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Introduction and Literature Re\'iew 

1.1 Y1ahlrill 

Malaria i~ H piu-asilic inteclious disease caused hy pmlo/1)a hc~>nging 1<' th~ g~nus 

!'!(1.1'm(ld;!lm_ Para,;lle protozoa arc s ingl~ edIed organisms ~rlO"'n 10 caus" a \·arkly 

ol' di:<;~,~,,,, In nlalW animals including humans. 

Malaria is a ;;erioll.'< il1lCd~)llS disease Ihal kills more p..:ople than ally olher 

commllnicahl" disease. except tuhcrcu losis ~nd III ViAIDS. II i~ "sllmmlXi Ihal therc 

ar" .100-SOO rni llio n cases 0 f malaria U/lllualJy ocross t!J;, \\or kl wilh a morlalil y of 2-3 

millirm demh,< . " f which ol1e million are childrcn lWHO, 200-'; WHO, 149/1. 

Children and p"'gnanl women <lfe al special risk to rnal~ria [Desai ('f ai, 2007]. O\·~r 

SO pereenl of Ihe reported cas..:s occlir in Africa, whiIe onc rnill~)ll dcaths oe Clli" in 

suh-Saharan Africa a lone. [\\110, In9; '1'.'110, 2000; Flciersman, 20071. Malaria has 

/lOW b..:COllll.: a health !l,rcal in morc lhan 'XI countries, which al'(" inhabit<,d by 40 

percent 0 l' Ihe world' s popuhll~rnl Slurp. 14931 (I' igur~ 1. l. I . I). 

- ,-'" _ 0"0'. _ .,._,. 
- .".~,",' 

Figor< 1-1.1.1 The .. timaled iK<idon« ordini<.l malaria epi,od •. " c.u.ell h} ~"} 'I"'cie, uf 
Pia"",,,," ium_ Source: bttp:""-"-"". T bm. who. inll",' m r 21H151h trw lima p3.b t m 

'v1alaria ~pidcmics ar~ more I;-~quent in tropical and semi-arid areas, w!J;,re the warm 

arkl humid climate fa,.our, iner~aslXi veclor hreeding and sllrvival I Aheku, 2007]. 

'Jho.:re is however a 1",00 or increasing malaria tran,nussiol1 in highland "r~a, in 

Arrlca_ Malaria is geographically ,pecitic, but Ihe ma>" lnovem~nl or refugee,. 

rnignmt workers and non-immune lI'avc1lcrs across borders have lacilitakd the spread 
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of dl<: disea",-' acrOS, tilL' ~Iotx:_ There ha, also bc~n an lllCrCaSL' in the IllLmher of 

f~pol1ed ,elSC, of impcllicd malar;" in Luroj)<: and ~cllih l\nw r; C<I, with ov~r' 30 (jl)lj 

c~,~, ~l1n,,~l ly . rrunc~ "hi,h has Ih~ larg<'sl numlxrs of migr~nls or Ahican on gin. 

111\1t"d Kingdolll. Uni l.ed Slate'''. Italy and (iL'rlll'lll} "<:rl· lOp countrie, "itil till· 

higl;;;,t llLunOc'r or C~SL'S of impoL'!L'd malaria I Ugro,,./ a/., 2(){I7I. 

1.1.1 Pla,"""lium species affecting mammah 

lhcrc are four spcd~s of I'/mmodillm whi,·h a rc ahk to illj;:,·l humans; PIt/smvJiMm 

()\·a/e, j'lwlIlvdilim vh'ux. 1'/usmodiUIII 1I1( .. l(".;" ~nd f'hllmodi"''' ji_tidp(lru",. (Ji- the 

t"ur SI}<"Cles. P.jiilcipilrum und P. ,-;wa arc the most common cau,mi,L' agL'nL< of 

s~v<re malariu_ l' /i,lei!,a,.,,,,, " the most viruklll and aCCOlLnt<, lor Ill<.' lll~iorily of 

inli:"{;tiOlL< and de'aills. I'. mlilariu,. has J 10\"" pr'~vJknc" "v"n III mularia ""d<'Jllic 

~r~a s, wmk I'. v\'ole "rurely r"porkd a, u c"u,~ (\fmorbidil" 1\-lims d ,,/. , lO()4 ~nJ 

Mudkr d a/" 2()07 1. OlhL'r 1'1<I.I'modium ,pL'des lh~t <Ire' m~mmaliall pathogens 

inc"..J~ I' herr:.hc1, /' rha/!(wJi, 1', \'oe!i a(l(l P "incJ,-,,;. These spL'(;ies ~enerall, 

affc,t I(\w~r m:lt11tl1"ls. 

1.1.2 Tn, ",mission of l\1a laria 

Mularia para<:itc, arc transmitlcu b\ toc various >]Xcie> of I_b"'lle Anopheles 

mosquitocs, The' pilrilsite n~cd> lwo ho,ls In order LO "omplck its lif~ c_ydc; th~ 

human hosl and L1ll· mOS<.luilOCS . .-\lJ four Plasmodium specks thul aOe.:llmrmHl' have' 

a similar lile cycle [KhJl1 Jnd Wate,s. 2()041· 

1.1.3 Thc life cycle of the malaria pan .. ,it" 

I-he' complex lif~ cycle (\1' Playm"d;wn comp';se's of foUl' phases. Th~ first phase is 

sexLlH1 bul \\llilOUl multiplication while th~ lol l(\wing thre~ phase, are' asexlLal with 

lllultiplicatiou. Tbe seXLlH1 alld iirSl asexual plm,c, occur in Ill<.' Ilwsquil.nes whd" thc 

lust two 'L<exual plm,<e,< occur intoc infe'ct~d humJU 11("l (FigLUC I, I.J.I). 

\'.,'])"n an infeeled mO"'-1 ui to bites an ind iyidlhll. J sn1ii1 I ill1l(\Lml or s,,1 i va containing an 

anticoJgul'lIlt illld sp(\r(\z(\ites ent<rs lhe bloodstream. Sporozoitc> migr,lIe lhroLlgh thc 

Iymphalics mJd blo(Jdstre~m to the li,cr and 'JpiJJy invade b<palOcFc" In lhe li,c!. 
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the parasite undergoes ~ series of asexual replications, rh~ parasite grov,·s and 

undergoe~ sever;)l ,,,-,de;)r (hvi~i()n>; witboui the C}topwsm dividing. DivisKllt of the 

cytoplasm th~n follows. and the infected hq-,aIO~:'WS mpttLTe und re"'~se lhousands or 

small olTspring. m~rol.oitcs into th~ hh",d Slre;)n1 10 invade hOSl erylhrocyles. Every 

successful sporozoite can produce some 20,000 merolOites 1 Menard, 20001. 

In the intra-er}1Il1'lIC}tie stage the parasites feed upon (he host celrs haeJl);Jglobin and 

undergo deVeX)plllentuJ sl;)ge~ lPre~coll, 1993J. rvleroNites develop into trophomites, 

which divide asexually to produce schi/oms. Sehi.<onts divide and rupture the 

erythrocyte to rdease 16-32 mel'owits per schizont Illanniskr el "t.. 20021. It lS 

during the schizont rupture that a toxin ferrirrotoJXlrphyrin, also known as heam. IS 

releused. This iniru-er}1hnxytic sl~ge 01' Ille par~site j,; eye lie and is repe~ted every 48 

Or n hOlirs depending onthc sp~cies of the 1"1nlsite. 

" 

, r r"n ... ~t • 

•• 
fi~ur~ 1.1.3.1 Th. lif. c)'d. ofth. ttl.I.,i. ~u.,ile, J'{u.vnO</;um, Sm,ree: 
http://.,,,.rt •. tt,,,,.wnI/rn<dia_40! 541582/Lifc. C~'<k _ or the "bIOl'i •. p.".,ite.htm I 

While in the en-lhn>L,-les. mero/<Jites ~an dn'dop into mak or fcmak gam~lOn1es . . ' -

thm can be ingested bva mosquito dlIriJlg U hlood I"ed. On~e inside lhe nlOsel"ilo guL 

the gamdoCj,t~s ruse to produce a zygote. The zygote ~sexll<!lly replie~tes und 

diffel'entiales !o !orm spowmiles lhal spreud 10 lhe mosquito'S salivar), glands and 

~;)n be inoculatc:d into a m,HDllJHlian h<.l~t. 
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1.1.6.3 The struc:tares of ArtemisiDiD aDd its derivatives. SoDree: IDteraatioDa. JODraal of 
PharmaeeDtieals 1017. 
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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 ai., 2008; Carlton et ai., 1992; Piccagiia et ai., 

1993; Buchbauer and Jiroverts, 1994; Arona et a1., 1996; Jazet Dongmo et a1., 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 ai., 1995; Lopes et a1., 1999; Fabrice et a1., 2003] and as 

insecticides against the mosquito vector [Moore et aI., 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. 

1.1.5 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 poisoning 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 1.1.5.1 Plants used traditionally in Soutb Africa to treat malaria and feven 

Generic name Family Local name 

Acacia burke; Benth Fabaceae Mkhaya 

Acokanthera venenata G.Don. Apocynaceae Tsebedinthlal intlungunyembe 

Bachylaena elliptica Less. Asteraceae Uhlunguhlungu 

Barringtonia racemosa Roxb Lecythidaceae Iboqol Umuluka 

Cinchona species Simaroubaceae 

Dicoma anomala Sond Asteraceae Hloenya, Nyongwana 

Gurmera perpensa L Haloragaceae QobolUgobo/Phalla 

Harpagophytum procumbens DC. Pedaliaceae Sengaparile 

ex Meiun 

Harpephylumn caffrum Demko ex Anacardiaceae Umgwenya 

Krauss 

Helichrysum caespitosum Auet Asteraceae Phate ea ngaka 

Leonotis leonuros (L.). R.Br. Lamiaceae Klipdagga 

Letononis eriantha Berth. Fabaceae Molomo monate 

Mentha longifolia (L) L subsp Lamiaceae Keena 

Capensis (Thumb.) Briq. 

Pentanisia prunneloides Walp. Rubiaceae Setima-mollo 

Pittosporum viridiflorum Sim Pittosporaceae Mfusamfu 

Sclerocarya birrea subscpecies Anacardiaceae MorulalUmganu 

caffra (Sond.) Kokwaro 

Siphonochilus aethiopicus Zingiberaceae Serokolo/Siruguiu 

(Sehweinf.) B.L. Burtt 

Strychnos henningsii Gile. Loganiaceae Mqaloti 

Typha capensis Rohrb. Typhaceae Ibhuma 

Warbugia saluaris DertoU Chiov Canellaceae Sehaba 

Xysmalobium undulatum R.Br Asclepiadaceae Shongwe/Leshokhwa 

Zanthoxylum capense (Tbunb.) Rutaceae Mnongwane/Knobwood 

Harv. 
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1.2.6 Depletion of medicinal plants in South Mrican 

The increased commercialisation of traditional medicine is leading to the depletion of 

many plant species. More than 700 species 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 Artemisia afra, Scilla natalensis, Thesium 

pallidum and Knowltonia braeteata, Oeotea bullata, Eueomis autumnalis and 

Warburgia sa/utaris, 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 ai., 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 ofbioprospecting 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 fiunily, 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 Evaluation of antimalarial alents 

A number of techniques for detection and quantification of malaria parasite in cultures 

and body fluids are used to evaluate in vitro and in vivo efficacy of potential 

antimalarial agents [MaIder et 01., 1993; Tamura and Waki, 1986; Druilhe et 01., 

2001; Mazier et 01.,2004; Harald et 01.,2003]. The techniques include giesma-stained 

light microscopy, parasite Ja.ctate dehydrogenase assay, antigen capture, fluorometry 

based on the use of DNA staining dyes, and isotopic assays based on the use of 

radio labelled precursors in nucleic acid synthesis by the parasite. Evaluation fur safety 

in vitro requires determination and quantification of cell viability. The assays used 

include; MIT 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 01.,2003; Winski et aI., 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 st:ructurally 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., 2oo7a; 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.S.1 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 vitro system to screen extracts of selected plants for antiplasmodial 

activity against CQ-sensitive and CQ-resistant strains of the malaria parasite, P. 

falciparum. 

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. 

27 



Univ
ers

ity
 of

 C
ap

e T
ow

n

ter 2 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2 Plants investigated 

2.1 Introdumon 

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 Aftican 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 50010 inhibitory concentration (ICSO) 

value that is less than 10 J.1gml-l against both the CQ-sensitive and CQ-resistant 

strains of P. falciparum, and that the plant extract showed low cytotoxicity on a 

mammalian 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 Warbug;a 

salutaris. 
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I 
2.3 Achillea millejolium L. 

Common vernacular names: Yarrow 

2.J.l Rotanic f)t'suiption and Distrihution 

Achillea milfejiJlium !Jt, long~ to (he hOlanical family ASlemce(le. which hus Jl\nnerous 

wdl-defincd species and a numocr of sub<,pccics I Kuoclka el al .. I m I. Hut in other 

parts oflbe world A. millejo/ium L is ddined as a single 5pt'des [Gudaitytc. 2007]. A. 

mille folium yidds blooms in many colors. The species investigated ill this study isA. 

mille}i!!ium L ssp Mill,,]i)lium. "hich bears ros~' while minTed 11,,,,,,rs (Figure 

2.3. 1.1). YalTOW is ,,·iddy spread over the j\;onhcrn Hemisphere IMocku((: el af .. 

2002J.ln SmIth Ali-ica it is lill100 in almost alilhe provinces . 

• 
• "igur< 13.1.1 'I'h," pi~tur< of A. mille/,,/illm L. lh." J,b"t (.J •• J .1 it, n""'Ting "-,,on (h). 
Sourc.s: hlln; /iJ)hll\'_'NI',. ~",-.''-j-Jq'''P I,,,I"II( ~ ,, mllol A("112. 
hnp:iJ"" "'.pr"". ,1.<dui«oW"ud_idJochm i, hIm 

23.2 IJst's 

A. millrfolium hilS he.;n ust'd traditionally for treatm~llt of gastro-im.;stimll disorders 

as a digestive tonic Ilkncdek el u/.. 20U7 1.lt has heen reponed to possess anti,eptH.: 

and infl!Ction pr~venting properties [Mitich. 1990]_ It is llS<!d 10 I\.;ul wound~. sores. 

rashes, fever. respiratory infection, urinary-genital infection. menstrual problems. and 

h~molThoids ~nd rl\.;Illnatisl11 [Jaric er ul" 2007: \Vi lJuhn, 2002: M{)~kllt.; et ,,' .. 

20U21. lhe plant also gained IISC as an antiphlogist!c drug [LkIJC(kk I!I af .. 2U07 I. an 
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Ii;_ ufricanus b..:'I,'n~s to Ilk' rumil) l_ah i'l!"~_ F. afi'icwlUS is J small "hnlo ofllp in Onl' 

mdrc in heip;hL I'll" plan! IS everg r~en n11lit i-OrJIlCil"d with hair)'. tilin ,iher) grLy 

Ic:n:cs horne' J loll~ th., n"1I1eh"s I'" m, "llich the Il('"er heads cmcrge iUhanni S <'I at .. 

~o07J_ I he /lowcr ill"lds IlInturc and b"a,- the l11r-I' or- seed >nO\\-whi te hai r> (figure 

2.4, 1 I), The ,-\liik<!an, H'rn""'ll,JI- 'lame is dcriv"d from th" r('s~1llhiance [0 sno,,_ 

Ih" pl",,1 i, l'lUnd in "II provi1l"", in S01l1h AfricJ. but occurs nwinly in rh(' \,"""tern 

Cape. LJ>l,,1'll Cape ,md 1\.1ll1Ullllaiand_ 

Fi"1J"~ 2.~,I.l The rid.,'e of 'c,-in l r"rt' of ti;ocrl"""'" ,,(r;UIII"'_ Sou,wo 
htll" iil'i."l,",fric.,coro/p ianlefg/er i,oeephf,-,ntrn 

rhe pml' or- Ihe plant th" l COllllllon ly 1Io.ed are the k~ve, and twigs. I he le",,,s are 

cxwllsi,c!y used in [()ok in~ to l13H)[' foods a" (h,,\ contain a pcprcrish smell and 

la,(e, Th.' related sl"""i~s Rosmarinu,I' o/ficilla/is, <:Ol11lll()nly Kno"n as r,' o.em"ry, is 

kno\\n for its potent anriox iclJnl p rop~rtic, and 1m., been uscd lor man\' years JS a 

rr('',C"aU\e IAiln cl "/" 2()O~ : (',eorganteli8 cI ,.-d_, 20()7], [1 e~hibil' it> anlioxidant 

cl1al'ilCtcristics by inc rcasillg frce radica l "cavenging acti\ ii)' in thc hoJy I,,\lsumi eI 
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ai.,2007J R",elll"ry h;lo Jx,~11 ShCl\Vll ILl have ~ protedi,,~ eel"c.t again~1 saml\", G (I ) 

y-raJimi'"'' III Ih" li\n [Soyal, 200 7]. Tb~ ;Hl limiuobial prop.:nies of th~ plant 

I (iovari s '" al., 2007 1· and alllipialel el "~Iivi I)' () i' its maior CllIlSt i tll~Il1S h'lv~ al SO Ix~n 

re portcd ILec, 21)()(, I. It exfllbilS diu", li ", mrmll"ili,'e. d iJplll'rd'~, ,mti-rheutnatic , 

allti-cpi lqllic . <l lllimUlagcnic. a",1 an li,p",ml\t!ic proper1.it-s. 11 ),,,, ~~t) used a, " 

Jigesti .. ~ tonic. Jnd ill Ihc treatmelll 01' prostale dionrders, ""Ids ami high hlood 

pre\s ll re h~"n fail \Ire. It has becn repo rted 10 slrell gl h~1l th~ ~apilbri ~~_ r~li~\T 

r~ SrintlDr:· dl sonl~rs. all~ viate l\~(km;l . lind inhibit III V proteJS~ . ~n enzyme in.'olv~ d 

ill the repli ~alioll " I Ihe Human I mmUl1~ VilllS [AI-Serei!.; et al .. 1';<)<): EI-Gadi and 

I3shina 1 '!W) I. 

Wild rosem~]'y specie~ c.ontain ap igcn in, rosnlarlOl, ep iWSnlarlOl alld ocrtulinic acid as 

",-\me 0 I" th~ maj l\r conolim: nts. A variety of biotlavonoid s fClund in L. afr icanus lind 

relJI.~d 'pe~leo in~l 1Ld~: dl00mil1 alld lul ~l\l in. Organic acids incl1Lde can1l'sic, "lellnic, 

lLro oli" and rosmmi~ a"ids. [,-all \'I'--yk eI al .. 1';<)7] R">l,,,,ri,, a~id a"d r,"tu,mnl are 

pl\lenl Jnl.iox iriJ ll\s in the pl'llll. Th~ plant spe~ie, :, 1<;1,\ CDnLlin (:(- pill~ n~, 1,8-cille l\le, 

and hnaklo l ao major ~ompo\llldo [Ga<:hkar. 2007] . 
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1.5 .4glll/IOS"'" h,'llI/illll 

COlli ilion ,ernacular nal1le,: 13lLchu. Butt·". (Kh{li. ErI~l i,IIJ. B{le~{lC (Arriball',). 

Ibllcilll (Xbosa). 

2.S.1 Botanical Lkscriprioll alltllli>trihulion 

A gal/wslIIIJ J S Irum I b" Lmlily Rut'l c~~. II consisls <J i" <I bout 1 SO sr~ci"s [Guldbbll il\ld 

\-humin);. 21)()0j. A he/ulin" is a pcr(-"Llial shruh "ilb woody hranches and ;;mall 

Ic."c~ Ihat van 111 ~har~ and si/c. f herc arC threc ;;peck;; llsed comnwrciall} : A. 

helulinu. with broad round ka\'cs that ncar wllite or pink flo\ycr. A. C"rC!1ullllil. with 

ovallea\"cs that display \\,.hit~ fl o\\crs. ~nd A. sCTrolijoiia which is <I long leil i"Rucbu ( 

I' igurc 2.5 .1 .1) [Spr"dh. 1976; Pilbns. 19S0]. Th~.,~ "l'<' ~i~., m~ usuall) tOJlflLscd . . j 

helli/in" is up to two llldres in hcighl. The leave, arc or a pale green colour. leathcr) 

and gl""y. well I a hlunt tip and WULld oil glallds scattered through tlw kaf. Thcy Invc 

a strong aronntic taste and a peppcrmint-likc odour. 

• • 1 " 

· . .,.,: 
• 

Figu,,' !.S.1.1 Til ,' r'gur!' or-J'!'(i,~ "L\g~(hosm" 'I><rio,. "'o<",.~, IHtp: i/w ..... ·., pirit. 
,,<b.,·omi "g"'11o,m" %20B<'lJ I i,,".",p 

4. !.>elU!hllllS mdigcnou~ lO South /Urica. The plaJlt grows onl} in t lw n,IfIOW t\ lIlx,> 

:'<t ri r III thc \," c;;tcrn Capc Moullwins I S prccth. 1 '1761 . 1 hc r Linl is p~rl iculmly :;..iapt('d 

to dry conditions ark l grow., on sun,,)' hill sidc.' IVan W}k m,d (Jcrickc. 2000: S t,llld~r 

e/ ai .. 201l]], 
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2.5.2 Ls{'s 

A, bdiflillll is moslly used to tr~at any inlc~lio n ol'the gcnitourinary system, including 

in ibmmalion of the urethra. nephritis. q-stitis and cmarrh ofth.: bladd~r. The plant 

abo ~xhihils diuretic, carminmive and diaplK1n:ti~ action. Other medl~inal actions 

incllloc; trcatment of pro;1at~ dlsorders. ~olds and ih,. ,die[' ot' slomach complaints. 

mxl symptornatk relie[' of rheumalism [Moolla, 2006; Simpson. 19981. digest i\'': 

tonic. uteri]l<' stmlLllanl. diahele~ arxl exl~rna l app lication on wounds [Van Wyk eI at.. 

1997: Bl'lIocton, 1995]. 

2.5.J Ph},t"chcmi,try 

Tll<' pri]}<:ipal ~onslillll:nlS 01' the leaves are volmilc oils. mucilage, camphor and 

diosphel1oi. Diophenol is respol15 iblc for the plant's mild anl is.:pl i~ profl"rlles, Ih~ 

planl also contains glycoside terp<:nes (t~rpineol). '-JlL innl inone alkaloid~ arxl 

hiotlavorlO ids (diosmin, hcsperidlll. quer~e(in and deri\ali\'es) !I'oslhunms, 1996: 

Campbell et Ill .. 1'190; Fllommaerl and Flarl~L 1976 !. Diosmin and its ana log 

hesperidin are known [il,- their phl~hotonic atxl antioxidant properties and a~ vaS~lLlar 

pl'ote~lllrs. also as ~hemopr~vcnt i vc a g~nts lLl lIrinary-bladd~1' and colon 

~ ardnog~ rlC~is, These constituents have also demonstrated Llse in lrealmenl 01' chronic 

hemorrhoids [EI-Sha[iJ': and FI-DomkJly, 2001!, 

J-1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2.6 Tllrch{}nlmlllll.' {·"mpharo/".,· 

C"", ",on vernacular na ", ~s : Mohath la (I sWJna). mofJhla (Soutocrn Sotho). 

mmhola (Xho>a). VaaIlK)S, V~ I J-v'\li l b,," (A li-i l..aans) . L~ kshlJa (Swahi li ) wi ld 

camf1hor hush (I' n~ I ish!. 

2.6.1 Botanica l f)~M ... ipt iull a nd lJ istl"ib ll t iull 

I: cumphortllU," bclollgs to the brnily Ast~ra~~a~ [Amold c/I1I .• 2002J. It is a sma ll 

nlilit i-slenullcd trec ofaroul six metre, in hei!,h/. Th~ "-:aves arC ohlong in shape. The 

top of tht. leaves has a gre)' green color " hik th.c lower s urJ:\~" is ~'cl1ow to g~me a,1<1 

furr)' (FiglLr~ 2.6.1.1). ' ] he I~a\-~, ar~ oval or l allCl'Olal~ shar"d, and 1 11I'~ a ';t rong 

(ampllOTllted ilrom~ tic smel l [lIi] liJrd. 1977J. j hc r lant bcms cfCamy whit~ flowl'rs 

on til<' l ~mlilla l end o l ' lh~ hranc h. 

Fi~" re 1 ... 1.1 Th. hranoh. I.a,'« and nower, or T. ("amplwr"'u.~ S(HJrc<: 
hH I' :ii" " " . p la~ l.arrico. co"'; mcum unog r. pi"; lHellOl'.n lhr.", n. pdf 

T mmphoralu.,' grov.'S in cast A!Ti~a and Ambia, It is distr ibuted in Uotswana. 

SWdZiland. Namihia. Leso tho and is widespread across all provinces OfS01~h /\!Tiea 

IArllOJd el al .. 1993: Grant and lh()rnlls. ]()<)8J.!t is found in aln1o';t allY pm1 ()fthc 

counlr)'. It gn",s in poor ';Oi l ~, e\'cn on water dl"1iei~nt , it cs. It is suited 10 tough 

~ond itions, 
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2,6,2 Uses 

nle lenws ~nd til<: t\\'igs are p~ns of the "bllttl",t are commonly used for Illedi~mal 

I'llrl'os",. I'he plant is us.cd to tr~at stomach problems, abdomina l p~m. il e;ld'Khes. 

!(X\til'lCheS. ",th lro, hronchitis. rh ellm~li~m . bloxkt."d sinuses. g"strili s. inlla1!lmation 

Jnd fever p",du~ed b., the hader;,,1 ~lldoto"in I,\mai"lcoku e/ al. , 2()(}(J; U.'n·L.:rik van 

Wyl. e/ 0/ .. 1997] , It is u,;ed to p ... :vem s\\el li ng LIp ofjhe legs by dimmishing lhe 

lactic acid crcakd in the mus.i<:. It is a lso known 10 hJve inso:cln;pcllant. ;mtl-irri[ilnt. 

J muscular to"", and cellular o"}'gen;llion dimini ~ hin g "dion and \Va~ , )",,,,,, to 

Jnl"goni/c lhe ~~di<: ~~id indu~ed wrilhe" IFakiro el al., 20m I, hx tr"atrn~nt of 

ailments. the pbnt is t.,> ilcd and t~ k~n as a decoction. In the case of treatment of 

sinusc" th~ fresh ka\"~s are ins.crted in the nostrils of a patient. 

2.6 . .'\ rh~ tocliemistl)' 

lhe vo latile oil contains many cl'nstituents, which differ in abundan<:<: oct ween 

locJI ities [M ,,'angi cr af .. 1 <)941- Pri...,i PJI COl1s tit ocnt<; () f T c(1"'phm'alu,I' includ~ 1.1\­

cin~ol~, a-terpineoL a-fcnchyl alcohol and a flavanon~· pinoceml">rin [13islmy e/ at.. 

2002]. The rlant contaills other nUlocrous minor constitucnts including camphor 

IMwangi <'I ,1/" 1<)94], ~nd vJrious flJvones such ~s luteolin, ~pigenin, ~nd nepelin. 

S~squ iterp""e lacl<me" "nd '-Iualemary alk<lloids ~u~h <IS larc honanthin~ hay~ "tso 

been found in T <:amphomlu,'· IFlis ruy. 200:n 

J6 
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2.7 Warhllr:;itt .1II/1l1fIri.1 

Common n~mc." ~1anak~ (V~n(b). sh ib ah~ (T,unl~O). i , i bh~hJ (l ulu). pt'pp.: r- bark 

I rc~ (F.ngl ish 1. I"'p<:[b~sb<.)()m (A frik aJns). 

l.7.1 l.Io{'ltliral D,",ailltiutl and Distrihnliun 

Wa!'''u!;;" be longs l" lh..: Etmily Canc1ia<.;ea..:. Th..:r..: arc lhrc~ 'l", ~ic, ,,(" W"r;'",,,;a: 

/I". ugandeil.l'is, IV. ,I'IUhlliWfmii unci W. sa/uta!"i.,' I Estcrhuysc. 1'N6: Rube. 2()()()j. IV 

.I'a/ularis is J lll~dilim s.::izcd lI'~C c)fuoout 10 met cr~ in height. Tk ku\'cs ar~ oblong. 

g!c)S,y and dark gJ'~cn c)n tc)P Jnd pa lcr below h gurc 2.7, 1. 1. II pr(x iuccs small 

grc~ni,h- yelluw fll\\\~rS of Jboul 7mm in d iam~kr, and round grc~ n frui l [C oal~s. 

1977; p"lmcr ~lLJ PitmalL, 197" J. 

l ' i~IIt'C 2." 1.1 I he 1o","", of WarbllF;:hJ \(Jiwllrk 'OIJlW' 

ht'I" il"w"'·rl"nt",rri,·a.<"m irl"nlw'~',jwal·blJr~,htnl 

IV sa/wari'" !",cur, in SoutherlL Africa, It j, f"und in cc)a,tJI 1' )1'<;81 in 7,imbab"c. 

Mo/,aJtl biqUl" . S"azilanJ. unci South Afri~a , In South A fi 'ica it is mainly fuu ml ill 

K WJwlu ~ alaI. ~ ... 1 pLlm~hH1g" alLd '\ urlh~ru PW\'lllc'C [H ollll1~nn and V un d ~r Sch i,i ff. 

1996], It g rc)ws mo~tly in fc)[c,;ts. 
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2.7.2 lTses 

W salururiJ has hccn u~cd extensivdy lor medicinal pllrro-;e~, with the s("m hark as 

the YlIO,;1 w"!<OI] used pan oflh~ plant. The plant ha,; heen u~ed lor treatm"ll( oj' cold>. 

influcnza. headaches, sinus, re~riratory ~onlJlnin(~, malaria [M,muer 1'1 at., 1995], 

wre> and ~kin irri \a( i on~, and ca-;es oi'inllammalion [l[u\~hings ('/ al .. 1996]. It has 

poknt anlibad"rilll cl~\ivi(] [Rabe and "im S(aden, 2000: !vlashimby", 1993]. 

2.7.3 Phytochemist!), 

:'V"~OT chemical constitucnts of Warburgiu sp<;:cle~ inc lude rnoooterpoids. 

