
 1 

 

 

 

 

 

 

Investigating South African plants as a source of new antimalarial drugs  

 

 

 

Pamisha Pillay a,*, Vinesh J. Maharaj a, 

Peter J. Smith b 

 

a Biosciences, CSIR, P.O. Box 395, Pretoria 0002, South Africa 

b Division of Pharmacology, Department of Medicine, University of Cape Town, K-45 

OMB GSH, Observatory 7925, South Africa 

 

 

 

 

 

 

 

 

                                                 
* Corresponding author. Tel.: +27 12 8412215; fax: +27 12 8414790 
  E-mail address: ppillay@csir.co.za 



 2 

Abstract 

Based on the historical success of natural products as antimalarial drugs and the 

urgent need for new antimalarials, a number of South African medicinal plants have 

been evaluated for their antimalarial properties. This paper reviews the major studies 

conducted and their findings. Overall three ethnobotanical screening programmes 

have been conducted on South African plants and there have been three studies 

adopting a more direct approach where plants within a particular genus were screened 

for antiplasmodial activity.  The paper also summarizes antimalarial plants, which 

were studied individually, as well as the bioactive molecules identified from selected 

active plant extracts. 

 

Keywords: malaria, ethnopharmacology, antiplasmodial screening, bioassay-guided 

fractionation, sesquiterpene lactones; cytotoxicity   
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1. Malaria and the situation in South Africa                                                                                                                                          

Malaria, caused by parasites of the genus Plasmodium, is one of the leading public 

health problems in Sub-Saharan Africa responsible for over a million deaths annually 
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(WHO, 2005). This is due to the majority of infections in Africa being caused by 

Plasmodium falciparum, the most dangerous of the human malaria parasites as well as 

the most effective and difficult to control malaria vector, the mosquito Anopheles 

gambiae, which is the most widespread in Africa. Climatic conditions over a large 

part of Africa favour malaria transmission and global warming together with changes 

in land use are extending the areas of transmission. 

 

In South Africa transmission is currently restricted to the low-altitude regions of 

Kwazulu-Natal, Mpumulanga and Limpopo; three provinces in the north-eastern part 

of the country (along the border with Mozambique and Swaziland). Malaria 

transmission in South Africa is seasonal with the greatest number of cases occurring 

between October and May with a significant inter-annual variation in the number of 

malaria cases. In the year 2005 the annual number of reported malaria cases was 

approximately 7 755 while in 2006 it was 12 098 (Department of Health, 2007). This 

variation is mainly attributed to favourable climatic conditions, population migration 

and the emergence of drug resistant parasites. The South African government has 

increased efforts to control malaria particularly due to its devastating impact on the 

economy and the threat of increased prevalence and distribution, primarily due to the 

emergence and spread of drug resistant parasites. Research efforts are subsequently 

being directed towards the discovery and development of affordable drugs with 

different structural features. 

 

2. The role of ethnopharmacology in the fight against malaria 

The main goal of ethnopharmacology is to discover novel plant-derived compounds, 

based on the indigenous use of medicinal plants, which can be developed into new 
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pharmaceuticals. Historically, plants have proven to be a major source of drugs 

(Newman et al., 2003), with two of the most widely used antimalarials originating 

from plants – the quinoline-based antimalarials are modelled on quinine, derived from 

the bark of the Peruvian Cinchona L. tree; and the endoperoxide-based antimalarials 

originated from artemisinin, first isolated from the Chinese herbal medicine Artemisia 

annua L (Camacho et al., 2000). In light of this historic success and the fact that most 

indigenous people living in malaria endemic areas use traditional medicines to fight 

this disease, there is every possibility that ethnopharmacological approaches could 

lead to new antimalarial agents (Phillipson and Wright, 1991).  

 

The development of continuous culturing of P. falciparum (Trager and Jensen, 1976) 

and subsequent in vitro assays (Desjardins et al., 1979; Geary et al., 1983; Makler et 

al., 1995) made it possible to screen plant extracts for antiplasmodial activity and use 

bioassay-guided fractionation to isolate active principles (Schwikkard and van 

Heerden, 2002). A number of studies have applied an ethnobotanical approach to 

investigate plants from malaria endemic areas as a source of novel antimalarial drugs 

(Gessler et al., 1994; Kraft et al., 2003, Katuura et al., 2007; Soh et al., 2007). South 

Africa’s rich biodiversity and long history of traditional medicinal plant use has also 

prompted several studies to evaluate local indigenous plants for antimalarial 

properties (Prozesky et al., 2001; Nundkumar and Ojewole, 2002; Clarkson et al., 

2004). This review aims to consolidate the major findings of these screening 

programmes as well subsequent bioassay-guided fractionation studies to assess the 

potential of South African plants for the discovery of new antimalarial drugs.  
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3. Methodology  

In order to source information on studies, other than that of the authors, a Pubmed and 

Google Scholar search was conducted using key words (malaria, South Africa, 

antimalarial / antiplasmodial, medicinal plants, traditional medicine, plant extract). 

