C5
values of each fraction are Hsted in Table 4.4.2.1 while the respeclive dose responsce

curves are shown in Uigure 4.4.2.1.

Tuhle 4.4.2.1 The yields and amtiplasmodial activity of DCM and MeOH extracts af A
mitlefertiver, wnd Tractions of the DCM extraet generated from flash chromatography and column
chromeatoaraphy.

| Ixtract | Extraction Yield (%) Antiplasmodial  activity
: D0 10 mean — SD
| ' | g™ o
DCM extract iz 389-05
| MeOITT extract "4 46-05
* Flash Chromatography fractions =
[HOAC: hex {%%a) -
60 46 31-032
70:30 4.0 25403
| 80:20 a4 1.9 0.15
90510 1.6 14-02
TRIOAC MeOTT (%) | ]
o014 iE 29-04 ) '
7030 | 2.6 24-02
fih4d) 1.8 30 4+0L6
Column chromatography fractions
R 5 (18 ErEn e
: Fraction 6 and 8 [::6 k) 3% -
“Fraction 7 0.51 49-04
| Fraction © 14 1300060
Fractions 10 and 11 1.6 c 284002
I'raction 12 (054 A i ol )
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Figure 4.4.2.1 The dose response curves of the crude DOM extract of L milfefolivm, fractions
vesulting from hio-guoided fractionation osing Tash chromatography followed by colimn

chromatography (CC)
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The first four fractions gencrated from column  chromatography  showed no
antiplasmodial activity. Fractions 3, 6. 8-11 showed the highest antiplasmodial
activity with Csy values less than 2.8 peml ' A decreased activity was observed in
Fractions 7 and 12, while the last three [ractions showed no considerable

antiplasmodial activity with 1Cs, values =10 ugml".

4.4.2.%2 Short column chrematography

The active fractions generated from column chromatography, fractions 3-8 and
fractions 9-11 were combined and were each lurther fractionated separately on a silica
hexane slurey using shorl cotumm chromatography. The samples were eluled with o
slow and constant flow of 1 DOM in EtOAc. A wital of 140 fractions of abouwt
1.5ml each were colleeted from cach run. Based on the similanty of theiwr profiles on
TT.C plales. Bactions were pooled to yield four tfractions, The vields trom cach
fraction were low and the 1Cs, values could nol be oblained, Towever. o qualitative
analysis revealed that fractions 20-80 had the highest activity, while racions 1-140

had decrcazed antiplasmodial activity,

4.4.24 Preparative TLC

The fractionation of the extract was repeated in order to gencrate more samples of
active semi-pure [ractions. Following (ractionation by ilash chromatography and
column chromatography. active fractions were fructionaled on TLC plates (muobile
phase; 5:4:1 LtOAc: bexanc: MeOLl), as opposed to using short ¢column
chromatography. The profile of the samples on T'LC plates displaved 9 bands, ‘The
hands were each scraped oftf the TLC plate. prepared appropriately (section 3.8.3) and
testad [or antiplasmodial actvity. Foor bands {Ry valoes; 1.7, 161, i .36 and 1.25 cm)
were found to be responsible for the activity. Unforiunately only one of these bangds
(Ry — 1.61 cm) was in sullicient quantives lor structure eluaidation. The band
however, exhibited decreased antiplasmodial activity (1O = 4.8 ugml'l}, contpared to
the activity ol the fractions. The band (Ry — L6 lem) will henceforth be relerred 1o as

the Yar Lit compound.
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4.4.2.5 Purification of compound Yar Lit on HPLC

| he active band obtained tom preparative TTC was punlied on HPLC. Samples were
run on g Cy eolumn, at a gradient of H1%-100% MeOH: HaO over 20 minuates. The
chromalogram revealed the presence ol small impurities and an enhanced peak

corresponding o the compound of mterest. The peak was collected.

4.4.3 Cvlotoxicity

The emde extract and active fractions generated from flash chromatooraphy were
tested for toxicity on the CHO cell line. The evtotoxicity effect of the DCM crude

extract was low with an ICs value ol 696 + 3.3 |.lgml'l_ All the seven uctive mactions

=

generated from flash chromatography showed less evioloxieity with 1Cs; values

100uem!™ (ligure 4.4.3.1).

CHZ
CHO
s 1,28
% { T e 2IED ioh
=15 = b 7
g {_J- ] ] !_4 5 s :__.: W
5 *; — "— i = G 1E
E E R - MR -
a2 2 = (.50
Ly ]
A, n-E"' (&)
0,25
1.3 T T T T T T 1 0.0 T T T T T T i
4 3 B 1 n 1 k3 A 4 -1 -: -1 n 1 E i

Log[Hex: Etvie Flash chrom fractions] pgni"

Log[Erde e Flash Shrea fractie1s] wgrd”

CHD
.25 BR4]
£.00H e
- : 5N =
i : = {154
= 1T R HCE 5 LT T e RN
o i
= g0 A 1 E
Z pav =i E 1o
g
o 5
(1.2 o SH
= k)
[ T T T T T T 1 H = r : 1
dr im0 o % g @ ) ] 1 : 1

oolEtAC: MeCH Flash Gheam fractions? g’

Lug[Yiar LA carrrgraind] |_||:'|r|i'1

Figure 3.4.3.1 The exvtotoxicity effect of the active Bash chromatography fractions of A,
eciffetdizeone on CHEY cell Yine, and the antiplasmaodial activity of the isnlated compound. Yar Lil,
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4.4.4  Structure clucidation of the isolated compound, Yar-Lit

The LO-MS resulis showed that the sample was a mixture of two compounds with
modecular weight 338.35 and 340.36, The molecular weight and NMR interpretation
aprec with molecular  formulae O7Hz20: and  CsHpOs  for the compounds
respectively. The compuounds appear to have a similar carbon skeletom, The difference
ol 2 AMUJ indicates an addition or loss of protons on one of the compound. The 'H,
HSOQC, HMBC and COSY NMRE of compound Yar-Tat are summarized 1 'Fable

4.4.4.1. The speetra are shown in appendix B (page 209).

Table 4.4.4.1 The '1, ”C, COSY and MIMOQC spectra of compound Yar-Lit isofated from the
DOM cabract of A, wilfefofinm,

