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Abstract

Based on the historical success of natural prodastantimalarial drugs and the
urgent need for new antimalarials, a number of S@dtican medicinal plants have

been evaluated for their antimalarial propertigsisTpaper reviews the major studies
conducted and their findings. Overall three ethmahical screening programmes
have been conducted on South African plants antethave been three studies
adopting a more direct approach where plants wahparticular genus were screened
for antiplasmodial activity. The paper also summes antimalarial plants, which

were studied individually, as well as the bioactmelecules identified from selected

active plant extracts.

Keywords: malaria, ethnopharmacology, antiplasmodial scregnbioassay-guided

fractionation, sesquiterpene lactones; cytotoxicity
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1. Malaria and the situation in South Africa
Malaria, caused by parasites of the geRlesmodium, is one of the leading public

health problems in Sub-Saharan Africa responsine¥er a million deaths annually



(WHO, 2005). This is due to the majority of infexts in Africa being caused by
Plasmodium falciparum, the most dangerous of the human malaria parasstesll as
the most effective and difficult to control malanactor, the mosquité@nopheles
gambiae, which is the most widespread in Africa. Climatienditions over a large
part of Africa favour malaria transmission and glbwarming together with changes

in land use are extending the areas of transmission

In South Africa transmission is currently restretteo the low-altitude regions of
Kwazulu-Natal, Mpumulanga and Limpopo; three proem in the north-eastern part
of the country (along the border with Mozambiqued aBwaziland). Malaria
transmission in South Africa is seasonal with theagest number of cases occurring
between October and May with a significant intemaad variation in the number of
malaria cases. In the year 2005 the annual numbeeported malaria cases was
approximately 7 755 while in 2006 it was 12 098 gBement of Health, 2007). This
variation is mainly attributed to favourable clincatonditions, population migration
and the emergence of drug resistant parasites.Sbou¢h African government has
increased efforts to control malaria particularlyedo its devastating impact on the
economy and the threat of increased prevalencaistdbution, primarily due to the
emergence and spread of drug resistant parasiesgalRch efforts are subsequently
being directed towards the discovery and developnoénaffordable drugs with

different structural features.

2. Theroleof ethnophar macology in the fight against malaria
The main goal of ethnopharmacology is to discovmreh plant-derived compounds,

based on the indigenous use of medicinal plantschwban be developed into new



pharmaceuticals. Historically, plants have provenbe a major source of drugs
(Newman et al., 2003), with two of the most widelyed antimalarials originating
from plants — the quinoline-based antimalarialsmoglelled on quinine, derived from
the bark of the Peruvia@inchona L. tree; and the endoperoxide-based antimalarials
originated from artemisinin, first isolated fronetlChinese herbal medicidetemisia
annua L (Camacho et al., 2000). In light of this histosuccess and the fact that most
indigenous people living in malaria endemic arese waditional medicines to fight
this disease, there is every possibility that epivaomacological approaches could

lead to new antimalarial agents (Phillipson andgi;i 1991).

The development of continuous culturinghoffalciparum (Trager and Jensen, 1976)
and subsequemt vitro assays (Desjardins et al., 1979; Geary et al.3;1P&kler et
al., 1995) made it possible to screen plant exdrimt antiplasmodial activity and use
bioassay-guided fractionation to isolate activengples (Schwikkard and van
Heerden, 2002). A number of studies have appliecetanobotanical approach to
investigate plants from malaria endemic areas ssuece of novel antimalarial drugs
(Gessler et al., 1994; Kraft et al., 2003, Katuetral., 2007; Soh et al., 2007). South
Africa’s rich biodiversity and long history of tréidnal medicinal plant use has also
prompted several studies to evaluate local indigenplants for antimalarial
properties (Prozesky et al., 2001; Nundkumar aneWOle, 2002; Clarkson et al.,
2004). This review aims to consolidate the majordifigs of these screening
programmes as well subsequent bioassay-guidedoination studies to assess the

potential of South African plants for the discovefynew antimalarial drugs.



3. Methodology

In order to source information on studies, othantthat of the authors, a Pubmed and
Google Scholar search was conducted using key w(rddaria, South Africa,
antimalarial / antiplasmodial, medicinal plantsaditional medicine, plant extract).
Articles and relevant references were selecteddbaseethnobotanyin vitro or in
vivo antimalarial activity and toxicity of South Afringplants, focusing on endemic

species and studies conducted by local researchers.