Articles and relevant references were selected based on ethnobotany, in vitro or in 

vivo antimalarial activity and toxicity of South African plants, focusing on endemic 

species and studies conducted by local researchers.  

 

All publications cited use classical methodologies such as the continuous culture of 

Plasmodium falciparum (Trager and Jensen, 1976), in vitro antiplasmodial tests based 

on parasite lactate dehydrogenase (pLDH) activity (Makler et al., 1995), flow 

cytometric activity (Schulze et al., 1997) or the titrated hypoxanthine incorporation 

method (Desjardins et al., 1972); and in vitro cytotoxicity measured on known cell-

lines (viz. vervet monkey kidney cells and Chinese Hamster Ovarian, CHO, cells) 

using standard protocols such as the MTT assay (Mosmann, 2003).  

 

4. Results and Discussion 

Overall three ethnobotanical screening programmes were conducted on South African 

plants (Prozesky et al., 2001; Nundkumar and Ojewole, 2002; Clarkson et al., 2004). 

There were three further studies where a more direct approach was adopted and plants 

within a particular genus were screened for antimalarial activity (Van Zyl and 

Viljoen, 2002; Kamatou et al., 2005; Kamatou et al., 2008).  In addition several 

specific plants were studied individually (Campbell et al., 2000; Clarkson et al., 

20003; Kamdem Waffo et al., 2007). Table 1 summarizes all plant taxa that have been 

bioassayed for antiplasmodial properties in South Africa. Several molecules were also 
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identified from selected active plant extracts. Table 2 summarises the biological 

assaying data of the isolated compounds.  

 

Prozesky et al.  (2001) screened 14 ethnobotanically described antimalarial plants, 

collected from Venda and Northern Kwazulu-Natal, against a chloroquine-resistant 

(PfUP1) strain of Plasmodium falciparum using the flow cytometric method (Schulze 

et al.). Nine of these (64%) were found to have an IC50 below 5 µg/ml. The two most 

active extracts were the dichloromethane stem bark extracts of Ozorea engleri R.A. 

Fernandes (Anacardiaceae) (IC50 1.70 µg/ml) and Balantines maughamii Sprague 

(Balanitaceae) (IC50 1.94 µg/ml). Little is known about the medicinal properties of 

these plants but both are related to Tanzanian species with antimalarial activity i.e. O. 

insignis (Gessler et al., 1994) and B. aegyptiaca (Weenen et al., 1990). The authors 

concluded that the extracts had poor selectivity based on the ratio of in vitro 

antiplasmodial activity to cytotoxicity (monkey kidney cell test) but warranted further 

investigation based on the findings of Kirby et al., (1993) that in vitro cytotoxicity is 

not always a clear indication of toxicity in vivo.  However there were no follow-up 

studies reported on the active plant extracts identified in this study. 

 

Based on an ethnobotanical literature survey and interviews with traditional healers 

from KwaZulu-Natal, Nundkumar and Ojewole (2002) collected and screened seven 

plants that are frequently used as antimalarial remedies in Zulu folk medicine. The 

extracts were bioassayed against a chloroquine-sensitive D10 strain of P. falciparum 

using the pLDH assay. None of the extracts had an IC50 below 10 µg/ml, with 

chloroquine, itself, showing an unusually high IC50 of 6 µg/ml in this study. The two 

most active extracts were the Psidium guajava L. (Myrtaceae) stem-bark and 
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Vangueria infausta  Burch (Rubiaceae) leaf extracts, both of which showed IC50 

values of 10 - 20 µg/ml.  

 

The leaves of P. guajava are used as an ingredient in the preparation of fever "teas" 

and they are also used as part of the pot herb used in steam treatment for malaria (Iwu, 

1993). Olajide et al. (1998) speculated that the plants use in malaria and fevers could 

be attributable to it anti-inflammatory and antipyretic activities, which they 

established using a methanol extract of the leaves of P. guajava. However, 

Nundkumar and Ojewole (2002) did detect moderate antiplasmodial activity in the 

aqueous stem-bark extract of the plant.  