C§'H () H2) &0 COSY HMOC
! 131.2 ’ a
3.64 dd (5.7.4.5Hy) 7271 358, 8.5] 63.2
SR (110,48 1 63,21 351, 3.64 y2.7
5SS (L 60 Hz 3.8, 3.64
: g2
? 128.7
1.2Ry 1S IS8 ('-29.7
- 1.58m 266 .28, 2.14 (.31.5
A LR 3§.2d |58 AE L O
131.5
1819 i
1 19.7 | C-249.7 |
CES (T2 ) 313 28 j
i 2t | 195 CH3-1.90 !
| 0.90d (7.2 H7) 132 5
1802
BRTE | As (1692 ;
i
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Ihe "C carbon spectrum of compound Yar Lit revealed the presence of 17 carbons
mcluding two carbouyl resonances a & 1819 and & 1692, and the double bond
guatcrnary alkene carboms al 8 1287 and 1315 The prowon spectrum showed four

methyl signals, one methylene and 5 methines,

The presence of an w-methyl-v-lactone ving and an acctate group was covident. The

acetate and the lactone cacbonyls were assigned from their chemical shilis. The

HSQC and HEMBC spectra placed a doublet at 6 1,51 and a CH3 at 8 1.28 as part of

the vwlactone ring. This assipnment became evident fiom the TIMOQC correlations
-

observed from &5 131 10 & 1819, The determination of an acctate group was

achieved through HMBC correlattons from CH3 al & 1.88 10 5 169.2,

D Ty

CH
O

Figure 4.4.4.1 The y-lactone group present in campound Yar-Lit

LThere was evidence of 4 methvlene adjacent to a methine with an O-group substituted
carbon, The methylenc double doublets tosonating at 8 3.51 and 3.53% showed veminal
coupling (0= 11.1 Hz) in the COSY and correlation o 6 63.2 through HSQC
experiments, These doublets further showed vicinal coupling (I= 4.6 Hz) w0 a double
doublet @ & 3.64 linked 0 a carbon at & 72.7. The multiplicity of the methylenc
protons, and of &y 3.64, and the downfield chemical shill of carbon 72,7, supported an
O-orpup suihstitution, The positioning of the protons on adjacent carbons was further

supported by comelanons observed mm the HMQC spectrum,

Two methyl signals resonated as doublets at 6 (089 and .0 ppm. indicating a splitting
by one proton in a typical H-C-CIL arrangement. One of the methyl sroups showed
corrclation in the HMOC 1o a canbon at 8 31.5, to which a quartet resonating at & 1.2%
was also attached. The quartet coupled in the COSY with a multiplet at & 1,58, which
also displayed further coupling with a double doublet at 6 2.14. Unlostunately, the

impurity of the sample and unclear NME data did not allow complete clucidation of
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the titll structure of the comapounds. However, comparison of the chemical shifts with
that of compounds isolated Irom Achilfea miflefolinm species pave an indication of

the possible carbon skeleton of the compound.

A large number of sesquiterpenes including a-peroxiachitolid, proazulenes, and other
peroxides have been solated inogreat variety from A millefolivm species (Fioure
4442y The sesquitepenes from this species are subdivided into different classes
bascd un their carbon skeletons; guaianolides, eudesmanochides. longipinenes and
germacranes. it is suspected that Yar-[au Jalls under the gumanolides class as 1L 1s the
most dominant of the four classes (Figure 4.4.4 2a). The variety within this ¢lass is
limited by the narrow set of substituents which 1s resincted o the acyl-residues of
acetic, 1glic and angelic acid [Schroder ot al., 1994 Kubclka et ad |, 1999 Glasl et ai.,

2001].

a)
K angeloyl It =H or acetyl
Ro=tigloyl

0 GH;

NCH,

Figure 4.4.4.2 The chemical strucmres of examples of sesquilerpenes that have been isolated
fram A, meiffefolitn species,

The sesquiterpenes from Ackhiffeq miliefolivm specics have shown difforent oftects

and propertics. The o-peroxiachilolid and some percxodes have shown antiplasmaoedial



activity [Rilcker et af. 1991].  Interestingly, the overall structure of these
guaianclides, which is composed of a 7-membered ring, a 6 or 3-membered ring and 4
lactone ring. is related 1o that of a current antimalarial drug, artemisimn. The presence
of a peroxide bridge is characteristic ol artemisinin and its derivatives, and the polent
antiplasmeodial activity ol these drugs is attributed Lo this structoral leature Ly and
Ricchnn, 1992]. Sesquiterpencs with a peroxide bridge have also becen 1solated from
A millefolium species | Kubelka et af., 1999]. However, the peroxide bridee in the .1,
millefolinm sesquiterpenes has nol been linked o any bological activity.  The
noliceable difference is that while artemisinin and 1ts derivatives have the peroxide
bridge in the 7-membered ring, sesquiterpenes tsolated from A, miflefolium have it in

their S-membered ring.

4.4.5 Discussion

The DCM extract of 4. miflefolium showed positive antiplasmodial activily against
D10 and K1 strains of /. falciparum (1C<, = 3.9 ugml™) and less cvtotoxicily on the
CHO cell line. The selectuvily was roughly 20 times hipher towards the malaria
parasilcs. Bio-activilty guided fractionation of the c¢rude cxtract using colimn
chromateprapby led to five active scmi-pure fractions. The active lractions exhibited
better antiplasmodial activity Lhan the purificd compound(s)., which suggests a
synerpistic  antiplasmodial activily of the compounds within a  fraction. The
extotoxicity results indicated that the fractions were highly selective v the mialaria
parasite, Although the active compound was not identilicd, the NMR revealed that the
isolated compound () showed similarity and possess struciural features found in the

sesquiterpenes isalated previeosly trom this species.

The water extract of A millefolium from Indonesian flora has been reported 1o have in
vitro antiplasmodicd and antigibsoni activity [Murnigshi ef af., 2005]. 'T'his report was
however, without reference to eytotoxicily, and the concentrations used 1o lest the
extracts in the report were len—fold higher than the concentration reported here.
Furthermore, the crude extracls tested m the report were nol fractiomationed and the

active constituents of the extract remained unidentificd.
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The Mass Spec results
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Figure 4,4.5.1 The Mass spectrometry results of Yarr Lit compound isolated from the DM
extract of A. miflefolinen. The conditions of the run and details of each equipment arc stipulated

in section 3.9,



4.5 Agarhosma betuling

4.5.1 Introduction

The leal material of A betuling was extracted with DCM and MeOH. The extracts
were prepared appropriately and tested for antiplasmaodial activily against 10, The
DCM extract showed enhanced antiplasmodial activity and was subjected (o hio-
activity guided fractionation using SPE and TTPLC. Fractionation by SPE yielded
three fractions that possessed good antiplasmaodial activity. The three lractions were
purified on HPLC, with the aim of identifving the active constituents. Pue to
complhicated NMR data and the impurity of the isolated peaks, the final analysis of the

iTactions wis achigved using gas chromatographyv-mass spectroscopy {GC-MS),

4.5.2  Fractionation and antiplasmodial activity of the DCM ¢rude extracts of A

befuling and the fractions generated from SPE.

The BPCM extraet of A, berwding showed low activity against D10 (1Cs, — 144 pgml
") Fractionation of the extract by SPE vielded a total of seven fractions, which were
tested for antiplasmodial activity, Three fractions (60%, §0% and 1007 MeCN)
showed antiplasmodial activity with [Csp values I.?p,gml". 2.0ppml" and I.ﬁugml'1

respectively.