-;e;qlliterpcnoids. trit~rpenoius and bioilavonoius. A numher of drimanc 

sesquitcrpcncs have been iwlmed Ii-om lhe ,;\em bark of Warh,JrK;a specics 

[Mashimhyc er al., 1999]. These indude: wa['burganal, polygodial, ~l u(arbo 1 idc, 

muzigadiaL ugandensidial. isopolygouiaL These hav~ a wide range oj' billiogical 

activitl' inc luding antimicrohiaL insect ami1eedant, antitilngaL cylolOxic, anl lviral. 

hacmoljiic. molluscicidal and skin irritant dl'e<:ts [Kubo e/ al .. 1977; Jan-;en and de 

Groot. 1991: Treumi ~hl, 1997: Rabe ('/ ai" 2000: R,lbe and van StacJen. 1997: 

Madikanc cr al.. 2006], 
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.'1.2 ['rt'pa ration of plant H t racts 

Th~ leav~s and twig,; of s<-'Ie,kd pL1Ilts wer~ left t" drv ul rOOln tempermure uway 

tium direct 'mlllight. Th~ dry malt:nal W"'; ground to a fine f'O"da using a plant 

grinder (Wmring, Conlldicut. USA). The blf lnmerial of ea~h plant (100 g) was 

eXlracled separ"tely "ith 500 ml of ""Iv"nt and subjed~d to vigorous ,Imbng on " 

hori/.()n tu[ orbIt shak~r (L~bcOll, Calilorma, USA) l'or ..\8 hours, !\on sequeillial 

~~tructions \\ere perforlll~d using the lil ll"wing ,ohents; deionioed mil li pm"e water 

(IbO), h~X[lL1C (hex), lllelhanol (\ leOH) alld d l~ hloromeLhane (DCM), The mixtures 

obtnin~d from atmctions Were liltered using lilkr puper (\Vhatmal¥!" ~bidsl.one, 

I:ngland), rhe organic filtrmes "ere c"ncentraled under vunLum using a rotary 

e,apmmor (RDCHI 461 Laoonechnik A(i, Flawi!' Swiverland), "hi l" wat~r eXlraCI, 

were c"ncel1lmted hy free/e-drying (Virti" !\~w Y"rk. LSA) under ~ reduced 

pre,<;ur~ at - 80"(', ['he ooncentl'ated extr~cts wel'~ dried uooer fume hOl>d at mom 

t~mpermure and stored at 4"C unlil use , nle plant eX lraCIS wer~ weighed hefme and 

an~r lhe ~Xlradion lo delennine lh" percellluge yield , The yield,; were calculated as a 

percentage "f the plalll material eXlrIICled, 

3,,' Preparation of plant ntnll'ts ,oluti"n, f"r anfil'la~m"dial a,sa~· 

' j he initial ,lOck solution of 2 mgmr ' of th~ crud~ extract<;, fr~ctions, and the aC liY~ 

compounds was prepared. nle weighed samples (2 mg) "~r~ di,;sol"ed in ~fe(JlI and 

diluted ~cCDrdingly in ddoniscd IhO, Ihell in complete medium to achiew a lina l 

';lOck solUlion of200 f~gmrl in 1% MeOH lor Ihe as""y, 

Fresh ';I()ck sohlli()ns were made up ()Il Ihe day or the experimenL CQ (Sigma) was 

used as a control to Y~l'ify the in "ilro susceptibility of the dilTer~nt str~ins of I', 

.ia/('il'arwn, /\ I 1ll1'L111 I ';lock soluti ()n 01' CQ was made up u1 waler and serially 

diluted in compkl~ mediumlo a conc~ntrmion of200 f1gmr', 

40 
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3.4 Antipla,mudial activity testing 

rh~ eXf't'rimelll.' \'ier~ canicd mit limier ..terile ~()ndilion;; ill dUl'hcat~ ill 91i-,,~1l 

microtitre platcs (Grdncr). Ilw wdl~ of lk pial.: ar~ an-allg~el ill a matrix or eight 

row.' ,md I'~ ~ollInlns (1-1'~), Ahqllots of 100 ~Il of cOUlpictemcdillIU wcre uispellsed 

to ull the \'iclh ~xu:pt in column J, III column 3, <Jliquois or~O() Jd 01" dmg slo~k 

"O llIli()L1~ (2110 ).lgmr') w~re add~d in duplicate (iL1twL1 adjaccnt rows). and hHl/(,ld 

,",rial dilutions w~r~ carrkd across tiw plat~ using a nmlti-chmmd pipettc. 

Para,iliz~d red bloou ~ells (RUC) in Ih~ trophozoile sluge \"'Cr~ "dju,t<:d to <I 2'% 

pura,ilCaUlia and" 2% huematocrit in compkk m~dium, anu 100 pi 01 Ihis 

su~p,;n;;ion Wi1, "dd~u 10 ~olllmn, 2-\ 2, The lir.>! ~olumn ."'rvcel ,,~ a hlank alld 

~ontaill~u 100 fd or compicl': m~dil"n ,md 100 J.d ()f ullparasili;;ed RHC at 2% 

ha('lllalo~riL COI,UllIl 2 mL1laiL1cd ,m elrug and scrved as a positi\e controL I k pl<ltes 

were w\'~l'cd with a skril~ lid, Plit in a chumbcr, gasscu with 4% CO" 3%0, ,mu 

9J%};1. and thcn incubated at 31"C for 48 hOllrs. 

3.4.1 Cultivatiun uf malaria parasites 

1'. falciporllm panl,iks w~r~ cultur~d a·, described by I r<lg~r ,111d Je,en ( I enol, with 

l]l\nor lUodlliciltlons rhe CQ-;;cn.,ilive .,I]"ilill Dill. (kri,-"d from I'CQ-27 from 

PilPun Kcw Guine<J [Lkong ct ai" l'YlJ] ,mu CQ-re,i~\illli .,train Kl i;;olakd in 

Kan~hrmburi, Thailand I ThaiihoL1)? '" aL 19~11 and RSAII isolated in Kwa-Ziliu 

.'htal, SOllth AI,i~" wn~ uonilled by M r D. Til)' lor () I" the Di v, ;;i()n 01' Pharrnacol ')l?Y 

at lJCr. 

Th~ pilr<l;;il~S wCrC maint,-,in~d in RP'vI1 1640 (H ,oWhillakcn cultUI\! m~di\llll 

sllppkment~d with ph~n()l red. "lbulDilx IIlbovine SIOrilm "Ihumin) ICiihco) (25 giL), 

HEI'ES (,V-r~-hydl'Oxycthyll-piperazinc-N- 12-dhansulphonic adJ]) (Ii giT,). 

4.25%of souiuUl bicarixmak and g~ntamycin (50 mgiL). The r~al?~I11~ ",er~ 

pUITha;;~d IT()rn S,gma-Aldrich, South Africa, Washed U- humun RUC and hUUl;lll 

scnllll were addcd to the culmrc, RUC \WIC washed tv,'ic~ with Llledium heJi)re lISc'. 
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Hurllan ""mIni blood WaS (kmakd by the Ulood Tran, ftl,ie>n Service and 

H~matology D~p~t1lllent at {ilY~,k Seh \[lIr ho>pit'l!. Cape Town. I he pm~si I~o< were 

clLltlLr~d in scakJ nat 1l<)llorn Ilao<k s ~nd maintained 3t 37"C in an alnwsphcre (If 

':l."i% ~ o. 4% OJ,. alld _,% 0, Tb~ b~~m"tonit "nd pJmsimernia w~r~ k~pt bd\\e~n 

2-4% by th~ "ddllie>n of RIle. Parasites \\we synrh['()ni/,~J al th~ ring stag~ 

r~g\llarly by tr~alInenl with 5% V-sorbitol. 'I he parJsitaemia WJs detcrminC{1 

mkroscopicaliy using a gicmsa stained thin b l(~, d smear or CuIIUL\? on the slide, 

rhe pamsilc laclat.· (khydwgenilS<' (pLDlI) assay was llC'Cd i.e' nle~tsur~ parasik 

vJability as cks.:ril",J !>y ~l~kkr CI a/,. 10'JJ . This assay i> based on lhe Jisl'(,,~ry 

that pLDH acti v ity is distingui>lwbk fwm \'0,! ~dl LDilusing the 3-acd)1 pyridine 

aJenine dinuckoti d ~ V'd'AD '). all allalog\"-' 0 1- "lAD 1 adak deh\'(lrogen.lsc is .1 

terminal ell/yme in tho: gl)~ol ys ' s palhw~: e'i' mJIJria pamsites. It cmalyS<'s 

conv~rsion ol·T.-b:;tat~ 10 pyrlL\-~lL in the 1'L'~""nl'~ of NAU' which gets r~ dllced 10 

); ,\DTl. pLDTT has Ih~ abilil} tll uS(" AI'AD as 3 wcn/.ymc "\1d redu~~s il 10 

APADH. but lhis process happells llegligibly slowly in tJ1~ hoo<1. ,\s lhe APAJ)H is 

reJcas~J. it redlLces the yellow tetrazolilln >~It !)JIITiPES) 10 purple crystals of 

fonnazall sal!. pLDIl enzyme i> 115<'d pril11anly as all indicator of parasite sun-hal. 

Its pl'lldUClioll and ac~urll\llaliell1 io< "sed as inJices of parasite ,iability. whereb) th~ 

Inds orlile en/.ylll~ eorreo<pond 10 (he parasite densily . 

3.4.3 :'Il"",uring pLDH Ac!;,,;I} 

Tl~ pLDH Jetiv,ly "as measured using, Malslm'" leag~111 (imLiL) -",PAn (0_33 gil) 

ill millip<.'rc wakr)_ and O.24mllif pl~lIil/il~ ~ i.hosuTp hal~ (PES)/] ,<)6m:'l'1 nitro blue 

tetrazol ium "UT I Sigma), A I the ~lld of a 4(; hour inClibal i on pCli(lli or lh~ l~sl pTate. 

the parasiks were resu>[l<'llJeJ and 15 ,li "as Inmsl"lTed with a multi-channel 

di spenser to the corr~spondillg well> in all ~l11pt)' l11j';lolilrc 'l6-well plak, To this 

d~\Clopi ng pi ale. I 00 .ld of 'vi alstat and 25 .It! of N lJ'j'ip LS solutioll were added. TI~ 

plate was placed ill (OC dark for 5 minute> for Cl,lolll ,kvelopllI~nL Ah,"lrbanc~ 

\'alu~s "~r~ r"ad at il20 lUn "o<Hlg a 7250 microplate Reader (Cambridge 

Technology. Inc.). 'Ihe parasite \-i ability was cakulm~d as a percenlag~ or lh~ 
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control ahc;orhance. Th~ do"" re~ponse curwc; "ne plotted in Prism V.4.0 to ohtain 

HIi.' 50% inhibitor) conc~nlmllon (IC\,,) Vahli."L 

J.:; C) totoxidtJ assay 

Th~ ~ylolOxicily assay me~s\lres cdl s\lr\·i\~l aflcr ~xpo,,"ur~ 1.0 I~SI sal11rb,<_ rile 

asS<ly dctcrmincs the rdmiw tm:icil} and :;c1~CllVlty 01- th~ acti\'~ ~omrOlmd agatnst 

malari~ pm~sites. rllc cytotoxicity ,vas c'\'alumcd against lh~ mmmnalian cdl lin~. 

Chin~s~ (hari~n Hamstc'r (CHO). The' ccll"linc stock was donm~d by Dr]1. Hoppe. 

Dcpartmc'nt of Phmm~cology. Univcrsity of Cape '] <Will. 

J.5.1 Cell culturing 

fhe c~lls wc'r~ maint~in~d in complete mcdium: 45%, DLlllxco's ~lod ili~d Fa£ l~- , 

~kdium (DMLMl (1.,.3 g of D'vlL!'v1. 3.7 g N~IlCOJ at pH 7, I. g~nlamycll1-5()O ftiL 

mul2 L of Ivfillipor~ wakr), ami 45% HA \lS F-I ? 1Th.'dium supplementcd with 10% 

of heal inaclival~d hlal call' ""rum and g~nlamycin (O.W pgmr j, 

Th~ cdls wcrc ,tnrcd at ~ll"C and th~wed tix cultUl'ing. Cdl growlh ,,'as monilor~d 

nndcr a lif!ht micmscorc, Cells were subcultured once they had reach~d ~Ol1llu~n~y_ 

Cdls were rinsed twice with 5 ml ofstcrile phoc;phalC buffered salill~ (PRS). Th~l1 5 

ml of 1% lryr';l1 solution (.,1'C) w~" ad'kd inlo [he llask and incubat~d ~t -,7"C for 2 

minutcs to dd~ch Ihe cdb from tlk; fla~k. A 5 ml aliquot of compkk m~dium was 

ad'kd to ;l1hihil ~nzyl11e aclivil)'_ Cells were cen[ril-ull,~d at 70ll rpm lor 5 min. jhe 

Jl'-'lkt was r~-suspc'nd~d in th~ S ml of medium. ii'om \'v'hich 2(j .I.d wac; removed and 

dilut~d with 20 ,li 01' cry,tal I:>lu~ nuckar dye. Cdl ,iabilily a,,,,-'%mcnt and ccll 

counting \'v'crc donc us ing ~ microc;copc. roc stock cullure wilh a cell d~l1C;i ly ol'I0~ 

cdbm l-I was p",par~d 1<.\r I.h~ a:'<:'.ay_ 

3.:'U Ihug preparation<and dilution, for cytotoxirity a"ay 

T'mdin (Sigma) was used ~s ~ IXlsitive control in thc ac;S<lY, An initial eJl1~t;ne c;lo~k 01' 

2 Lllgrnr- wa, pr~par~d in H20 and w'r~d at _20°(' limil u:;c, The' ,tock soilltions of 
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the te~t ~alllpks w~re prcparcd al 2 l11gl11r' in 10,:\,\ M~OIl ('11 the [la} 01 thc 

cxperimcl1t Six 10-1()ld serial dilu\ion, "r th~ stock sol"tions wcrc prepared in 

complck mcdium 10 give wnccntrati"n, "f200 Ilgl111" to 0,002 "gill ]"' 

Tbe "~JXrimcnts were ~arried out und~r sterile conditions in 96-wcll plalcS. Th~ cclls 

wcrc dilutcd lc) il con~~nlrilli"n of 10-' ccllsmr'. and 100 " I o f lhi ~ cdl ''''pen,ion was 

di~penscd in "II lli~ w dis ex~~pl coll1mn I. An aliql10t of I 00 )11 l) f (OlllpklC llledi lIm 

wa~ ooded t" all lh,: \\ells. The pbl~d l'cll s w~r" incubatcd Cor 2·1 hours at 31'C in a 

gil~ conlmlkd ~m irollmenl of .'i% COe_ Ann in~ubatioll, rk mcdium W'" ;ISP'lwcd 

olltoflh~ w~lIs, ;md ~clls wcre npo><od to ;1 dntg ~"nL~nlr'lti"n r;ll1g~ of 100-0.000J 

jlgmll, ,~ hquots of 100 III oClhe dmg ~on~~nlr'lli"ns \\~r~ dl~pens~d ill 10 col"mn~ 3-

,I; in;1 d~n<'asing ordcr of COn cen tral ion, lh~n 100 ~li ofcompietc medium was added 

to t he~~ wdls. Column I >ef\cd as hbnk and ~"n1ain~d 200 ,lll of ~omplcte medil1m 

onl}' Colllnlll 2 contained [10 dl'llg aLld scrve<:1 as a positivc control. Thc pbtc \\;1, Ihcn 

in~uh"kd "t 37'C lor 41( hour~, 

Tbe ~cll growth WilS m~;lsl,,~d using the M'IT Cl-[4, .'i-Dillldhyltbiaml-2-)11-2,5-

diph~nylldnl/< )Iilml h[()mid~) a~~ay as d~scrih~d hy "Io~malln_ 1993, Once tbc 4H­

bour incubation was (,)mplete, 25 ~" l)fsterik MIT (5 mg/ml in PUS) was addcd to 

ea~h wcll and platcs wcrc inCilbated for 4 hours at 37"C. 'fhe platcs wcrc thcn 

cClllrifuged at 200 rdfor 10 minutes. The sllp..-:l'Ilatant was aspirateJ from th~ wells, 

100 ,lll of' 100% Dimdhylsl1lrh""id~ (D'vISO,) was aJded to cach well 10 di~s<)lve 

Ihc fimmv,an nystals. Thc platcS w~rc g~nl1)' shahn on ;1 minolilrc plalc shaker filr 

5 millutes and thcn read immedimely on a micmtitre rime rcader at 540 11111, For cdl 

\' i"bili ly ,m"lysis, do"" rcsp(lns~ ~Ilf'-CS wcrc pl(lU~d using nonlincar dos~ r~~p(ln~c 

curve fining analyses with UmphPad Prism V.4.0 wt1ware, 

3,5.4 The 1\ITT m,say 

Thc MTI a"ay is a Il(lil-radioa~tive quantitati,'-c coloilletric assay u'ed fur ill vilro 

measuremelll of the C) totox!ci t} alll! mdabolic acli \'11 y 0 f cc 11 cu ltures Sl1 hi ccted 10 
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di t'femll culture conditions. It is tw,cd on the abili ly o r \i~h l e cdls to rcdu~e \lIe 

yellow water-soluble Icrram li um salt 10 a waler-insoluble purple J"onn~ z;H1 product. 

Sincc this ~tivily requires fUllctional [Jlilo<;ilondria. only "iablc cell s ~an de;],"e thc 

tctrawlium rin~. 'n,~ merabolk <"Ktivit) in the ~el b ~nd the nlll11 bel' or viable cel l, arC 

direc li ) propmlionallO the mllollnt of t"ornlazan crysl~ls formed . 

.1.6 Seleeli,ih' Imle, 

I"he sclcdivi t) i[]dc~ is calculated 1Il dClCl"m;n l' the scledivlly ofa leSl S<lmple a/\ainsl 

rnalari'l parasite. The selec ti , ·;t" index is lhe mlio of C)to toxicity to antiplasmodial 

aClivilY, given tI ,at Uili lS lLs.cd are the sallie . Higher sclectivi ty index rcflects less 

cytoto~icil). alld is therefore mOrC favora ble. It IS undesirable fo r thc test sample 10 

killlh~ m;lln'lla l; an ce ll s al lhe sarne rale or cOllcentralion as it docs to thc pC1ras; te s. 

Sele~Il\lI} index - Cytotoxicily le ,,).1 Ant ipla,modial IC "'1 rDenoit-"ial d al .. 1999J. 

3.7 Fracfiunalion of piant exlrac1~ lhat ,ho"ed in vitro antiplll , modiat ac1i,ily 

in hioassay 

.'.7.1 Solid Phase Extraction iSPE) 

The crude exlracb of W. sa11l/oris. A. beluiilJ<1, T C<1mphow/us alld n', a(ricaflll.\· were 

e a~h (nlClionaled u8ing SPF. On J. C IS ISOI.Un·: cart,.id ~e of mass absorbent 109 and 

70 ml c~p;ldty ilnternalion;J1 Sorbet Tedll1olo /\y. Ci b mor /\llil. tJK). Samples were 

elu led with a step j!.radient of decreas ing polarity of water: acetonitrile (l1eO: l\!cCK) 

mobile phase. All the eXlrd<2 ts wCre weighed. dissolved in JOO% MeCN and d iJut~d 

with IhO such thallhe iimll ~O'KenlraLion \\";18 'i nwrnl' in 41!% \leCN. The samples 

were lhell crntrit1.lged at 500 rpm for 5 minutes. Prior to application of the s;lrnplc8 on 

to lhe ~o lumn. lhe Gtnridge w~s welled wilh 50 mlof H,O and conditioned with 50 

rnl 01'8:2 H20: "'1cCN. The sample (10 mil was applied onto the carlridg~ ;I nd eluted 

under ~rna ll va~UL.lm . The p'"C 8MLre I'rorn the V~~lLum plLmp was SCI to control the flow 

rate 10 17 mlimin. The cartridge was thcn rinsed wi th 50 ml ofllcO 10 clute ullrelJ.jned 

material. The relained rnateri ~1 011 the cartridge 'lias s.cparated by eluting at a step 

gradient with 50 ml volumcs of H20: !\leC~ at di fferent increm~nt~ lor ~a~h pbm 

exlra~l. The linal IOO%. Ide(~ elu tion was iollowed b) 100 ml wash with acctone to 
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rinsc any r~Lllaining maler;,,1 01'1' th~ cartridg~, The collected (Pinions wcre 

~,onc~nlrakd by rOla-cvaporation under vacuum (240 I11b~l') ~t 45"C and dri~d bv 

Ii-~~/~-drying" The sampk~ were r~COlliti1Utcd in mClharM11, dried in pre-weighed glass 

vials III \hc lil11lC hood and slored ilt 4"C. lhe ~o[lccled rractions w~r~ Ihen teslcd for 

in rilm anliplasmrxliil l a~tivily. 

Th~ crude eXlracl of IV. sa/warls ,,>,as cI uled with a mohi Ie pha~~ s y~teLll or innea.,j ng 

20% incremcnts of r>.1cCN in H20 slarlin~ al 10% \1cCN Eighl Iradiolls; wash 

(lIJO% H20). IIJ'h,. JO"/i., 5IJ%,. 70%. 90%, 100% r>.1cC'i and A~ctone wash, were 

collected. 

The ~lulil1g ~ystem lilr crude e~traclor t. <;/ricanus was ~ step gl'~dknt 01" in,;rt:asing 

10% inCI'~1l1el1l~ 01"\1eC'i ill H/) (Irom 0% 10 I()(),+" MeC'i), yidding ~ tot~1 01"12 

fraction~ iocluding lh~ HlO wash and a~ct0llC wash, 

The ~n<d~ extra~lS "I' A. helul ina and'/: camphorarus w~re each dllted at a gradient of 

i nn~ilsi, Ig polarilj 0 I' 2IJ% increments of McCN in I bOo Scv~n ii-a';liol1~: H ,0 "a\h, 

20"k 40%. 6m'o. );0%" 100% MeCN, ,1I1d "c~IOI1 ~ wash "er~ mlleded. 

3,7.2 High rrr,~ure Liquid Chromato!!r~ph) (llPLC) 

Tb~ i"strurnenl used WaS a Shimadzu LC-IIJAS that is ~-Otlll~ctcd 10 " tlexi 486 

DXi2-50 de~k10p PC running .<;o ilware via a Shimad.w CBr>.l-IOA communication 

nl(xluk (SbiL1\ad~,u Corpor"lion, Kjoto. J"pal1j. Tb~ ~arnples were ddected by a SPD­

r>.110A Shimadzu diodc array dcteclor ~t w~\'ekngths 21 0-35Qnrn. Th~ Lllohile pI"'~e 

was a rni~tllfe of HPLC grade r>.kCN arxl milliporc H20 (r>.lilli-V Watcr System). TI1C 

flow rate and ini~ction \'OllllllC \\(er~ adjusted for c"ch ii-a<;lion 10 rn"xirni~e 

r~sollLtion. The sarnple~ were dis~olved ill I: I \kCN: H20, S0nicalcd and cemrifug~d 

in ~ mic]'ocemrifug~ (Abbott) ~t 10000 rpm ftlr 5 min\lt~s to pdlel allY 'lTldis~olved 

material. The supernatanl WaS lhen run on HPLC. 

'111e ~cli\'C constitu~ms 01' IV. slIllilari.1 and 1 camphora/us extr,l(ts w~re i(lelltili~d 

using an IlPLC bas~d metbodology. To idenlily th~ adive constituents in each plan! 

crude eXlract, the eXlraClS were prepared in 10'+;' r>.1cC'i in H20. ~nd run on lli'l.C at a 
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sh,lI]ow gradient of ]O-IOIY'/O MeC'N over 40 min111e~ a\ a flo\\' rat~ of2 mlmi"i, 10 

\'i~w the full pmfilc oflk cnmponents oftb..' extracL The HPLC wofik was divid~d 

into fractions. Folklwing llIultiple il~e~t~ ' ns. eluting fraCliorl~ were collected 

scparatd)'. prcpar~d appropriakly and t~stcd for in vilm antlpla~nlodial octivity 

against l)\(), rile fraclions thai ~ho\\c<l activity were nm on HPLC arK! their prnfile~ 

were furtocr segmented into smaller J;-ac.\~HlS_ which were collected and t est~d for 

,Ictiyity, Uloassay guided fr,lctlonation was carried out in Ibis manOCr unlillhe peaks 

respollsible lor acli~ily were idelltilied_ The ,Hmullts collected fwm IIPLC were too 

little and eouid /lOt be weighed, Thus a quantitative analysis was impracticable 

However. a qnalitative comparison of antiplusmodial activity was achieved, The 

concentr<Jlions of the li-actiollS ,,'ere not calculated. as al this stage the aim was to 

identitY the active fraction. not to evaluate the IC~ values. The results "'ere pkltled 

arhitrarily lor comparison. whereb)' the highest sample cnrtce"lrat~ln loaded onto the 

plates was arbitrarily set tol 00 !-~gmri_ 

OOC" lhe active peak had been identified. SPE was uscd III semi-purifY aml 

cooce"lrate fraclions that exhibited activity, Preparative IlPLC was then perfimned in 

order 10 obtain weighable aTlXlunt of octi\'e wnstituenls lor delermi llal~lI1 of Ie", 

values. 

3.7.2.1 Preparative HPI.C 

Preparative TIPLC "'as used 10 puri fy and oblaiTJe<.l weighable ammml~ of con!';l ill1elll~ 

of sekctcd fractions generated frOlll SPF. The fTactiol1~ were sele~ted 011 the basis or 

their antiplasmodial activily. The preparative HPLC separations were achi~v~d using 

a preparative DiscoverY'Ji) C,; 5 ~lll (250 ~m x 10 lllm) COll1111". pmleCled h) a pre--­

packed llondesil C'li 40 ,tm guard column (Analech), The injection volume was set <it 

200 ,111 and the flow rate at 2.5 lllimill-'- /\ 5 mgmr t stock sol111ion orthe ~eleCled 

samples was prepared and applied onto the column. Separation eonditiollS were 

adjusted to achieve desired resolution Ii)r each fTac.t~"'- The run c.ondilions were 

optimised for eoch frUl:tion. f radions were then delineated for ~ol1ection_ Repeated 

injections of the samples were th~n ntn and the eluting fructions were collected. 

prepared appropriately (section3.3) and tested for in 1'ilro amiplasrllodial Ul:tivily_ 
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lla<;ed Oil PUrlty ~l1Jlysis, Ihe eollec!"d jr1lC1l011S wcrc eilhn furlher purificd using an 

analjlieal ~(\Iumn, or we~ taken I,)r I\'MR ~nJhsis for slwdllTe dLICidullon, 

J,7.2,2 lI nalytir m'Le 

For cueh pla11l ~xlnu;t l'nU;lillll, lhe lillaJ purificmil'n ofthc aClivc cnmp!lncm~ aClive 

1;-,u;lioIlS WilS ~arri"d out on analylicalllPLC. Ihe injcetion volume wa~ ~el to 100 fli 

und the flow rate ~t 1.0 mlmin" or 1.5 mlmirf', To p\IIify SPE frJCliom of t ­

aji"h'(IIIIIS, IV sa/waris, Imd IIPLC frJction, of r cUlliphora/us. a reverse phllse C I~ 

column (Discovery :t C I!. 150 x 4,6 n1111, 51·Lm) and mobile phuse oL\I"C\I:HcO "I 

yar}"ing grad ients were used, 

rhe S PE fmctions of H_ aji'ica>1//1 that showed Illl li pbsmodi~ I ocli \'il), R 70, R XO, R 'XI 

and RIOO, ,,'e re run on HPLC III differel1t gr.Klients, The run tim" w~s sell<> 20 mill_ 

rraetioll R70 ""d'; run Jt 40% to "0'% t\leCl\. fr~~tion R80 at 50-IOO'Y. McCN, while 

R90 and KI 00 wcre run III 70% to I ()(f'1o MeC::--.I. 

The SPE fr~dions of A, bcwli>1!1 "ere pll rilied on HPI.C L~,ing a CI(, am ide COllllllll 

(SUpd<;ll Sib'l11a-Aldri<:h C 16, ISO x 4_6 mOl, -' fUll), and lIlohiic phase of /l.kCN and 

1% "lFA Ln H,O, al var)illg gradients. at II flow ratl' 01'2 mlmin-I, The 11m time for all 

the Iiw.:tiom was 15 rnillute~. hanion 60 w~s run on Hl'le m u gradiel1t (,f3m',-

80')-" ~IeCK, fra<:lioll 80 wus nm ul a g;radienloi'4()'}r, -I ()() \\'hil" IraCllon I()() ,,~s rull 

~l ~ grndiClll of 50"/;"'10(),~. , 

3.11 _Fractionation of VCM extra ... ofA. l!Iilf~l()fiul!I 

3.S, I I, lash Ch r(lmat(lgra"hy 

Flash Chromatograph) was ll""d in Lh e inItial s~pamtion of lhc DC/l.l cxlmct of A. 

millefali//nT, The extr~ct (2 g) was dissol\'ed in 10 ml e~ly l a~elal" (F.lAc) rhe 

>,;!llll!ion "a~ IrJnsfcrred 10 a rowKllxmorn r1a,;k, 10 "hich ~ilica (Type II Si gel 10- 4 

.l'K Sigm~) wus added ulllil a homogenOlLs ,Iurry w~s ohlai ,-",d The FtAc was 

evarxlTmed olT (I'lllehi TOIa-eVaporator), and lh~ p lant "xlrael sil ica powder residue 
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was loaded inlO a flat-bottom fimnd colullln (10.5 x 9.0 crn). The colullln was washed 

twice wilh 50 ml of hexane. The ~'amplc waS ellileu with a stcp grMiem, with 150 ml 

increments or IIW. increasing polarity fi-om hex.me 10 FtAc (100:0, 'XJ'IIl, 80:20, 

70:30,60:40, S050, up to 0:100%.) 10 afford II fra~tions. The column was then dutN 

with EIAc: )l.IeOH at incrcasing concentrations of MeOIl; ((){l: 10, 70;30, 40:60 20:80 

.mJ 100% MeOH ) at 150 rnJ per fraction, 

The pmfile of cach fraction w~ monitored u~ing Thin l ,ayeT Chromatography (TLC). 

Fractions with similar proliks were pooled, coneeillrated and storcd at 4"C in pre­

weighed via ls . 

),8,2 C{lluom ChromlitOlg,raph.\' 

Bioassay d~t~~tcd the ant iplaslll<x1ial aClivit y in fractions: 60:40, 70:30, 80 :20, 90: I 0 

(hexane: FIAc), and 90:10, 70:30. 40:60 (LitAc: McOH). n'e ac(iv~ fraClkln~ were 

pookd ,1Il.j tbrlher li-aclionatc.J nsing colnmn chrornatography. Silica (OJJ6.'l­

(L200mm) was mixe.J with DC\! to m~e sluny. which was [l<lllTCd in 10 a glass 

COllllIlI1 (60 x 4 em) and lell. to sett le. The active fraction{20 mgmr') di~solv~d in Iml 

McOH wa.s applicd onto the column and wasl""d wilh no.lto wash out MeOH. Thc 

wa.sh was folk,wN by a slow ~l ~onslant flow 01' FIAc: hexane: MeOH (5 :4:1) 

rno bile phas~. yi~l.Jing a lotal 0 r I I 0 ii-aCli<.>n,. ('() lledeu rraCl;olls of about 2 ml ~ach 

were analF,ed by TI.C' and were then pooled on the basis or the similarily orthc;r 

TLl' pl'Ofiles. 

J.Il'] Sh{lrt column chfOlnatOlg,rapbJ 

Five of the fraclions gen<-"mteu Ii-om COllllllll chromatography showi;'(l goou 

arrtiplasJl}odial aCli\'ity. The-c wCrC subscquerrtly combined and sllbjedeu to 

Ii-ad~lnatinn nn silica hexane SllllT} using a ~horl COIUllUi (7 ml X 3.3 cm). rh~ 

sample (1.1 g) wa.~ dissolycd in 10 ml ofEtA~ and \leOTI (1:1) and was sltl\\-Iy 

applied omo the column using a 200 ~d pipette. 11lC cokmU1 wns washed with 50 Illi 

ol'hex~ne lO wash nllt ~kOII. and then ~IUled with a conlilluou~ Dow ()fIO'Y. DCM in 

LtAc at 0.5 mImi,,'] to all'lrd 140 fractions, Fractions were poobl 10 7 ii-aeti<.>ns based 

on their profiles on a 'l'LC piale. 
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J.lIA !'hin Layer ChromalO~rallhy 

T1..C was p~ri(lnncd 0" WhaLman allLminillTll ,heds ~omed wilh a o.~ mm la~' Lr or 

"lien (Sl gel 60). rLC "as L",ed lO cictenn in(' ll-..:' pr() li k, ()r me cilLkci fmc.tinns 

~enerakd from flash chromalo~rJphy Jnu column chromawgraphy, 1 he' fraction; 

were rcc<>nstitutc.:i in MeOJ I Jnu sp<>ttru on 11-..:1 Ll' shects usil1g 10 ,lLl capilJ, lry 

tub~s . ror the' tirst 8 fr"ctjons gennakd from i1,lsh Chwlniltograpby (100~·() b~.x'll-.c t() 

b:4 Ui\C: hexane). the TLC plat~ ; were Jcvdop~d intk mobile 1'11,1"-' heXJI-.c: LtAc 

((,A). The pnlanty {\i" Ih" m()bll" pha<;e "'a'; incr~a,;"d I() ,I h~X'lll~: FlA~: IvlcOH 

(5.S:4JJ:O.S) s"hcnl system for Ihe more "on-p<,lar ii-action, and all lhc tractions 

gcncl'ated from c.olLlilll1 chwmawgmphy, rhl' 'I'Ll' plmcs "crc vicwcd under 254 nm 

and 365 nlll UV l i~t. 