All publications cited use classical methodologsesh as the continuous culture of
Plasmodium falciparum (Trager and Jensen, 1978) vitro antiplasmodial tests based
on parasite lactate dehydrogenase (pLDH) activMakler et al., 1995), flow
cytometric activity (Schulze et al., 1997) or tlikeated hypoxanthine incorporation
method (Desjardins et al., 1972); amdvitro cytotoxicity measured on known cell-
lines {iz. vervet monkey kidney cells and Chinese Hamstear@ua, CHO, cells)

using standard protocols such as the MTT assayr(idos, 2003).

4. Results and Discussion

Overall three ethnobotanical screening programnere wonducted on South African
plants (Prozesky et al., 2001; Nundkumar and Ojew2002; Clarkson et al., 2004).
There were three further studies where a more tdageroach was adopted and plants
within a particular genus were screened for antamial activity (Van Zyl and
Viljoen, 2002; Kamatou et al., 2005; Kamatou et aD08). In addition several
specific plants were studied individually (Campbetl al., 2000; Clarkson et al.,
20003; Kamdem Waffo et al., 2007). Table 1 sumnesr&ll plant taxa that have been

bioassayed for antiplasmodial properties in SouticA Several molecules were also



identified from selected active plant extracts. [EaB summarises the biological

assaying data of the isolated compounds.

Prozesky et al. (2001) screened 14 ethnobotapidaécribed antimalarial plants,
collected from Venda and Northern Kwazulu-Natalaiagt a chloroquine-resistant
(PfUP1) strain oPlasmodium falciparum using the flow cytometric method (Schulze
et al.). Nine of these (64%) were found to havéGyg below 5ug/ml. The two most
active extracts were the dichloromethane stem batkacts ofOzorea engleri R.A.
Fernandes (Anacardiaceae) 4JC1.70 ug/ml) and Balantines maughamii Sprague
(Balanitaceae) (I§ 1.94 pg/ml). Little is known about the medicinal propestiof
these plants but both are related to Tanzanianespedth antimalarial activity i.€O.
insignis (Gessler et al., 1994) amgl aegyptiaca (Weenen et al., 1990). The authors
concluded that the extracts had poor selectivitgedaon the ratio ofn vitro
antiplasmodial activity to cytotoxicity (monkey kidy cell test) but warranted further
investigation based on the findings of Kirby et £993) thain vitro cytotoxicity is
not always a clear indication of toxicitg vivo. However there were no follow-up

studies reported on the active plant extracts ifiedtin this study.

Based on an ethnobotanical literature survey atehirews with traditional healers
from KwaZulu-Natal, Nundkumar and Ojewole (2002)lected and screened seven
plants that are frequently used as antimalarialeddas in Zulu folk medicine. The
extracts were bioassayed against a chloroquinetsenB10 strain ofP. falciparum
using thepLDH assay. None of the extracts had aggl@elow 10 pg/ml, with
chloroquine, itself, showing an unusually highhd 6f 6 pg/ml in this study. The two

most active extracts were thesidium guajava L. (Myrtaceae) stem-bark and



Vangueria infausta Burch (Rubiaceae) leaf extracts, both of whiclvetd 1G,

values of 10 - 2@ug/ml.

The leaves oP. guajava are used as an ingredient in the preparation\ar feteas”
and they are also used as part of the pot herbinstdam treatment for malaria (Iwu,
1993). Olajide et al. (1998) speculated that ttasl use in malaria and fevers could
be attributable to it anti-inflammatory and antiglyc activities, which they
established using a methanol extract of the leavkesP. guajava. However,
Nundkumar and Ojewole (2002) did detect moderatglasmodial activity in the

agueous stem-bark extract of the plant.

An infusion of the roots and leaves\afinfausta has been used to treat malaria (Watt
and Breyer-Brandwyk, 1962). Following up on thevitro antiplasmodial efficacy of
the aqueous leaf extract reported by Nundkumat.eh 2002, Abosi et al. (2006)
recently demonstrated the vitro activity of the root bark extract of. infausta using
the 3 H-hypoxanthine uptake method (Desjardind.etl@79). The root bark extract
was also shown to have antimalarial activity agafiasmodium berghe in mice,
exhibiting 73.5% suppression in early infection anépository effect of 88.7% . The
plant showed the presence of flavanoids, coumarites)nins, terpenoids,

anthraquinones and saponins (Abosi et al., 2006).