4.5.3  Purthicalion of SPE fractions of DOM extract of 4. befuling on HPL.C

The fractions generated from fractionation of the IPXOM extract of 4. beiulina by SPE
were purtfied on HPLC using a O amide column. The TTPLC run conditions lor cach
SPL fraction were manipulated accordingly to produce maximum resolution between
the components of cach fraction. The details on the run conditions [or cach fraction

are stipulated in section 3.7.2.2.
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4.5.3.1 Fraction SPFE 61

I'he chromatogram showed the presence ol three pronunent peaks (Figure 4.5.3.1)
Ba0-1 (RT — 6.9 min). B6O-2 (RT — 9.2 min) and B6O-3 (RT — 10,35 min) which
were collecled separately and tested for activily. The peaks exhibited antiplasmaodial
activily with FCsp valucs of 2.8 ugml" 27 weml” and 2.0 ug_gml'1 respectively, When
subjected to purification, B60-1 appeared as a cluster of two peaks (R'] = 6.% and 7.5
min}t. The level of purity and quantity of B6d-1 and B60-3 did not allow turther

purtfication on HPT.C,

PR LR F O A S 12 a8 14 ) A0 15 O 200N 2F 0N
Minules

Fignre 4. 5.3 1The HPLC chromatogram of SPEGH fraction of DOM exract of A hevwffna, run on
a4 O amide codumn ab 25-90%0 MeCMN aver 13 min gracdient at 1.5 mlimin.

4.5.3.2 Fraction SPE 50

The chromatogram revealed the presenee ol three peaks: BRO-TRT — | 2.6 niin), BRU-
2 (RT =134 min). and BS0-3 {R'[ = 14.83 min) which were collected separately and
tested for antiplasmodial activity. The three peaks extlibited antiplasmodial actvity
with ICs values 53 ugml”. 34 pgml' and 34 peml™? respectively. The
chromatogram in hgure 4.53.3.2 shows a run of a more diluted sample, whereas the

peaks were collected from a preparative scale run of a more concentrated sample.

oos

nd

f=:] .3 hE--] L] Lo . Ton L11A] cal TR0 e ey ANd MO L) e T MBS Dot 220 MM
[ MBS

Figure 4.5.32 The QMLC chromatogram of SPE 8O fraction of DO extract ol A, femlima, run
om o d O anide column ot 25-00% MedN over 15 min gradient al LSml min,



4533 Fraction 100

I'he chromatogram revealed the presence of one major broad peak {RT — 16 min) and
ather smaller peaks. The major poak showed antipiasmodial activity of 105 [LR + (1.3

g™ against the D).
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Figure 4.5.3.3 The HPEC chromatngram of 5PF 100 fraction of DOM extract of A, betlina, run
i A O amide column at 25-90%0 MeCN over 15 min gradient at 1.5ml/wio.

4.5.4 ldentificatton of consiituents of SPE fractions of A, berefing by GC-MS

The NMR data for the compounds B-66-2, B-80-2 and BRO-3, were oblained.
Unlortunately the proton spectra were ighly complicated due o signal overlap, and
could not be imterpreted. As a result, the components ol the theee SPE [Taclions,
SPE6D. 80 and 100 were analvsed by GC-MS. The spectra are shown in Figure
4.5.5.2. The conditions ol the run are stipulated in section 3,92, T he identification of
compounds in cach fraction was assigned on the basis of comparison of their mass
spectra with those given me the lerature [Adams, 1989: Tenmings and Shibamonto,
1980]. The components ol each [raction and their arca percentages are tabulated in

Table 4.5.4.1,
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Table 4.5.4.1 Chemieal composition of SP'E fractions of A, betafing, analysed by GGOC-M5. The
arca percentages refleet the concentration of cach eompounc in the fraction.

Fraction 6l

Compournd

Pulegone

Cyclopropanois acid

Carvacrol

Bensene sulphonaimde

Hexadecanoic acid (palmitic)

4-(2-propenyly phenol

Amyl-10-undecenoate

Phasphoric acid wriphenyl cster
| p-methane-8-thiol -3-one

Fractinn 80

o bl
D -l

Arean %

748

c‘\‘-\.\_\_l——[‘,j-\.\_
Dl =
- o ooe T —
R S e S .,
14

Compound  Area Y
Pulegone 7.36
Cyclopropanme acid | .38
Cyelopropanenonanoic acid 0.6
Terpineol o
Acoradiene 330
Spathulenol 2.51

- Diosphenaol 2.8%

| Piperitone oxide 3.56

. Phoaphoric acid inphenyl ester 1.14
[nbuty] phthalate 2.36
Piperonyl butexide 316
Fraction 100

| Campound Area %
llexadecanoic acid { palmitic) 1.72 |
14- methyl-methylhexadecanoate fr.41
Hexanedioic acid 5.12
Lthyl-1- hvdroxymethyl-2-
hydroxyvhexadecanote 28

' Heptadecanme acid 307
Methvl-hepladecanaoic acid 104

| 9-Ocurdecenaic acid 293

i Cretadecenoic acid methyl ester 4413

C90 1 2-Ocladecadienoe acid (linaleic) 364

[ 1%



| 9, 12. 15-Octadecatrienvic acid (linolenic acid) | 6.2 |
4.3.5  The evtoroxicity of fractions and iselated compounds

The crude extract and fractions generated from SPE were subjected to cytotoxicity
testing against the CHO cell line. The crude oxtract, SPE fracnons and compounds
showed high seleetivity for the malana parasite. The [Csy of the erude extract was
greater than 10 pgml'!. When tested at double the concenteation, an 1Csp of 170
pgml" was abtaincd, The 1Cs,; values of the SPL fractions and peaks collected lrom
their respective TTPEC profiles were greater than 100 pgml ' The tesults of the
antiplasmodial activity and eylotoxicity of all the tested samples are summanised in

Table 4.5.5.1. The respective dose response curves are shown in Figare 4.3.5.1.

Table £.5.5.1 The swummary ol antiplasmadial activity sod cytoloxicity of DCM crude exirasct of
A betudina, SPE Traviioos and iselated compounds.

Sample 1050 LS. pgen]”! Cylotoxicity [Cepugml’
TaLfr siraim
Crude extruct 14.4 = 1083
| SPE 60 1.7 =100
BoO-] Tk 89.1
B60-2 29 =100
B60-3 2.0 =100
SPE 81} 2.0 o = 106
1380-1 55 T 100
B8e-2 |34 ND T
" BR()-3 3.4 = 100 ,
SPE 1400 1.6 = 100 I
B 10 18 =100 |
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The is vitro antiplasmadial activity and ceyvtotoxicity cffects of samples
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The Gas chromatography-Mass spectrometry spectra

Fipure 4.5.52The {ras Chromatography-Mass spectrometry spectra of HPLC isolates of the SPE
Factions of the TRCM extract nf A Pefirfin,
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4.5.6 Discussion

The DCM crude extract of the leaves of 4. betulina showed moderate antiplasmodial
activity (ICso = 14.4 pgml™) and low cytotoxicity (ICso > 100 pgml™) on CHO cells.
The fractions yielded from fractionation by SPE showed enhanced activity with ICsg
values in the range of 1.6- 2.0 pgmi”. Furthermore, the fractions showed high
selectivity for the malaria parasite with selectivity indices of over 50. Further
purification of the SPE fractions yielded single constituents and semi pure
constituents which exhibited decreased antiplasmodial activity compared to their
respective SPE fractions from which they were isolated. This highlighted the
possibility of synergistic activity of compounds within each fraction.