3.Il.S I'rcpara Ii, e '1 hin La~ cr Chrolilatograllh~ (1"1 'Le) 

.-\ctiY~ compounds ol'wirwd ji-l\m short COilllnll chrom<Jl()gnlphy wn~ m minute 

'ImOlll1t' and ",er~ imlde4ume f{\r spedral ,maly,is rhe ji'a~lionati<)n pl'ocess "a, 

rcpeakd lLnder similal' c<)Jlditions t<) oblJin morc ofloc a<2-livc cOIllPounds, Ihc cruJe 

l'xtra<2t "JS subjectcd to fl,ISh chrom'ltography follov"cd hy column ~hll)m'll.ogr'lphy 

of the ilClivc hldiol1'. T'IIJ~ was lI>ed t() is{\I ,i1~ ~()mpoUllds present in th;,:' act;H' 

Ii-adiolls gellerat~d Ii-om ~()lLmln chrommography. Pr('pJrativl' TLC \,'a, pcrf<)nncd on 

,i lic.a com~u giJs; platcs (Imm layer thickncS>j, roc thlCtions were remll,;ti l.uted 111 

MeOH, s,,"ica t~d al1d JPpl ied on t{\ thc platc ,,,i ng I () ,lli c.api lla l'Y tLlOCS JlH1 dri~d, rllt 

Il,e pl'ltes were developed in 20 ml ofmobilc plw;e FtOA~: hex: lI.\eOH (5 4 :1) 111 a 

glJs; tank, The plat,'s were ti-.cn viewcd under 254mn and 3(j5nm light in I.l1e dark 

mom. The hands wcrc each ,cfap<.'ci <)n' thc piJtl'. l'cc<)n;tit lLtcd in MeOII, rhe 

suspcn,;ion "",IS ci,llilied by filmlli()l1, prep,lred 'I~mrdi ngly and leslcd for ill "iln! 

,111liplasm{\dial Jc ti vil}- Th~ IraClionati(JlI pr(lcc" led 10 11K' j",)lmi <)n Ill' a ; inglc 

compound thJt cxhibitcd antipl'lsmodiai 'Icti"ity, 

The ,Ictivc b,lnd of A, iIIilltjolium ",,<IS p li rifi ~J lIsmg a C~ ~{\l lLmn (Spheri GROM" 

OCTYL. 250, 4 111111. S ~Lm) anJ nwhik phase syskm of :vIcOH: ItO. at a gr<ldicnt 

50 
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of 40-1 om-;, ()\er IS mlnllks ;JI allow PJte of 1.5 mllllin- I, 'J il~ injectioll volume was 

m SO ilL 

The ma" or Ihe isolaled ~ompoul)(h was ,kwrmill~d firstly by I'\lllllin~ samples on 

low r~so IIlI iOIl mass sped ra A PC! 2000 LCiMSi/l-fS, CA. pplicd Uio~y~wms, C31ifofll ia, 

IlSA). Th~ ma"es wer~ re~orded In 1:1 ~v1eCN: lbO aI 25"C. The Iligh Resolution 

l\!a" SI"'~lm ("RIdS) were Hill on ;J Walers API I)-TOr U\;mJ (Wawrs. /l-filford, 

I)SA). Th~ maSS mngc ~canned was k(ween 100-1800 310l11lC m;_"s unils (amu), The 

run conditions wcrc a~ rojj<)W~: sample IlllrodLk:_(;on _,00 ~Imin- I Wmers LlPLc:. 

illjc~lion: 5 Ill. SOUl'~e: [S I -I. ~apillary \"oltag~: 3.5kV. cone v<)lmgc: 35, RFI: .to, 

s{)ur~_e: 100 °C des{)IYaliOll temp: 350"C, desolyalion gas: 350 Lih, ~Olle gas: 50 L'h. 

The 11P1 .C isohll ~s {)r lh~ SP[ ii-;Kli{)IlS or A, beru/ina ",-er~ allalys.ed on Ga, 

Chromalograph: \bss Speclrometer, 1I\1a" Spe~_ Ele~lron imp'1<:1 Agilen! 6890 (ic:. 

\IS)) ,\gilelll 5<)7.] ma~s SCICClivc dClcdor). Samples "ere mn on capillal'} column 

IIP- IMS, 30/l-f.1D (J,25mm. 111m 0.25IUll, aI a Ilow rate of 1 mlmin-', The carrier gas 

W3S hdium, The ini li al t~mperature of the Oyell was '10"C whik the illje~l;on pon was 

;JI ~S(fC Th~ inil1al limc was I mlnllle , Ihe TiJle was 3S dq:ree, per mimLle to 140 

degrccs, and thc Iinal timc was 1\ minlLl<:~ _ 

3.9,1 ;~uclcar Magnetic J{c~(lnancc C'Om) 

The prolon (ITl) and carh{)n (,-'C) N:vW dm;J were r~~ordcd ill CDCl3 or Dr-,ISO .. or 

",",crone-do al room I~mperal ure, al frcq u~ncie s of (,OOMIlz ;1)1d I 50MI I / resl"'~.1 i vel y 

OIl;.1 VariaIlllNITY Inova 600 speclrolllc1cr (V:tmlrl ln~._ , Cahl(lI'Ilia, 1:S'\). Thc sample 

tube (2mm djallle lcr) \V;.1S Ilscd. All th~ chelllj~al shifts (0) ar~ r~porled ill p;ms I""r 

HIIIlL<)Jl (ppm) rdali, e t{) rMS (Ii -0) as lUI imernal ~tanda['d, rhc 2-[)imension~1 

KM R ;.l(laly,i, ;1:1<;1 ud~d COSY, )<0 ES Y, I ISQC alld J I/l-fQC a perilll ~n IS_ 
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3.10 The in rim anlim,lI,uial acfh'ity of plant Htracts and actiw fl"action~ 

A lllunne rrK,del or cerd...-al malaria was us<,d to invcstig.aw the antimllllirlal aclivily 

o['planl c'~lrad~ and s<,kcwd acti,'c ti-actions. The model \YIIS I;mher manipulaled in 

order to investigate the pl'llt~cl.iw and curative Ilclivity 0[' Ihe leskd ~arnrks_ The 

study was gr~med cle~rance Ii-mn Ille Resear~h ,md Hhic~ Commillec' of the 

University o["Cape Town, Imdcr project number ()61.']. 

3.10.1 Animals 

\\'ild SUilins or C57RT ,,'6 rrllce or eil]".,r sex, wei/\hin/\ between 20 30 g.. S-I 0 wc~ks 

old \\~re ohtained Ii-om Inc: Lnive'rsily ofCapc Town (LCT) animal housc. Animals 

wc're houSc;d under standard ~nvirOJml~nl.al condilions 124"C room lempemlurd and 

l'ed with slandard pellcts and \\'ater. Ihe aninl<lls had continuous li-ee a~ceSS In wate>]' 

""d li)od lhroughout the ~xr<'rim~nts. Tl,"" expt'rimenls were condud~d lUlkr toc 

sW"l'Ciliaocc of the elhical commillee oranimal ~are and lISc; ofLCT. 

3.10.2 Acute to"i~it), 

Acuw toxicily 0(' the crude exlrillOls of lhe lih' plant~ was ~va]ualed at a dos~ of 

500mg.'lg hody weighl twicc' a day, The ~xlracts ".,-er~ adminislcrcd orall:- I(lr 7 

consecutiw days and Ib" animal~ Were monitored for a period of 30 days, Panlllleters 

such as survival. changcs in hody wei gIll and general 11ealth indicators such as 

tnohility, paralysi~, and swollc'n abdonl,;n wcre used to a~"",ss lnxi~ily_ 

3.10.3 Pal'a,ite ~tr>lin 

rhe 1'. ber"hei (ANKA) ~lmin was donated hy In.; Swiss Tropical In~lilute, R,,~k 

Switzerland_ Th, s(o~k of (oc parasitc \\'as prcst'rved in li'-juid nilrogen in Our 

laboratories. 
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3.HI.4 rarasile illoculatioll 

The slo<;k of CQ-~en~ilive P. b~rghei w~s stored in liquid nitrogen. The preserved 

p~ra~ile~ were IhaweJ on i~e, JiluleJ wilh &lline and introduced intrapcritone~l1y into 

two mice. as parasite donors. Each animal rl""<:eived 0.2 ml of the inoculum. Aller 6 

Jays, lhin blooJ smears weI"\.' prepared and llx: para~itemia was determined by light 

microscopy. The hlood from the donor mke was colleded throllgh tail bie<:ding inlO 

IIl'parinised bottles and dilU(e<:i wilh saline ~ll~h lhal 0.2 ml or bk)ou ~ontaincd 

approximately 1 x 106 inli:~leu n:d hloou cells/ml. rhl' animals (five' of each group) 

were inoculated intrllperilon.:ally wilh 0.2 ml of Plasmodium berj;hei ANKA 

p~ra~ili/.ed hlood. The donor mi<:e were sa~rili<;l'<.l b~ <;ervical dislocation. Parasite 

straim were maintain<:{i hy ~eri~1 pa.~""ge of blood I'·om mouse to JllO\l.>C. 

3.10.5 Treatment ,,[animals 

The le~1 prOlocol wa~ based on the 4-day suppre~~iv" le~l a.~ des~ribed by Peters et 

at .. 1975. A tolal 01· live infected blllllntreahxi mice served a~ a r""g~liv" <;omrol and 

re<;"ived the solvent. Another grollp ol"five mi~e inliccted ~nJ treated with CQ serve<:i 

as positive <:ontl"Ol. The lesl ""mpb were administl'roo at different do~age~. The 

~nimals were II"\.'ated orally or sub<:trt~neou~ly for IOllr ~on~e<:uliVl' d~y~, with 0.2 ml 

oflhc,test sample. The <;llId" eXlracts weI"\.' dis,,<)lved in 20% FtOH. 5% hic~rhonale 

in H20. and given at a do~e 01"250mgiJ...g On~e a day. Thl' animals were mark"d hy a 

hla<:J... permanenl marker on the tail. 

3.10.5.1 Supprcsshe lest 

·1 he suppres~i,·e l<:~l .... 'as carried OU1 10 "valuale the :;.<;hi7(lntociJ~1 ~cti\,jty of active 

fractions of W .\"(Jljlwr;.,· anJ A. hel1llina on early infection. u~ing llle nlt'lhoJ 

uescrilx-d hy Knighl and T'ell'r~ 1980. The mi<;e were divided into fuur groups oi"tive 

Illke eadl The d~y of inoculation wasl<:rml'd Dr). On 111" Ilr~l da)· (D,,), mi~e we're 

inoclll~kd a<;cordingly. Treatn"W:nt ,vith the fra~lionsldrlLgs <;omnll'nced 24 hour~ 

post-ino<:ulation. The ii"a<:lions were administered orally at 250mg/kg once a Ja)· tor 

4 ~on~e~lllive days. CQ (lOmglkg) wa~ given to the positive control and an equal 

volume 01· 5% hicarbonate was administered to the n.:galiv.; <:onlrol group. rhin 
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blood Sillears \\W~ made on the lilth (by (D,,). '~l{1 Ils<:d in <I~s.e,sing the activity of 

th~ k~t &Illlpks. '1 h~ avcrage CilCIlII'SlLppre'>siOll (\rp<lra~itemia Wii;; Then 'i~Clll'ltcd. 

3.1(1.5.2 !::"a lua tifln fIl" pr"ph.1 Inctic ad" it~· 

rhe te "l wa~ p<."rl(lrln~d lo a s,;.:% th~ prophy lacti<' acti"ity of fraCTi()llS of IV sa/wari.,· 

and /I. helu/ina [lsing th .. · rndi1r,,1 d~scribe,1 by I'ekrs 1%5. Thc mke Wel"C randomly 

divid~d into four t~st groups of five mk~ ca~il, two grOl Lps per eilci1 tesl IriK·tion. The 

lllic~ were administered orally with a 250mg.."kg dll~e 01" the Ih!~l ioIl~ ror 3 

("on~eClltivc days (U,l- 1)2) be/cue inred ion On day ..( (DJ. lhe m 1ce were in<xulaled 

Wilh Plw'modium haghei (scdilln .1.IOA). Fol illwing infedilln. ()ne grllup li,r each 

le~t sample stopped trcaull~m wil ile th~ Ilth~r grolLp cominlLcd ,,,illl tr~atmcnt for 

rmther 4 day'>. Thin bk~,,1 "m~ars w~rc llIad~ on day 4 po,t-infection in both group~ 

and tlIC parus i t~m ia levels \".~re uss<:s,ed . 

.1.10.5 . .1 ('uratiH' t{',{ 

The curali\e I,,~t e\"allLaled the SC'h,/onhlcidal adivily in e,,(ablisiled inftttion llsing J 

l110dLiied lllethod silllila r lO thm dewribcd by Ryle) and l'elcr, I ')70. On the first d:,~' 

(DiI), mk~ \V~r~ infttted a, in scdion 3.10A. III this case, or<ll tr~<llm~nt with the teSl 

fraction, Jt J d05e of250rng/kg n)mm~n,ed 011 dilY ~ (72 Il()Llr~ <liter in l;xtion). CQ 

(10 mg/\;g) \\·a,; gi\"<'"Tl 10 the illlsili,~ c'omrnl ,m,1 an cqual vollLme of 5'Yo bicarbonate 

was gi~'~n to the negative control group. TreiiTment conlillued dai ly ulllil day 7 (4 

da) " posl-infect i"I1). Tili tl blood smear" ,,·ere mad~ on lhe 4'" day po~t- i n kct i(lll (0,). 

The iK'li"ily 0 1' te~l '>ilmpl ~~ wa'> e\"alual~d by ob~crvmion of '>lLnivai, bcha"iOllr<l1 

changes. typical signs of cerebral mal ilfia. <lnd p<ll"i1~ilem ia leyd" 1n m 1ce. S m\ L val of 

lh~ ml("e Wi!:; ()b~erved nero day. l1,e mean '> Llrvival time fM ea(il group wa~ 

dctcrmincd ari thmeticall) by fiLlding the average survival time (,by~) 01' the nl 1Ce 

(]XJM- inoculatioll) in e<lch grOllp oyer <I period 01' 20 d<l)~. Para~itil.ed er}throcytc, 

\\'ere (.o lLnt~d in Gic>Jna ,wined thin blood film,. Th~ fillll~ \Vere l11<l,le Irom the lail 

blood or each mOlLse, fi~ed with me1hilllol, stained wilh 4"·1i Gi~~ma al pH 7.2 for 10 
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minutes and examined microseopic;llly_ Tho; par;lsitemi,1 level W;lS determined by 

counting the lllirnocr of para~iti/,ed ~r}lhrn9ks old 01- lnlal ~rythro~ytes in r;ln<iom 

fields of the miu()scope. The pefCc'ntugc' dK'lllO suppression ofpamsiternia lilT eaeh 

cornp<.llllid ",a~ caicllla!cd wilh tho: fomlllb (A-B/A) x I()(), wocre A is the a,~rage 

pern:ntage pamsikmia in the negDti,"e fOntwl grOllp and B is the average percentage 

pJrasiterni,1 in the tesl grollp [Toru ci 01., 2oo1J. Paw"ilemia WilS observed from the 

fOllrth day posl- infectio11 and every ~ccol1d or third day th<.'reafter. The Ill<-'an 

parasitemia. survival lime Dnd weight were determill<'d and analysed graphically 

using the Microsoft excel XI' and Prism vision 4. 

3.11 Statistical analysis 

Data omained from the study were ana Iyzed statistil"ally lIsing Swdent's test, uml 

vDlues of l' < 0.05 weft' ~{l11sid~r~d sigl1ill~"nl. 

55 
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Chapter 4 
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..j. Results 

4.0 Intrnduction 

'111is chapter reports on the results of the extraction of planls, ,mliplasm",]ial and 

eyloloxi~ily acti"ilks or the extracts and active iractions, bio·activity guided 

fractionation of extracts. and ph)10ehemieal analysis of active ~onslitucnls of th", 

extracts. 

Tm.' yield of lh~ extracls IS expressed as a percenlag~ or dr} w"ight or the plant 

matcrial. The pl'Q~edure for anlipbsl1lQdial a~livity of ",xtracts, Ii-actions and 

compounds was i<,lIow~'"<i as detaikd in s<cction 3.4.5. The antiplasmodial activity of 

test samples was determin~d hy their 51f';. inhihitory COTlC"ntralion (IC",,). Extracts 

",,;th antipbsmodial activity of 500/. inhibitory concentration (ICo) of lO,.,gmr ' or 

kss w""",,, consider~d to haw significant act ivit y. CQ \vas us<-'"<i as a positive control in 

all the tests for antiplasmodial activity. CQ exhibits I Cw valn",s of 7·15 ngm r I against 

1!J<, CQ·s"nsili,'" strain I) I 0, ami 100-200 n;tmf' against t1w CQ·resistant strain KI of 

}" falciparum. 111e ~xJlt'rim"'nts w'",r", don~ in dupli~at" on thr."", dilr~,,"nt occasions. 

The plots shown in this sludy ar~ a P',ok<.i ~ombinalion of dost' ""spon,,, eunes used 

to determine the mean (n=3) ICso value. 

The ",xtracts, ti-actions and compounds thm shm\ed antipbsmmlial activity against 

DIO w","" scr~,\)Ik'"<i fix Cytotoxicity on Chine>c Ilarnst~r Ovarian (CHO) Cell lin~. 

Emetine was u,~d as a posiliv~ contml. n~ lc'«l ol'emdine is in the mng~ 0.04·0,06 

"gmr' . The solvent control, 20%. McOlI did not haw any "Ii"~l (ICI<'> 100 )lgmr') 

on lh", anlipiasmodial activity or cytotoxicity r~sults of the test smnpks. Plant 

~xtracts, fra~tions or ~ompounds lhal shmh'll ",,1cctivity indiccs above 15 wer~ 

~onsidered 10 have specific antipiasmodiai a~tjvity as opposed to gen",ml c!,10toxi~ity. 

1 he dose resjJQn:re curws of posilive ~onlro 1 drugs and solvent control nr~ shown in 

aPP"n<iix A (page I gg). 
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4.1 T"F"I}ntmthu.\ ('IlIHl'fw"lf/')' 

~.1.1 Introduction 

1 h~ lc~f makrial of l' cafllphorafil., w~, ~xtrJClcd usi ng H,O. \1eOIl and J)Cr-.1. 1 he 

crudc CXlrJl"b wcrc prcpared appmpriatclj and te'tcd Cor antipla<'motliJI xtivit} ill 

"ill'o agains l th~ DI0 sirain of l' .1;II<'il"I(IIIII. I'h~ al".liw l"llIde extrJct was subjcncd 

to bio-guidcd f r:Kt iO])el1 i on usi ng a <;cllllbin,l(ion of I [I'LC'. SJ' E and TLC Ie,' h n iques. 

~.1.2 Th~ in vilr" ;, nli pla,,,,,,dial ad i\'il)' "r Ihe lea r nt noe!, "r 1: campfwmlus 

lh ~ J)Cr-.l kaf atrm't of j calilp/Wf'a/lt l , ho\Ycd antiplasmodiQl a<;livity JgJinsl II"" 

DIO st rain with an lC Si' va lue 7.60 = O.b !lgml- '(l ' igure 4.1.2 .1). Ihe "\kOl! exlrad 

,ho\ycd moderJt~ activit)' ([Cl':' - 10.4 _ 1.2 ~!gm l- ') . while Ih~ watel' extr<ld showed 

little al"tivit} (jCiO > 25 I'glllr') (Tabk 4. 1.3.1), 

." 
< 
~ 

... 
, , • , 

• '("- 7.,._, ,,,, 

, 
• • 

~~O[DCM . " ,, " r .'.""..,o,",,,,,] ,'om' 

~'i~u r< 4. J .2. t 110'0 to't)(tos< "U",'O, of {Il' flC'1 oruoJ. "' tr.ct (\/ T. ('amp/wral'" ~g~j"-'t {Ill' [) I {I 
.",1 K 1 ,(c"io, of f'fi,/cil'urllm 

4.1 • .1 I d cntificati"n "f t h~ actin Vri n ciVics "r tht DC\l crude extract of' 7: 

camp/lOra/liS 

An aliquot of the cn,de ~xlril<;1 WilS ru n on IIPI.(' ill iJ ,l-';Illow gradi~"t 10 "iewall the 

e(lmpiln~ nts or lhe extra,·!. rhe grad i~nt wa <, adjwted accord ingly 10 i mpr()\~ 

s~pat'aliolll""'I"v~en th~ <;omp(m~nls, Filur li-i",ti",lS (1-4) were cilll~C-ted sqmmtd} as 

ddiocal~d on lhe HPI.C chromatograph in J-'i gure 4.lJ.1. 
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Figu," 4.I.J.1 Th< chrum;Jtogl'Ilm of tho f,,11 II PLC pl'ofilo of the HeM (',{r"ct of t. 
~(/mf'l",,,,'u, ,..," n" ~ e" collllnn at a ~mdio"t of IO-tOO',,' McC~ in 11,0 0",", 40 rnintlr"" a( 
fim, )'"'" ofl mind" '. No ,·omtitllonr. ci"tcti alter 16 minutes. -

The yields Ol the rractions cnllCded h)' HPLC "ere 10\\ and ~()LLld nol be "~lgh"d, 

t h,;rcfor,' a qualitati IT compari S(m ruther thaI a qu,,"tilali vc analysi s or ant i plasmodial 

~ctivi ly W~, cJrri~d QUI, ['mctions I and: showed equal anti plasmodial aeti,-ily. 

fi'Gclion J showed no ac livily while fmction 4 showed the higlwSl activity. Following 

l(knlill~Jli"l] of lh~ active fi'actiQns. SPL (d<!wiis sc,' ],7.1) WJS ~wrfQL1n,'d to 

~"n<;enlrale the iicliw li-a<: liol] , using 1 k duting sysl~m of illcr~Jsing 20'/0 incr~m~nts 

ofldeC:-J ill 1120. SPE iractions 40, 60 ~lld ~O (%l\.kCN) siwwt'd ~ctivity with IC5~ 

va1lIes -/.Ii + O.ti Il ~lI11', 3.-1 I 1.2 jlgml : illl(' ::',::' .!. 0.2 ,11gml I rt'spe<;t i\'ei y, G' Sil(mll 

in Table -1. 1 .. ,.1 and on thc:ir respective d,,,e res]'(lnS~ ~urve, ill f i ~llre -1.1.3.::'. 

T .hle ~.1.3.1 Th" ., idd, ""d ""lil'l"I1",(]i,,1 _eli, ill of lhe 1,,_ r erutle nl,.el, _nJ SP[ rmclion, 

of lhe nrM ~,II'.c1 of T. <'<{I"pl""""". 

Plant extract 

DeM 
M,'OH 
H,O 
Sl'E fi'a~tiQl1~ (MeCt-; (I/o) 

.0 
60 
80 

Yidel in percentage ('Yo) 

0.9 
2.4 
IS 

I.l 
O.S 

ICso me~n --'- S,D (Ilgmr) 
ilJ(J SImla 
7.70 
10.4 

-/'(i 0.6 
3.4 1,2 
2.2 0.2 
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f" vitro a nli pia, n",dial al,ti\'i~- uf the 81' E fractiom 

, , , 
i , , 

'" 

.. " 

, 

", 

, ,. 'OIO~ - "." 

so,!>:·,."_ ,,,...,..' 

, 
,"", ,.. " "" .. .,. " r. C .. " "",,, '0_1 .~~ , 

'" 

""" c,,· ",", ' , .. ",~.~ - ,.", .... ' 

Fi~,,,-e ~, 1.3.2 The '''''ipl:'''H",jial "e'h' i'~' nf 'he SPE fr",tinn, nf IJCJl ""r",! of r. ""nIp/wr.",,, 
agai n" the IJIII ,,,,,j Ii: I <train" 

-1.1.-1 I'uri Ihation of Fraction -I (T -(,0) 

fraction -I (T-GO), ~s identificd on HPLC. w~s present in both SPL fmctions 611 and 

1(0. T-60 clutcd at J rctcnt ion timc of 3.'14 mi ~\I1cs m specified chl'omatogmphk 

~oJ1dj I i(\n~ (figurc 4.1 .4.1). The purified peilk (T -(0) sh(\\\cd ilntipJ iJ ~mod iil J ;KIl\ i I)' 

"r 2.2 c. 0.3 jlgmr i iJild 2.4 -'- OJ jlg.mri ;lg,,;nsl I h~ 0 10 ill'd K l ~1r;l ill ~ "I' p_ 

fiJ!dp"rum n'~rcrlj"" I >_ The cltL~ idakd ~hemical SlrudtLrc ni' cO)J\lp<lund I-GO IS 

,I\(m 1\ in f-'igltl'c 4 . 1_,). 1_ 

3.935 

" , " 
,J "'" " 

CO" " " ;,. '"< " n ., 
1'\( , 

J ., 
, eo .00 "'" ,eo 

~ .<c., 

Fj~u,-e ~, 1.-/. I The H P LC 'h nm,.wg'-. no .nd I.'V ; pctLrUH' of '''HI po"nd j.6O pr«<n, jn 'he SPf. 
60 [""eliuu. ruu "I. g ,"uicHluf4I!-NII % " l<ei\ 0'0' J5 'Hin"I<'", 1.5111I111j,,-' 110" ,',"e. 
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4,1,5 rurifkation ol'fraction 1 anti rr"eti"" 2 of the 1)(1\1 nud~eX!l'a,·t of 1: 

[' lIInl' h oral U ,j-

Fra~liv", 1 ~nd :: Jpp<'ared as single peaks on (h~ Hl'I[ chromalogram or (he crude 

extract. TI.,., two k,dio", were wllecl~d lind run s~parmely On Hl'I[ at Ih~ , ame 

gril\ji~1ll as th~ crud~, Thc chromatogram 01' each peak JPI:>eared to hJv~ thn:e cXlra 

P<'llks, Thco.c r~sllits suggcsI~dlhm ea~h pe~k l'Olle~l~d Irom the crude extrad could 

he ~ comhina(ion ofthrec compound~ with clo:;., rete11lio" tim~, _ It "va~ ~bo po"ibk 

11"'1 lh~ l'Ompourl\b r~pre'em~d by the original peaks in II.,., crude wer~ un,lahle. and 

cou ld hm-c dccorllpo,~d imo lwo olher cvmIXllll1d,;, 

In r~~ollel'ling lilldion, 1 and 2 on ILPT ,C, 5CvcrJI II1tcmpls w~r~ made to irnpro\'e 

o.cparmicl" hctwcen the Ii-aclion,;_ TI.,., c'ollCemra li on or ill<! ~ampk run on lIPLC WJS 

lo\\-er<,d to J\'oi,i o\'erloadin!, of thc column rhe gmdient \\'[1.< ma,le more ,hallow 

(20'>;'-40% MeC:'-l o\~r 4() minutcs, !low rate! ,3mlrnirf') 10 illlProw re~ol lLlio" amllcl 

~\oid ~ny v\'<,rbp or CJrryo\'l'l", '] hc sample was d isso l v~d in a more polar nlOhiie 

pha,e ( 7:~ I H1: \1e(,1\') Iv improve separation, '] hc conn~ct ing ru he from the dd~ctor 

lcl the coll~ctin!, ~nu was sl Hln~n~d 10 redu~~ rossi bi h li~,; 0 I' cmss l'O)ll~m inali on. 

rhe p"aks ",ere lairly spread out fmm each oth<'f. with ~ n:so lu tion faclor of 2,5'1, 

HowC\ ~r, \\h~n t h~ eolleeted pe~b were rim inu1\ 'duall:' on I [PI ,C, ~ad1 peak 'Iill 

yidd~d two other pcllk~ (figure 4.1 5.IJ. I'~ak I and rx: ak 2 W~r~ s<:parakly fUn 

i~o(;[m i call y at .1S~/;\ \1eCN lo invesligme irlhe cOl1lpound, were nol co-eluting wh~n 

run al a gradi~nL The re' Illts were simillir to til~ oncs obwineJ pn:viously, 

,. . . ,. 
o 'c, , , ". I I 
O~ 

, 0. 

",-
O~ · 

,. 

Fi~u,'. 4.1 .5. I The chn>m"'ng". m of "p"k 1 ~ f,"<tinn (, imill,,' t" thJII "f ·'reJ1 k 2") i,,,I",.,1 fmm 
Ill,' "rude "lracl "r 7: ,·,,,np/Wl'alul. Th. I"'Jlk '"'' ,'un nn C" "I" gnorli,,,t nf 1I)·M ·,'~ ,"I.Cr-; "n..­
] 5 mi" .1 • n"" ,·.le "r 1.5 mlm in·J

, Th, ",,' "re~k," ']"",-ed , imilar d,""mp"-'iLio" ]'" Llem" 
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I hc >uggc>t ion that the cc)m IXlUI;d neprc::",] ,ted by nlle (\r lll ~ peaL was lLll stahle and 

J~n\ml)< 'o~d il1tu two utlwr compound, ,",'emed io be a sen, iblc inteTl' r,'lalion ,)flhe 

rcouTts irum lIP I c:. To jn v~ot i gilte this >ugg~" ion fmthcr. the 1 LC s,,!"lra tion method 

",a, applied a, an alk'lIp ll() puni}' ii'a~l;()n <1nd ii'a"l;on2. 

-i. t 5. t J'hin · l~y c r ch"omatogr~phy 

rme,;()", 'peak I' alld ' pC::<1k2' "cn; separaled on a TI C p lal~ <10 desnibc::d m >C::d;nn 

JX4 u,ing th" Ilwbiic phase. pctL'O k um "ther: DC\I : LtAC: l\- !cOH (I: I :~:(l..:, ) , l hc 

resu lt' r~\'~aled thai th~ TtC rJ'Ofiks "f tbe t\W fra cliono "er~ , imi iar. "jth the 

pne;;encc "i-lhrc::~ nar;d, "jIll R,. ,alu~, ()I" IL36 ~m. O.27em alld 11.2-1- ~m. The balHb 

Were scraped trom the' I'ta lc,. reconstiuncd in mobile pha,e alld run on lIPLC, 

Unfortunately the 1ll'LC clll'omatogL'JLll results ohiaim'd for ~ach hand >till slK\\\~d 

the pr~s"n~~ oi"lhrec' r c'~k> wilh similar UV o)X'ctra figur" ,1. 1 ,).2 (~) and (b). 

The IT\, 'p"ctra or p"ak, pre,ent in Ih" HPLC l'rfllile or crud" ntract and or 
IIPLC rractio,,, of T. ('{lml'horalll,", 

\ , 

", .,"'.~,,,' [,"", .~""J 
~T_","<""'" [~."' __ ,," 
~~," . O,<~_"' [0.", __ ", 

" I ",. U 

f-l 

"~. 
'"' 

...,., . ''','-,~'"' [""""-~' "",n,,,, ... ,,, [".'" "_.'0' 
"'-''','Q' ~'n' [Cn"._," 

rig" 1'0 ~. L~.2 (.j c omp" ri'OIl 01 the l'V 'p.,."r" "I th" th ree "rigi n~1 p". ,., in till' <"ruut' ",[rae! 
"I T, t'amplwrIlt"-' Ilefl) anu Lh~ II V 'poe!ra "f lh, Lhrn I"-'a,, pro'~nl in lh~ isolntod SO mptos 
II'i~h'), 
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, p.,., L"F ~U,' • ,,,~, , 
" "" ,. 