 

An infusion of the roots and leaves of V. infausta has been used to treat malaria (Watt 

and Breyer-Brandwyk, 1962). Following up on the in vitro antiplasmodial efficacy of 

the aqueous leaf extract reported by Nundkumar et al. in 2002, Abosi et al. (2006) 

recently demonstrated the in vitro activity of the root bark extract of V. infausta using 

the 3 H-hypoxanthine uptake method (Desjardins et al., 1979). The root bark extract 

was also shown to have antimalarial activity against Plasmodium berghei in mice, 

exhibiting 73.5% suppression in early infection and a repository effect of 88.7% . The 

plant showed the presence of flavanoids, coumarins, tannins, terpenoids, 

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

 

Van Zyl and Viljoen (2002) adopted a more selective approach and screened 34 Aloe 

species and their main constituents for antiplasmodial activity using the titrated 

hypoxanthine incorporation assay (Desjardins et al., 1972). Aloes are not commonly 

known to possess antimalarial activity but this study was prompted by reports on the 
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use of A. secundiflora and A. lateritia for treating malaria related symptoms 

(Neuwinger, 1996) as well as the in vivo non-specific immunostimulant clearing of a 

P. Berghei malaria infection within two days when A. vaombe extract was used 

prophylactically before the mice were inoculated (Brossat et al., 1981). The 34 

species tested showed variable antimalarial activity with the leaf extracts of A. 

viriflora, A. wickensii, A. spicosa and A. suprafoliata exhibiting the most promising 

activity. The methanol extracts were found to have relatively high IC50’s (Table 1), 

with A. viridiflora being the most active (IC50 ~ 32 µg/ml, and were shown to have 

limited toxicity to kidney epithelium cells at similar concentrations.(Van Zyl and 

Viljoen, 2002). C-glucoside homonataloin (1), the common active species, was found 

to have an IC50 of 13.46 µg/ml; while aloin (2) was significantly less active with an 

IC50 of 107.20 µg/ml (Table 2).   

 

In light of the results from these preceding studies and the urgent need for new 

antimalarials, the South African Department of Arts, Culture, Science and 

Technology (now the Department of Science and Technology) awarded an innovation 

fund to a national multi-disciplinary consortium to conduct a more extensive 

evaluation of the antimalarial activity of local medicinal plants. Weighted criteria 

(primarily ethnobotanical and chemotaxanomic) were used to rank and select from the 

623 taxa, associated with malaria and/or fever, occurring indigenously or naturalised 

within the FSA region. From the ranked list over 134 species, representing 54 

families, were collected throughout South Africa and extracts thereof were tested for 

in vitro activity against the D10 P. falciparum strain using the pLDH assay (Table 4). 

Sixty-six species (49%) were reported to show promising antiplasmodial activity 
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(IC50 ≤ 10 µg/ml), of which 17% (23 species) were considered highly active (IC50 ≤ 

5 µg/ml) (Clarkson et al., 2004). 

 

Several plant species and genera, i.e. Euclea (Ebenaceae); Kirkia (Kirkiaceae); 

Pittosporum (Pittosporaceae); Ranununculus (Ranunculaceae) and Setaria (Poaceae), 

were shown for the first time to possess in vitro antiplasmodial activity.  Despite 

being the subject of substantial phytochemical research, species such as Catha edulis  

(Vahl) Forssk. Ex. Endl. (Celastraceae) and Ocimum americanum L. var. americanum 

(Lamiaceae), were not previously reported to show antiplasmodial activity. In 

addition to identifying further species within genera viz. Vernonia (Asteraceae) that 

display activity (e.g. V. colorata; V. myriantha and V. oligocephala) our findings were 

substantiated by earlier reported antiplasmodial activity elsewhere in the genera 

(Alves et al., 1997; Oketch-Rabah et al.; Abosi and Raseroka, 2003; Kraft et al., 

2003).  

 

Similarly, our results (Clarkson et al., 2004) for species like Trichilia emetica Vahl 

(Meliaceae) and Artemisia afra jacq. ex Willd. (Asteraceae) agreed with previous 

reports on their antiplasmodial activity (El Tahir et al., 1999; Prozesky et al., 2001; 

Kraft et al., 2003). Results for Rouvolfia caffra Sond. (Apocynaceae), Barringtonia 

racemosa (L.) Roxb. (Lecythidaceae) and Vanguera infausta Burch (Rubiaceae) 

supported the relatively low antiplasmodial activity (IC50 > 10 µg/ml) reported by 

Nundkumar and Ojewole (2002) for these species. On the other hand, the activity of 

Aloe marlothii A. Berger (Asphodelaceae) was found to be considerably higher (IC50 

3.5 µg/ml) than that reported previously  (IC50 > 50 µg/ml) by Van Zyl and Viljoen 

(2002), while the results for Ziziphus mucronata Willd. (Rhamnaceae) was found to 
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be much lower than that reported by Prozesky et al. (2001). However, the difference 

in plant part tested and extraction procedures as well as geographical and seasonal 

variation can account for the differences in antiplasmodial activity observed between 

studies.  