Analysis of the SPE frations by GC-MS revealed that each fraction contained many
constituents (Table 4.5.4.1). Although the specific components of the fractions that
elicit antiplasmodial activity remain unclear, our results show that the active
constituents possess good and selective activity aganst the malaria parasite. The
difference in the activity of the crude extract and the SPE fractions provide evidence
that the active principles are in small quantities. In addition, the loss of activity when
the SPE fractions are fractionated shows that the synergistic activity arises from a
number of compounds. A few of the identified compounds such as pulegone,
terpineol, diosphenol, and piperitone oxide (fraction 60 and 80) have been identified
from the essential oils of Agathosma species. However, these compounds have not
been linked to any biological activity. There are no reports on the antiplasmodial

activity of A. betulina or essential oils of Agathosma species.

The large number of compounds within one fraction make it difficult to attribute the
activity to specific compounds. However, the results show that fraction SPE 100
contains high concentrations of hexadecanoic acid, heptanodecanoic acid,
octadecanoic acid, and their derivatives. Most components of the SPE 100 fraction are
major fatty acids more commonly found in plants [Bell and Charlwood, 1980}. In
fraction 60 for instance, pulegone (7.48%), carvacrol (15.13%), hexadecanoic acid
(7.27%) and phosphoric acid triphenyl ester (8.65%) are in higher concentrations.
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Chapter 5




S In vivo antimalarial activity of plants traditionally used to treat

malaria in South Africa

5.1 Introduction

Despite the emphasis on the urgent need for new and affordable chemotherapeutic
compounds, no new discoveries from plants have made it on to market in the last
decade. While many extracts may possess in vitro activity, only a few show activity in
vivo. This might be attributed to low solubility of extracts in non-toxic vehicles, low
absorption and rapid elimination of active ingredients. Since many antimalarial drugs
such as quinine and artemisinin originate from plants, it is still essential that medicinal
plants that have traditional folkore reputation for antimalarial properties be
investigated in vivo to establish their safety and efficacy, thus determining their
potential as sources of new-antimalarial drugs.

The results presented in this thesis are of an investigation conducted on five medicinal
plants used to treat malaria and fever in South Africa. The crude extract of each plant
and the concentrated active fractions of selected plants were evaluated for antimalarial
activity using a mouse model. The purified compounds that showed good in vitro
antiplasmodial activity could not be tested in vivo due to limited amounts available.

5.1.1 Animal models in experimental malaria

There are a number of different animal models that are currently being used for
experimental malaria. These include birds, rodents, and primates. Primates offer
advantages of being genetically similar to humans, and their reaction can be stipulated
to that of human beings. The Aotus monkey (dotus nancymae) is an example of a
promising experimental model for P. falciparum infections [Osamu et al., 1999].
Rodents, particularly mice, remain the widely used animals in research [Herrera et al.,
2002].

In this study, the primates were not available and so the choice of experimental

animal was the mouse. Mice are advantageous in that they have relatively low
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maintenance cost, they are easy to handle, and are genetically similar to man
[Malakoff et al., 2000). Also, mice need smaller doses of test samples. There are
several different in-bred strains of mice with varied genetic modification, which have
been helpful in gaining the better understanding of pathogenesis of cerebral malaria

and the immune response.

There is no single mice model that reflects the exact immunopathogenesis in humans.
However, different models provide valuable information. There are four rodent
malaria species that provide, in their different host association, opportunity to
investigate diverse aspects of malaria disease. These are Plasmodium berghei,
Plasmodium chabaudi, Plasmodium yoelii and Plasmodium vinckei. The two species,
P. berghei ANKA and P. vinckei vinckei are lethal to mice and are better suited for
studies on the development of cerebral malaria, and examining efficacy and safety of
remedies. On the contrary, P. chabaudi, P. vinckei petteri and P. yoelii cause infection
which resolve after a few days. The infection can either be cleared completely, or
there can be recrudescence over a long period [Taylor-Robinson ef al., 1998]. These
non-lethal infections have been used to investigate mechanisms of acquired immunity
and immunological responses including production of antibodies, after infection with
malaria parasites. For this study P. berghei ANKA was used for investigation of
efficacy of plant extracts and their active fractions.

Routes of infection and administration of treatment

The parasites can be delivered into the body by an intravenous injection or
intraperitoneally. The latter is more common, as it is easy and quick to perform
whereas intravenous injection for instance, can be both complicated and strenuous to
the animal as it involves putting the animal into a restraining devise or under

anesthetic. In this study parasite inoculations were done intraperitoneally.

The test sample can be delivered to animals intravenously, intraperitoneally,
subcutaneously, orally, intramuscularly or rectally. The choice of route of
administration is influenced by the physical and chemical properties of the
drug/extract at test. Oral administration is relatively easy to perform and appropriate

for dosing large numbers of mice. Furthermore, plant extracts often do not completely
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dissolve in delivery solutions and are preferably administered orally as suspensions.
For this study, oral gavage and subcutaneous injection were the preferred routes of

administration of extracts, fractions and drugs.

5.2 Choosing the appropriate strain of mice

This study was conducted to assess susceptibility levels of different strains of mice to
P. beghei ANKA. For the purpose of testing the efficacy of plant extracts, a suitable
strain of mice would show gradual progression of parasitemia for at least a period of
10 days and die thereafter. It is important that the strain is not highly sensitive or
resistant to infection. Highly sensitive strains die shortly after infection, while
resistant strains resolve infection and clear parasites. In both cases the monitoring of
parasitemia progression becomes difficult and the effect of the treatment sample on

the suppression of parasitemia could easily be missed.

The three strains of mice; C57/BL6, BalbC and DBA strains were tested for
susceptibility to P. berghei ANKA. Mice (10 in a group) were infected with P.
beghei, section 3.9.4. The parasitemia and body weight and survival were monitored
daily and recorded. The C57/BL6 strain of mice proved to be the appropriate strain
for testing efficacy of extracts for antimalarial activity. Mortality was first observed
on the seventh day post-infection and all the infected and untreated animals died by
the tenth day post-infection.

5.3 Optimizing Infection

The level of parasitemia aﬁd the concentration of cells in an inoculation stock affect
the rate of development and level of parasitemia in the test animal, the animal survival
period, and therefore the outcome of analysis of the activity of the sample at test.
This experiment aimed to find the optimum concentration of cells that will allow a
slow prdgression of parasitemia, and survival of infected animals up to at least 10
days post infection. This would allow time for a 4-day or 7-day treatment, and
accurate analysis of activity of the extract. To find the optimum cell concentration, the
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test animals were infected with different cell concentrations; 1x 10°, 1x 10° and 1x

107 parasitized erythrocyte/ml with similar parasitemia.