".~U",,· 'V_ " " TO,,," " , " ,j ~il ,i'r , "''' '",- , '""_",0,' .", • "7' 
, « , "'" 

'""'--
Iii 

I , 
, , , , , , 

, \ & :~ ,/" ., "I, ,¥lillI'" 

,..,,- _~,.c- ----.-~'r .," « ,,' - -';00 

~" , 
, ,r . , '",~" " , ". " " '" ., ,.,.,,, , '"""",,.,,' J 

N·" , m u, o.,~", ", ,_~.~_.iJ ,. .T, " " r~, ', i 'U.,._dJ 

Ihl 1'1,,' O()fIlI'""i'OIl .. flh< L\ 'I'<olr" orl":"~ I .nd Z fnl'" lh. "1'<" J"' f,-'Olioll (kH) and lh . 

~, I ,(, Th<, ill "'1m ~ ntipl~sm od i~ 1 H(>fi"i~' of ··pcHk I" ~nd " pt'a\.; 2" fractions 

i'obt~d from th~ crudl' cxt,.,,('! <If T. (·ump/wl"ll/".)' 

AlthmLgh lh~ all ilpb :;Jnodial ac-l1\, lly 1~ :;li n 8 was periil rrncd using >amples that w<:r~ 

not ahso lutely purl". tllnc Was an ohs,- f\ 'abk cnrichm~m of each peak of illl~r,'st, 

"hich accol<llkd fo r tlk- maic)l' pMt of th~ act ivity, J'ractions I (' p~ak 1') ;:h<.l\\'~d 

acth 'it\, ,vith all IC", of {;_l ~!gllll -I and 6.2 ,ugrnr' "gains! Dl0 'll1d ,,1 Sl ra111:; 

respedivel" . wll1k i'mclwn 2 (" rx;"J,; ~') Il ad an IC", of 4.2 ~!gIll r' and 4.1 2 ,ugm l-' 

a),':ai11sl Dl0 allu Kl slraills resI'''C'-li\'~I,,_ The r~'pecl i v~ do;:c r~sp0nsL curvcs arc 

shown ill I 'igurc 4 1'(' . 1, 

I hc ~rU(k ~xlr"ct ,ho\\ed no tux k i,: (' n-':~h "I 1.e :;l.eu con~L'Tllmliolls (l C ", > ILXI "gml' 

' ), Tl lc isolalcd NlIIpo und, i"6(), and fra ction;: "pcak I" nnd ' -p~nk 2", exh ibited less 

cytotoxicity on th~ CllO Lcllli)1~ wilh lC", values 79.4 ]lgll1l i, (d_ l "gmr' and AO,] 

"glll ]" res]lCcli\dy (F igur,- 4,1.6,2), 
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In ,"hm ,,"!;pbsIllPJ,al '1<.'1;,'; 1), ~nJ cytotox icity of HPLC rrac!;p'b ami ;",ia!es "r" 
I)C Y1 extract ofr CWJJpho!'Olu.I' _ 

Kl __ .1 

, • • 

01~-p.".;;: 

"" • c.. • .,w..,~ , 
f , \ 

, , , , 

~ ". ,; , , f 
~ • , L_ 

, , , , 
u" [" '<Ii ,"""' Log ,On", ,.,.'"' 

fi~ur~ 4.1 .6.1 [)",. ' -~'F">n,'< ,·"n'., "f en I'ie,.d '"roak1 " and "poaU"' fraction, 01 I: campl"''''!u_, 
a~.i,," the [)In and 1..:1 ,(,-.in, nf P./llldp<lrum. 

, 

, \ 
• 

..... , Pc'" 

El"" 
-. -, 

I-'i~ "n: 4. 1.6.2 l),,'e re"lx",,< <lJ'-"'" ,h",. in~ ""i<it) .ffl~'f nf th~ JX'M nud e . , t ,.cf. f,.c[;"", 
ami isol01e, of l: complwrOlll,1 "n (11.- ello cdl li"L 
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4.1.7 Ma~'~I)edr"lIletl)" 

The i",iatc'd peak Sltll'pk, ""nlai,..,d mo'e Ihan or", ClllD)XJund. Th<;:ir p"rily WilS nol 

'llffkicnt 10 "btain NMR and nkllc~" l ar limllu la dala. hoy,ewr their ltlOk<:ub, mas, 

WJ, delcrmincd using low rc", llllio[] rll.:.", spcdrmllclry. l'~ak 1 had a lllokndar 

w<"ighl of38G,2G whik peak2 had a rook,ullir wci)!ht of 4()X,:n, 

4.1.8 NMR nfcom(>ound T·(,f1 

A,si)!mllcnl "f I he lll< )lc~u lar Ii, rmilia C "H I ,() I \\"" bils~d "n lll<: IlR -FIS-/vlS d"l~ 

(miz = 257.()X2 1 IM- ]. c<lkumled 257'()XI4). Thc 'H. '\:, alld ~D-"MR; HSQC. 

lIIvl(lC and COSY .'{\1R Me ,1lIlllnal'iscd in lablc 4.I.X.1. SIX'elm MC in appcndix Il 

(rage 1 gtl). Th~ chemical 'truct'I," "rlhe <:O\nl"-,und is ,!K\V.11 in figure 4,1 ,'I, I. 

T~hl< 4. 1.S. 1 Th e ,umm,r}' of the '11. Be COSY ~nd H~Qr 'P"'t,~ "f<OIopou"d T-60 is"latrd 
frmn ~pr 60 .n,l NO ("clion, of T. ,·uml'itoTmus. 

~("ili,"l Ii 'H (J HLJ S "l' , H\H)l' COSY 

, 5.46 dd ( 13.2, 3.O! Iz) 79,Od i 11 -3" 

3. 3.09dd il' .9, 12,(>IIz) 42,81 ' C-I ·. C-4.C-4, 1l-2.1I-Jb 

,b 2.n dd ( 15.9_ 3 .0Hz) C_I". C-2. C-4 H_2,H_," , 1'14,9; 

" 102.lls 
, lM.1s 

0 .,.gy J (}.llILj '1.1.7d C-7. C-S , 167,0, , ,.93 d (2.1 Hz) 9UJ C-7. (:-~a 

" 163}, 

, 119.0, 

" 7.49 ,I (7.~HL) 125 9J C-1. C-j ' H-3' 

" 7.11 IIL\H~) 12~.Jd C_I', C-4". C_j' 

, ' 7, 36 t (7,}l1lj 128.2, C-5' , ' 7.41 t (7,5Ill) 1 2~.Jd C- I'. C" ~, 

" 7.49 ,1 (7.KH,) 1 2'.~ C·2'. c·,' H-2' 
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-4.1.9 The chcrniflll , trlll"tuTC of' l -60 

~ 
~ , " , , 

/ 

" " 0 
~ f \4' "0 1/1/ ~ "-. < ; 2 , .~ 

~"~/~ .... 4:- " 0 
, 

• , 
~ 1 '" ]' ~ " " ~ 0 

Figu", 4. L~.I 1"1," chomiral ,t ,'uchtl',- of T -6 11 

-1 .1.9.1 A,sigllmf llt of De and 1H Nl\IR 

n,e ah.,ence oj' a "IOESY ' llCdrum indicated thm T-60 is a plilllar m() l ~c "le , 

IllC molecular mass of miz -256 suggeSled a 15-~ ari:h.'ll mole~lIk, I'he l.IV <'llC,-trum 

01' the mokculc \\'as highly simi lar 10 lhm 01' l1avonoid<, as il consisted of two miljor 

al\<orption maxima al approxim ill~ l y 270 TlIn ,md 320 nm. which origin ale fhlln the 

A-ring and IJ -ring 01' flavono id" The LWO mda-coupled doub lcts at Ii 5,89 and <5 5',1" 

(J - 2, 1 Hz) are typical of protons on Ihe A-rlTl )j or fla\'onoids with O-group 

sllhstitutiol1 aI C-7 and C-5 posilion" 

The ''''-<lTl!lnCe> 01' the H-ring o\'eriapllCd d\1o.: 10 the ':'mmelri",!1 nature of the ring ell 

C- I' ,IIld C-4', r he syrnnlclry caused C-2' signaL to mcr lap wilh lIwt of (' -6'. and 

similarl) sign il l> 01' C-J' o"~rlappcd with that of (:'5', i\ pair 01' (mho-coupled 

dOllbkL< (J - 7.1' Hz) m Ii 7.49 integrated I"r lwo prl)lOn<, " ,hidl w("re id~llIifi ed as H-

2' illld H-o', H-2' and H-ti' I'l'OlOnS were l i Tlk~u 10 carlXlTl al Ii 125.') through 

,-orrelmiono obscn'ed in HSQC speclrum , A pail' of ol1ho-coupkd tri rld> (J - 7,5 Hz) 

at I) 7.4 1 imcgrated for Iwo prOions id~llliiied as H-3' and H-5'. 11SQC cnrr~ la liollS 

linked h .'lh H-,,' ,md H-5' to a carbon aI ii 128.3, H-J' and H-5' protons \\we 

di,tingui<,kd from 11-2', 0' pn.)u-",> a., lhe) always resoll,m~ up-fidd, illlU re'-<.lTlalC as 

Iri pk l' due 10 tl", audilional splill ing by fI-4', n,e lnagllillLde of thc coupling 

~OlL'lal\lS and ,-orr~latiol1s ill COSY anu HMQC spcdra resolwd It-", plbilioniTl)j or 

proto ns 11-3', H-5'. anu H-2', H-6' rrolOlL'. PrOlOll 11-2' illlCracl ~d wlth the H"J'. H-5' 

pair in tbe COSY slxctruln. illld cOlTeimeulO C-3' in HMQC. I'unhcnnore, H-T, H-5' 

.,howed correlalionlo C-4', 



Univ
ers

ity
 of

 C
ap

e T
ow

n

,\ doubk de\ uhll'l ~l .' 5. ·Hi "'''S ~'signed TO 11-2, I hi s signal is highly chJracteristic of 

tl a\'J IlO!leS, /lSOC linl<XI H-2 to C-2 at Ii 79.0, TI", CO~Y spectrum le\ eaJcd Ihat 11-2 

,'(\urkd wilh twe\ de\uhk dnubkts aT Ii H)<) Jild Ii 2,7l(. a.ssigned to H-3J 311J ILlb 

rC"I--.ccti\l'ly and l""hLtioned .11 C-" ill., 4S.2 through ,'orrdations in the "SQC 

'lXctnlln. I hdr positioning was continncd by their doubk doublel .s pl itli ll~ pallem 

due to 'pill-Spill In (('mction wi th each othcr, and ,vi lh H-2, This inlormalio[l "as 

highl;- supporti,e of 'l Il~\~nolle , Corre lalions from the 11-3 protCII1S to C·2. a!ld C- I' 

""rt: ob."'rv~J inlhl' H\lQC spe~lrum, 

The c'ilrb<.m;.1 ~t.' 1 ~4,~ ~nd two hi ghl: dcshi ei<kd quaternary carbolls at Ii 102.0, and 

163.2 werC a~"gncd 10 C-4. C-4~ and C-gil re~p"cli\'el) T,,'q and lhr~c bcmd 

correlations from the H-3 "r..,tons LO C-4 ami I'rom H-1a 10 C:-4~ ob~cr\'ed ill lhe 

I l\II)C spo,:drum resolvcd the a~signmcnt of thc quatcrnary carbons. j·l\1()C 

e<.mlqurs fi0ll11\-(iand Il-S to a ~Mbonat Ii 167,0 (C-7) and from 11-6 to a ("adx lll ~t,) 

164.1 (C-'il re:;.oh-~lllhe p"Sllioning oJ'C-7 and C-'i, The ~ '->lh~ni" g oi' 616.,.210 C-gil 

was also s LLPl'oneci by the H\'l()C corrcialion "b..crvcd hL't"ecn H- ~ and C-i\a. rhc 

sl--.crlros~opi~ dma ~upporl~ d li", dmm~l~rizalioll of ~ompollnd T-1i(1 as 5.7-

dih)- Jmx) fla\'a!lonc. 

rhe DCro..l cxtract of T <'amphora/us slm"',d all li plasmoJia l artivity agaiJl~t LlII) and 

K 1 ~lraills "ililOLLl any eviJell~e o f ('hlow'-jllLnc rrn~!; rCSL~lan('e l--.c l,,-ccn thc t"o 

strains. I'he r~sul t8 of antipli15111odi~1 ilCt i\ ity e\f!!J;, extl""! ,l[e in ilb'T~~menl wilh 

acti\,;t: reporteci by Clarkson el <If .. 21)04, Thc rq"Xll'led activity was ho,,~vel. without 

f"i;'len~e I.e\ (Oxicily. illld the ~on~ti tuents responsibl ~ liR a~liv il) remaineJ 

wlidmtificd. rhe resLLil~ in (hi, ~tLLdy havc indicated that tlk: extract has rdath'dy less 

cytolOxi~i ty ag~inst the m~mmilli~ll ClIO ~dl lille, The sele~ti\'il:- 01' lhe 

mlliplasmodial acti\'ity was high by a magnitLLcie of ovcr 12 for thc crud~. and 14 for 

purilieJ thlction~. 
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The r~,,,ILlli,," r:'dvr illr 'real; r ' and -p~"k 2' frllCllvn s WilS fOlln d 10 be 2.5'), 

Res" lul ion ,' aILl~' f;re"ICf ll", ( .~ m~ rqprded a~ good r~ so ILlli ()JL There r(,,~ il "a~ 

highly unlikdy lha( lhe re "R, Jny O\·crlap or ,'m!')'"""r N"IWC'ell the [mdiort'i. InSlcad 

th~l~ is a high rvssibility that the comjxmnJ" in 'p~Jk l' ,Illd 2 hav~ sirnibr dl~mical 

simdul"s \\·ith i,kmica[ c;lrbon b;lcklxm~. Ih" CV spectra of 'p"ak l ' ,md ' p"ak2' 

w~ re Simiiii' . furtha1llo re, the re,>u lts alsv rev~ akd that the CV sp<::ctnl nf lh" Ihr"". 

p"ah pr~ s~n( it1the ,otkcT"d S:'111pks weI''' identica l to th~ CV , p",t r<J (I f the 1i rSI 

Ihrec p<-'aks in lh ~ c.nldc ~xTI'U~L 

T-GCI, on~ of th" acti\'e cvll '>titucms of th" eXtrilCl WilS id"llli lied as 5,7-dihydwx) 

Jlaqrllm ~ . Th ~ ~vlllpvund 5,7-dihydrox} flavanvn" hils b"en iwl,ll~d Ii-om medi~ i n,,1 

pi alll~ hie !! Ire_ and ha~ hieen r~por(ed 10 l'0s~e,,~ m,,11 Ll~~IC-i lbl ,\lid ftLllgiclCbl bi "logical 

adi,·ilics l/.h'-'llgl:lll e/ al.. 2002: KdmtL e/ ai , 2001J. This i" lhc!irs! r~porl o[lhe 

i"" lmion of 5,7-dihydroxyllavall"lle frolll I ('wnplwwlU.I' , anu il" antiplasmodial 

,-,c-li \ i1\'. TII~ sTruClL1r~ of 5.7 -dihydrm y lIa van"ll~ is nO! related alJd ha" llO similarities 

to Th~ chemic-at struct\ll'~ S of CUI'I'ent antimalar ial drugs, This could be ,Ill indicmion vf 

th" di fferent mode of action ",("ned b} thi'> compound to kill the malariil p,mlsil~ . 

In Loncl USl(1ll. I k -']J""k I" "n<l "p""k ~" jj-"",ions, alld the i~,,1 aled c()mp' '"nJ (T -(0). 

showed ~()"d '-'nlipl "snH,,-l i~1 ,-,c..li,i (y wilh",,( cl, lo roquille cro s:< re;; i "tarIC~ "nd low 

~)'(oloxi~il~" rhe "coli,·ilv i ~ )\{)\WH'r, c()ll ~ ider~d mockralc when cnmpJr<'ll 10 the 

aCTivity of CUI,[,~llt JntilllJLlrial drug'>, which is in the rang" of niIClO g"uns. In nmbri" 

~n(kmil' arc'"" "here ~hlor()tjuillC re,iSlarlC-C L,< pre,· alent and th~ r~ is a shvililge of 

al1linl" l,ni,tI dr\lg ~, exlrill'1S uf T ~iI"'l'h(lraIHS l'ould be Ll"dul. Th~ eftCcti\·~n~'" of 

Thc ~xtr~ct" hmwv~r, "till ll~~ds Tn be dd"nnined in in vivo system, 

" , 
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4.2 t;rioCi'phillll .• · a/rh-anus 

..\.2.1 Introduction 

The leaf tllJterial of L. ,,(ricanw was extractcd "ith IdcOH and IX"'y\. 'I'll<: extracts 

were &:reened f()r in 1'ilro <lntiplasll1odial activity against the 010 strain.Jhe active 

cntde "XI mct wa, :<ubi eC1~d to bio·activ lt}' gu i J~,(] Ii-ad i<.mal ion using SPF <lnu IIP!.C. 

,,\.2.2 In vilro "ntipln~mod inl >l <>Ii, ity "r tloe crude ntrll~t "r E. u/ric/mu." 

rhc Dl'M and Me!)11 !tar cxtrad ~ ()f F. ajriconu.,· >how~d antil' lasm,-,diill ~<:ti .. it}' 

a:sainst 1)](1 "jth JC. .. 1 values of~. 5 T 0,5 )lgrnr' and 'l.! - 1.2 1I grnr ' rcspcdivcly. 

Th~ DCM cxlra<:t <lJso showed alltiplastoodial act ivity against The resistanT strai~ K I 

"ith <Ill IC~l v~l u<: () f 8.7 .:. O.5)!gmr' . Th~ DC\I e;..1rad showed slightly mo t'e 

ant ip lasrnodial activity th,m the MeOH extract. and l e~s cyt otoxicit ~· (J C~,) - 89. 5.~ 

I' grn l") (Figure 4.2.2. I J, and "a~ scledcd lilr furt her Iract~mat jon. 

" • , i 
• 

,"" 
" 

. ",~ - " , ...-" 

• ,.,,,"'0 "" •• ,,"~, ., < .•• _.~ e"'" ' 

,. 

, , 

, 
·1 '". 

I 

"\ 
\ 

Figure 4.1.1.1 Th~ ill vilro .miplosmodiol o .ti"it~· ODd <},101o,jdl}' of th. <rude MdlH "nd [)eM 
~dr"els of E. ufricullu,. 

,,' 
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4.2.3 Fractionation or nc \ 1 c~trart of 1::. lI!ricrllluI hr S P E 

n,C DeM extract of L. a/rimnu,I' ,,'as li-act i()l1akd u~ing SPE fol lowing thc proccdUl'c 

SllPUiak,llll s<:clioll 3,7.1. 'Ihc fractionat ion proces;; yidded 10 li-actH.l1b. ,,\,ieh w~r~ 

prtpar~,l ~I'p[()pri aldy ~l1d teslcd for in )'ilro antiplasmndi al acti vit) against the J) I O. 

hlU]' fraction,; 7(UO, 80:20, 90:10 and iOO :O (MeCN: H20) cxhi bited pmitiw 

[m tiplasm(xli~1 ~ct i\ il y. Th~ yidd~ and ]ClO yaJues of thc crude anel the active 

fmctions are sh'.m-n ill bhk 4.2.4. 1. The ~c\i\'c fractions wcre sclected ~nd furt hcl' 

fractionated 'Hi H I' I. C in onkr 1,-, puri Iy Iheir ~~ti yc eons!i !uents, 

4.2.4 C~·tutuxkit)· of er ude ext ,.,lel ,1 nd "eti> " fraction, rnlm SP F: 

Th~ li lllr ,lCli\'~ JrxtiollS: RiO. R80. W}() ~nd KIOO, were tested for C)t'-'to~ i city on 

th~ CliO edl line. l'wetions Ino Hlld KSO had ]e" , ,a]lle;; " r 2.H - 0.6 ,Ig,nl-' and 14.H 

:! 1, I ,llgmr i re,pe~li,dy "hile R':}(). and RlOO had IC",) valw.:s "I' 35.5 : n.5 flgmr; 

and 13.5 _ OJ ,llgmr' rcspectivcl), rhc sclecti vit) indexe;; of the crude and actiYe 

ii-ac lion, \\ ere ~~ l cul,JI~d (~etiOJl 3.6) and ~re shown in Table ",2A.1. 

J'o Die 4.2.~.1 Tilt perCO"I"go .' irld,.;n "ilm "n1il'la,,,,<><I i,,1 "rl i, i t~· and , tlre l;, il) i "dt'c., of ,ht 
UC~1 It,ll' t,lratl of L a/r;<"a""". and frat l io", ~<n<r.l<d 1'.-0,, ' SPF.. 

I E~lr;~t u!" Fnrtion J'ncentage Ie,... I) I 4) mean Selecti\'i l ~' 

yield ( "/0 ) + s.n . ('l~mr l ) I ndex 

DCM e~1ract 2.6 8,) :.>: 0.5 10 ... , 

I R70 (70:30) J,2 ~,5 ± OA O,J 

RSO (SO:20) 0.0 6,5 - 1.2 : 2.3 

R'XI (W:IO) 1.1 , 6.7 0.0 ),J -

R lO() (100: 0) " -
1

45 02 3.0 ~,,' 
- ._._-_._- - . - ---
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-1.2."; 1'" rifiution of actin SP~: rract io,,", "'ing IJ I'Le 

The aC li\'(" fractions gencn,ted trom lhe SI'F w ("Tc' nLn serilriue l} on llPLC under Ihe 

different chrnrmllognlphi~ ~o)1di tions stipulateci in sc'ctlnn ., .7.2 ~. Il,i Ilg il C I i column. 

Pc"b, on the ehromatog:ram were <:olkcted indi vi dllally. qlLanti l]",l and I~sted 1'01 

activi ty. 

-1.2.5.1 Fra~!ion R70 

The llPT C ~hromatogram revealed that the irilclinn ~onliiillCd thre~ ciust("l'S of p;:-ab. 

"hi ~h w~ r~ gl()up.;d into three traclions (FlgHre 4.2,5,1), Only I h~ sccond ffa ction 

171l-~ ). elHtmg at. ilboul 7 minutes ,howed anli plasmodial a~li vit y . This '>Hh-fi'i lction 

contained a 'ingk lll"],," p,,,,k, Th~ p.?uk exhi hited an anlirlasnwdiill ilcliv il) of IC 'D 

vallie 7.6 + 0.5 pgml J The jX'ak wa, pUl'ifi;:-ci an,l th;:- ~h~llll~al .,lrIlCll.ll-e n l' the 

<.00 

,00 

000 

Fie"'" 4,1.5. 1 The HPI .C ,·hroIllM"",u. of till' SPJ:; r, "<lk,. R 71) ,,"co i'lL" "I a ~mdieill "r ~ s-
1O\I'~/, J\1cC" ""cr 15 millul c, "l a fl"", ,""leon mil .. ill '. TI,e r< ak elllti,,~ at ah()ll t 1111111 i, a 
.olnllt 1'<"", 

-1.2.0;.2 hadiun 1~80 

l'llc' chromatogram of Ibe RRO rra~linn cJ,owed one promi n~nt p.?"k and t hre~ small 

p,,,,h, Thc major )x\lk ilccounwd fil l' 95% oflhe (ola l area under lh;:- peak vflhe enti re 

chromatogram (i'il'ure -t.2.5.2) The maj()T peak rossessed ,mtipli1>modial "di,·; ty 

wilh an IC l O v;. Li\l~ of6,5 1-0.4 >tgmr '. while the !hrc;:- "nali rcab , howed ne)' ligink 

aC\i\il\' (IC",:' 20 fLg lllr \ TIllS C'1l11p0Hnd (R'lO-ll w"s iil ,)(\ prc;,.;n l in th~ R'lO 

iracli()n , The ~{lll1pound wus colkct;:-ci a, i( dliled fmm HPLC 'Uld 11, chemic'al 
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'Iruc,llL'-~ 'H'-' (kkrmi11ed, The stn'ctUl'~ duc idmion ~lld th~ assignmcnt or I) c "l1ll IH 

~\H{ :lr~ di.'C lISS~d ill R"Clio11 ·.2.7,3.', 

')2' 

c,W · 

.00 .00 . 00 10,00 ..... , ",00 

F igure ~,l.S,2 I' I'e <~ru",.logr>plt of l-.-acLinn Mil "hen nJn . t" gl,.dient nf ~O-IOO% o"or 20 min 
.1. flo" r.le of I.S ",ltUi,,". nil' f,'.",inn eniltain«1 cun'poll",1 RqO-1 elUfin ~ .'16.8 min. 

-1.2 .5.3 Fraction 911 

l'lle I' ,-o li lc of lhe rrad io11 9{) ~lmlam~d two m"i11 l"' ''ks. R90-2 :llld WJO-3. which 

showed "lltiplasmodial acti\'il~' " ,ilh lC ll) \' ahL~ s o i' (J..<; _ 0. ,<; ~ l g1l11' <Il1(1 (,,'1 0,3 

)lgmr ' respecti""ly, JJ01h compounds ,,'crc also present in !lIe R100 I'rac-lioll. 

-1,2.6 ()-totoxici~' ofthe isolated c()mprllluds 

The ~' l~ I ds ° i' the iso bted ~om l)(l lL11d, R 90-1 :md R 90-3 w~re low, Com p<J )L11d, R 'XI- ' 

"nd R90-3 c,()uhl 1101 be lested 1<'" cyloto xicily d lL~ 10 inSLli'l ici e111 ~mOlL11ls. 

Compoutl(h K70-2 and R9IJ-2 ~xhihiled lo~ ic l h wi III IC ,,) \'al,>cs or 4.4 ± 0.-1 flg mr 

a11d 9 ,6 . OJi .llgmrl r~'pe('l i \'~ l y. 

T "hie ~,2.6.1 :"u In "'" r) of lhe >"lipl"",olii"1 "eliyil)' "nu "O'luIO'ic il) of lilt' cO"" pounu, isulaled 
fru"" L 11<' [)CM nfraN of 1:.', a/rim,,"". N [) ilJuicalt's 11, " [ lilt' Ie" ""' '"'' du"e, 

Compound, IC,o 010 mran - S.I) Sr lrcli\' i~' indrx 

(,[gmr l
) 

-
R70-2 7.6 ~ 0.5 lUi 

-
R911-1 6.5 1 0.4 '0 
R90-2 9.5 -'- 0.5 1 ,01 

11Z90-} I (i,9±O.3 ' " 

7 1 
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-1.2.7 StruChlIT duddatioll of isolated comp"unds 

".2.7.1 Nl\1R "fcomp"und R70-2 

Th~ 'H and He NMR spectra \\(l're recorded ill COCD and in ])\IS04 a~ some of the 

rcsonanc~ > on the LIl ~pecl.mm were ]1()1 dear in euen dlle to o\' ~rlapping sigJllils. 

The ' 11 and "c chemical >llifts, Mid the IlSQC. IL\'IQC alKI COSY corrdaLions ar~ 

sho",n in Tahk 4.2,7.1 and T8ble 4.2.7.2 bekm, The ~1""",ITa are shown in apr~ndix 13 

(page 193). The chemical <;Imdure n I' ~ompnund R 7()-2 is sho'>\'n in l-'igurc 4.2.7,3 . 

.... ble ~,2.7.1 R70 -2 in COCD 

I Pos iti"" 

; 

, 
; 

'" " " " " 15 

liH (J Hz) 
,,2.56 ddd 
(IJ,8,7,I,Hllz) 
~ 2,82 dd ([4.4. I n 
Ilzl 

" 1,59 dquintet 
1138.3.5 lIz) 
~ 191 '11 (13.&. 3.3 

"" 
"Ulddd 
1135.135.3_611,) 
~ 1.51 dd (13,2. 18 
liz) 

~ 1.09 dd ( Itl_5. 6.tl 
Ill ) 

~ U.1 dd (ItU, 1.2 
Hz) 
~2.19ddJ 

19,),9,).4,7 ]J,) 

u 5~1 dd (.1.9, L5 
I1z1 

6_~~ s 

.1_!4 '~p'"' (6_9 H~) 

C H.1 · 16 J.:'OJ (7 I Hz) 
CH.1-171_19J(1lllz) 
CIJ3-I~ O _ ~7, 

CH3- 19 IU~, 

!II 

2S,91 

1 ~ , 8 t 

4101 

H .. 1, 
45 .8 d 

L\:,.1 , 
12 U , 
4U, 
14LI, 
14HI, 
I :l1 _~ , 
II U d 
:'0_& J 

23.4 q 
nJq 
3:' _0 'I 
20.1 q 
17U s 

H_\1()C ____ _ 
C -2. C-J. C-q, C- W. 
C -!!! 

( -I. C-1_ C-9. C_IO. 
(-I~.C-I~_C-:'O 

COs, C-~, C-9 , C- 14, 
C o:'!! 

C-I! . C_D. C-14, c _ 
J 6, C-17 
C- 1.1, C_I 'i,C -17 
C. I.1,C_l 'i.C_lo 
C-3,C-4.C-5.C-19 
C-3 . C-4.C-5.C-I~ 

COSY 
H_I fl, H-!fl 

H-I ~ 

H.2fl 

i H-I ~_H _2",H_:;', 

H-2fl, H-W 
H-3a 

I JI-6a_ 11-6jJ 

i 
H-5~_ H_il]1 
H· 5,,_ H-60, H-7a 

I 1l-6~ 

CH:l· 16. CH3-11 

H-15 
H-15 

H-11 

! 1-1 

H_! ll, H_ 
H-3~. H­

i 6~.1I-5 

7J 
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T.hl< 4.2 .7.1 C""'p"und InU-! run in 1I,\ISO, 

P",iL i"" 

, 

< 
, " 

'" " " 1.1 

" I.' 

CII.'-Iti 
CH1·17 
CH)-IX 

Cll.'·19 
20 

ii'li (J li z) 

02.4' ddd 
(14.0. U.R. 4.2 ITz) 
1)2.64 do 
(14.0. I .~ li z) 

ul .~ 1 dqu ilHN 
(13.2,.\.6 Hz) 
~1.'5 m 

29.4 t 

19.2 t 

"l.elJdd 41.21 
(13 .3. 13.5 .. 13 11.<) 
~1. 42 dJ 
(13 .3.1 .4 Hz) 

uU9 dd 
(IO.S. 6,0 11.<) 
u1.7~ m 

1>1.0' m 

,,5.44 JJ 
(4.2. 1.2 Hz1 

1,20d(7,1117) 
119<1(7. 1 H<) 
0.S7 .' 

086 , 

.14 .S, 
45 .6d 

2991 

77.6 J 

l.i2.2 , 
122.6, 
4~.' , 

1 4.1.~ , 
14.1.7 , 
1.i4.~ , 
III.~ J 

2),4 q 
2.U ~ 
3e.0 q 

20. 1 q 
17b.l , 

I lIMBe COSY 

C .2, Vi. C_9, C· I 0, C· H-Ili_ H-21i 

11_ I" 

C_I O 11- 21) 

11-1",11 -2u.lI--''' 

C ·4 

C-4_ C-b. C-9. C-IO. c- I H-6.1I-6Ii 
18.C-19.C-20 , 
C_IO 
C-4. (;-5. C-7. C-8 

(-5_ CoS, C_9. C-eO, 

II-Su.II-6fI 
II-Su. 11-6u. H-7u 
H-6~ 

NOISY 

H-14 

C_7. C-9. C-Ie. C-15 
C-I 2. C· I.1. C· 14. C_ 
16,C-17 
C-I:i,C- I.I_C- 17 
C-li,C-15.C- 16 
C-3. C--l. C-5. C-1 9 

CH3-16.CH3- 17 11-7 

C-'- (A. C·.I.C· I ~ 

H· 15 
H- I' 

11-21 1. II_,ll. 
11_1>[ 1, 11 .5 

74 



Univ
ers

ity
 of

 C
ap

e T
ow

n

.A"signm"nt "r IllC molecular lumllll" of ilS C"lbO. WJS b.1:;~d on tlw IjR· r::S j-J\IS 

data (m,'/ 3" I , 1923 l M I J. c" icu ial,'d 13 1. I 90<)), 

G il 

" 
·' 0 

"'" /" 
" " 0 

~ 

" ,.; 
, C 

, 
" 

" 
, 

Fi~ul'< 4.2.7.J Th. "h,," ",al ,lro,'L UI'< "I' (" ,,'" pUUf((j R"O-2 . 