 

The active taxa (IC50  < 5 µg/ml) identified by our study (Clarkson et al.; 2004) were 

subsequently screened against a chloroquine-resistant K1 strain and prioritised for 

bioassay-guided fractionation based on activity and results of literature studies. Plants 

such as Catha edulis (Vahl) Forssk. Ex. Endl. (Celastraceae), which is known to 

contain amphetamine-like alkaloids, and Pittosporum viridiflorum Sims 

(Pittosporaceae) which is rich in false-positive saponins, were excluded. In most cases 

plants prioritised for further study needed to be recollected, and as far as possible this 

was carried out from the original collection site. However, in several instances the 

original activity could not be reproduced. Several extracts also lost activity during the 

fractionation process (viz. Artemisia afra  and Trichilia emetica), which may be 

attributable to the instability of the actives or the loss of the synergism upon 

fractionation.  

 

The bioassay-guided fractionation of taxa led to known actives in cases such as 

Plumbago zeylanica L. (Plumbaginaceae), where the active ingredient was identified 

as plumbagin (3), the antiplasmodial activity of which is already reported 

(Likhitwitayawuid et al., 1998). A few of the plants identified by the consortium-

based screening programme (Clarkson et al., 2004) are still under investigation and 

will be reported at a later stage.    
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Table 1 includes two species, Vernonia staehelinoides Harv (Asteraceae) and 

Oncospihon piluliferum, (L.f.) Kallersjo (Asteraceae) which also stemmed from the 

Clarkson et al. (2004) screening programme; these were not included in the original 

publication but formed the basis of two subsequent reports (Pillay et al, 2007a ; b).  

Bioassay-guided fractionation of the active extracts of these plants led to the isolation 

of sesquiterpene lactones derivatives with good antiplasmodial activity but limited 

selectivity (bioactivity vs. cytotoxicity).   

 

Vernonia staehelinoides Harv. (Asteraceae) is reported to be used medicinally but no 

details have been specified (Watt and Breyer-Brandwyk, 1962). The dichloromethane 

extract of the leaves of V. staehelinoides showed equipotent in vitro activity (IC50 ~3 

µg/ml) against the chloroquine-sensitive (D10) and the chloroquine-resistant (K1) 

strains of Plasmodium falciparum (Pillay et al., 2007a). The active components were 

identified as two structurally-related hirsutinolides (4) and (5), previously isolated 

from other South African Vernonia species (Bohlmann et al., 1983; Tully et al., 

1987), but were reported for the first time to display in vitro antiplasmodial activity 

(IC50 ~0.2 µg/ml against D10).  The compounds were found to be cytotoxic to 

mammalian Chinese Hamster Ovarian (CHO) cells at similar concentrations but 

proved to be attractive scaffolds for structure-activity relationship studies. The 2(5H)-

furanone substructure was identified as a key pharmacophore in the observed 

antiplasmodial activity, the synthesis and antiplasmodial activity of a range of 

analogues based on this substructure is anticipated to be reported in due course. 

 

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

variety of ailments, mainly fevers. The dichloromethane extract of the aerial parts of 
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the plant showed activity in vitro against the chloroquine-sensitive (IC50 2.6 µg/ml) 

and the chloroquine-resistant (IC50 3.1 µg/ml) strains of Plasmodium falciparum. 

(Pillay et al., 2007b). Bioassay-guided fractionation identified sesquiterpene lactones 

(6, 7, 8, 9 and 10) with significant in vitro antiplasmodial activity (IC50 values ranging 

from 0.4 to 4.4 µg/ml. In addition, the cytotoxic effects of the active compounds 

against Chinese Hamster Ovarian (CHO) cells were evaluated and the compounds 

were found to be toxic to mammalian cells at similar concentrations. The 

sesquiterpene lactones were of the germacranolide and eudesmanolide type and have 

all been reported to occur in various other members of Asteraceae (Shafizadeh and 

Bhadane, 1973; Bohlmann et al., 1982; Jakupovic et al., 1988; Gören et al., 1992; 

Yunusov et al., 1979; Yunusov et al., 1976; Sanz and Marco, 1991; Izbosarov et al., 

2000) but this (Pillay et al., 2007b) was the first report of any of them having 

antiplasmodial properties.   