83.1 Discussion

The development of parasitemia was slow in mice infected with a low cell
concentration of 1x10° cells/ml. The advantage is that the animals can be studied over
a long period of time before they develop cerebral malaria and anaemia.
Disadvantageously, the slow progression of parasitemia reduces the accuracy of
counted parasitemia percentages. Also, since treatment starts 24 hours post infection,
and continues for only four days, the effect of the extracts on the suppression of
parasitemia could easily be missed. It also prolongs the experiment. The high dosage
(107cells/ml) on the other hand exhibited an exponential progression of parasitemia in
the five days post infection. Although the animals developed cerebral malaria faster
and died sooner, thereby shortening the period over which the experiment runs, there
is a high risk of missing the effect of moderately active extracts. The above results
informed the choice of cell concentration of 1x10%ells/ml as the optimal cell
concentration for infection. For all the efficacy studies performed, the cell

concentration for infection was maintained at 10° cells/ml.

5.4 Acute toxicity of the crude extracts

Healthy mice (5 in a group) were orally administered a dose of 500mg/kg of DCM
extracts of A. betulina, T. camphoratus, A. millefolium, E. africanus and the EtOH
extract of W. salutaris. The extracts were administered twice a day for 7 consecutive
days. The mice were monitored for a further 30 days following treatment with the
extracts. The negative control group was given equal volumes of the vehicle only (5%

sodium bicarbonate in water). The results on survival are shown in Figure 5.3.1.1




survival of mice in /A Loxkoiky Study

—a— untreatad
m-— 1 —ammboratias

E Aol e
] —— A, uelalina
& —ae— VW =k s
—e— E a'ricanus
23 - —
i
[N} i | i g

1T & &~ Ff "oy =3%E "y "2l E5 25 279

Furn be of days of obseryation

Figure 5.5 1.1 The survival of mice Tollowing dosare with different plant exteaces at a dose of
S00mgky twice a day lor 7 consceutive days.

5.4.1  Dhscussion

Meortality, physical symploms of abnormalitics (paralysis. Tack o mobility), and
weight loss were used as indicators for toxicity. For all crude extracts except F.
africerus. no morlality or foxic effect or any signs of tnhealthiness or body weight
loss were observed. Based om the results oblained inthis study, the median lethal dose
15 taken to be preater than the wial dose of 1H0Om gk p/day used in this study, At this
dose, the extracts are considered sale. However, the full examination of the major
body organs such the brain, liver und kidneys, is necessary betore a comelusion on the

safety on of these extracts could be made.

The DOM extract of Fo gfricesmy produced physical signs of toxicity | hour after
administration. The animals appeated generally unhealthy, The signs of toxicity
included writhing, decreased molor activity, gasping, deercased respiratory and then
death. About 16% of the animals uppeared bloared around the abdominal arca. There
was 60% mortality on day 13, For the period of 30 days from the ficst day of

administration of the exiract, only 46% of the animals survived.

55  Antimalarial efficacy studies

Mice were randomly allotted to five groups, and were inoculated intraperitonially
- i - - ¢ E & A z

with 107 parasite mlected red blood cellsim] £, bergher ANKA tollowing procedures

oullined in section 3.i40.4. The mice were treated orally 24-howrs post infection with

the plunt extracls which showed positive antiplasmodial activity oz virre. Mice were
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Figure 5.5 2 The time course changes of survival rate (a} and weizht loss (b} ol mice i respomnse
to treatmend with different extracts, or OO0 The experiment was terminated on day 1.3,

5.5.1  Discussion

The level of parasitemia in the untreated conirol group increased throughow the

period of observation. In the positive control growp treated with CO) parasitemia was



suppressed w below 2% up 1o day 7. Recrndescence was ohserved from davii). and

parasitcrnia had reached about 8% at the Lime the experinient wis terminated.

The crude extracts of 77 camphoratus, A milfefofiuwm and £ africanus did not show
any considerahle parasitemia suppression when compared with the negative control,
The extract of B safsfariy showed 42.9%, parasitemia suppression on day 0, while 4,
herding caused teduction in pargsitenmia by 76.9% (calcularion details are in section
J30a) It was also noted that although the group treated with 4, berwdfing showed
rapid incrcase i the parasiterma levels alter day 8. the animals tolerate high
parasitcnia levels of up to 40%. The animals appearced healthy, no visible signs of
unhealthiness or tvpical symptoms of cercheal malaria were observed, The animals
mamtined their body weight for o longer period, and survived longer than all other

groups except the COQ groap,

All the mice 1n the negative control group died on day 7, while the €0 control group
maintained 100% survival unul termmation of the experiment. Mice in a group that
was treated with £ afvicanus at a dose of 300meky dicd carly (day 4} [tis suspected
that this was duc to the toxicity of the extract since the group given the lower dose
maintained 100% survival up to day 10, The group that received A millefolitm
extract had only 25% survival by day 9, The group treated with 12 camphroratis had
0% survival. The results show that the extracls of A Serrding and W saluwtaris
prolonged the lives of mice at a relatively higher survival rate when compared with

the negative control group and other test groups,

The body weight of the animals was monilored daily. Generally. the resulis showed
that there was g gradual continuous body weight less inoall the groups except in the

COQ-trcated group {Figure 552 h).

5.0 The antimalarial activity of fractions of selected extracts

The active fractions of B saluaris. A, betuling und A, millefolivm (seclions 434,
452 and 4.4 2.1 respectively)y were selected for antimalarial activity testing g vivo,

since they showed good antiplasmodial activity iy vitre and Ltheir respective crude



extricts showed no wxiclty 1 vwve, OQ positive control was done in ovary

experiment. For elarily purposes, the aclivity o CO 1s nol shown on each graph.

5.6.1  Suppressive test

The active Fractions of B salufaris, A beinding and A millefalive were concentrated
and prepared accordingly (Section 3. 100511, The treaunent was adminstered arally at
a dose of 2530 me'ke once a day for 4 conseculive days, 24-hours post-infection. The

tesults are shown in respective graphs in figure 3.6.1. 1.
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Figure 56,11 The graphs showing the pereentage pacasilomia, in groups iecated with active
fractions ol B safeneris, 4. bedisfing and 4. mittefolinm, in comparison to the contral group and
Co-treated group. The experinen s weee done separately an different nceasions,



5.6.1.1 Discussien

Ihe results revealed that the active fraction of A miffefodinm suppressed the
parasitemia by 48% und 67% on day 4 and 6 respeetively, The fraction was eficelive
in suppressing the parasitemia only during the administration period (up to day 3). but
the parasitemia levels escalated upon termination of reaument. The survival period
wity nol prodonged, On day 7, the mice were ancmie und showed the same signs ol

sickness such as rultled hair, lack of mobility, and convulsions. as the control group.

By comparison o the conlrol group. the active fraction of W saliearis was cffective
in suppressing the parasitemia, and extending the survival peried of the treated group
by § davs, The fraction exhibited 92% and 98% parasitermia suppression on days 4
and 6 respectively, The control groap dicd on day 8 while the treated group displayed

the signs of sickness on day 12 and mortality was first obscerved on day 16.

The resalts also showed that the achive fraction of 4, heinding had antimalarial
activity. The fractiom cxhibited parasitermu sappression o 46% and 63.3% on day 4
and day 6 respectively, This group survived lomger than both the control group and
the group treated with the active fraction of ¥ safwfaris. Interestingly, the animals in
this group tolerated high parasitenua without showing typieal signs of cerebral
nalaria. They sull survived longer even afler Lhe signs of sickness were observable,

The anumals were sacrificed after 18 days o avold sulTering.