4.2.7.2 The I'rolol! a tid Ca rbon a,<ij!nmfnf< of ,,1\11{ ,pfflra of 100-2 

I hc DII1S0, nln rcs ull S wcre [l sed t,,[ "ssignm~ l1l "I'lhe prmon alld ~arb())l NIdI<. 'I hc 

I.lC SpeCTf(lln re,eal ~d lhe pre8ence or~() GtrbOllS, a lypi~all'arlX')[lyl rC'wnanc,' Jt Ii 

176.2, O~} gL'n alladlcu a L\))nali~ Gl rl"on ~ resonances Jt ii 14J .7. 14J .9 ;ll1d 122.6. ;lJ)d 

thr~c' othe r "romoli.: ':MQOn S, Ul" DLPT speCTrum ""'""I,,d I",,",,,,,,e elf I,"]r CH' . 

fi,m Cl 12, fillll' (H :md eight 'luatemar)' carNms. 

Th~ lH spedrulll ~hc)wed ri)urthrce-prolOn signJ ls alii 1.20. 1.19.0.87 ;mel (),B6, and 

c)llC arolllali~ prolon Jl ~ 6.6S ppm. Th,' presence' of only "11" "romalic pn)Wn al Ii 

6.68 r" ,.,ln"ling ;lS a ~ing ld, !'uggbtd ~ub!,tituti()lls on Ihc other iive cmUons on the' 

ring . The singlet was id,'mitied as 1I-14. 11-14 corr~btd to lllC cmbc)n at i) 111.9 (C-

14) a~ c)bser\'ed Lll the HSQC spec trum. I lle 1I'v1l\C spo..'C lra show~d long-rangc 

C01Td"liollS irom H-14 to 'lU;ll.emmy carbons al Ii 1~2.1\ ~ 14J.9 ancl 0 143.7 \\hich 

were idemiiiccl as CJ I, C-12 :Hld C- I I r,'spc~ l.ivdy. The do,,'nlielu rCsOnanCeS ofC-

12 and C-II sugg~Sleu lhat Ihey me directly "tlJcheu to an O-group. 'I he d,,,hi~IJed 

signal oCqllmemmy cmUons ,,! Ii 134.9 and Ii 132,2 llnked in Ihe H\IQC 10 CHJ- 16 

"nd IJ-14 r~Sf"'di \' el)' were assl£ned C-13 and C-S. Thc HSQC linkcd " "'pled 

resonat ing at Ii 3.24 10 a C;lrbeHI al 6 26.9. icknlilid "S (-15. Thc mlcgration of a 

scpted (H- 15) re\'eal ~d lhat it waS One pwwn. 'I'hc multipli city pattern itldic"leu thaI 

IT-15 W;lS spl il b; 6 olh,'r protems, TI1C ('OS'{ ~penrum ,Iwwcu \'icinnl coupling (1-

7 I th) beme"n H-15 and l\\c) mC lhyl signals m Ii 1.20 ancl Ii 1. 19. iden!i lid as (H3-
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In and CH3-li tlorough thelf HSQC condations to carflons .s 23,.. and is 13.3 

respccti,'dy. 'Ih~ COSY correlations t,.,tw e~1l H- 15 and the lwo melhyl group~ 

posilioned ll-1 5 in Ibe middl~, COirdatior)'; from H- 15 to CH3- 1 n, U -Ll- li. ('- 13. C-

14 alld C-12 ob~en'd in the llM13C spectrum confirmcd il'; posi tiollill g, Further 

COlTdaljon~ from CI 13-16 :md UD- li to C-15 and C-13 \\TrC also obscn cd. 

The , arholl r"~O l1allce of 0 n ,l; is highly indicative of a carbon mtadx:d to an 0 -

group. Carbon ~ 77.6 waS idelltil'ied as ('-7 The HSQC ~peClnLm linked [I douflk 

doublet at.s 5.44 to C·i, The downfidd r~SOnanC" oUi 5.44 " 'IS ~Ul'porti,,, or" an 0-

group substitUlion al C-i, 11-7 alw showed corrdatioTl to ( -~ and C-9 tlm1ugh H'v1HC 

,ontollrs. Ill<: doublc doublet , plitting pattern indic at~d that H-i was inkractillg ,,'ith 

t"o otber protons. The COSY spectrum r<: \~ alcd JI-i coupl"d with two protons 

r~son alin g ,I> lTl ultiplet> :no 1. 75 and 5 2.07. The protons interactcd through vicinal 

coupl ing wilh eac·h olh~ r arxl hoth C<.m'~lated to the c[lrbon at <529,9 in the IISQC'. [llld 

were cOLl,equently id ~llli lied as the H-6 prmons. Th~ H-6 lllLLlLipldS tiLl·th"r coupled 

wi th a double doublet at .s 1.59, idcntifLed as H-5. HSQC lin k ~d H-5 to ('-5 at [, 45,6, 

Correlations from H-6 to C-5. C-7, and e -g. and from H-5 to C-6 and e -9 wcre 

c>bserv~d in thc I II; lUC spectrum, 

\lor~ c or re l alion~ in HMFlC ii'om 11-6 and H-5 to two quaternary ,arbon, al <5 4g.) 

and [, 34.~ togdhlT with two hond cOlTc iations Ii-o m CH.'- I g alld eH3-1 Y lo cartxJll 0 

34,8 helped assign th~ t\YO quat~rrJar)- carbon, to C- IO and C-4 r~spedivdy, two of 

the 1'(lUr mClhyl , Lnglels at B (j.R7 and 0 {I,gli " ',,re posilirJl l<) d on carbm)'; B J2.0 ami 0 

20. 1 fly IISQC correialiOll '. and a"igned ,,~ ('H:J -Ig alld CH3 -1 'J r~sp"cli" e l y. 

I'urther corre lation, form H-5 lO Ci-Ll- IS and CH3-19 confirmed thei r position ill C-4, 

Th" lwo m~lhyl gmLLp~ showed thr~~-h()nd C01T~lati oll ill Ih" J-1l\·lRC to carbon aL [, 

41.2, whidl wa, idelltili ed ,i'; C- 3, Ihe HSQC Sr~ctnLln r~\~al e d that two protons 

r~S()l1ating ilS [I doubk double doufllet (ddd) illld a douflle doublel (dd) at 0 1.21 and 0 

1.42 r~srectively \Acre al1ach~d to C-3, Ih~ pro tons , howcd geminal coupling (,1 -

1.'.3 Jlz) in the COSY and also sh,,,, ed con-elmion to C-4 ill th" Hr.mC spectrulll, 

the spa~c ori~ntation of the protons W[lS resol\-cd by inl~ractions in lhe KOESY 

'p--'clrurn 1f-7 was a"igncd an ,,-ori~ntatioll . as the LlLl)kcule would b,) most stabk 

widl H_7 in thi, ori emmioll. 'JOI'SY SpeCtnllll slw"ed that H-3 at [, 1.42 interacted 

wilh 11-61\ and was lh~r<: I()r~ as~i gr""d a ~ - orknlali,-,n. Th" COS"{ 'p'--'ClrUTll ,ho\\· ~d 

76 
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Ihal !I-Ju wurled "ilh 11-3f) ,111d with ,lllluitipkt at 51.75 which wu, id~ntilicd as H-

2)'- TlI addilion 10 !I-3f'- ll-2P "1,,, show~d g~minal couplil1g (1-]3,8 lIz) to ,I doubk 

ql!il1l ~1 which W'b linkd 10 ('-2 ,II Ii 19,2 Ihrough IISQC cOfl'clution,lhc double 

yuil1LCI "a, ilknlilied a, 11-2u, 1I-2P al,,' showd ('OSY <:oupljl1g wilh another 

pr<.>l<.\Jl r~'<0l1aling as a double u{.Hlhle doublel al 0 2.42. id ~ nlilied '" TT-Iu, ll-Iu and 

another doublc doublet (H-Ifl) ,ho"ed HS()C correlatioll l() a carboll ii 29.4 "hich 

was thcl1 identificd ,I" C-1. Proton, H-2u and H-211 cxhihited \';c;n,11 coupling (1= D.2 

lIz) wilh JI-3 prolol1s al1d g~m;l1,11 <:ollplil1g (J- .1.(i liz) wilh c,l<:h othcr as l'~v~Jkd ill 

thc COSY. fUlthclmol'c. II-IP showcd thrcc bol1d couplil1g with 11-.1[1 (J~ 1.5 lIz), 

Prolon TT-Iu vmlirmed thai il was positiol1~d l\\l' 01' thre~ bol1ds rrom C-2. ('-3. C-'). 

C-IO al1d C-20 ,mbo'" Ihrough currcl,llions in th~ IIMBC ,,]x<:lnnn. 

By cnmp',lri,ol1 of Lhe spel'Ln,>sc<"pic dala wllb comp<)IIJj(]s pre"iously isolated Ih)m 

related planl 'pecie,_ the N'v1R d",ta 01' compoul1u R70-2 "a, sllllliar l() lhat ()f 

carnoso!. It wa, concluded that the mokculc i,olmcd i , earn'I'o!. Thcl'c ,Irc no I'cpons 

in t h~ literatlLre on thc i"Olmion of cama,oi from t,'_ affiell/lUs ,pccics, TIllS is th~ til'si 

rc]X'n on thc i"oIatiol1 of c,lrna,ol from 10', afi"icwws , Thcre Jr~ ho"~\'~r. I'~rons on 

thc i<,{l]mion of a dcrivativc of curn'lso]. which h,1> ,In oxygcn ,Itom Jlt,l~h~d 10 ~arbon 

6 (('-6) insl~"d orC-7 
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4.2.7.3 Structure elucid ation OfCODlj)ouDlJ R'IO- I 

rile mokculm' fllrmll ia or ~"mpqllnd R'XI-I was lillLnd to oc C'1HI-IO, from the M' 

I p<:ak iJl1.k HRMS at TlVz 29'l.0921 (calclLlated 2Y').(19241. rll<: III ,wd Ll C_i'<MR 

sp~Clra were recorded ill CDeh. TlI<: SlrUClllr~ of the mmp<l11Jld is she."", in I'igur~ 

4,2.7,). whik the 111. '3C, HMRC ar.J COSY spc;clra arc summarized in Table 

4.2,7.4, TIl<; sp~clra an: in appendix 13 (pagc 192), 

T .hl. 4.2.7.4. Tho <.!cul.leu <h<mic"1 'hifts and 2 [)_ "~1 R <orrd.tion, of R90_1 ('orn po und. S, 7· 
di m"(h"'~'_4'_ hl dr"'~' " .. " n< 

P"si!i"" , 'H(JHn ;; 1. ( 

, , 6.6~ , 103.4 d C_ I". C-4 
; 4 ISZ.O, 

" , 
" ! 7 

6.36 J (l.4HL) 

, 
" 6.6~ J (l.4H~1 

'" 
" , U~J(S . 7IIL) 

; 7. IIIJ(4 .2 
IIzl 

" " 7. IOd( U lizl 

.' 7,98d(8 ,711z1 
, 5-0Me 

7-0\le 
i 4'-011 9.49 , 

16<1.6 , 

~S I d 

n4J 

7S.c , 
IZS.2 d 
114.5 d 

llIl: 
114" d 
12~ : d 
55 ,-' 
54.9 

C-&, 

C-l' 
C-4' 

I c- I' 

H-g 

11-6 

11-3' 
11-2' 
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OM, 

, 

(y~ 
H "r "~ OH 

~ 

Fi~,, "o J .l . '.5Tho ' (r"etLIl'C of (:O'''I'0 Ll11,J I{')O_ L which wa< c ha ""ot eri,e~ "' 5, ~ _,Jim", h{,, ) _~ ' _ 

hydro,), flaH)n •. 

4.2.7.3.1 Proton anll Car bon ass ignments for rompollmJ H90- 1 

Th~ al>se,,~e ill' " '\J(WSY spectrum Sllggl'st l'u a plana r aromatic mokcuk. The 

prl'>c'llcC of IW(' n1l'lu.-coupkd dOUble'\' at Ii 6.68 and Ii 6.36, and further lwo oltho­

wtLplcd tlolLhkts ,,1 6 7.9); and Ii 7. 111 arc stwllgiy ind i cati\-~ of II fl avanoid. Th~ 

';ll!;icl at Ii 6.69 is highly characteristic of t h~ I1-3 proton 0 1" iI Ilavone. 11-3 

positioning was cOllfil'm~d by a corrclmion to a quaternary carbOIl al C-4 as ( 'h'~ L" \' l'd 

in lh~ IIMQC ~v"c lnLm_ The pr~ S~llce 01' only lWO uoub ll' ls ill thl' 13·[' i ll~ indicat~tl 

sn h,ti llLli Oll a t C-·.j' _ There,,"-, all mwbp () C sig Ll als fL"inn H· 2 ' and H-b' at Ii 7,98, and 

' '''cTbp li-,m, H-Y aLld H-S' at ~ 7. 111 due w the symmdricJI Ilmurc imd Ihe iree 

rnlali(," of 11 K' B-rins_ H-2 ', H- ~' allli H-3' , IJ- Y protons apJX'JI~<.I "8 IWO pui rs 0 1-

orl il lHoupk<.l dou blds (J= 8.7 Ilz ) al Ii 7,98 ;In <.l 7. 10_ The H- ,V_ 5 ' ck,ubk l o<:~llrrcd 

upftdd (~ 7.10) from the' II-2', G' doublel (Ii 7_9g) <.Iue 10 the d csh i ~ I <.I L rig by tlK; 0 -

group ,ul>Slinl1i,)ll ~t C-·! ', ' I h~ i l1c re,,~d ~kctr<)n (k ll~it: is dlle I" O-gmup at C-4' 

I~e<.li ng ekdnl' " to Ihl' ~ml,<'lll at C-J' and C-5' _ Als<'. J 11r>IQC con-~Ia(ion li-0111 11_:::" _ 

IJ- G' to C- l ' he1f"' d position pWI('" , H-2' "Lld H-6' , Tile rangc of thc rcsonilnce of 

t he,e I\V(l dl' u blcts arc typical of th~t of flJ\'oncs, I IS<X', correla l i (\n ~ Ii nkc<.l 11-:::"_ H - fl' 

(lnd 11 - ~', 11-5' pa irs I ,) cmj><ms at i2lU (e-2'. C-6 ') and 1].1.5 (C-3', (:-5 ') 

respecth'cly. A rcsonancc down!icld al <5 9 ,49 sugg~ 'le d a h} drox}ll?rOll p. and HSQC 

~(ln'd",l i on ('rom Ii 9,46 to Carix)Ll 6 163,2 p0sition~d t h~ Oil-group al C-4'_ 

The 'H sp;;Clnlm ShOWl' <.I two signms at 4_0 and 3.9 ppm. wh,~h "r~ Iyp ical (,f 

methoxy groups. The do ub let spl il.ling 0 1' H -g and H-6. and (hl' mda-coupling: 

bctwel'll the two prOiO ri S (J= 2.4 Hz) suggested O-group wbsl ilUli ()l1s al p • .."iti ('l'l s (,-7 

7') 
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ami C-5. Th~ ~hcmicaJ shifts ofo 6.68 (IJ-8) ~nd 0 636 (H-6J Mlhc i\-ring, suggested 

that the mcthoxy groups are po,ilioocd ~l posilions C-5 and C-7. Ihe lllethoxy group 

m C-5 i, slightly downficld due to it, pl'oxilnily 10 Ihe kelone at C-4 . HMHC 

mrrelalion Irom (he mcthoxy at C-5 to C-4 further confirmed ils po, ilion. H-H (i. 

6,(8). i, rll(ll'e de,hlclded dlle 10 iI, close proximity to an O-group at ]X'si l~)11 C-l , 

v,hi~h Ihen kll proton 06.36 at position C-6. 

!-'rom the spec tro S(;Opl~ data, wmpound IWO-I was dmmct"rized a, \7-dimethoxy-

4'-h}'droxylla\'onc. This compound i, th" dcrivaliv~ 01' apigenill, whi~h is prcsen l ill 

Ro,w:mar;nu,," 'pe<: ies. In (he literature, there has been ~ r~ port on (he i,o ialion of 5,7-

dimelhox)'-4-h)'droxy fiavone fro m thi, specie'. To the he, ( of Om knowledge, this is 

Ihe fir'l report 0 1- the isolation of th is derival iye from F. aji-;(;(lnu,,". 

4.2.7.4 Structure elucidation Of CODl1)Ollnd R90-2 

Compound R':l(J-2 was obtain.:d a, a \.\,hil e am0T}lhous powder. Ihc HR-LSI-\IS 

spectrum ,how"d ~ mole~uim ~)l1 peak d( m/z - ,,( 456.2102. ealculm"d (456.2110), 

wrre'pomling to the molecular formub C JoIL~O, . The lH and "c chemical shifts 

and H"1RC, COSY and ~OUSY l\MR are sho\vn Table 4.2.7.6. The spectra In 

appendix H (page] 94), 'I he chemical ,Irudllre ofR] 00 is shown in l'igUl'c 4.2.7,7. 

Table 4.2.7.6. The 'II, '''c, It MQL COS\' ~"d r..-OF$\' ~"K .pectra or compound R?O-2. 

Yo,;;,;"", :'(i ''iI(J Itz) 
, c HMQC COS Y ~OFSY I , 

I 
, I . . 

,,1I.n <II (liz) 38.4 ! I L_l . C_5 H-I ~ 11-Ja 
I ~ L6~ m C_J.C_5.C_2j 11- 1 n 

, uU-' 2o. V ! C-I ll_lu CI 1.1-2'1 , 
11 1.6 CIiJ-lJ. CI13-

25 
".1.l 2 dd 7&.) <1 c_n. C-24 11-2a, jl- 2~ 11- I a, H_c". 
(12 .0.4.~ Hz) CII.1 -2'1 , )g.8, , ,«1.7 1 J tV "liz) -'5 ,7 d C_I> H-6<l, j 1-6~ 11-3a, H-7a, ". 

0 "U7 m 
, 

I K .. ' t 11-5a,II-7« ' %.CHJ·24 , 
~ 1.51 m 11-6<> ' CHJ_21 

! ClIJ-25. CI13-, "IAI", 34.4 t H-6<, ' 26 
, II-)«. 11-9«, 

~ 1.45 m 11-6<" jl-6~ , CIIJ-27 
40.7 , 

I 
I 
, 
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,,\.2.7.4.1 Tlte I H and LJC_8p~ctr" ,hsignmcnt for COnll'ou nd I{ I UO (1{90-2) 

> " > 
';)/ " 

:0 /1 , ....... -_______ ,OJ 
l~ , • 

Fi(!1J re 4.2.7.7 The chernir.l strll,!O 1'0 of ooml'olJ ud I{YU-!. 

rhe high mok<:ul~r weight oC the compowld suggc,!('d a C-30 COmpOllll(], pChsihly a 

!ritcrrenoid or dim~ri~ sesqLLilerpenoid, Th" I.lC<'HU{ revealed the prcS<.:'ncc of 30 

c~rbon>: 6 melhyJ<.. 12 IlIClhyknes. 5 IlIdhillb amI 7 'll.l<ln~"ary ~ilrbons including a 

c~rbonyl group at Ii 178,<). '1 hc ' H spcclrum di;;pla}cd f, singlels il1l~g l"iltill g j(,r the 6 

melhyls (Ii - (J74. 0,94, (J,85, (J,96, 1.01. and 1.6<)). The abovc '-IX'clml data sugge,lcd 

a Irll~'l,enoid. T)' pi~~l1y. thllll the biosYll1hetic pathway. Irilerpcnoids bcar 2 lllcthyl 

gnn Lp'- at C-..\ ar><.l ~ mel.h)'1 group ~t every ringjullcti lln oi'the molecule (C-8, C_IO 

and C-141. 

The 5 mdhyl singlets were as.sigl1ed 10 the ir respeetiv" ~arbons through IlSQC 

~orrdatiol1 S and their IX'sitioning ClJntlrnK'd throlLgh Ih.:'ir correlations to adjacmt 

caroon> in IlK' H"·H.)C '-IX'ctruln. CH~-2.1 and CH,,-24 hOlh showcd <:orrel~lio" to C-4 

alii .18.8 and t() ~iI~ h olher ill the TlMQC >pcdmm, Correlation from a double doubkt 

signal at Ii 3,1210 oothCH3-n and CH3-24 wa,- oh<;ervcd111 lhc H"I()C s[JCctmm. A 

d~s hi ~ lded up ti~ld jgll~1 oC Ii 3.12 suggested a proton in do>" proximity to an 0-

group, lh,' signal wa> linh'd to C-~ at ~ 78.5 throlLgh HSQC ~orrelati"n, rhe 

~hemi c~ I ,hi n oj' C_ 3 supponed ali nk to an O-f,1"(1UP suh>titlilion, Th,' pres"n~" 0 C two 

m"thyl groups at C-4 and the O-R. flLnctional grolLp on C-3 of thc ,\-ring are 

~haracleri'li~ 01' I.erponoids i.rom Ihe ir biosynthcstic pathw~y, Th" 011 group ~I ~ll 

~'luatorial po>i tion ""[Hlld be hibhl y 1:1voumblc (i,r th,' ,tah, lily of th,' lllolc~ul~, Th~ ~ 

CTn at C-4 wo,Lid I", rnore desh iddeJ, <":113-23 assumed an (t-orientation d\le [0 its 
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r~son~nc~ up tidd, U!3-24 ,,·~s ~Ol1seqllcntiy assigned rJ-Miem~tion. H-3u ,l lso 

cnupkd wilh lwo prot(\ns at 0 1.55 and 1.6 in Ihe COSY, positioning thc prolOns 

adjac~m 10 C-3. R(\lh prot(\ns corrcimcd to C-2 al Ii 26.9 in 11SQC ,md wer,' i(kmificd 

,IS 11-2C1 and 11-2 rJ n:;specli\ely. C-I (638.9) was ideillilied Ihrough cOlTeliilion from 

!l-2a ming llMIJC ~onlollrs. Two proh)llS res<)naling as mullll'lelS ~I (i n.n ,md 0 

I.G'! showcd eMrciationto ('- 1 in Ihe lISQC. No coupling belween H-I prole)ns ,ll1d 

11-2 protons was obscncd in COS'{. The positioning of th~ ll-I pro t(\ns was 

mnliml~d hy th ~ ir correlation to C-3 and C-5 ~s ohs~ r\'ed in t h~ 11IvlQC spectrllm, 

Thc P(\siliolling ofCH3-25 ,II C_IO was confirlll~d also 10\ ~ corr~ liition from Ill-);, 

Ih,' H-I pL\)tons mrrcialed t(\ C-5 (6 ~5,7) to which a dc)ubkl al ii 071 idelllili~d ,IS 

!l-S, was auached. H-~ ~olTd~t~d to a carbc)n al Ii IS. ] assignc'd as C-6. ,111(1 ~(\upled 

in th,' COSY with tW(\ prolOllS reson,lting as lllulti plcts at iil .. '7 and 1.53 The 

llluitiplcts con'Clalcd 10 C-6 ill Ihe llSQ(' and \WLT idcntifLcd as H-6 proto"s. rh~ 

mullipl ici ty is du" h) spliuing by H-5. Iw(\ H-7 prot(\l1 S ,IS \\-dl ,IS interaction with 

e~ch (\lher. Ap,lrl trOI11 fl-5. 11-611 fUl'liw,- mUl'kd Wilh ~ nmlliplel ,It Ii 1 Al identiiied 

as H-7t'- Anolher muliipkt ,It;) 1.4 ~ sllo\wd cnrrdmionto C-7 in tllC HSQC, and also 

showcd irlleraclion wllh b(\lh 11-6 protons in th" COSY sl'cetrulll. I'h~ llIlLIl.lpl~1 was 

idcntified as H·711. COSY ~olLplill g 1'1,lCed th~ following pl'Otnns adjaccnl lc) eoch 

other: 11-5a In H-oo, H-tm t(\ 1-1 -7u. H-7); t<l 1l-6a ,Illd 11-6P, 11-<)[( 10 1!- lla. I!- I~ B tc) 

11-16a, 11-13); to TI-1 8a, II -1St! tc) H-19~. H- 191110 H-2 1 l.l ,md I I-I [( to CII3-25 );, 

rhc nthL'r IhrL'{; mcthyl groups CH,-25. Cllr 26 ~nd CllJ-27 were [X)Silioned on ring 

jun~-lL'res ~ t "lum~rll,lr: c,lrhons (' · IV. C-8 and C-I-1 respcclivciy. rh~ rd~tiv~ 

stereochem istry was detcnnined b) an~lySLs c) j' the NOF.SY SI,<,ctrLlm The NOES Y 

mrn:;ialions 0 I' CH r 25 ~nd ('I h-24, ClTj - 2~ and CHi-26. ind iCalcu Ihm Ihe rings h~, ~ 

,I cll,l; r conti guration wilh lrans-fused ring J unCI i c)ns 'md I,-ax ial (\ri ""' l.~li ons 0 r (' H r 

25,26 and H-Li, while CH,-27 ,11 ('-14 projccts bclc)w the planc c)fthc ring, I'hc chait' 

c(\llij gur~tion is more smblc. This configunni(\i1 W<lS mnlimled by NOFSY 

com'lmirJll bd\\eCll CH;-24 alld H-6a. ,Ind. Cllr 23 ~nd CllJ-25, IhL' NOLSY 

spectrllm ~ls(\ r~\'e,lkd sp,lcial correlations betwecn Ihe fn llowing pWlc)n signals: II­

la/IT -]CI. 11-2a/CH,-24, H -5a/H -.1 (l/H -7(t.'H -<)II/CI b-24. Cl h25/CI b-26/11-6);, J J-l1 ); 

'H - I ] 11 'H -15 ~. ,111(1 betwe~n 1l-16rl/ H -221liH -I <) B, 
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COlllmpn l:, trikrl'~ I IO i us ar" tdracvcl ic pr I)<;n taco'clic, jh~ 5'" ri llg oiilw p~ntacyclic 

lrilcrpc'II0iJs is alwJY, a I'cnlagon, wilh a nUIllI"'r of fu nctional groups Jt1aclh'd. 

comHlolllo all.."llo,1 and Ladx);..: I gro LlP,_ 

C· j 7 at 6 56.2 ap)X'Jr"J to Ix; dcshiddctl d u ~ 10 iI, attachment to the c:lI bo, yl group. 

C-20 "\'as highly (h'shieldcd ,IS ";Q)Ccl('d ora cmbon with]1o proto ns Jt l.Jd~d \\'llhIJ1" 

lYri",,1 CJI.} C CII :::> ,;\mc. lurl' C-:::>O wa,; idenliliL'd as a ""rl)on at ~ 130_g 011 which 

H-29a "",I H-2% arc altaLi,ed (H~(lC l. FLlrlhl'T cOlliin"'ttinll 01 tile' ,!n lCtllJ ',' was 

oiltaincu I,-om H\IQC com'hllion I,-om CHJ -3U to C-20, alld from 11-1')0 to C- IH , C-

2() and C-21_ H-2~a anu 11-2% protons " ISD "orreliimJ to C-3 U_ 

1'1-", SlrLIctUJ'L of th" K'XI-2 1ll0iL-.:uk W ,b "onllnm'd '" 10- hyurox}lllp-~ O( 2 (Jh'II -2 ~­

oic aciJ (bdulinic acid). 

-t.Z.7.5 COllljlound 1-/90-3 

CPlllrOlLtld [{QU-3 waS i,p lala l fann Ii-adiotl R'Ifl "",lli-ac tip" 11.100_ The nm,pPlLnu 

w,~, i ll ;' Illall quanl i ti~" In Ih~ iradipn_ The NViR Jata ofLlLc' compound w," o"taill~d , 

Duc' to the' lllinnle amolLllt;; 01-Ih" )' Llri lieu "ampk_ the q llal ii} 0 f thee 1 H ,pcctrulll wa, 

poor. The upficld proton reo;onJnce,; wer,' not ckm. ,Ind lhere W:I~ J Ip i 01' o"erlap 01' 

r~s,-, n:mC ~';. wlnclJ mml~ the ~p"drum "ompliC'II~d and imp,)s,ibl " to mtnprd i\ ,,, 

r~'LJI l th" "hc'mic ,,1 <;ImC lu r" 0 I' cOlllpou ll d KYO-:; "ould not hc' d lLcidat"d. 

4.2_1'1 Ilisc'''sion 

Th~ I"al' rx ',\-I C'X lrad 0 f F. a/riwnu\ "how~d anliplaslllO<iial actL , -i ty aga insl the 0 10 

800 Kl stw ins of 1', ,tilkiparl/lil. 811d lo\-\ "ylotoxici (y on tbe CJJO mammalian "dl 

lin,'. Through bio-guidc'd fractio nation u,ing SI'l! and Ill'I ,e I.h r~" "ompound, wer" 

i,,,bl,,d and id~11lili l'd as carllP'pl, 5_7-dimn hox:-4 '-h:droxytla\o lw. and b"'wiinic 

8cid. :llld \-\ el'~ ,ho\\-11 to h:I\'e positi "" ,Ictivi!y Jg:li n,;1 1'lu.I'modium .Iwcip<irum 

Carno>o l is one of tb,' potent phenolic antioxidants rr~selll in "xll'Jcts or Ih" 11"r" 

m<;em,lry (Rosmarinus offi"-;1lali.n [lnat:ll1i eI a1.. IYH.i: WC'i el ai" 20051. Th is 

diter)X'noiJ wa, iso latcd for ilw fi l'sl iimc by \Vhite and lenkin, fi'o m ,<;(l1iwl earno),a 
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in 1')42. ;!nd Ii-olll R. ,!(ficinal;,,' 20 years latcr I (jajhcde e/ al., l'l901.ll is til<.: flfst time 

that ~amo<;{)1 has been isolated from the n', ,,(ricanu.\ species. 

(amosol has h::~n reported to !XlS<;Css alllisL'rti~_ anti·inllalTllllatnry, ant ioxidant. 

anticar~illogeni~ and weak antimicrobial properties I Mou.iir el ul.. 1903: lloriuehi t'l 

(1/ .. 2007: lillung el al .• 1904: Ch~n ('I ,1/,. 1995 J. It ms h<cn r~port"d 10 illhihil tum<Hlr 

fOrrlliltion. indu(:" a!X'ptoSl s. ;!I'd euu5t' e~ 11 eyc Ie arr~,t J SjJl<,!:ktaT)' ('/ ai"~ 19<)0; Chan 

el a/ .. 19')5J. Thc,~ prop..:rl;"'s co ilid account for it s hIgh C)101O\i(:ily "ff~c t on CIlO 

;!.'; obsnv~d III lhis stl~ly, Thte re is a high possibj1jl) thai c;!flloS(d aCljuirL's ils 

anli rlasmooia l aClivity by excrting similar mechanisms 10 inhibit the groV>1h nf the 

pilEl,itc, locrcfor". tll<' 'Ict;vily oh"<!rvcd here might not h< ,pecific to th" par"s;I~, 

hul h:: due to ils g~nerul c)1otoxic df~cllo 'my hiologic~ 1 c~ll. including tJot, host cdls 

IOl'f<ml c/ (11,. 1<)95J Ibs~d onth~se results, C;!fllOSt11 ~alltherel('re nol h:: ~onsjdercd 

as an antil'la~mndial agent, 

Til" prohlem ~ l1counlned 'wll"" (so lil\;ng this compound is its insLlbility. The peak of 

~amosol liecOTlll'osl'd imo two (llh~r unkn(lwn produds, 1 ill'rature report , tllUl 

can)(,so1 ~an easily be ~onverted illlo rosnumol and other int~rm~diat~s [Gonzukz er 

al., 1'i'l2: 110 1:/ aI., l'i'l4]. 