 

Salvia species (sage) is well known as a folk-medicine and is used to treat fevers and 

digestive  disorders in South Africa. Three closely related South African species (S. 

stenophylla, S. repens and S. runcinata) were evaluated for their antimalarial 

properties (Kamatou et al., 2005) using the titrated hypoxanthine incorporation assay 

(Desjardins et al., 1979; Van Zyl and Viljoen, 2002). The methanol extracts were 

found to exhibit moderate antimalarial activity (IC50’s ~ 17.0, 29.0 and 78.9 µg/ml; 

respectively) compared with the essential oils (IC50’s ~  4.4, 1.2 and 1.7 µg/ml; 

respectively). The essential oils were found to be cytotoxic at similar concentrations 

using the MTT assay (Mosmann, 1983; van Zyl and Viljoen, 2002). The bioactivity 

and cytotoxicity was attributed to the presence of sesquiterpenes such as nerolidol 
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(11), which is reported to have antimalarial (Lopes et al., 1999) and cytotoxic 

properties (van Zyl and Viljoen, 2003).   

 

In a recent follow-up study (Kamatou et al., 2008) solvent extracts of seventeen 

Salvia species (Lamiaceae) used in traditional medicine in South Africa were 

evaluated for their ability to inhibit the in vitro growth/proliferation of Plasmodium 

falciparum (chloroquine-resistant FCR-3 strain) using the [3H]-hypoxanthine method.  

The extracts displayed antimalarial activity with IC50 values ranging  from 3.91 to 

26.01 µg/ml. Of note, S. repens, was shown to have an IC50 of 8.25 ± 2.09 µg/ml 

which is comparable to that demonstrated by Clarkson et al. (2004) (IC50 = 10.8 

µg/ml) using the pLDH assay. As S. radula exhibited the best activity ((IC50 = 3.91 ± 

0.52 µg/ml)  from the plants screened by Kamatou et al. (2008), it was subjected to 

bioassay-guided fractionation.  Two compounds were subsequently isolated from the 

active fraction of  S. radula and were identified as betulafolientriol oxide (12) and 

salvigenin (13). The two compounds displayed similar or lower activity (IC50 values 

of 4.95  and 24.60 µg/ml; respectively) compared to the crude extract.  

 

Methanol extracts of the dried leaves and rhizome of Albertisa delagoensis 

N.E.Br.Forman (Menispermaceae), used as an antipyretic, were tested on a 

chloroquine-resistant Gambian FCR-3 strain of P. falciparum and exhibited IC50’s of 

4.1 µg/ml and 1.6 µg/ml; respectively (De Wet et al., 2007).  The extracts were tested 

for cytotoxicity against the Graham cell line (transformed human kidney epithelium 

cells); the leaves showed limited toxicity and gave an IC50 of 166 µg/ml or a growth 

inhibition of 2.5% at 200 µg/ml, while the rhizomes had an IC50 of 166 µg/ml or a 

growth inhibition of 93.9% at 200 µg/ml. Bioassay-guided fractionation was not 
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conducted but the authors (De Wet et al., 2007) reported on the isolation of alkaloid 

constituents of the leaf and rhizome extracts viz. cocsoline (14) and concluded that the 

medicinal properties of A. delagoensis can probably be explained by the alkaloids 

present in this plant. The selectivity of the leaf extract shows potential for this species 

as an antimalarial.   

 

4. Conclusions 

Overall the results of the screening programmes supported a rational rather than 

random approach to the selection of antiplasmodial screening candidates and 

identified a number of promising taxa for further investigation as plant based 

antimalarial agents.                     

 

The identification of compounds with antiplasmodial properties from South African 

medicinal plants implicated in the treatment of malaria suggests that they may play a 

role in the medicinal properties of the plant, but their potential for the development of 

antimalarial drugs is limited due to inherent cytotoxicity and lack of selectivity. This 

is often the case with antimalarial compounds identified from plants (Schwikkard and 

van Heerden, 2002). 

 

In considering a recent publication (Pink et al., 2005) outlining criteria for 

antiparasitic drug discovery, a compound can be considered a hit if it is: 

• Active in vitro against whole protozoa with an IC50 of  ≤ 1µg/ml  

• Selective (at least tenfold more active against the parasite than against a 

mammalian cell line)  
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Based on these criteria, only compounds (4), (9) and (10) can be considered hits 

(Table 2). Although their activity and selectivity cannot be compared to that of 

chloroquine, these compounds could potentially be subjected to more detailed 

evaluation involving accurate IC50 determinations against different strains of the 

parasite, measurement of general toxicity (using a range of mammalian cell lines) and 

in vivo assessment in animal models.  The compounds could also be used as scaffolds 

for structure-activity relationship studies.  
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