The active lractions of W safwfariy and A4 pefudina showed parasite suppression and
prolonged the sursival penod of the treated animals. These fractions were taken for

further investigation

56,2 Prophylaxis and curative properties of fractions

I'he aim of this experiment was to assess the preventive or prophylactic and curative
eifeets of the scleeted fuctions against malaria. To assess the polential prophylaxis
propertics of fractions, the test fracuions were administered orally theee dayvs prior to
mfeetion. In onc group, administration of the lest fraclion was slopped immediately

alter infection. while in the sccond group. treatment with the test [raction was



continued for further 4 davs after infection. lo assess curative propertics of the
fractions, fractions were administered arally 72 hours after infection. The detailed
methodology 15 ontlined in sections 3.10.5.2 and 3.10.5.3, lipure 3.6.2.1 shows the

resulis.
Results
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Figure 50621 The time course changes in parasitemia to demonstrate the preveotive (a) aod
cuntlive (B propertics of [rections of B safitgris and AL fefiting when administered orally at a
dose ol 230make body weight per day,

5.6.2.1 Prophylaxis potential of fractions

The group thal received the SPL fraction of W, salitaris for 3-days before infection
and treatment stopped  after infection, showed no signilicant  suppression of
patrasilemia on day 4 when compared to the nepative control sroup. Whereas the
group that was piven the fraction 3-days belore inlection and lor o {urther 4-davs alter

infection showed lower parasitemia on day 4 with inhibition activity of 32%, and



continucd 1o exhibit fower parasiternia fevels on day 3 {(83% inhibition) and day 10
relative to the negative contral. When comparing the two test groups. the group that
reecived freatment for further 4 davs after infection maintained relatively how
parasitenna levels of 7% up 1o day N while the other group had 235% parasiienna.
The mean survivil period lor the conlrol group was 6 days. while the survival pernod
ol mice 111 hoth west groups was extended Tor & further 3 davs, The results suggest thad
the lraction of W safuterss did not have signilicant prophylactic etfect when
parasitemia was observed on day 4, but somchow mainiained lower parasitenna levels

relative to the negalive control, Contimuing tregtment aller nlection dramatically

decrewsed parasilennia levels.

Lhe fraction af A Sefwding exiract showed interesting resulls. There was a small
difference in the parasitemia levels in the nepative control group and n lest groups on
day 4. The test groups however, mamiained low parasilemia levels of roughly under
10% up 1o day @ post-imlection. while the conlral group had reached purasilemia
levels of 48%. On day 3 the groups exhibiled parasitemia reduction of about 75%, [t
18 also worth nonng that the parasitemia fevels in the two test groups were similar up
to 11 davs (7 0.2), 1t is inferesting to note that [urther adminsiralion ol the [raction
for 4 days atter infection had wo suppressive impact on parasitenna. The results show
that administration ol the [Taction } consecutive days helore mteetion had 2 protective
or prophylactic effect, which led 1o low levels ol parasitermig for up o 10 davs. The
Iraction seemed 10 ympede purasite growth or the vate of parasitc multiplication, The
similarity in the patlern of levels of parasilemia in the two lest groups could suggest

that the fraction did not have antiplasmedial acrivity on the blood stage parasites.

5.0.2.2 Clearance or curative fest

The results on the curative schizontocidal uctivity of the fractions of B saharis and
A hending are shown In figure 5.6.2.1h The results from treatment with the fracuon
ol W serduturiy revealed the signilicant ditference between the treated groups and Lhe
negative contral group, When comparing the two lest groups, the group thatl received
tresslment 72 hours post-indection showed high parasitemia levels (4.0%) om day 3,
while the group that received tewment 24hrs postanfoction  showed  almaost

undetectable fevels of less than 1%, This difference was expected sinee al 72hrs post-



inteetion. the intection 18 esiablished and parasiiemia should be detectable in the
absence of freatment. Intreduction of the test sanmple on day 3 led o o sigmilicant
decrease m parasitemia, such that the two groups (treated 24bhe or 720r post-inlection)
had sinnlar parasilemia of abow 3.8% on day 10, The results indicate that the traction
has schizontecidal activity, and has the potential to reduce parvasitemia whether given
al the hegiuning of an infectton or when the infecion is already established., Thus

demonstrating considerable antiplasmodial activity,

The test proup that received the traction of A Aetiding 72 hrs post-infection showed
o major diflerence in parasiemia levels when compared to the control sroup,
Throwghout the experiment the group main@ined higher parasitemia than that
ohserved n the conlrol group. The Traction Jailed o show anliplasmodial activily o
cstablished infection. The test group that was treated with the [raction 24 hrs post-
infection showed parasitemia reductions of 37% an day 4 and of 43% on day & The
fraction showed moderate deeree of parasite reduction. All the results are summarized
in Table 3.6.2.1. Chlorogquine was used as a positive control in suppressive {esting
only. since 11 has been reporled 10 possess no prophylaxis activily [Ridley e af.,

1997].

Table 5.6.2.1 S vivo antiplasmodial activity of Tractions of B sefreteris, oAl bedfing amd A,
seeeflifedinenrr whon admimistered o Dnfeeied mive al s dose of 250hmeke The asorage poreenlage
vilues wore taken for day 4 and day 7.

Prugfestract | Suppressive lest Prophyvlaxis test Curalive icst
Average (%) Average (%) Average (%)
PATASILCIA parasilenia parasileniia
SUPPFCESI00 SLUAPCESSION suppression

A herlina - e | 75 3

W sedduturis 03 2 75.6

W sl uG ~D 94

{subculancous)
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*WT) = rest not done,




5.6.3 Subcutanesus administration of che active fraction of W, safutioris.

Iactors such as incomplete absorption and elimination can reduce the hicavailabihiy
of active constituents, which leads (o reduction o their overall activiy. This study
mimed to establish whether Incomplete absorption and or rapid eliminmion of the
active comslituents fromt the gut {metabalism or exerciron) plaved any role in the level

ol broavailabiliy of the aetive constitgents,

The animals were infeeted and treated with 250meke body-weight of aclive hactiions
of W, safutaris. 'The fractions were admimistered subeutaneously. One group wis
treated 24 ls post infection while the other group received treatruent 72 hrs post

mfection. The results are shown in Figure 5.6.3,1.

Results
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Figure 5.6.3.1 The investigarion af the effect of absorprion or first pass metabaolism Iy comparing
the paracitemia suppression activity of the fraction when administered orally orsobentaneonsly
af the same dose of 250meys once a duy Tor 4 duys,

The |wo groups that received treatment  subculoneously  mantamed  almost
wdetcetable levels of parasitemia as obscrved on day 3. 4 and day 5. while the
negalive comiral had parasitennia percentage of 29% on day 5. Comparalively, the two

1ot groups showed siotilar parasitemnia patterns.