Betulinic acid, lii so known ~s lup-20(29)-en-2!1-o ic acid deri\'ati\'e, was isolated from 

fraction R90, Belulin;c u.cid is a naturally occurring pentilcyclic lupllne-type 

lriterpene, a derivative 01' betulin. This compound WIIS first isol;!ted Ii'om th~ bark of 

Liziphus Inmmliana Illld h~s since been identified in lllillly other plants. !t can be 

chemically derived from betulin, ~ sub~wnce found in large quantities in the bark of 

whik birch tr~~s, esf't'~ially ill Reluh, alba [Pisha el 1.11 •• 1<)95], Iklulini~ ;!cid h",", 

been reportcd to possess anli-inflllmnlillOr}" anli·lIlV, anti-m~larial Illld anti-llimour 

properties ITan e/ aI., 20031, Retu1ini~ a~id was ori~ina11)' lh(lu~hl t(l selediv~1y 

induces llpoplOSis in hunlilll mdanonm cells. but hilS lxcn found to bc actiw even 

agaim.1 non·mclanoma tumor cell types including ncuroedodcrmal and malignant 

bruin tUTllors [7.uco et a/ .. 2002: S"L<er eI al .. 2000: Shmidl eI al .• 1997]. R~lI1l inic 

a~id is ~urrcnlly undcrgoing prl'dinical dcvelopment to inc rea"", its pharma~ological 

pfopertie~ as a )X'tent~ll antiWTlC~r ag~nt [Gaulheir el al,. 2006; Tan er al,. 2003]. 
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13etulinic Jcid hilS been found to cxhibit moderate in vitro antimalarial activity u.gainst 

ascxlJal er),thrO<:)'li ~ stag~s oj' th~ human malmiil pamsite Plasmodium jalciparum 

l13ringmann et <II.. 1997: St~c1 e c/ al .. 1,)94J Th~ resulls Ii-om this stoo} U.re in 

agreem~nt with these finding" 13etulinic acid however, excrtcd a considerable level of 

lOxicil)' on CHO ~~ lIs. Th~ ""Ie~tivity index of this compoUlld is low, \\'hicb ind icate, 

that the modc oL\~tion (JfhctlLIHllC acid is not sel e~l iv~ ti'r lb~ parasile. Th" ~olLld be 

attributed 10 its antitllmour propertks, l3a>eu on the reslLlts obtained inlhis study. this 

~ompound can not he consitkr~d a hit ilS all an limalariJI ag:ent. 

the third cOJllpound i,o lated [ron, fraction 90 is 5,7-dimcthoxy-4'-hydroxyflayonc. II 

is also known liS pinocemhrin, Thi, comp.)nnd has been prev ionsly is(,lllled from II 

I;'", plams su~h as Alinia gafanfJar F/our('ny;a relinophyll<l. P,,!'I/!IIS ,'pecic.\', ilnd 

,unllo\\'cr species I Kumar cl ,,/., 20()6: Ja,so de Rodri)llLe/, eI aI., 201l7; ZholL e/ af" 

1':)<)9; 13ruce e/,1/.. 201l11. !t has been ,h<mn to pmsc" antifungal and anlilUJllOur 

propenies, It hJ, also been shown to trigger mitochondrial-independent cell dellth 

[Kumar e/ <lL 2006J. In this study pinocembrin h"" shown nl(,derat~ u.n tip lastllod; u.1 

act ivity and Ie", C),tot(Jxicit} on the CHO ccilline. 

In conciu,ion, E. aji-icanu,\ has high a composition of biollavanoids. Riollavilnoids 

~xh ibil llluiliple hiologi~al aclivilies induding mhihilion ofprolifcration or induction 

of apoptosis in tumor cclls. the antiplasmodial activity and cytotoxicity observed in 

tllis stndy correlate with the antitumor and antidio~idimt proper1ie~ oj' Ih~,e 

mole~ules. 
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4.3 Wflrhurgia .m/ularis 

-1.-'.1 Intnuludion 

The initi;ll ><;reening WilS aim~d at idenlit.y ing medi<;inally ilclive paw, or Ie.,;, pl;ll1t.. 

EtOII. lbO, ocxarl<!. all\1 DCM were uscd to extract thc b~rk. Icaws and twigs of the 

plant The exlrOCIS Were prepared approprialely amlle~led lor in vilm anlipla~modial 

activity against til<: D I 0 strain of l',fu/ciparulII, 

-1.3.2 The yields and antipla'modiai activity of crudc cltracts of W. SIllularis 

Both lhe ethanol and hexane leave exlnlcl-; showed good in vilm ,mtiplasmodial 

adi,it),. wilh l(,u values ol~.5 ~ 1 0 )l!,un-I '1",1 ~,5 ~ 0,6 !lgm· 1 respe<: tivel)'. Til<: 

[",xane extract of the bark and the l)CM extract or (he twigs abo sho""ed signilic:mt 

;lIltipl~sn",di;11 ad;v;ly with [elO of ~.9 =-- 0,8 ,u.gmr'arK1 3.0 ± 0.10 Ilgmr ' 

resp;:cliveiy, Th<-' H20 ex(mcl did 001 show signilicant ;mtipl;IS1Tlodial ;tel;v;ly. The 

yields :tnd :mtiplasm.-}dial :tctivilies (IC,,, ""lues) of tbe ex lr;l~ ts nl>l;lincd ii'()(n eitCh 

so lvent arc summari~d in Tahle 4.3.2. 1. 

The heXlmc cxtr:tct (111 r.: hark had g'Hl(] ;mliplil ,mod i;11 ;I<:ti, ity. blll due t() lhe limited 

amount orthe hark material. only lh" lcaw ~nd lwig ex lnlCls wac pllrSlLed. Abu. dlLe 

to small yic Ids" f heMll<-' lear and 1" ig cxt racts, only the EtOH lear extrac t and DCM 

Iwig extrilcl were ~~,,<;ed limher ~nd subjected 10 bio-a~li\'ily gllided 1;-'1cli(1nal~lIl. 

t'he EIOII leaf exlrilct W;IS tested ag~inst Kl and I{SA11 , and exbibiled 

antlplasnmJi;J1 octivity with le'l() \"thlCS or 1.9 .!. 0.5 ~lgmll ~rnl 2.9 ~ 0.2 .llgmr ' 
rcs~cti"cly. The r~s~<:t i\'", ,loS<: response ~ur\'C s aTC shown in i'igllfC 4.3.2, I, 
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I abl . ~.3.1. 1 TlI~ ),;rlll> an.1 n,il'l"-'nll~I;" 1 a<l;' i '~ or ' h~ .,".--~ct, " r II. ' Nluw," 0" Ih. IIItI 
",.in IIr P. f u/t·q""uIN. 
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L Ogl<l.d ••• " ' ''] ~gm I ' 

FI~lIro' 4 .• 1.2, I I~. In 1'1"" " I11lrl.,nlOdi,,1 .eli, il ~' ~r 'h < f .,(I ]! I."f .-xl •• o! of U: 'QI"'~r'. 'gai,," 
1I1 ~ III 0 ~nll ,h. , .... i>'"", ,'ro i", or 1'./aldJII",.nt. "I " 'HI fl.V, II. 
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' j he LtOH leaf extract was fra~t ionaled lLsing thc HPLC has.'d m~thodology as 

describcd in section ),7,2. lhe l!PLC profile .)f thc erudc was divid~d into four 

fractions (Figure 4.3.3,1), "hich following mul1ipk injections. wer~ collecled 

separate!:. prepared ~ppropri,l l ely ~nd teskd for ~nt ipl i I Srnl)di~1 ile l ivity agil inst n 1 0 

Fractions 2. 3 and" showed a.:;tivily. Through funher fractional ion of <!a;;h Ir,I<;tion, 

rcaks r<!sro n si bl ~ lor aet iyily "ere identilieJ. The ilcliv~ regions were Ihen 

eOl~entrat~d using SPli, 

' I 

lJ c;] 
, 

lJ [<j '" 
, 

m , 
" , 

o O~ , 
I , , , , 

'00 , , 
::.00 4.00 6.00 3.:lO 10.00 12.00 

M"uto. 

Figu)'o 4.3 .. 1. 1 11,e III'LC eh rom.tog)" m of [tO il crude e\ tract of II·. so/"'"r;s 'howing tho fou)' 
fmetion, domarca lN and la holod 1-4. f raclion, "'e)'e eollco l<d ,epa)'ald~' a,1(i IO' IN ror "eth·;'y. 
I II< Cl'udo ,,'a, )'un on a C lI co lum n "I a gr"dkn t of20-1 00% MoCN o\"Or IS mi ll . 1 1.5 mlmin '. 

·L~A The in l'itro antipla'fllool i" I ad;v;t)' or the SPF. f,."d;"n, "r the F.tOH 

~rude e~tract s uf w. ,wllllTtlf i5 

Sub"'4LL~nl to Hknli l)'ll1g the thr~e rq::ions re~p'''' nsi bk lor aCl lvit: on lh~ C nLJ~ 

extract llPLC profile. SPE wa, used to concentratc and semi-purify the ;dcntiiicd 

acl ive Iracti"n~ . The SPli pmc~% yi~ l deJ a totill 01' ~ighl I'raclinns. "Ill ch "ere 

prcp~rcd ~ppfl)priatcly ~nd tcswd for amiplasllwdial act;v ity ~gainst Dl 0, 

Thre.' fractiom; W.S50. W,S70 ~nd W.S90 showed good antiplasmodial activity with 

!C~ vall1~s 1.6:!: 0.2 !1gonri. 11.8-1:!: 0.2 IJgonr i iIOXl2"..:.. O.ti !1gonl I r~sf"'c lj \'el~' . 
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~ .. , .s I'u,.i l"i,'" [in" "f [h. "d i> • SI'E fr",'[ ior" "f [ h. E[O 1\ lell r n[ nl~[ hy II I' LC 

I'ructions W.S70. W.S~O and \\-'.S9(1 \\'cre [lin sC' p,Ir<l1dy 011 Iil'LC. Th~ profile of 

W.S70 was slIlxl i"i,kd into tour ~Jks. which \W1V ,olkcted indh'id' J<II!: and tc,ted 

ttlr JIl1 iplJsmooia l ,I ~ l i"ity JgJi list D I (I. l'eJk ji.)ur, 7f1(2-~) sbown in Fi gllr~ ~. <. 5. i a. 

was foun d 10 be res)XJl1sib lc j(" the Jnti pia>JN")di,1 1 ,letivit: wi th the IC ~) \~ 1 1l~ 01'0.9 

-.:: tl:i .1l)!lTlr I. Fra~lion W S50 COl1tall1ed Ihr~~ T"-'ab. Th~ lhird p~"k ( \' '-S50-.') (Fi )!urc 

~.3.5.1 b) was 10lUlci to be res)XJl1siblc It)]' the a~li,i ty with an lC, n 01' 1.6 = 0,2 "gmr' . 

Thc IlPLC protil~ of ii-Je t ion W.S9(l show~d two peJks with dose rd~nlion lilTl~s 

(figure Ilot sho\\n). Togdh~ 1 lhc tv.o pe~ks ~~hi hited ill vilm il111ipbsll1odiill ~~li vil)' 

\\'ith iC'O " ~ lll es of 1.5 -'- 0,25 ~!gmrl. 

"' 

,. , 

_. n 10 , 
e'l 
' 00 

".'-0 

, .. 
'00 

"'" 

'I I 

' 00 ." • '" '.00 " " " m 1<.00 "" 10 .,., ''',,,, 

I 

II 

,-'" " '" , oc '-"l "'.'" ' "'' "00 .,," 18 X , ... .... 

'" " 

" .• 

"'" '" "'""'" """ '" "'" ", 

., .. 
"'",..! .. !u "'M ~" '"" ". 

Figure ~.J5.! l1!'LC Ulr",""togr""" of .om i-t'n,o !'''-2-~(a) and W.S50-.1 (b). and ,hoi" 
'O'p«t;I'O lIV ' p.,ete •. Sa,"»"" "01'0 rlln un " C " I'oillmn nlHlor simi!,," (· Im)m."'~r.phic 
o"')lli,;oo" a ~"jjd ion' of ,15-1 00% 0' <to 15 Illin at fiu" r.,e nr 15 m I min' . 
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4.-'.6 Decomposition ofpcal. 70-2-4 

Following re~ilted multiple inj ections of the SPL \/'/ ,S70 fmcdon on to the HPLC, 

pe~k 70(2-4) WilS collected ilnd stored at -4'C. rhe collections were done on threc 

diffcrent occasions. Unfortunately. when ~amplc 70(2-4) wa~ rC-fllll On HI'Le, th~ 

"PLC' chrom~togral11 r~v~aled the presenc~ of two extra JXaks, and the original 70(2-

4) p"~k Iwl iliso ckLre~,~d in ,i/~. The~e finding, 'llgg~'ted tlwt the collected 70(2-4) 

))':'ill; hml lkcornpo~ed. Furthennore, tk imtiplilsml,di~l acti\ity of the decompus~d 

"'lllIple hild den~~~ed (IC',u 25 J. 5.0 pgmr\ 

4.3.7 /" vitro antiplasrnml ial acti,' it,. of hatch II "f the leave, "f II'. ,w/lll",i,,' 

In an an~mpt to obtain larg~r quantitics of th..: acti\'C eonstituents or the plant. 

additional plant material was r~quired, 10 Ulograms of leaves of lhe plant were 

obtained. I'h~ lea\"~s \V~re dried and cxtmCled th~ saLlle wa'" as lhe filSI batch. 

UnfortlLl1mely the ~xtract had r~dllCed antiplasmodial aelivity, The IC,o was 8.7 J. 0.9 

!If'mr'. I' h ~ protil~ of"tl-k: crud ~ ~"!r"Cl on IIPI ,C sh(m~d that th ~ 'lCli\~ f"'"h W~I-': 

present. hut ill llIinutc alllounts. A, a rcsu lt, thc aCli\'C )X'ak could nOI he. isolated 

fj 'om this bateh, A second attempt was mad~ to source more plant l11~t~ri~1 or kaf 

~xtract oflhi, plilnt from oth~r re,;e~rch groups. 

4.3.8 /" I'ilro anti pia ,m"di,,1 ,"clh iI)' "I' II'. ,Iu/Illari" Ill! leh III 

Thc dry EIOH lcaw cxtract of IV su/uluFis was ohtain..:d flOm Oxford lini\'ersity. ~ 

kind d,,,li1l.ion by Dr l\,h"li l,m~. TI", ~xlral"l h~d an amipiasmodial adh'ily or IC,o 3,5 

fl.gl11r' ilg~in't 010, TI~ ildivity ofth~ extr~c \\'iI~ gOl.u, ilnd the amount ofth~ adi\'~ 

peaJ... as rc\'ealed hy the s i/c of the peak on tile chromatogram was high enough imd 

could be coll~ded. Jh~ i~ohllion of both 70-2-4 ~nd 50-.1 pe~L "as perl"nlleJ as 

hcfme. usinS SI'I-: 10 cnncentraIe the fractions. ,md HI'LC to puri fy lile p.,;aks of 

inter~st I'he purifi~d eOlllJXlullds \\'~r~ ident ified The structure ~ llIc idatioll of these 

c{)lllpounds is discussed in section 4.3.11 . 1, 
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In ,-in!! ltl\li pl"',11lncl ial adiv ity of [wck a lrac.ts fwm bJ lCh II and bCll ch TT L Ihe Sl'F 

frac lion, alld i'>OlateJ compounds 

" 
~ , 
~ , , 
.' 

, 
'".""'" . " ,"""" ', "'''. ''1 ",m< ' 

,. 
'" • '"""""J'" 

, , 
'",r".,," " "I,' "" "' 'I 

'" 
g " • "'" ;CO" " " ,. " , " • 
I " • • , 

" 

r ;g"re ~ .. H_I I he "" l ipl:","",1 ial a"L;' il) (~~,i"' l [) I 0) uf th~ HOI I 1",,1 ",Ie",'" of i>~Ldlc, 01 
II'. '(llutllr;" " Hoi Ih , aeli> t' f,.d i"", gtntrilh-d r ,-o m SI'f.. I'he ''''Ii> it.' of 1 ht, "'0""" """ Ihi 1'.1 01 
I he c rmil- "trat'l i, a i,,, , 11 0" n. 

4.3.9 Purification of the a~t iH SI'F. fradio", "r th~ DC \ 1 twig cxn'act of W. 

saillfllri,j' 

I h~ lJCr.'L hexane ... nei EtOH t" ig extract showed anlil'l ... smod ial ... clivi l), "itil I Cs~ 

values of l.~ ~lgmr ' , 2.9 [lgm-I and 0_'1 .,-,gml l agaiLl,t the Ll IO ,train. and 3_0 .'-'gInl -' , 

3_8 ,Lgmr i ... nei 12_9 ~gm[-' against the K I 'lrain r"'pecliy" ly Ihe DeM twig extract 

"as fractiona led u,ing SPE and C1Lllll1g with increas ing 20%, incrcmenl or \j"c;"j in 
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lbO, fwm the six fractions genenll~d from (i-'Kli"""ri.,,, by s rF. IIlre~ frilclio!1s; 

1 WOO. 1\>>'80 Jnct T\~iIlJO ~xhibit"u ,1L1Iil'la""lxlml adi,il" of I_I = 0, I Ilg111I', 0_6 ± 
O.l.ll grnl - uLld 0.11 ± 0.1)9 ~!QJ1II- re'l'<-'Cti,eh. 11,1.' aCI1\~ SPF fra~ll""' ,,(-Ihe ])('M 

twi g crude cxlract l)f IV. ~'al ilium: j Vi 60. j \V 110 und j W I 00 \\-ere puri fLeu on IlI'Ll". 

.1.3.9. 1 I'rllrtion T\~60 

'1 he HI'T {' prolilc of fraetioll I W60 had Iwo prollli 'leni peaks dlLtin:; at rclemil)n 

tlm~s ~,2 ~lld 9_2 ",ill"les (Fi g ",~ 4_,,_9_1). I)~aks T\WiO-1 alld TWoil- ~ I"'S'" , ,,,-od 

,1l1Iipl~Slllodial adi,il". with Ie", vallie, "f 0_110 ::t: 0, I ~!gmr' ,Illd j.4 - 1) ,2 ~Igml - ­

r~ src'(;l i\ ~ I Y _ The' 11,,' ,pectnlLlI_ eathoLl and l'mW" spe d"l of I'W60·] were si rn' I"r III 

Ihm 01- PK~A i<,Dlaled from thc leaf ~x tmct. Enough qll,lIltili~s of T\\'60-2 WcTe 

purified for II-oc purp,-' sc elf ~ II11C1Hrc ;,k l1 tificilt llH1_ Th~ As.-;igmllll1l oj Hand ' 'c 

J\ r"fl{ <llld s ll1J,llLr~ ~ I ll~iual iUll ~rl di '" lLs"",d in ,edion 4 __ ,_I ~ _ 

,m ' m ' " 100 '; ,00 

" -, .. 
Fi~ur< 4.3.').1 TII< ell 1-(jmat(j~ .. aUl of SP[ f .. '<lion 1'\\'60 rlL" of " ~.-o<li<nl of 2~·91lo;. ~1t,Cr-.' '" Cr 
15 m ill at a no,,' rale 01'1.5 '~IOli''-', r he profi le <lisp loy' T\,>'(,(I·l dut i ll~ at ~,2 mill alld TW60-2 
clulillg"1 '1.2 Olin . 

.1.3.9.2 Frartion ['\\,80 

Thc llPLC prolik 01- li-a~lioll TWIlO Cl)LllI"-, ,,,d of tQur ]Xuks. illl llf \\hkh had good 

nmiplasLll(X\i,d activity, The ~lm,m1ijlogran'-' ,,(-TWAO alld T\,iHO W~IC >upcrimposcd, 

Th" lirsl two peak" in TWIlO "ere the smlle cOIllp'-,unus in j '>\'60-' ilnd T\\'60-2_ The 

IlIaSS spectnlllll)fl \>>'80-2 W,iS ;&nlic,li 10 lhm ,,(-TWoO-2_ The lasl two pcnks on Ihc 

TWRO fi-w;!i.", ~hwmaloWmll TWSO-J (R, = 11.0 min) ,1llU TW80-4 (Rr - 114 ",in) 

in Fi)(lllC 4,.1.9,2 hud amipja , nlOdiilj ,Jel l\ ily .,(' 1_2 ~gl1lrl a,x\ 0.88 1·11!.mr' 

' ,f1( 
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~lucidakd due" lO lb t']r rapid de<:Oln po,itillll and limiwd amoutlt,. 

""" 
0_ 

"-, o o~, 

0" 
;," "0 

,~ 

,~ 

, 
o 

'" ' ' '''' "'.00 '" 00 ,,,,, 

~igurt, 4 . .','1.2 I'he d, .... "'al"gra'" "I' 'l'F rraclinn T\\,~O run (0" • C " cn]um" ~I "~,'.die"t nf 2~_ 

'>l) •• ', J\kC-' O'n 15 ",in nl " no" ralt' "I' 15 ", Ir"i,,". Tht 1',,,lile "I' Lh~ fraeli"" ,Ir"" , T WRI)·I 
on " I'WNIl-: "'Ilith ,; m fl. rl.' ell! Ic-.J ~I N,; ""d ~h"ut ').0 ",in"h" ., did T\\ 60· I "Old T\\ 1>1)·1 
re'pc'(ti'd! '. 'I W8U-J .nd I'W~O-~ du Led x L ,d~n Li"" Limt" I I ,I) "Old I I.~ ruin u Lt" ct"peeli> eI). 

-t.3.?3 rr~dinn TWIOU 

Tli~ <:hl'Om~ll\g "~11l oi" h~<:llon 100 b,ul two ;mal l f't'~k 5 ~ lllii n g ~t 11 0 anJ 11.-+ 

minLlk s. Tb~ <:hrnnlillog: rom \' ... ~s qLr ~r impo,,,,, d on th ~1 oi" T\VgO, Tbc lw.., pca],s 

pre",,,l in TWICI{J dUled allh~ " "'''' rd~llli o[] lirn~s as f't'ab TWHO-J and T\>"80-4 , 

The l, V srcctra of corresponding rcaks wer~ id~l1li<:o1. The f't'ak ' "cr~ hO\\eWL m 

'moll 'lLlilllli lie' aml could lherei'ore noll"," ~olle~led ii'om Ih i, Iradion . 

... .1.1 (I Cyt"t"x idty of the uudc ex tract, a n d S PF. frad;,,", 

The kai" and iWlg crude exlrads 01' IV sa{ular;,,_ and th~ir rcspecl;\'c acti Ye trol1iow; 

g~l1~mt~d !i'om SPF. \\'er~ l~ SiCd 1'1r ~:· LOl..,~;~;ty. Th~ IC,o va loc, of1he LtOlI kaf 

crude "" ~lraCl_ SPL70 and SI'L~O on ClIO ~cll, were 4.,'; _ 1 I) ~, gmrl. 3,4:,:: O.S .ugmr 

I and 3(),2:,:: 3.5 ~L gmr' '-~'l"'C li \dy, The <:nl d~ extract and SPL70 had an 1C ~" oi" 18.2 

~ 2,0 .llgmr' and 32, ) .:. 2.4 ~I g:mr' rc.;r-:clively agajnSl lh~ HFLA "d l linc. Th~ 

re';pecil\ ~ do"",,, rcspll n-;e cmws aI'''" sh"" n ,n Fi gu ,-~ 4.3. 1 (J,2. 

Thc lwig ned cruJe ,,"x lroc l, TWliO, anJ TW80 , howcd Ie,,, values of 2,';,4 -'-- 0.1i 

"gmr '. 2,4 -!- O,4"gmr ~nd 6,7 0,6 "gmr' l~, p cctiv~ l y. Th~ sdeclivil)' illlkxe, 01 

lh,," cru.:k <"Xlra"iS and jraction, an; sh""n in Table 4.3,10,1. The re specliYe dose 

r~,pons~ curvcs of the cyto ioxic it" r~ s\1lts are "hown j 11 Figur,," 4.3 I ().2. 
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Th~ antil'la>modial HNivify of Ih., I"il; ~rudc ntnlc/' Hnd SI'F fractions 

I;eneratcd rro>m r,'actionation ofthf I)C\>I f~lrllft. 

DlO Kl 
,~ 

i;" >=< 
~ , , , , , , 
" 

c," ... ,~ .. ,., L" T .\ ,. , ., 

... ' ,,,.,,,, rc,, ' "'''''' 
c.: • . ,., .. ,. , L" _ ':-,,,,< 

" .' , 
"I .::~ +- , 
l"!'l" " ~J ,,, ... ,","'~" "'''"''_''''' 

• 
> " • 
'-, " 
~ , , , 

" 

~ ,,,,-w .:., - 1.I.,,,,, ,· 
"", Tv.!' .-,~ _ 0." __ ." 

l-.'-,· .-::.:.~:.=r't:':'W;.'.".'.","''''-' I' 
, 

l"" L"C, ''''' 0,,,..-.,",> ,,,,,~,~ ""'" ' 

, , , , , 
LX"".-" ,'~. ". 
" " ~., - ,,,,,,,,, 

E'C--<~,, _ 12""'-< . 

" j.--,.--,.- ... ,~ , " 

" ,,~ 
~ 
> " • . ~ , 

Loq[TW" NU'" '" '''<''M'''' 

, 

ri~ur. 4.3.11l.l Th. anlil'la,m"di.1 adi,il)' "I lwig crud. nLra"", SPl fra"liGJI> of Ihe lICJ\l 
<>1,·,,1 ,nd "I c"n>Li'".-nl> "I' lhe ;,Pt: TWN(lI,·.t Li"" (TWN(I-} and TW~II-4), os ,Jw,,"n on Ihei .. 
re,]><ctiH d",e ""'J~'n," CII ,,· e.' , 

T"hl< ~.3. 111.1. SII m m" r~ "f lhe "<>,,11, "n 1 h< .nli pb,mmJial "c'i"ily .nd c),lOlO,ici Ly of 1<.1' ."d 
", ig '''"de ,,"',e" "r W:.,a/"'''';'I, and their ""'pee ti,·, ;,pr I',·~,ti,,,,,, 

Sample lC, o m~an + SO Selectivity le' i) mean -,-- Sf) ... -' 

(flgml ') D I 0 slmin i rlcle;.,. (J-lgmr1
) Kl strain 

-, .... 
F,Oll lear nude exlm~l 2.5 + II.H I. ~2 1.9 115 

~~ 

r-s--rf SO 
~ . 

1.6± O. 2 1 R.BH I A 0.25 
~ 

SPI: 70 0,84 0.06 4.1 0.9 0.06 . -
~~-

SPF.90 1. 5+0.6 '.;0 
...... ~ , ~~ 

nC ~ 1 Iwi ,' crude e~tmc t -' .11 + 0.2 15.7S 3.6 O.OS 
~ . 

T \'," GO l.l , 0. 1 2 .~ 1.0 0.1 
~ . . -_. 

n,'so 0.(; , O. 1 9.S O.B 2 + O.OG 
~ 

T W IOO O,S + 0,09 :'-i )) OR2 + 0'()6 
~~ -
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Tit" evalualion or ~~ l"lOxi~it}' of th~ ~1"!"Jr ntra~ts, and sdrctrd Sl'l: fraction, 

i 
! 
! , 

! , 
! 

, 
• 
• 

• C' . ' " .... ' 

., ., 
,.; [" . "~ "",, , 

I 

., ., 
' ",["" ' wi;, ,," "" ,< W.'_"~l '''"~ ' 

; , , 

I 
I I I '\ 

\. 1 
\ 

"'" .:" - ' '.'."" ' 
Hi: , ~,-o""", 

Figur. ~ .. l. 1 O,2Th. ''),In',,,icil; {Io,. I'c'r"'''. ,un'", of 'hc ", i~ "nd loaf <1'",1 • ., "'ad, of IJ': 
.m/maril- ~ n{1 'hoi r c«pccti," "PF fradi""" Th. spr 7{) f,·.dinn ,,'a, ai,,, (<<t.d "" (h. H [LA 
c. il li n • . 
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.t • .'. 11 ~lrU" lurlil i.lenlilit·:,l ilm of '· umr>ountI7U-2-~. 

I " I,k ~_t I I. I n,~ ' I I. " ..... II~. II 'I{J( ·.O I::t I on,t NOf_"'" dab "f c .. m t~,." d , 4j.-! ... . ,,-hi, l. 
~ "' IsoI. " ... 1m", ., n : 7(1 ( .... til' R uf 1~~ ( .011 I..-.r ~u,.. .. ~t of W.,·dIUl."' .... 

, 
< 

, 
< 
' I 

I II 
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" " 
" 
I< 

" 
17 

t " U5 JJ tiIA. i .s.7.27 H.) 

" ,A~ JJI 
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4 . .1.11.1 NM K assignmt'nj of compound 70-2-4 

.·i~or< ~.J, II 1 Th., <h,:,"i<,1 Mru<'lurr of <m" pound 7(1·2·4. ~Iu<idat.d "' 3~-"'<rlo,~'cinamoli de. 

Compound 70-2-4 was ohlain~d as ~olorks., n<:~dks. 11,C HREI-'v1S sp"~lrum 

showed a rrominent real.. Jt mlz; Inc~Slll'ed 2<)3, 1722 [M+ In-. eaiculmed fol' C H 0: 

2<)3,1764). which wrr~spondeu 10 a molecular li)rmul" C17ll:-oO. The Ill. Bc. 

HSQC. HMQC, COSY and NOESY NMR 01' compound 70-2-4 ,.,-e SUmrnal'ifeU in 

T~bl~ 4.l. [ I. [. Th~ spectra are . ..rnwm in appcr1<.lix B (rag~ i qg). 

Ihe presence of fIfteen cal'bon ~toms suggested a sesquiterpen.;:, SesquilCrpenes 

iso luled lTom Warhurgia Sf"'~ l"S are ~harucl"rized by u, [l-unsalunned ~urbon}1 

chrornophores assembled around a trans·dccalin ring ~ystem. An ~bsorplion 

maximum ~t J~'ut 234nm in the UV speclrum WilS indi~Jtive of un u. [l-unsalurclleu 

JaCI011C. 

The 1 H spectrum reveJled the presen~e of :!i.,ur three prown signals m II 0.85. 1.03. 

0.93 and 2,()4, The methyl singlets were linked to their respecthe carbons at II 12.4. 