Van Zyl and Viljoen (2002) adopted a more selectipproach and screened Bkbe
species and their main constituents for antiplagsahoakctivity using the titrated
hypoxanthine incorporation assay (Desjardins etl@72). Aloes are not commonly

known to possess antimalarial activity but thisdgtwas prompted by reports on the



use of A. secundiflora and A. lateritia for treating malaria related symptoms
(Neuwinger, 1996) as well as thevivo non-specific immunostimulant clearing of a
P. Berghel malaria infection within two days whef. vaombe extract was used
prophylactically before the mice were inoculatedod3at et al., 1981). The 34
species tested showed variable antimalarial agtiwith the leaf extracts of.
viriflora, A. wickensii, A. spicosa andA. suprafoliata exhibiting the most promising
activity. The methanol extracts were found to heslatively high 1Gy's (Table 1),
with A. viridiflora being the most active (§g~ 32 pg/ml, and were shown to have
limited toxicity to kidney epithelium cells at silar concentrations.(Van Zyl and
Viljoen, 2002). C-glucoside homonataloif),(the common active species, was found

to have an 16 of 13.46ug/ml; while aloin @) was significantly less active with an

ICs50 0f 107.20ug/ml (Table 2).

In light of the results from these preceding stadamd the urgent need for new
antimalarials, the South African Department of Art€ulture, Science and
Technology (now the Department of Science and Taolgy) awarded an innovation
fund to a national multi-disciplinary consortium twonduct a more extensive
evaluation of the antimalarial activity of local dieinal plants. Weighted criteria
(primarily ethnobotanical and chemotaxanomic) wesed to rank and select from the
623 taxa, associated with malaria and/or feveruwotg indigenously or naturalised
within the FSA region. From the ranked list over418pecies, representing 54
families, were collected throughout South Africal axtracts thereof were tested for
in vitro activity against the D1B. falciparum strain using the pLDH assay (Table 4).

Sixty-six species (49%) were reported to show psimgi antiplasmodial activity



(IC50 < 10 pg/ml), of which 17% (23 species) were consideraghlyi active (IC50<

5 ug/ml) (Clarkson et al., 2004).

Several plant species and genera, Eaclea (Ebenaceae)Kirkia (Kirkiaceae);
Pittosporum (PittosporaceaeRanununculus (Ranunculaceae) arfgftaria (Poaceae),
were shown for the first time to possassvitro antiplasmodial activity. Despite
being the subject of substantial phytochemicalaese species such &stha edulis
(Vahl) Forssk. Ex. Endl. (Celastraceae) @uiimum americanum L. var.americanum
(Lamiaceae), were not previously reported to shawipksmodial activity. In
addition to identifying further species within geaeviz. Vernonia (Asteraceae) that
display activity €.9. V. colorata; V. myriantha andV. oligocephala) our findings were
substantiated by earlier reported antiplasmodiaiviac elsewhere in the genera
(Alves et al., 1997; Oketch-Rabah et al.; Abosi &wabkeroka, 2003; Kraft et al.,

2003).

Similarly, our results (Clarkson et al., 2004) &pecies likeTrichilia emetica Vahl
(Meliaceae) andArtemisia afra jacq. ex Willd. (Asteraceae) agreed with previous
reports on their antiplasmodial activity (ElI Taleir al., 1999; Prozesky et al., 2001,
Kraft et al., 2003). Results fdRouvolfia caffra Sond. (ApocynaceaeBarringtonia
racemosa (L.) Roxb. (Lecythidaceae) andanguera infausta Burch (Rubiaceae)
supported the relatively low antiplasmodial activitCso > 10 pg/ml) reported by
Nundkumar and Ojewole (2002) for these speciesth@rother hand, the activity of
Aloe marlothii A. Berger (Asphodelaceae) was found to be coraidehigher (I1Go

3.5 ug/ml) than that reported previously > 50 pg/ml) by Van Zyl and Viljoen

(2002), while the results fafiziphus mucronata Willd. (Rhamnaceae) was found to
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be much lower than that reported by Prozesky e2801). However, the difference
in plant part tested and extraction procedures e@é ag geographical and seasonal
variation can account for the differences in aasptodial activity observed between

studies.