The ¢xperiment could not be monitored for longer than 6 days duc 1o the faial effects

ol the lest fraclion on the animals, The sample was sticky. Pollowing administrabion,



it was observed that the skin became glued onto the back of the neck. This could have
made blood circulation difficult and led to the death. However, it could be deduced
from the results that the subcutaneous route of administration was more effective than

the oral route in suppressing the parasitemia.

5.6.4 Concluding discussion

The crude extract of 4. betulina possesses moderate in vitro antiplasmodial activity
(ICso = 13.5ugml™) and poor curative antimalaria activity in vivo. The extract
however, proved to have preventive or prophylactic activity in vivo. This suggest that
the extract is poorly active against the blood stage parasites. In our observations, in
groups treated for 3 consecutive days before infection and 24 hrs after infection, the
blood stage infection and its associated clinical manifestations were delayed and

highly minimised.

In order to determine whether protection from infection might be in part due to an
additional effect of the fraction on the blood stage parasite, mice were infected on day
0 and treated with the fraction 3 days post infection. No significant inhibition of the
erythrocytic multiplication cycle could be detected. This could be an indication that
tﬁé protective properties were due to either an inhibition of the hepatic stages of the
i)arasite or increased immune response. The fraction of 4. betulina might be exerting
antimalarial effects by mechanism(s) other than a direct antiplasmodial action. The
fraction could be exerting a natural boosting of immune responses against malaria
parasites. Stimulating the immune response prior to infection would activate the
macrophage mechanism of immunity [Webster, 1989], and improve the robustness of
the response and the efficiency of the body in fighting the infection, thereby resulting
in relatively decreased parasitemia levels and delayed manifestation of clinical

symptoms of malaria.

While many extracts show good in vitro antiplasmodial activity, most of them show
decreased suppressive activity in vivo and no curative activity at all [Saidu ef al.,
2000]. It was interesting to note that the fraction of W. salutaris possesses blood

schizontocidal activity observed during the suppressive test and curative test. The
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observation that the active fraction was highly effective even in established infection
highlights the potential of the fraction in treatment of malaria. The plant however, did
not show any prophylactic activity. It was disappointing that the extract showed
toxicity when administered subcutaneously. However, it is common that extracts that
have been proven safe when administered orally exhibit toxicity when given
intraperitoneally, intraveneously or subcutaneously [Benoit-Vical et al., 2008]. The
significance of the toxicity of the fraction when administered subcutaneously is
reduced by the fact that African traditional medicine uses exclusively the oral route of
administration.
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Chapter 6




6.1.1 The extent to which objectives have been met

The plant material of selected plants was extracted with various solvents and screened
for antiplasmodial activity against D10. Extracts that showed antiplasmodial activity
less than or equal to 10 pgml” were considered active. The most highly active and
abundant extract for each plant was tested against the resistant strains, assessed for
cytotoxicity on a mammalian cell line, and then subjected to bio-guided fractionation

using a combination of various chromatography techniques.
Isolation of active constituents

The fractionation process for each of the selected plant extracts led to isolation of a
number of active compounds. In total, 7 compounds have been isolated and their
chemical structures determined. There were, however many active compounds which
were isolated but could not be identified due to the small quantities or their instability.
A total of 27 compounds present in the active fractions of DCM extract of 4. betulina
were idenfied by GC-MS.

Two compounds from the DCM extract of T. camphoratus could not be identified
due to their instability. One compound successfully identified as 5'7-dihydroxy
flavanone, showed good antiplasmodial activity (ICsp = 2.2 + 0.2 pgml™), a high
~ selectivity index of 20 and a low resistance index of 0.98. The antiplasmodial activity
of this compound was selective for the malaria parasite and similar against the CQ

sensitive and resistance strains.

Four compounds were isolated from the DCM extract of E. africanus. The level of
purity and quantity of compound R90-3 did not allow further purification for
structural elucidation. The other three compounds were successfully identified as
carnasol, betulinic acid and 5,7-dimethoxy-4'-hydroxyflavone. The compounds
showed moderate activity (ICso = 7.6 + 0.6 pgml™, 9.5 + 0.5 pgml™ and 6.5 + 0.4
pgmi™?) and low selectivity indexes (0.3 to 1.1). The low selectivity indexes of the
compounds indicated a narrow safety margin, which hampers their potential as lead

cbmpounds.
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Two sesquitepenoids identified as cinnamolide (ICsp = 0.9 + 0.2 pgm!™) and 3-B-
acetoxy cinnamolide (ICso = 1.4 + 0.2 pgml™") were isolated from the EtOH extract of
W. salutaris. Although the compounds showed close antiplasmodial activity, there
was a great difference in their cytotoxicity on CHO cells. Cinnamolide was about 8
times less toxic than its derivative. Based on these observations, it is possible that
structural changes in both compounds could lead to derivatives that have improved

activity and less cytotoxicity. Cinnamolide has a potential as a lead compound.

The fractions of the DCM extract of A. millefolium showed enhanced activity with
ICso values ranging from 1.6 to 2.8 pgml™. The isolated compound however, showed
decreased activity (ICso = 4.8 + 0.2 pgml™). This demonstrated the synergistic activity
of the compounds within a fraction. The fractions were highly selective for the
malaria parasitt (CHO ICso > 100 pgmi™). The compound also showed high
selectivity for the parasite (ICso > 100 pgml™). The components of A. millefolium
have showed good antiplasmodial activity, high selectivity and low resistance index,

and could therefore be considered for further development for use against malaria.

SPE fractions of the DCM extract of 4. betulina had antiplasmodial activity with ICs
values ranging from 1.6 pgml™ to 2.0 pgm™! against both the D10 and K1 strains.
These fractions showed good activity and were highly selective for the malarial
parasite. The cytotoxicity ICsp values proved to be greater than 100 pgml” The GC-
MS results revealed that each fraction contained a few constituents, some of which
have been reported previously as components of the essential oil, and fatty acid
composition of the plant. Due to the large number of compounds within each fraction,
it was difficult to attribute the observed antiplasmodial activity to particular
compound(s).

The safety and in vivo antimalarial activity of extracts and selected fractions

The safety of the tested extracts and fractions was evaluated by looking at survival,
weight loss, fypical symptoms of cerebral malaria such as convulsions, lack of

mobility, and general physical signs of unhealthyness of the animals.
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The crude extracts of W. salutaris, A. millefolium, A. betulina and T. camphoratus,
showed no effect of toxicity when administered orally at 500mg/kg twice a day for 7
consecutive days. The extracts were well tolerated by the animals at tested dosages.
On the contrary, the crude extract of E. afficanus showed toxicity to mice at oral
doses of 250mg/kg and 500mg/kg with no evidence of protection against Plasmodium
berghei malaria.

The crude extracts of E. africanus, A. millefolium and T. camphoratus did not show
antimalarial activity, while extracts of W. salutaris and A. betulina showed
considerable antimalarial activity at a dose of 250mg/kg in a 4-day suppressive test.
The selected fractions of A. millefolium that had good in vitro antiplasmodial effect
exhibited antiplasmodial activity in vivo with 40% chemo suppression of parasitemia,
but showed no antimalarial effect. The fraction of W. salutaris showed good
suppressive and curative antimalarial effect, but showed no prophylactic effect. The
fraction of A. betulina exhibited a prophylactic effect against malaria and induced
tolerance to high parasitemia for a prolonged period of time. This antimalarial activity
observed could be as a result of stimulation of the immune response. The fractions of
A. millefolium, W. salutaris and A. betulina have the potential of being developed into
a herbal remedy that is useful in malaria treatment.