15.1.27.0 and 19.9 has~d on ~orr"bl.ions ohs~n~d in th~ HSQC, and ..... ~r" as~igned 

JS CIU·D. CH3-14. Cl13-15 und ('[[3-17 resl'<'cliveiy. Meth;,'1 groups CHl- 14 ' '''u 

CHl-15 were positioned m C·4 through H"IQC corrclmion~ to a qu:lterllJry c~rbon at 

II 37.5. identified as C-4. It j~ ~Is() characteristic ofso!Tk' sesquiterpenes to huv~ an 0-

group suhstitulion ~I position C·l, tv.'O m.,'1hyl groups at C·4. and another mcthyl 

group at ring jUl><:ture (C-10). Roth me!h}1 gmups. CH3-14 ~nd Cln-15 shlm"u 

H\1QC corrchtion to a earbon at Ii 80.7. identified us C-3. [he ~heillicul shift of(,-3 

suggested un O-group suhsl itut"u ~urlJ<,". 
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Tk two d(",~lIicld signal, or ~mhnTlyl ~arbolls at n 171 5 '!lid 171.1 wCre a"igned to 

C·16 and C·12 resp~c[ively. An acet.,l gmup was id~ntified through corr~htion tr'lln 

C1D·17 to C,J6 in th~ llM(X' spcctl'llrn. which cxplJil1ed til<' do\',mfield r"sonJTlC" of 

Ih" mdh;.l signal (02.02). The positionin!c' 01' the a~dyl grour at C-.1 \" .. ~ I'urllwr 

mnli rn lcd by HMQC ('orrelation.' ['rom CHl-17 to C-l, 

The dOllbk doubkt r"sonming ,11 6 4.54. was Iillkd to curl><m n 80,7 thn)llgh IlS()(: 

~OlTciation and \"' .. ~ iocnti licd a, H -l. Thc m ullipl i~i I;' or H-.1 sugge;Hed a ,pi i tting hy 

only t\\·o neighboring protons at C-2, ltnd thi, ~onlinn~d toc O-grolLp substitution at 

C-3, Th~ molecule would be more stable wilh an acet.,l group at C·J at I'-orientation. 

which would con,~qu~ntly kavc H-J at an axial olicntation, H-3a shol'l'c:'d corrdation 

in llMQC to ~arbr)ll Jt ~ 23,5. ils>ign"d to C-2, Tw() pwt(\l1>. a !lIultipkt at 01.47 mw 

a dNLhk tril'kl a[ Ii 1.70 ~ourled 111 IOC COSY ww hoth ~orrelal~d 10 C-~ in th" 

IISQC speclrum \vere a&sign~d to II-2a and !l-211 respectively. Coupling belwe~n H-

2" alw H-.1" (.I - 4.2 H~) ()bs~r .. ~d in Ihe COSY coniinn"d the positioning ()fprolOll> 

()n C-2 fldjae~nt to C-3. The HS()C ~xperimem indi~ated mrrclation:< Ii-om proton 

'ignal' ilt ~ I.G8 an ,1 0 1.4·1 to a ~arbon at 6 3G.7. COlTei:Jlions Ih)l1l th" two protons 10 

C-3, ColO, and C-5 in Ihe HMQC speclrum kd to th~ir id~nlification as H-I protons. 

Corrti.llj,mixtw"en Ii 1.68 (J1-1~) .md 1I-2P in NOESY \\"IS ()b&ef\~d. kuving 61.44 

at an a-orkntation. A long ranf\e ~olTdmion Irom H-I" to C-~ in thc HM()C 

s])<'~lrum was 'II,,) obS<'rve,1. The third llldhyl group CH)- 13. ,how~d'l COr)"ekition to 

C -9 illlhe HMl,.)(: speclrum. and was thus rm,ition~d at the Juncture at C-I O. 

A double doubkl r~50nating at Ii 1.55 was identified as H-S. H-5 correlated to C-5 at (; 

4R.2 in tk HS()C spedrum. Poslti()ning ofH-5 w~:< ~onl i nllcd h)' iI' ~orrdation to C­

HI, C-4, C-9 ~nd to C1I3-15 UM CH3-1J as obselwd in Ihe lIM()(:. 'I'h" >plitting 

p~tWI'll of H-5 slLgge,lcd that it wa, intemding w,tl, twn rrotons. The COSY 

s])<,ctnllll rev"JJcd th~t 1l-5 c(lUpJcd with a d(lUbk doubk tripk1 (ddt) at Ii 2.44 (J -5,7 

Hz) and a double double double doublet (ddddJ at ~ 2,3. identifkd as H-oo and H-6rl 

res])<,ctiveiy, HS()(: linktd 11-G protons to C-6 re>l)lluting Jt {; 24.5, Correialion, in 

Ihe H'vlQC from H-61' and H·oo to C-5 and C·4 w~r~ obserwd. ~OL inwractions 

hel\v~"n11-Gu ,md CI13-15. and bcl\ve~nH-G~ und CI13-14. g~\e th" 1I-G pmt(m& 

[hdr respeCli \'e nri~ntali(m" Th~ ~(JlTelation oclwc~n H-5 and C H3-15 in thc NOES Y 

"" 
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slX'<:lmITI rO~ltlOn"d 11-5 al an "-orl,,lllallOn. Funh"nllor,,_ H-5 nl;;o "hnw~d 

c<mdmion in 'jOU;Y \"ith H- Ia, and H-3a, 11· 6r13nd H-6~ coupled ,"ith n signal at 

Ii 6,84 (.I = 3,5 Hz) in tIle' COSY. 'lhc downfidd re",ln3nce of this ,kshidderi double 

doublet at " G.8,1 idenljti~d 311 ,,-~-u ns<ltur<lkd ca.-be ny l grour, Th~ signal \vaS 

<lss ignerito 11-7, Th,· llMQC' ~peclrum rev~aledl(11lg rang~ ~orr~lalion Irom 11-7 lo a 

~arbonylat;' 171.11C'-12). 

In the "c ~ .vll\ spectrum. doubk bond carhon r~~onanc~s at (; 127.4 (C-8) and 136.3 

1('-7) and a co.-bony! carhon ('-1 2 confirm~d the prescnce of an (1. fl-nnsatur<lteri 

laclolle rin~. CO'NJering ll..: gencral 'IrU~llITC or known s<'squ.ilerpcnolll ladon", 

i~olatcd li'om IV sa/a/aris. th~ Incton" C3rhollyl l'nlllP was pbcd at positi,'n (> 12, 

lhe IlSQC ex pcrimcnts showcd correlation from <I multiplet at Ii 2,'12 to ('-9 at" 

SUA. 11-'1 coupled \',ith two tripkt sign<l]s at" 4.41 .lI1d Ii 4A3, iden1iti~d as It- I I" 

alld II-II fl r~ 'pe<:tivel}. T 11 ~ proton' w~re Inore (kshielded du~ to th~ do,e prox imity 

10 a 1 3~ lOllC ~r"up alld its r .. ""lllng llldu<;tiv~ ~ Il;;n, II-I I pwlon, wupkd with ~ach 

other (J = 'U liz) ,md with I-I-<J (J - 9,2 11/,). Pos itioning of I-I-<J was wn lirmed h~' 

condation ohseryed in th~ U\H)C spectrum trom 11-9 to C-I I ami In a quatcrnary 

camon at Ii 3),9 (C-IO), 1-1-9 furth~r il\l~ract",1 with 11-5rl in ~pac". 3nu wa.~ assign~J 

3n a-oricntation, 'lhc spacial intcractions bclWe~1l CH3-13 anu CH3- 14, ('H3-13 and 

1I-11fl, 1I-2jl. and 1l-6fl observed in the ,'OESY helfX'd resolve til<; stereoch~mistry of 

lb~ IT - I \ prolons, II-'Ia and ll-Il [I ,II so shll\ved ;\I OE correlation lO ll-5". 

On I.h~ ha,is "I' I.h~", ohs"rval.ion,. compounJ f' K2-4 was identjfi~d ,IS 3fJ-,lcetoxy 

cinn'lI1lOlide, The ~t\lK dal:! was similar to thai of cinnamolick -3f-I-acetate report~d 

by J-;.ioy <'I al.. I 'f':lO ami Ying e/ aI., 1<J95. 

jh~ '1-1 and '\: l\MR d3t3 j()r W,S50-] s l ~)\H-xl ~imilar signal ~ to thos~ obsavcd foJ' 

PK2-4. Th" chemi~al ,hilh were ,imilar to Ih,lt or 1'1-:2-4 wilh "<lme carbon and 

proton signals differing by 0,02 units, The COSY, HS()C and l-I\lQC expefim~nts 

re~ ullS \"eJ'C t)le S<IIlIC ,,~ dk)S<e in 1'1-:2-4. The llRFI-MS ion pal terns "i' lh" I.wo 

comlX'\lI"is w~r~ similar, showing an ion at 279. indicating a loss of a ('113 of an 

,,,-,cl.)'1 group. and 111// 235 indi~aling a los.> oran a<;~lyl group. A~~ordi ng 10 Ihe 'iMR 

data obwincd and our interpretation, th~ din<::r~ncc bet\,· ~cnlh~ IWO compounds cmlld 

nol he idenl.ilieJ llowever. il i~ ,,"pe~ted Ihal I.h~ two mol<XlLle~ might ditTer hy 

I (~) 
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t1in~r~lll spacial ori~nlation of fil1lc llonal grour~. In \V.S50-J compouoo. lhe ,lCd"t~ 

group and C -3 could have pos~ij-,I~ assumed an fl-oriantarion. 

" . .1.12 Tile 51 rue1u ra I iden tifica1ioQ of TW('O-2 

The 'H, "c, HSQC, llMllC, COSY ~nd NOESY N/l.1R ofcotnpound T\<.'60-2 ar~ 

summarized in T3bic 4.3.12, I. The spt'd ra aJ~ ,hown in "ppendix B (page 2(4). 

Tobl. ~.3. 11.1 Tb . 'H . " c, HS(,lC 11\1 IIC, COSY . nd ~(U:SY I' MH nr compound T""60-2 

Posit ! 8 " (J Hz) ; 8 "'C --- lI)..mc COSY I\OESY 

lOll 

II I .44Jd _19 ,1 C·9_C·.1 H.11I, H.211 H.211 
II I_24m C·9_ C-IO, C·.1 , II 1_6601 IU C _.1. 
II I A~m C-L C-l. C-4 

, 
H-Ip. H-Jp II-I p. CllJ - 13 , , II U2dd(2.7. J Hz) I 42,2 ll-Jp 11-5. 11-10, 

CII1-1 j I 
i 4 

II I _2~ , C-2.C-14 ; H-2u 
I .l7_ 11 ! , , " 1.40 clcl (1 1_6, _1_.1 H,) 49_7 

! 
C-6, C-14, C-I1. H-60_ H-6P la, 9cr. III. 

24_q C.9,C-.1,C·I.C· , i CJIJ-I) 
I 10-'- 15 I • ,,2,'1.1 clclJdd (Q, 3.0_ L~_ U (.7,C · ~( · 5,C-4 

I 

H7,H611, 'cm-I) 

'" " C·, (·~,c·\ 
~ 2.17", < ., H,oll nU_14 

, 6~3JJI7_2. ]_~II,) I '~_7 C· 12.C·o,C ·5 . c· H·5 

• ) In.~ 

• "2_qm (9_2, .1_6Hz) :;0.7 C-7,C-II,C- IO_ 11- j j a. ". 
C· I .C· l l_' _~ I III 

'" )4,2 

" ,,4,42[ (q_J H,) 6H C-12.C-S.C-9 T1-l l ~.11-9 
~ 4_0~1 (9 .1 11,) C·9.C _11I H_q. H-Ilo 

I · I 171.1 

" I (I ,M, l H 11_1 In. H-211. 
11-6p, CII1-14 

" ' 0_97, : 20,5 cm-LI 11-6P_ H -2 ~_ 

CHJ-13 

" 0.93, 32.4 CH.1· 14 H-OO. 11-5cr_ 
H·.1" 

1111 

I 
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The llRMS of T\\'60-2 showed a molecular ionl!>.l' Tl] at mi/ nS.5214 

COIT~SJlOfl<ling \0 ~ mole~lllal' f0n11Uia of ('1,IJ ,80 2. calculated illr m!~, 2.1S.S20 ! 

1M Ill]_ 

The lH N/l.IR and "C N~!R spectra "r compo lind TW6()-2 clo~ely resembled that of 

compound 70-2-4. /\ comrarison "fthe 1-'C-~\IR SpcClrlllll rcvealcxl thai the number 

of carbon r\:solwnccs were similar except for tile absence llf ilLl aCcll)xy group in TI"" 

ue spel1nlln of TW611-2. which ;Ippe~r,'d ill the "C N7'v\R of PK-2-4 at R 171.5 (c-

17) and Ii 19.9 (C-I (,). This illdicated a J()S~ "I'an aC~l}1 grour ill cOlilpOlllldl W6()-2, 

This ""'s lurlher conlirmcd by Ihe ah~encc or a Coo, al/; XO.! in the. "c Spe.ctnlnl of 

TV,'60-2. The indicatio" of a loss ()f an aCC1yl group W,IS ~Iso sUPPol1ed hy the 

differenc~ of 58 in rh<;; mok~LJbr w~ight of rh" two ~ompounds, ,,·hieh is l"(ILJ~1 to thm 

llf~1l :lcdyl group. 

Th" sinlllmiry \11 tht: COSY. rrsoC'. rr\fRC ~nd l"OF:SY s~ctra 01· Ihe two 

compoumis suggesled lhal the.ir main skdc\c)n, were idenlic~1. While the majority of 

chemical shift" and srlilling pal!en,,~ ill IhelT 'H spcctr3 were simi13J'. 3 methyl singlet 

resoLlating m Ii 2.04 ill the 'll spcmum of PK-2-4 was ~bsent in the '1 1 speclnLm 01 

TV.'60.2. In (he HSQC, the proton ~(~ 2.04 e()nelm~d with C-17 31 1'1.9 (CH3·17). 

and with a c~J'bonyj carbon C·jti in the 1l"1llC. The >e~ond noticeable differ<;;nc<;; in 

thc 'H spectrum of TW60-2 was 1111' ~b,;encc of a trir le! resonatil1g at ~ 4.43. 

~orrespollding to H-3 in the ' Il spectrum of PK·2·4. Instcad. th<;;rt: were ~dditio""l 

prot()n reS()113ne~~ ill llw lH ~reClnLm ol·TW/iO-2. 3 multir1d 3t Ol.2X 311d a double 

102 
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doublet at 0 1.52, "'hkh \Wre link.ed to C-3 (It Ii 42.2 by HSQ(' wrrel~tiOlls. Lsing 

lI/1.-WC Wiltours.thc 11-3 pllllOns wl1:d.,ted \0 C-2. C-I. C-4 fllld C-14. FurlhcmlOrc, 

COSY wupling \\.-~s observed beT'WeelJ 11-~ (0 1.52) ~ml H-2", \\,hid, then poSltiolll;d 

C-~ adj",,~nl to C-2. Prolons r~son'lling as 1l1l1111pkls aL 01.66 and oL4S both 

con'dated to a carbon at 0 J~.2, assigned C-2 and were idt,ntificd as H-2tt and 112~ 

respectively. H-2u ,ho\\'['d coupling with H-3~ and another multiplet 'It 0 1.24, 

Proton, at 0 1.24 and 1.44 wrrclJtcd to carbon Jt Ii 39,1 in lISQC, (Uld wer~ 

conxqll~ntly identi fil'd ~s ll-J p and H-I II [l'specti ,ely. COS Y ~orrd (ltion r..;lween II­

III and H-IP and H-lp. ~nd beh\wn H-lP and H-W Jnd HI-P 'wer~ ob,ened, The 

11Mr;(' 'JX\:t r~ showed that 11-1 u correlated to C-3. 11- I ~ to C -2, C-9. C-I 0 and C-1~. 

Tht H -2 I>rotons sl'l0"'td ~orrel rnion w C-J. and ft1l1he r correl (ltion from 11-211 to C-I 

waS ob'er\('d 

In the NOES)' sp,xtrum. H-J aL ~ U2 Inleradtd with H-5u, H-Iu. CHl-15, 

indicating th~t it assum~d ~n (l-orientJtion. H-3 at ~ 1.2S WaS assign('d a i-l-ori('ntmion. 

H-2~ showed spad~1 intcractions with ('H-, -13 and H-I It '" rn('alcd in the ~OLS Y. 

More inkrllctions ml' summariz~d in 'lJbk 4.3.12.1. 

The doubk dOl1blCl re~onaling at ~ 1.46 wa, (lssign~d to H-5. The po,ition 0[' 11-5 w~~ 

confirmed by COSY correlalion, wllh pnltons al ~ 2,45 and ~ 217 identi lied as H-6~ 

~nd II-Gu rt'speclively. :Illd furtkr HMllC correlations to C_I, C-3, C-6. C-9. C-IO. 

C-14 ~nd ('-15. H-6u coupled \,'ith !l-6~, and !l-5 in th~ COS Y. ll-w further coupled 

\\' ilh a de,hie1ded doubk doubkt :It 0 6.83. H-7. Also, t"'o bond correlations Ji-om !l-6 

prl)tons ll) C-7 am! C-5, and a thrICe bond ~olTclation 10 C-~ "ere observed in the 

HMIlC sp<:drlLlll. 11-7 posilioned on C-7 al (5 D6,7 by llSQC: showed correlation to 

C-6. <:-5. C-9, and C- 12, Jhe mutually coupled protons Jt;) 4,O~ and 0 4.42 (J- 9.2. 

9,2 Hz) were identified as J\-ll~ and H- I In res(lCdi\'ely H-9 was posilioned through 

ilS COSY C.()nd"lion wilh tile ll-I I protons and Ihrough C(lrbon correlmions w C-7. 

C-IO, C-I1. C-l, ~nd ('-13, 'the three methyl groups wer~ similar to that in the 'H 

sp.xtrlLlll () I· PK -2 -4 and ",ere posi tioned a<:wn!in gly. 

IO.i 
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4.3./3 Vi.H'I/Hillll 

TIn: crud~ ,'xlraCb of holh ll", leavcs atld twigs of IV ,mIUl"ris sho"vcd positivc 

antiplasmoJial adi,ily againsl holh ])10 anJ KI strains of P j'dciparum. The rcsults 

are not surpri,ing as this plant has h:cn rcported fl.)r us..: in thc tr~atm~nt of malaria. 

Ihe in "ilm antiplasmodial activity ofthc hexanc and wmer extracts of this plant hJ\'e 

b~en r~ p0l1~d by Gum~(k 13 .. :ZU03 and Clarkwn ('I 0/" 1002J. Tb~ r~port s "~l" 

however. without reference to toxicity. and most impoit"nt ly. the a<;li\~ mokcules 

responsihk for an liplasrnodial adivit)' oflh~ plant "~re n~\~r isolilleJ or chcmi,,,lly 

chanlCleriz~d. This work rep0l1s lor th~ lirst tim~, th~ isolalion and idellilikation of 

chemi,,,1 slTllCllITCS of compounds responsihk for Ihe anliplasmodial adivity of leili' 

and IwijL ~xlraCl, of W ,w/ulari,I' 

A largc numhcr of seS1jui(erpcnoid, "olalt'<l ji-om Wilrlmrgi" sp.:cies ha\-'~ shown 

various biological "di, iIi c, such as anli·ha,krial , anli·molluscicidal. anli',anccr, ,md 

anti-funjLal properties IKubo <'I al., 1983: 1988: "-ahe arid "an Stadc11., 2000: l3]'()oks 

~l ,,1.,1909: ManjLuw Cl ,Ii .. 2003; Kin}" ela!.. 19'10]. Alth()ugh t-;';w s..:S<juilcrpcnoids 

wilh a char:":'ieri,lic chemicil l skeleton ilS IIw ones repr ... l~d her< hil\'C he~n i,o l"lcJ 

from W .w/u/aris spccics 1\lashil1lbve d "/ .. 1'l99: Rabe "nd Vim Slad~n. 2000, 

Clarkson et al.. 20U71, none of the isolm~d scsquiterpenoids havc b~cn reported to 

IXJssess antiplasmrxlial activity, Thc two scsquiter]J~noids isolated in this study. 

~il1nilmoliu~ and 311-iI<;~lOxy-dnl1mnoliU e . hJv~ been isolatt'll ]Jr~vir"'LSly from oth~r 

plants and from related planl specics [Canonic'a e/ "/" 1967. Kul'l{) el ,Ii., 1976; KH'Y 

ef al.. 19'OlO; Wube e/ (II., 2005] . hut thel'e \wr~ 110 l"IXJi1S Oil th~ir antiplilsmodial 

activity. 

Only Iw() ~omp()unds w e l"C chilrilct~riz~d in this study, Oth~r compounds which alSD 

showed good anti plasmodial adi"ity could not be characterized hecause of their 

insl"bilily and limi t~d amounls. The isolaku ~olllf1<.Junds r~pl"s~m~d by individual 

peaks on th~ IIPLC chmmatoj.\raliL decomposcd anJ yiddcd one or t,,() more peaks. 

Both compounds exhihitcd good in l'ilro amiplasmodial activily. riw punned 

compounds "CrC ill limilCd "mounts and w~r~ in[l{kquak for cytolO~icity ksting, 

However. th~ activity of the W.S70 and W,S50 SPE li-at'li()ns was uscd as "n 

'"' 
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indication of the activity of each compound sinc~ th~ ~ompound~ "ere 111 largc 

amounts (>95(%) in thdr respe,tiw SPE jra~ti(\ns, alld <;(llLld IHIYC <lc('.ounkd ror 

activity in the fractions, einnamolid,,-3~-a<:dat~ sh(\wed rdativdy l11 gh loxi(11) 

agaillst tl"" CliO cells, The ~omT'ound h(\w,,\'~ r. showed rduced l()Xicil~ 1<1 lhe Hc l.iI 

c~lIs by It magnilmk- ractor of 4,2 "hell compared 1<1 toxicity again'>t tJlt CliO cel l 

lirK' Cinnanmlide showed ,imilar anti plasnl<ld ial activity but exhibited low lo ~ki \y 

<111 the ell0 cdls "itJ, a sek~ti\'ity index (\f 18. Thi,> COl11 pollnd C<lll Ix: r~g<lT<lcd as 

promi~ing and ,an be ~on,>idel'ed I'or l"lLr!J,er d"'el()T'lllenL 

iY. salurarir i, ooc (\f th~ medic]l1aJl~ importanl pbnts lJl S()Lllh ;\friclt. It is \vidcly 

trad~d bOlh h><;i!l l ~ imd <lcr(\~, lhe c"'lI1tries bonkr" The high demand to r the plant 

has ,-,olliribuled greatly lo d~T'klion or' the p lilnt speck-" Sadly. thi s plam ha, now 

bec<>l11C ()ne or IlK- endangcrcd plant speck-s, Sinc~ tl", bark is the pari (\f the planl 

that is melt f<lL" m~dicinal purpos..'s, tk (kharking mdhud i~ lL~~d lO hinW,] tJ1C 

plant,. Ih i, destmctiw method (\f hane~ling i~ (\1 gn:al ,oncern <IS the debarkcd lr,'c 

has no rn,':m, of sun-ivai. 

II was int~rc'lilll' l() di <;(;0\ Cr liml tile pro fil e or the constitu~nts in Ihe kil\'e'> i~ simi lin 

t() tJ'e "bem"'ill prolil~ In U](' l"ip, Thi, would ailo" suh,li luti(\ll (\1' bark " ,ilh Ih~ 

ka\','" H,'alCl's can be ~ncourag"d to "olkd alltrtlillj", pl<l"l parI.<, such ltS leah'S and 

tv..igs inst,'ad of hark. ,>in~,' k<lC hilrwsling T'I),;c, less dmnagc lhltll d~ba L"kill:; 

[Cunning-him,._ I 9RR J. 

lOS 
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4.4 AcI,i!lell millefolillm I .. 

4.4.1 Introduction 

ThI: planl leal' malo:rilll W"oI~ nJrolctt:d with OCM ~nd MeOn ~olvo:nts. Tho: OCM 

eXlract was lirsl Iraclionmed lIsing SPF.. The yields Ii-om SPF. were however. 

~xtrelDt:ly smlllL As a n:sull. ila,h chromatography " 'as selo:ct~d as all alt~rna.tive 

method ol·I;-~ctionalion. Tho: pml]le or ell~h Ij-J~tiol1 generJl<:d w~s rnonitored u~il1g: 

TLC (See se~lion 3,S lOT detaib). Fraclions lhal had similar hand pmlile~ wer~ 

pooled. prcpared appropriately and tested ti)r antiphsmodial aClivity again~llhe DIO 

~tnlil1 of P. /alciparum. Active frJct;on, were combined and funher fractiol1ated using 

column chrormlogrJphy. Frll~lion, go:neraled from columl1 chromatogrolphy "'ere 

lested lor aClivit). Active Ii-aclion, wo:re separJlely puritied u,ing ~hon column 

chromatograph). Final puritication was pertimned on HPLC. 

4.4.2 Antiplasmod ia I activity aDd bio-activity guided fraction;Hion of the OeM 
Htract otA. miflejolium 

The OCM o:xtrlld orA. millcfolium ~howed the highest activity with IC~ values ofJ,<) 

+ 0 . .1 fl,f:mrl and:1.1 + OAf!gmri againsl Dl0and KI respe~tive ly. 

4.4.2.1 Flash chromatograph), 

Column preparation and sample application were done as stipubled in ~lion -'.7 . .1. 

A total of sixteen fractions were collected from eluting the eli,l:ract with a step gradient 

of increasing polarity with 10% illcremo:nls rrom n.:xane to EtOAc, and EtOAc to 

MeOH, So:ven fractions; 40;60, .10:70. 20:S0, 90:10 (hex: F.IOAc) and <)0:10.70:.10 

and 60:40 (F I.oA~: Mo:OITl, were ido:nlilied a~ J~tive. The ICj() values of the fractions 

are summari/ed in Tahle 4A.2.1 and the respective dose response cunes are shown in 

Figur~ 4A.2.1. Th~ ~cthe f'rJction~ "ere selo:cted for filrthl:r fr,lClionaliol1 bv column 

chromalogmphy. 
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.jA.2.2 Column chrnmalogral,h .,· 

A (<.>/a l 01" 64 I"rac!inns \\W~ colkctcd from ~Iutin~ (h ~ s~mple \\"lIh a sic", ami 

wllsla, ,( now(,fmohilc phase. UOAc: h~xaJw: MeOl I (5 :·1.1). Fr,,,;li<)llS \\,Ih sil1lllar 

profiic., on the 'ILl" pla t ~ "we l~J()led" yielding ~ ("[,,I "r 15 Ira~linl1 s. rhe IC,n 

va ll"' s 01" each frJction ar~ l ist~.d in T;lble 4.<1. 2.1 "h'k th~ respi'cli ve uPse' resl'<)ns~ 

c "rvcs are shown in I iigu re '1.4,2.1 , 

T.h(e 4.4.2,( Tho )idd, .nd "I11ipl.,,,,<>tlia( acthily of tlCM and ~1.011 .\lrocl, of .1. 

mUlijoli"m. ~nd fr~'lion' of lh< ()CM <,lr'c1 g~n~ral<d from n",(] ch I'ommoel'.ph}, ami ",, 111 mn 
ch rolTl.t"~""ph~'. 

, :Extracl Fx![act;ol1 Yield ('l{,) Amipja~rnodial activit} 
010 IC ",,) mean - SD -

• (Ilgmr') , 
: IX" M ~x(ract ---- 3,,) 0,3 
, 
; MeOl1 extract 4.1 46 - 0.'1 

_._. ... 
Flash Chromatograph} frac1ioL1~ 

EtOAc: hex (%j 

: 6(J:40 4.6 3, I 0.32 -

1
70:30 

-
4.0 2 .5+(J,3 

! 80:20 2.4 1.9 0.1 S .. 

: l)1l :10 1.0 14 (J,2 
-

FtOA~ :-'leOII (%j 
--

91l: I 0 
-

i I A 2,\) (J.4 

71l:,(J 
1

2 0 2.<1 0.2 

60:40 
1

2 8 3,1 + 1l.6 

L{\11ull1n ("hromillogr;lphy fmclioll' 

FraCTion 5 11.8 'c - O.~ 
-

Fmdion 6 illN 8 1.6 17 0.25 -
-
: Fradion 7 0.5 1 H (J .4 , -

Frilction 'J 14 1.3 , 0.16 

Fnlctions 1 (J and II " ' 2.8 ±(J,J2 
-- -

Fr<lction 12 0. ) ,-j 5.7 + 0,22 
-_ .. ._-

, , 
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,.\ nt i,.,l:osmoti ial att i>i tr nf the OCi\l I'rud ~ "~ lnH" a" ,1 fl':lf tiu"s "r A. 
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r~"r' ~ .4.! . 1 Th. II,,, . .. ... r>< ..... ,'UCH' "r th e ..,·,,,t o 1)('" \1 """,01 "I' , I. millell>1"'''' . I .... ,·!;o"', 
,-.,ul!inc fmm bi .. _~"i,t.' d r, -~,·'i"n.' H 'n u, i "~ ila<h c h r""' .!"~ '"l'h~· fulio"o,! b) ,'(>I,,"''' 
d"'''ma!''~ ral' h ) (CC). 
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'I h~ fir~t foul' fractiom generatl"d from column chromatogr'-1l'h)' showed nu 

antipiasm oo ial activity , f r"nio l1 s 5. (,,, 8-11 shc", ,,d lhe hi ghesl a[llirla~mouial 

acli\'i!y \\'lIh [ClI,' values less Ihan 2_8 ~gTll I ,iI, dtncaseu arli.-il)' "Ins ub,ervcd in 

ii-adions 7 and 12, while lhe last llnre [raclion, showed riO considerable 

nrlti pla,ruooial activity with Ie ;.:, values > 1 0 ~tgll,r I , 

-IA.2.J Short ~olumn ~hr"matogrllph)' 

The actiw fractions gel1erated 1;'0111 colulllri chromatography. frac tions 5·8 and 

iradi ol1s 9-11 "'er~ ~omhined and wcre ea~h funhcr fl'actionat~d separatdy on a silica 

he~allc slurr)' using shorl column dlromalogr'-1phy_ The ~111p l e~ wcre eluled wilh a 

slo\\ and constant flo,,, of It¥YO DC!>.! ill btOAc_ A lotal o[ I-I{I fracliolls of aholll 

1.5ml each were colleetcd frorn cach rUIl. Hascu Oil lhe sirnolaril)' ol'll""r pro l i le~ on 

Tl,C pi ales, ih!~lions \\ere pct{)led to },idd four fractions, Thc yields from each 

Iranion w~r~ luw al1u the leu val u~s ~ould nol I:><: oblained, IIo\\'Cvcr. a qualit'-1ti\'e 

anal} sis revealed that fraclion, 20-80 had (lie hi ghc~t ""Iivi ty. wh il e frac li Oris 81-140 

had decreased antip la,mooial aclivity, 

4.-1.2.4 Prcparative TLC 

The tra~tionatiol1 of the extracI was repeated ill oru~r to generate mOre sJmpks of 

aelive semi·pure fraelions. Following frocllonalilln f>y l1a,h chror"mogr~rhy and 

~olumn chrornalogr"flh )', ""-'liw lead ions \Vere fi-'-1dion'-1led on T1,C plal~~ (mobil ~ 

phas~; 5:4:1 a OAc: hexane: .\lcOIl), as opposed to USUlg shon wlumn 

chrornato~rarhy. The prolile of lhe sample , Oil rLC plates displayeu 'J bands. The 

b'-1l1ds " ere e'-1c h s~raped off the TLC plale. Pl'cp:'ll'cd JPpToprialc ly (section 3.8_5) '-1nd 

le S1C<! [or aillipla~mod ial aClivi lY. Four bal1d, (Rr values; 1.7. 1,61. 1,]6 and 1.~5 cn,) 

were lillmd to be Tesp()Il~ihle IUT the ac li\'il)'_ Un i'or!un'-1icly ol1 ly one oi'lhe~~ bands 

(R,- - 1_61 em) "a, in suni~i~m quanlilies li )T slnldure e lucidation. 'I he band 

ho\\twr. cxhibited decl'eascd antiplasmooial activity (IC-,o ~ 4.8 ~ ! gmrl), comp~Ted to 

lhe ad;, ily Mlhe ii-a~l;ons The b~,-..1 (R, - Ui km) will hcnceii)rlh be r~!-"rr~d to a, 

Ihe Yal' Lit ~ompound. 
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~A.2.S I'urifie .. !ion or eOfllpouml \ ' ar L i! on 111'Le 

J h ~ adiv,; band obtam~d from rr~raral.iw TI C " a~ punl,eJ OIl Hl' Ll' Samrk s werc 

run on a C, colullln, at a f;radicnl of 311 %· 10(n;, r>.kOH: IbO ov~r 20 Jll inlll~S , The 

chromalogrUlll revealed lile l'rc,enee of ,mall impuri ties anJ ~Il ('JJh.lnc~d p<'<Jk 

corrcsp')lldi Il~ 10 lI,e cOll1pound 0 f inlere,L I he peak wa, coll~ckJ_ 

~A.3 CylOlO_\ici!y 

Ih" ~rud " ,,~ t ract and ~cti,',; fra~ti ons gCIl,;mkd from flush chromatography w~rc 

tesleJ I( )r toxicily on the CHO ~d l li n", Th~ ~yl.olOxid l y dred of Ih" DC':'>.1 ~rude 

extraci was 10'" with an IC~ \ 'alue o Ui9,6 ! 3 5 ,L gm! t All the seven a~liv~ fra~lions 

gcn~rat~d from nash chromatograp h) ,h,meJ l ~s, cylolmici ty " ith Il' ,,) va! l>e~ > 

100pgml- (i'igure4.4,J.l). 