The active taxa (I < 5ug/ml) identified by our study (Clarkson et al.; 20Qvere
subsequently screened against a chloroquine-resikih strain and prioritised for
bioassay-guided fractionation based on activity msdilts of literature studies. Plants
such asCatha edulis (Vahl) Forssk. Ex. Endl. (Celastraceae), which mown to
contain amphetamine-like alkaloids, andPittosporum viridiflorum Sims
(Pittosporaceae) which is rich in false-positivp@ans, were excluded. In most cases
plants prioritised for further study needed to eeotlected, and as far as possible this
was carried out from the original collection sitkdowever, in several instances the
original activity could not be reproduced. Severdaracts also lost activity during the
fractionation process (vizArtemisia afra and Trichilia emetica), which may be
attributable to the instability of the actives dretloss of the synergism upon

fractionation.

The bioassay-guided fractionation of taxa led t@vkn actives in cases such as
Plumbago zeylanica L. (Plumbaginaceae), where the active ingredierd idantified
as plumbagin 3), the antiplasmodial activity of which is alreadgported
(Likhitwitayawuid et al., 1998). A few of the planidentified by the consortium-
based screening programme (Clarkson et al., 20@4¥tdl under investigation and

will be reported at a later stage.
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Table 1 includes two specied/ernonia staehelinoides Harv (Asteraceae) and
Oncospihon piluliferum, (L.f.) Kallersjo (Asteraceae) which also stemnfeain the
Clarkson et al. (2004) screening programme; these wot included in the original
publication but formed the basis of two subsequeports (Pillay et al, 2007a ; b).
Bioassay-guided fractionation of the active exsaiftthese plants led to the isolation
of sesquiterpene lactones derivatives with goodpkasimodial activity but limited

selectivity (bioactivitys. cytotoxicity).

Vernonia staehelinoides Harv. (Asteraceaa$ reported to be used medicinally but no
details have been specified (Watt and Breyer-Bragd/962). The dichloromethane
extract of the leaves of. staehelinoides showed equipotenh vitro activity (ICsp ~3
pg/ml) against the chloroquine-sensitive (D10) &he chloroquine-resistant (K1)
strains ofPlasmodium falciparum (Pillay et al., 2007a). The active components were
identified as two structurally-related hirsutin@sgl @) and 6), previously isolated
from other South AfricarVernonia species (Bohlmann et al., 1983; Tully et al.,
1987), but were reported for the first time to thgpan vitro antiplasmodial activity
(ICs0 ~0.2 pg/ml against D10). The compounds were fotmde cytotoxic to
mammalian Chinese Hamster Ovarian (CHO) cells atilai concentrations but
proved to be attractive scaffolds for structuravdtgt relationship studies. The 2)-
furanone substructure was identified as a key paeophore in the observed
antiplasmodial activity, the synthesis and antipladial activity of a range of

analogues based on this substructure is anticipatied reported in due course.

Oncosiphon piluliferum (L.f.) Kallersjo (Asteraceae) is used traditionally to treat a

variety of ailments, mainly fevers. The dichlorohmate extract of the aerial parts of
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the plant showed activityn vitro against the chloroquine-sensitive {§2.6 pg/ml)
and the chloroquine-resistant §4C3.1 pg/ml) strains ofPlasmodium falciparum.
(Pillay et al., 2007b). Bioassay-guided fractiooatidentified sesquiterpene lactones
(6, 7, 8, 9 and10) with significantin vitro antiplasmodial activity (16 values ranging
from 0.4 to 4.4 pg/ml. In addition, the cytotoxiffeets of the active compounds
against Chinese Hamster Ovarian (CHO) cells wemuated and the compounds
were found to be toxic to mammalian cells at simileoncentrations. The
sesquiterpene lactones were of the germacranatideeadesmanolide type and have
all been reported to occur in various other memlbérAsteraceae (Shafizadeh and
Bhadane, 1973; Bohlmann et al., 1982; Jakupovial.et1988; Goéren et al., 1992;
Yunusov et al, 1979; Yunusov et al., 1976; Sanz and Marco, 198d¢darov et al.,
2000) but this (Pillay et al., 2007b) was the firgport of any of them having

antiplasmodial properties.