6.2 Cross resistance between plant extracts and CQ

There was no major difference between the antiplasmodial activities of the plant
extracts against the CQ-sensitive and CQ-resistant strains of P. falciparum. Instead,
the activity of each extract against both strains was comparable. The absence of cross
resistance between plant extracts and CQ suggest that malarial remedies derived from
medicinal plants could be effective in treating malaria caused by CQ-resistant
parasites. In the absence of drug-drug interactions, the extracts can be co-administered
with current antimalarial drugs to synergistically improve their activity especially
against the resistant strains of the parasite.
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6.3 Limitations and challenges encountered during the study

One of the main limitations in working with plant extracts is the low yields of
extracts, fractions and isolated compounds. Most of the highly active semi-pure
fractions, B60-1 for example, could not be investigated and purified further due to
limited quantities. In other fractions, the decomposed compounds could not be

recollected.

The variability of the level of chemical constituents in plants due to geographic and
seasonal conditions proved to be a problem. This was observed with W. salutaris,
where the difference in the quantity of the active constituents between batches was
large. In cases where recollection of plant material is necessary, the time and place of
collection should be maintained. This can be a long wait depending on the season in

which such a need arises and the season in which the initial collection was made.

The loss of activity in bio-guided fractionation posed a challenge. Some plant
constituents work synergistically to exhibited antiplasmodial activity. When these
compounds are separated during fractionation, activity is lost. This was observed from
SPE fractions of 4. betulina, and with A. millefolium, where fractions generated from
column chromatography were more active than purer fractions from short column
chromatography, and the isolated compound. Loss of activity ¢omplicated isolation of
the compounds responsible for the activity.

The other challenge encountered was the use of an appropriate HPLC column for each
extract. The extracts from three plants were separated using a C;g column, while
extracts of A. millefolium and A. betulina were separated using Cg and C¢ amide
columns respectively. A number of columns had to be tested before a suitable column
could be found.

The approach used in this study to assess safety of plant extracts only evaluates the
acute toxicity and not the chronic effects that the extracts/fractions might have on the
body. It does not provide the detailed assessment of the effect of the extracts or
fractions on the body tissues and on important organs such as the brain, liver, kidneys,
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in the body. Additional and more detailed assessments such as full blood count, size,
shape and functionality of main organs should be done. Autopsy should also be
performed on dead animals to identify the exact cause of death.

The antimalarial activity of the crude extracts and fractions was evaluated by counting
the blood smear slides microscopically. While this method is time consuming, the
accuracy of the parasitemia counted from slides is compromised, firstly by the genetic
variation between animals, and secondly by the complexity of the unsynchronised

blood smear slides, and lack of standardization when making the smears.

While the use of a murine model increases the predictive value of the results obtained,
there are major differences between rodents and humans. Small mammals have a
faster metabolism than humans. Small animals require 5-10 times per body weight the
amount of drug taken by humans to produce the same effect [Freireich et al., 1966].
Furthermore, a non-human species of Plasmodium was used to assess the in vivo
antimalarial activity. While this model provides valuable information, the results can
not be directly extrapolated to represent the situation in humans.

The process of selecting extracts for antimalarial activity assessment is limiting. The
plant extracts are first screened using in vitro assays. In vitro systems have shortfalls
particularly as they do not take into account any pro-drug effect or the role of the
immune system in controlling the infection. As was observed with a crude extract of
A. betulina, a negative in vitro result does not necessarily exclude in vivo antimalarial
activity. Plants might possess other activities that have a generally protective effect
against malaria or that help minimise the symptoms of malaria.

6.4 The relevance of the study

Many people already use herbal medicines for the treatment of malaria in South
Africa, and therefore more scientific information concerning the efficacy and safety of
medicinal plants can help discourage the use and educate about those herbal
medicines that are toxic. From this study in particular, traditional Healers can learn to

reduce the doses or limit the use of E. africanus extracts.
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In traditional medicine in South Africa, fevers are poorly defined and they tend to be
broadly attributed to malaria. Some plants reported for use to treat malaria lack
activity against and selectivity for the malaria parasite [Addae-Kyereme et al., 2001;
Carvalho et al., 1991]. Since plants that have antipyretic, analgesic activity, and are
stimulants of the immune system would provide considerable relief to malaria patients
[Younos et al., 1990; Kirby, 1997], they are all classified as antimalarial. Scientific
investigation of plants would positively impact on correct categorisation of plants.
The example is 4. betulina extract, which from this study proved to be more of an
immune modulator than an antimalarial remedy.

The government of South Africa recognises traditional medicines and has made the
effort of incorporating traditional medicine in the health system. This work will
contribute towards informing the health planners to accurately evaluate the usefulness
and effectiveness of traditional medicine, which will bring about the support for
research on the plant-derived drugs, and recognising it as one of the strategies in

malaria control.

6.5 Future work

e Active fractions of W. salutaris, A. betulina and A. millefolium showed
positive in vitro antiplasmodial activity and selectivity to the malaria parasite.
The fractions showed no toxicity effects and considerable antimalarial activity
in vivo at tested concentrations. Furthermore, the major active components in
each fraction have been identified. This information warrants further
investigation to evaluate the effectiveness and usefulness of the fractions in

combination, as a potential herbal remedy to use in treatment of malaria.
More research on the fractions will include:

e Evaluating the toxicology of the fractions in combination on a monkey model

using a 90-day sub-chronic test.
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Evaluating the prophylaxis, suppressive and curative effects of combined
fractions on the vetvet monkey model.
Possibly, work towards developing this potential herbal remedy as a product

for commercial purposes.
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Appendix A

The activity of the control drugs on the CHO cell-line, CQ-sensitive and CQ-
resistance strains of P. falciparum, and the effect of the solvent on parasite
growth.
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Appendix B

NMR of Compound T-60 identified as 5,7-dihydroxyflavonone. Compound extracted
from DCM leaf extract of T. camphoratus
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NMR of compound R 90-1, isolated from DCM leaf extract of E. afrikanus

R90-1 'H spectrum
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NMR spectra of Compound R70, identified as carnasol. Compound isolated from

DCM extract of E. afrikanus.
R70 'H spectrum in M+OH
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NMR spectra of R90-2 (R100), identified as Betulinic acid.

R100 'H spectrum
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'H and 1*C NMR spectra of compound PK2-4, identified as 3p-acetoxy cinnamolide.

Compound isolated from EtOH leaf extract of W. salutaris.
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NMR of compound W.S 50-3

'H spectrum
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NMR of Compound TW60-2 identified as cinnamolide, isolated from DCM twig

extract of W. salutaris.

TW60-2 'H spectrum
TW60-2 *C spectrum
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