Salvia species (sage) is well known as a folk-medicing iarused to treat fevers and
digestive disorders in South Africa. Three closelated South African specieS. (
stenophylla, S. repens and S. runcinata) were evaluated for their antimalarial
properties (Kamatou et al., 2005) using the titdigpoxanthine incorporation assay
(Desjardins et al., 1979; Van Zyl and Viljoen, 2D0Zhe methanol extracts were
found to exhibit moderate antimalarial activity £G ~ 17.0, 29.0 and 78.@g/ml;
respectively) compared with the essential oilssdBC~ 4.4, 1.2 and 1.7ug/ml;
respectively). The essential oils were found tacyatoxic at similar concentrations
using the MTT assay (Mosmann, 1983; van Zyl ango¥il, 2002). The bioactivity

and cytotoxicity was attributed to the presencesegquiterpenes such as nerolidol
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(11), which is reported to have antimalarial (Lopesaét 1999) and cytotoxic

properties (van Zyl and Viljoen, 2003).

In a recent follow-up study (Kamatou et al., 20@®)vent extracts of seventeen
Salvia species (Lamiaceae) used in traditional medicimeSouth Africa were
evaluated for their ability to inhibit thien vitro growth/proliferation ofPlasmodium
falciparum (chloroquine-resistant FCR-3 strain) using tfi¢]{hypoxanthine method.
The extracts displayed antimalarial activity witisd values ranging from 3.91 to
26.01 pug/ml. Of note,S. repens, was shown to have an Jg€of 8.25+ 2.09 pug/ml
which is comparable to that demonstrated by Clarksbal. (2004) (16 = 10.8
pg/ml) using the pLDH assay. A% radula exhibited the best activity ((kg= 3.91+
0.52pg/ml) from the plants screened by Kamatou et2008), it was subjected to
bioassay-guided fractionation. Two compounds veettegsequently isolated from the
active fraction of S radula and were identified as betulafolientriol oxidE2) and
salvigenin {3). The two compounds displayed similar or lowei\dist (ICso values

of 4.95 and 24.6Qg/ml; respectively) compared to the crude extract.

Methanol extracts of the dried leaves and rhizonie Athertisa delagoensis
N.E.Br.Forman (Menispermaceae), used as an antipyrevere tested on a
chloroquine-resistant Gambian FCR-3 strairPofalciparum and exhibited 16's of
4.1 pg/ml and 1.6ug/ml; respectively (De Wet et al., 2007). The asts were tested
for cytotoxicity against the Graham cell line (séormed human kidney epithelium
cells); the leaves showed limited toxicity and gawelG, of 166 ug/ml or a growth
inhibition of 2.5% at 20Qug/ml, while the rhizomes had ans{of 166 ug/ml or a

growth inhibition of 93.9% at 20Qug/ml. Bioassay-guided fractionation was not
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conducted but the authors (De Wet et al., 20079rted on the isolation of alkaloid
constituents of the leaf and rhizome extratzscocsoline 14) and concluded that the
medicinal properties oA. delagoensis can probably be explained by the alkaloids
present in this plant. The selectivity of the leafract shows potential for this species

as an antimalarial.

4. Conclusions

Overall the results of the screening programmegpaued a rational rather than
random approach to the selection of antiplasmod@eening candidates and
identified a number of promising taxa for furthervestigation as plant based

antimalarial agents.

The identification of compounds with antiplasmodmbperties from South African
medicinal plants implicated in the treatment of anial suggests that they may play a
role in the medicinal properties of the plant, their potential for the development of
antimalarial drugs is limited due to inherent cgtatity and lack of selectivity. This
is often the case with antimalarial compounds idiedtfrom plants (Schwikkard and

van Heerden, 2002).

In considering a recent publication (Pink et alQ0%) outlining criteria for
antiparasitic drug discovery, a compound can baidened a hit if it is:

* Active invitro against whole protozoa with ansf®f < 1ug/ml

» Selective (at least tenfold more active against pheasite than against a

mammalian cell line)
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Based on these criteria, only compound} (9) and (0) can be considered hits
(Table 2). Although their activity and selectivisannot be compared to that of
chloroquine, these compounds could potentially bbjexted to more detailed
evaluation involving accurate g determinations against different strains of the
parasite, measurement of general toxicity (usingnge of mammalian cell lines) and
in vivo assessment in animal models. The compounds etaddoe used as scaffolds

for structure-activity relationship studies.
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