C~ 

'-" 

I " 'f< 

-' ' r---+-- i -
T " • -. "- 1; 

0 "Of ;: 1 , I , , 
"" 

, . ~l 'f: .': , • ,"' o. , 
, 

• , 
~ , , , • , , 

~ 

'>0 

, • I f\ """ 0 , , 
.-t3C 

, 
• • , 
• _ t<,., 
• , • , , , , • • , , 

~ , , , , , , , , 
~',I«:>< ""'" Gt-.«n _ oooJ ,,,-n' l",,¥.-. " """" 01] "." .-' 

H g" ,. ~A_J, 1 Tlll'.~ !olo';d!~' .tke! of the "eli, 0 o"'~ <hro"'"tOJ("aphl' f .. ac' ;". , of .. I. 
mil":t,,/iIl'" nn CliO 0011 linl' , an d ,~c ,,,lipl",mod;'1 ac,j, it l' of '~e h"I.,.d <ilmpnun d. \' ~r L-il. 
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4.4.4 St rnd ll" C elli cidat ion "I' th" iso lated com pon nd, Yar-Lit 

The LC-MS r~S\ll!s sIM)w~d ll.at the sampk was a mL>,.1ure of two compoull<Lo; with 

molecular ,,~igl\l 33~.35 and 340.36. Ih~ m:J1ecular ""cighl and N\lR inl~rprClalion 

a:;re~ wilh molecular /ilTml,lae C17H"O, and CI1H140 ; for th~ compounds 

respecli\'~ l y. The ~()mp()\lnJs appear to have a similar carbon sk~klOn. The dlll"er~nce 

01"2 AMlJ ind;~al"'" an addilion or loss of protons on o])e orthe compOllll<!. The lR 

HSQC. H\llK anJ COSY :>iMR of compound Yar-Lil ar~ s\lmmari~""d in Tablc 

4.4.4.1. 'I'll" ~pcctm arc SbOWll ill appendix B (pag~ 209). 

T.ble 4.4.J.l Th. 'II. '"'c, COSY oud l lMQC srectro of <on'r""n,j \",r_ I.;' i,,,I~ted fr"m Ihe 
1lC.\\ "xl,.CI of A. mille/o/ium. 

3 .M dol C<.7.4 .. <Hzj 

3.\ ~ JJ (11.1.1.8 11< 

35IJJ(111.6.0IIz 

In~ 

I . .\~m 

2.11 JJ 

I.J I 

II . ~~ J 0.2 11<) 

1.28 , 

0 \; 

UI. , 
72.7 ( 

6J .2 ( 

29.2 

12~. 7 

31.5 

26," 

38,2 d 

131,>; 

18 1.9 

29.7 

31.5 

29,~ , 

COSY HMQC 

358. J.51 6),2 

), 51. ) ,64 7~, 7 

), ~8, 3.64 

1.58 ('_29 .7 

1.28,2.14 (' ·1 1.5 

1,<;8 (' -2~.7. C-.lU 

e-e9.7 

1, 2S 

CH1-1I .90 

i 0.90 d (7 .2 Hz) I.l.e 
, 

L 
I iI~.2 

n.5 (' · 109.2 

'" 
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Jh~ I.;C carbon spectnllll of compound Yar Lli r~v~akd lhe pre~ence () C 17 carbons 

inc luding lwO Ca rlxln j' l re~OnanCe~ al Ii IHI " ami 6 169.2. and the double bond 

'l ltalCm;ll)' alkcne carixln, al ri I~H 7 and 1.1 I S. Thc pl'Ol()n <,p;::clrum showcd four 

methyl signals. Oil<: melhylcne and 5 melhines, 

'I he pl'~<;cncc of all (.-mcthj'I-'f-iaclOnc ring and an aCClatC glllltp w~" cvidem. The 

acctatc and lhe laclone carb()n}' I<; wer~ ;"signed ji-mn tl--..:lT ~h~mi~al shins. The 

llSQC and JI/l.llJC spectra placed a douhlet at Ii I __ , I and a CH3 at 6 l.~~ as part () f 

Ihe 'f-Iactone ling, J11i s assignment became cvidcnt ffOm the Il/l.I()C correlations 

()b,~r\'ed Ii-om 611 1.31 10 C\, 181,'), Tbe d~wrminJtion of an Jc~tJte glO Up was 

achicwd Ihrough H\IBC corr~ lation s li'om CH3 at Ii 1,88 10 1\.'1 69,2, 

Fi~llr. 4AA.! Tho 1-1.,·j",,0 gl'oup rr~,o"( in "ompou",i Y. r-Lit 

lherc ,,' a~ evidencc ofa melh}'icnc adjac~ nl lo a rrlclhi l1 e wilh an O-group SUb'lilltled 

cm'bon, Thc methylene douhle double t~ l'c~onati ng aL ri .,.51 1Uld 3,5S ~howed gcminnl 

coupling (.1= I Ll Hz) in the COSY atld correlation 10 1\ 63.2 tllWUgh HSQC 

e"pc ril11el11s. Tbcse doublets funhcl sho,Yed vicina l coupling (1= 4,6 Hz) 10 a douhle 

do uhlel at 6 3.64 linked lO a carixln al ri n .7. The multiplicity 01' the melhylenc 

pro tons, and oj' ril{ 3,64. and Ibe downfi~ Id Lhemi~a I sh i 11. 0 I' carbon 72.7. support~ ll an 

O-gmup substitution, The pos itioning ll r thc pmlOns on adjac~nt cmbons was fLlnher 

s ltp porl",d by con-daLion<; obsn\'cd in 11--..: HldQC Sp"ClnLm , 

T"ll methyl signals reSllllaled as dlllLble t~ alii (),S') and '1,() ppm. indicating a splil1ing 

by OllC proton in a typical H-C-C1I3 alTangcm~lll, On~ Oflb~ md hyl glOlLpS show~d 

correlmion in the HMOC to a cal'bon at 6 31.5, to which a quartet fcsollmin~ at .) 1,2::1 

was also attnched, The 'l\~1It~1 coupled in the COSY wilh a mult iplet mli 1,58, which 

also llisplaj'ed furt her coltpling "i lh a dOltbk doublel alii ~.14. l, nlortunmcly. th~ 

impur ity ofdlC sample and llndc~l' N\lR data did not alllm completc ciuci<iationof 

112 
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the full stmrture of the COlll l'ounds. H",\'Cyer. colllpal'ison of the chemical shifts ,,,,.ith 

that () j' compounds isobted Irom Achillea mil/efolilllll SI'ecil's gil\'e <In mdication ()f 

tJ,~ pDssibk ,,,rbon skdewll of the wmpoulld, 

/\ I<lrgc lIun, N.'r of scsquitcrpcncs inc luding (1- I'croxiJchiiolid, l'I'OJzuicnes. and other 

pero~ id(,s hilve h<;~l) isobtcd in grc<lt vmkty liom A, miliefolilllll species (rigur~ 

4.4.4.2), The st'S<jUltq:><OIl<'S from tblS spc,:ies iITC subdiy idcd into d ifferent classes 

bascd lOll their carbon skele tons; guaian()lid~s, eudesrnanolides. l(1nglrintn~s amI 

germacrancs. It is suspected that Yal'-Li( falls undtr (he guamnolides class <IS i( is li}<; 

most dominant of the fo\ll' classes (Figure 4.4.4.2a). 'I'll<' variety wi(hin II1IS class is 

limiwd by the nalTOW set of slLbslitlLems "tlll'h is r~'lril'lCd to (he al'yl-rtsidlieS ()f 

<lc~lic, tiglic illld <lngdic acid r Schrod~1' et al" 1094; Kubdka I!I al.. I YS!9; (llasl el al.. 

l001]. 

H,C 

. ) 

R a"gdo) t 
j{ - ti y,luy l 

CH, 

o CH, 

CH, 

"' '' 'CH, 

o 

oe 

CH. 
o 

CH, 

I, i~tt re ~AA.2 Th. (·tWl1l kat ,In,w ros of n. mptc. or ,r.qu ilerj><nr. Ih"l h., r b~.n i,ot~I«1 
from , I. miliefo/ium't1O";'" 

Th", scS'-Juiterrcn~s from Ac!ri(!m lIIillcfofiwn sl'ecics ha\e shown different eftccls 

and propcrties, lhe U-Ix: roxial'h il"lid amI SOl1l~ p~roxid~s hav~ shown antiplasmo(jial 

IU 
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adivity lRikh:r e/ al., I\J\JI]. Inl.~r~sling l y, the overall stmdurc of tIK' S<' 

gllJ.iimo lides, whi<:h is comp0SC'd or a 7-m;,;mlxn;d ring. J () or j -mcml"'r~d ring and ~ 

Ixtone ring. is r<'!ilted 10 that 0 f a CllITcnt antimalarial dl'Ug, J.rkm;,inin. TIl<; prescn<x' 

of a ]X'roxid" bridg~ is ~bilrJ.~t"risti~ 0 r artemisinin and its d~l'ivatiws. imd tl", pntent 

ilnl.iplasm(><Jial activity ofthesc drugs is at1rib\lt~d lo thi' strudmal I"alllre lLi and 

Rieclnn, 1<)')21. Scsquit~rpcn.:s with J. )J<'roxidt bridg~ h<lv~ alsn bt'en i$()bt~d from 

,1. milleti>lium sp<'<: ies l K llhe lka el al.. I ')<)9 J- Hnw~ver, the p~roxide bridge in the ,-], 

millej'Jlillm sc squit~rpen"s l1<1s not be"n linhd lo ~n;> hiological activity. Ih~ 

llOlic"abk difr~rer><:e is that "Inie artemisillin and it~ derivativcs have thc pcroxid~ 

hridge in the 7-ll1emocn:'d ring, sesqlli1crpcr><:s iS0lat~d from A millefolium have it in 

their 5- rn;moc r~d ring. 

4.4.5 J)jsclls~ion 

The OCM extract of /1. milletiJiillm showcd pnsitiv;:' antiplasmodial activit;> against 

DIO and Kl strains off', (alciparum (JC~J = 3,9 >lgmr') and less ~;>101oxkity nn th~ 

CHO ccll linc. Ihe scic<;livity "as mllghly 20 tiT1l<'s higher towards the malaria 

parasites. Bin-activity gllided ti-actiorlJ.tion of tJl~ crud" extract using colnmll 

chromatogrJ.phy led to five active semi-pure fractions. Ihe ~ctive Ii-a,tion' e"hihit<'d 

better antiplasl11<><Jial ~divity lh<in the purificd compound(s). which sugge st ~ a 

syn~rgistic antiplasmodial activity nf the <:ompounds "ithin a fraction. The 

~}lntnxi<:ily re,uils indiC<lkd thm th~ :li'~ction.s w~rc hij!.hly sde<;live ji)]' lh~ ll1abria 

p~rasit~. Although tlw actiw compound was not id;:'ll1ilied. llk' Nr>.1R rev~ilkd that th~ 

isolakd compollnd (s) showed similarily and ross;:'" ~tru,tllr.t1 kmllr~s found in the 

SC'sqlliterp<'nes isolakd pr('\o~'llsl;> Irnm this ~pe~ies. 

The wat~r ~xtract of A mille/iJli,ml Ii'mll Indnnesian 110ra has bc.:'n report~J to h~v~ in 

vilro anl/plasmodi,,1 and "nrigib,\'Oni <I<:\ivity lMul'lligshi et a/" 2005], This report wa~ 

h0w<'ver. without rekrenc~ to c;>totoxicity, and the ~nnC;:'lllmlions used 10 le~l til<' 

;:'xtraclS in the rql!wt "ere kn- l'old high<'r than /1£ nll-.;~ntration r~Jl'0rted her~ 

FllrtJl~rmor~. tile crud~ ~xtract s tcstcd in th<' repon were not IT-..tdionation~d and the 

active const iwl:nts OftilC extract r.'maincd l1nidullitj~d. 
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4.5 Af:orhosma betulin" 

4.5. 1 Introduction 

The leaf material of A. beru/ina was el<.1racted with lX.~:\f ,llld M~OH _ Th~ extraelS 

were prepJred appropriately iUJd tested I(lr anliplasTTlodial xlivil)' a!\ainst DIO. The 

oeM ~xtrael ,hol'.'Cd enhanced amiplasmodial activity and w"s subje~led 10 bio­

ac(i"ity guided ITxtiOl\iltion using SPF ;ll1d rlPLe Fra'.:tk.lllillion by SPF. yielded 

lhr~e fractions lh"l poss.;,\s.;,d good anliplasmodial aclivity_ The lhree fi-act ions "ere 

pur itied on HPLC'. with the aim of identifyin!\ the active constituent>. Due 10 

~omplieilled :'>IMR data and the impurity oftll.: i;obtcd peak;, tll.: finnl analy;is oftoc 

tj-;lclio ns \\';1'; achi~ ved thing gas chrom"lography-milss spe~lroS<.:opy (GC -MS). 

4.5.2 Jiral'tion atioll and antiplasmod ial activity of the DCM crud e ext rnet, "r A. 

helU/illa ~nd the fraction s generated rrom srI':. 

l hc DCM cxtract of A, heW/ina shol'.'Cd low act ivit), against 010 (IC" , - 14.4 fIgmr 

L) _ Fr,l<;lion"l iOll of lhe ~xtJa~t by SPF yie lded a total or ;even fractions. which were 

1c,(cd fi'r anlip lasmodiai aClivi!y. Thr~e Ij-aelions (60~ •. 8m;, and IOlj};' MeCN) 

showed antip la;!Dodial activity with lCS<l , 'alucs 1.7>,!\mrL. 2.()fIgmr' and l.ofIgmr' 

respective ly. 

4.5.J Pu rilicalioll "r SPI': fmdion. "r DC 1\1 ",I ract "r A. hdu/in" on HPl.C 

The Ii-actions generated from Iractionalion of the DCM extmct of A. helu/ina by SPF 

\,-ere purilied on llPLC' U';ing" C'L" amid~ column_ The r rPLC ru n condit ions lor c,>eh 

SPE 1]-11<.-1ion were mJllipui:ttcd ae~ordillgly 10 pru.Ju~c maximum resolution lx:tween 

the components of each Iraction. The ddnils on the run conditions for eoch fraction 

arc ;tipulmcd ill sc~tioll 3.7.2.2_ 
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4..".:1.1 rra~ti"n SI'F: (,II 

Ihc duornalogrmll show,'J lhc prc<'~Llcc nrlhr.:e prnminCnl l'C'lb (l ' igurc 4.5.3.1): 

1\(;0-1 (WI - 6,'I1I1;n), 1l(i0-~ (RT - 'I.~ min) and Il(i()-" (RT - 1035 lllini " ,hith 

"ere L~)lkclcd <,cpamlcl} anJ lC,ICd ror adi,il) Tlw peaks ,'"hibileJ anli l' la,mndial 

aCll vlly wilh ICo "tillc, or 2.g ~l gllll" ~.7 ,ll~rnr ' anJ 2.0 ~ L gmr ' n"pccliwl .\, " ,' hcn 

sut>i~ckd 10 purification. U60-1 Jpp<:al'~d as J cluster of I\\'o f'C"aks (K I = 6,<) :mJ ],5 

nlin). The kwl of plll'ily Jnd quantity of U60- 1 and U60-J did not allow iutiher 

puril i ~~lion on rlPl.C. 

. '''''' 
'" '" . '" 

, , 

" " ,~, 

Fign ... 4.~.3.1 Th~ H PLC ch mmat()~ram "f " PF('O fradi()n "f OCM ¥H.,·t "f ,'1. h~"'/;'",. I'll" nn 
• C " alnitl. ",,101m" ~ t 2''-QO''-~ M.Cr; "H,'IS min ~, ·.tli.nt. 1 I.~ mlimin. 

4.!'i.J.2 Frncti"" SI'F: SO 

The chmlllaiob'l"arn r~,, ~aleJ [h" pr""cnL~ 01' Ihrce peaks; I-lSO-liRT - I ~ ,(i min). Uso-

2ilU = 13.+ min). and U~ O-J (K I = 1-\,83 min) whie-h were colleci.:d ~~pilrill<:l y ~nd 

I~ sled lor anli pl a~mnJial a~[i\ily. Th~ [hr~e peah ~"hil>iled anlip lasmndial ocli\i ly 

with le,,-, \ 'il lues 5,~ ,Ilgrnr '. 3.4 ugmr ' ;lIId 3.+ Ilgmr1 r~,p.:cli,d). Th~ 

chrOlnalognlm in lig lLr" 4.53.2 shows a run (Or a mMe JillLtcd sample. whereas the 

p<:Jks w~r~ colkcted Ji-om ~ pr<:pilfilti\'<: sC;lk flill of il 11101" COllC"llirilted sampi<'. 

"._---
'" 

'" ". ,~ " .. " ,~ ". '''' ", ,~ ,," ,". ,'" "" ~ ~ ,,~ ~~ ,,,. "'" .,,, "''' ",~ _. 
Fi~~rr 4S3.2 Th. IlI'Le eh mm'''()~ram ()f " PF. RO fmet i"n nf DC' I . ",.,., of ,--I. hew/;"". 'Ol" 
()n a C " amide ml"",. ~I 2~_90 ''-; \l .C~ (),'er I ~ ",in g,adi¥n[ at 15",1/", io, 
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.t .5.3.J hadi"" IOU 

rhe duomat()grmll ,c,"cakJ Ihe pre~enc~ ofnl~ m~ iOL" hwad 1"·,,k {RT - 16111ll\) allei 

olh~r ;mallc'r l ,,·u.b. TI,e major JX' ilk ,how~d ~llli r la;lllorli~1 au iv il: or Ie" , 1.)( + 0.4 

!lgmr' ilgil inst th~ 010. 

< 

"" i 
,.,1 

,.L~ 
'" •• • • <- - •••• , - •• ".,-".".i=~,.".~~''','~ 

Figu" 4.5.J.J Tht' H PI.( ch "'matn~r"m nl ~pr 100 fra<otiou of 1)(:.\1 c~trae[ "f .-\ . betlina. 'un 
"n a C " ~lTIidt' c{)lullln"' 2~·QIl~{, M~( ... over 1~ min gradient at 1.5mlimiu, 

4.5.4 Ideutifitalion of co[},lilucnt, of srI': frHction~ of A. bmdhlll by GC-MS 

'Ihe NMR data 1(" the eOlLlI)( )lLI)(b R-GO -2, R-gO-2 ilnd 8)(0-3. W~]1.; obl,lilled" 

Unfo rt unmdy the pmton ;jX.ctra \VCr(" hi ghly "()J\]piiLakd dllC I() "glLai o"eriap. ,mu 

could not be interpr("ted. i\; a r("sult, tile COlllponcms ollhe th ree SI'E lradi",,,. 

SPF(iO, gO alld I ()() " ~f<' anil lysed by (;(' -1\-15. r ite spcetm arc shown i ll Figure 

4.5,5.2 The "orldi li",,, () I" I he m n a", ,li pulill~ d i n ~e,-ti on 3,<).2, . j h~ idc ntitic mi on of 

" lll11)Xl Ul1<]s in ~ilch fnlct ion WiI' a;sigoc.d Oil the hasis of cotllpari;on or thc ir mass 

'PCClfa "ilil those ..,i\'C1l in the l il~ralure [AJam,. 19)(9; Jenning> a nd Shibilmonto. 

l 'l gOI The "oltll)(menls or e"ch l"riKlion ,Ind their ill'en rerc~ntagcs m'~ tabulnted in 

I I X 
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'1 .010 ~5,~. 1 Ch<mie, 1 <omro,;tion of s rF f,'.<tions of A, h,'w/;,,,,, ."al .... ,," h~' C, \1;', The 
a C<il pO'·«lll.g<' 1'<fi«t tho <on<on"",ion of <il<h <om rou nd in tlw f .. ,ct i,,". 

I'rllrtion 60 

C ()IllPOlIn,1 

I'Llkgont: 
Cydoprop~]l()k aCl(1 
Carvacrol 
Bell/~ne sLll phon;Jlllilic 
II~xade<:anoic a(;id (palm ili<:) 
4·(2-propenyl) phellol 
Am}' I-I O-ulldcc('nom(' 
Ph()~phoric ae id lripknyl C~kr 

-melhan,,-H-lhlO 1-3 -{m<: 

Fraction 80 

Comp<.llL11d 

I'lLk~()llC 

Cydopmpanoi<: a<:id 
Cydorropan~nunanoi\- aciJ 
Terpineol 
Aconld icn~ 

Sp!Jlhuknol 
Dio>phcnol 
PipcrirOll<' oxidc 
I'IHl;;phoric acid Iriphcnyl c,(cr 
Dibulyl phlhalalc 

rOll\,1 bUioxidc 

I'racti"" 100 

Compound 

7.--1g 
3,1 6 
15,13 
L81 
7.27 
6,70 
2,77 
H.65 
1.61 

Area % 

7.36 
1.->8 
0,6 
.1, I 1 
.no 
2.5 1 
2.88 
3,56 
1. 1 .. 
2,36 
3,16 

",,,,"",'k"'"'m"'i',',','i'd"'p'""',,', i'd',"---------j~·1 0.72 
14- mcth: l -mcthylh"x~,lcLall()nl<' 6.--1 1 
Ik)[nn~dioka(-id 5,12 
Ethyl-I- hydwxym~thy l-2 -

hy ,lwx y h~~ad~c"noat~ 
Ikpta,k<:anok a<:id 
r... kt hy 1-h~plade~anoi(- !><: i ,I 
9-0Clad,,~enoi~ ac i,1 

i O<:lad~<:cnoiL !Kid methy l ~S l ~r 
, 9. 12-0(;lad~""di~no i~ ""id (lirw-,k icj 

2R 
3,97 
1.04 
2,93 
4.W 
3.64 

119 



Univ
ers

ity
 of

 C
ap

e T
ow

n

I '1 , 12. ) 5-0etil de<:illrknl\ic :lei d (i i Ill\len i<: <J cid) i (;_2 J 

"'.5.5 T he ~y{o{oxid~- of frae/iolls and isola/cd £Olll]JOU lids 

The cru.:k ~x lraCl and froc lions generawd from SPE w~rc' suhj~ctcd to cytotoxicity 

t~~ling ~gail~<;l the CHO cdl Ime. TI", crlld~ ,·x tntCl. SPE fraclions and compounds 

sl""vcd high selcclivily for the malaria parasile. Ih,' Ie ,,, of the erude ex tract \'"as 

grcmcr (han 100 >lgmr '. V"hen tcsted at dOllble (he concentratioll, all IC "-1 of 170 

>lgrnr' was obtained , The Ie,,, values of th~ SPL fractions and peaks <:ollected ii-Olll 

th~ir resre~ti,~ IIPLC pro lik, were gre<J ler th~ll 100 Il!Plll' Th~ rewllS of lhe 

anliplaslllodial oclivily ilnd C} IOjOX lcity oj" oil the lested samples are sum marised 111 

l'ah k 4_5,5_ 1. ["II.: respect ive dose resronse curves are shown in Figure 4.5.5. 1_ 

ralM 4.~.S, I T he 'UI1IIIl'''-; of • nlipl.'IIl",lia l .cli, it) a"d ''.' IO«!>i<il) of ()(; \\ ,rude c.,lraN of 
1. heIUlin{/. SI'E f",clio", ."d i,u la t"d cOI1lJ""IIld,. 

S~m]JI ~ IC~.l-'-- SJ) pgmrl Co \ojox ie lly 1("0 _Ilgm 1-1 

n I 0 slntill 

Cmdc extract 14.4 ;. I ()() 
-

Sl' .: 60 1.7 > 100 

H60-1 

I 

2.X g9.1 
-

B60-2 2.7 > 100 

B60-3 2.0 > 100 
-

Sl' .: 110 2.0 , > 100 , 
.- --_.-

1380-1 . , 
)" , 100 

1380-2 3.4 

HgO-3 3.4 ;. 100 

SPF ]00 1.6 > 100 

B 100 L< ;. I 00 
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The ill "ilfO anI ipla, mod ial ,( eli,-il)' ,md q-totoxirity rffrcls of SlI 'np Irs 

''" ", , 
< ,. , 
- -, , 
I , 
~ , , 

, 

, 
! 
'''''' 

1 

, 

, 
" 

, 

," 

" 
'±,--",C--c,--cc--.,--,---,--, 

CoolSPo "', " .n" . ... ""'I"""j"' 

, • . ~ , 
, , , 

"',-, 
l"'" 

" , 
• • ., 
, 
, 
, 

, \ 

, 

SPt: ,;,. Ie",' 1.7,,,,, ' 
SPE N: I:;": - 2.e>\;",' 

OPEIC') Ie" . ''''''' ' 

. "''''' 

F; ~,,'-' ~_~.~.1 TIt. d",. '-<SI"""C tun'c' 01 {hr antil'lamoliial arti.-i'} and .. ~{"t",ioit; oITrot' of 
DC" crude "Ir,,'( "f 1. helu/i,w. frxdion, g"m·,-. tod lrom 1,·,..-,;"n''';fll1 b; Srf.. and e"U'(u<Uts 
(lr (il.' spr ~I) readi"" . 
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The Gas ehr ... matognlphy-Mass spc~ t romctry spr~tra 

Fi~ur< 45.S.2Th< (;a, ( :hnom.t .. g r .phy. Ma" 'p<dmmetr)' , pe~tr ... r H P I.C i, .. I. to, of tho spr 
ra<ti .. n, .. f the nCM .>I ,..d (Or , I. hetllHllu. 
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4.5.6 Discussion 

The DCM crude extract of the leaves of A. betulina showed moderate antiplasmodial 

activity (ICso = 14.4 IJgmr1
) and low cytotoxicity (ICso > 100 IJgmf1

) on CHO cells. 

The fractions yielded from fractionation by SPE showed enhanced activity with ICso 

values in the range of 1.6- 2.0 IJgmrl
. 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, pule gone (7.48%), carvacrol (15.13%), hexadecanoic acid 

(7.27%) and phosphoric acid triphenyl ester (8.65%) are in higher concentrations. 
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5 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 stin 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 (Aotus nancymae) is an example of a 

promising experimental model for P. !alciparum infections [Osamu et 01., 1999]. 

Rodents, particularly mice, remain the widely used animals in research [Herrera et 01., 

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 yoeUi 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 et 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 intra peritoneally. 

The test sample can be delivered to animals intravenously, intra peritoneally, 

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; C571BL6, BalbC and DBA strains were tested for 

susceptibility to P. berghei ANKA. Mice (lOin a group) were infected with P. 

beghei, section 3.9.4. The parasitemia and body weight and survival were monitored 

daily and recorded. The C57IBL6 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 and 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 fmd the optimum concentration of cens that win allow a 

slow progression of parasitemi~ 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; 1 x lOs, 1 x 106 and 1 x 

107 parasitized erythrocyte/ml with similar parasitemia. 

5.3.1 Discussion 

The development of parasitemia was slow in mice infected with a low cell 

concentration of lxlOs cellslml. 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 lx106cellslml as the optimal cell 

concentration for infection. For all the efficacy studies performed, the cell 

concentration for infection was maintained at 106 cellslml. 

5.4 Acute toxicity of the crude extracts 

Healthy mice (5 in a group) were orally administered a dose of 50Omg/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 
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Figure 5.3.1.1 Tlw ,un-i,.,, 1 or m;« f"lln"i n~ d n,.~e "ith d ; lf<I'~nt pi,, ", ~dl'"ct> M a ,1o,,' of 
500111gik~ ("j," a d o) fur 7 cO", ,," l i ... d aY'_ 

I"lort,ility, phy>iul i symptoms 01- ahnnrmaillics (paraly,'s. lack oj' n1Obillly), and 

weight loss wele us~d as indicmors for toxic-ill' For all crude cxlrads excepl F. 

a/i-jel/nus, no ll1Ori,il ily or lo-::jc dt\;Cl or any ,igns of \lnhc~lthinc>, Or body weight 

los, Were or-scrn:d. R,lseJ on Ihe res ilits ohl;lincG ill this smJy. the median lelhal dose 

is lak~[] 10 be W""lcr Ili a" the lola] dose o j' IOOOmg,.'lgid'IY Iloed ill Ihis 'Iudy. Atlhis 

dose, the ">.tracts arc c()ll,idcrcd ""Ic. However. the ItLil e,,~m i n<lliOl1 of the m~j", 

booy organs such Ihc brain, li,cl' ",ld k,dlLcys. ,~ne~cs,mry bcl'lrC ~ condusion on lhe 

sa tety on of these extracts could be mack. 

j hc Ix':>'r exlra~l 01- F. a/i'imml' prodULed phy,ic~l ~ign~ of toxicity I ho\ll' ,Ift~r 

",ltn;n;olralion. Th~ an;m~ ls app~a(ed generally unheal lhy. rhe , igrt'< of loxicily 

jnclud~d writhing, d~cl'c..s~d molor ~cti \"ity, p\~I"ng, dcn<:a<;ed ,.cspinllmy alld Ihen 

dcalh ;\holll 111'% "r the aJ111n,il s "ppe~r~d blom~d ~l'Ound th~ ,lbdomin,ll ~r~,1. Th~['c 

W,IS 60% mon~ lity on day lJ. l'or Ihc perioJ of 30 day, limn Ihc li ,.,1 day 01 

5.5 Ant im"l" ri,1l dfi~!lCJ , tudic_~ 

Mice wer~ randomly allo!l~d to iivc gl'OUp', and WCrC ino<:ul"ICd inlmp<:r itoni~lly 

Wilh 10" parasilc inlel' led red blo"d cell,,/ml /" berg/wi At,,-K.'" follow ing procedllrcs 

outlined in <'cclion .1.10.4. The miLe were Ire,lled orally 24 - hour~ [1001 inle~l;on w;lh 

lhe planl e-;lr""l, whidl ohow~d f'O 'iitivc ,lIltipia'imodiai ~l,tivity in I'irru. Micc were 

1,0 
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Fi ~ul'. 5S 2 T h, time ('our« ch" "~ .. of , un i",,1 n, Ie (,,) "nd ,..ei~hl I"" I h) "I' m in' ill ""pOIl>O 
'" tr <atm<nl '" jt ll d ifferent ","-ad,_ "'- CQ. Th e <'pcTi ", enl " a, tt'""ilLa lt'd 'ill cia,' 1.1, 

5.5.1 Discw,slon 

The level of pJmsitcmia in l h~ untreated control group increased IhwllgholEl lhe 

period ol'"bservatiol1 Jl1 lh~ positi,'c contro l group lrealcd with CQ. pamsitemia "'JS 
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,uppr~,sed l() be lo", 2% up ID oay 7. ~ecrude ,cenc<! wa , ll b,erwd from daylO. and 

parasitcmia hoo r~ached ahotlll{% ~ llhe lin""", the exporllnerlt ,,",1'< knninaleO. 

Th~ cruoe ~x t racl> llf 1: camphorallls, A, millcfi,/ium ami r"·. a/ricwlU.< did not <JIOW 

~ ny ~on,iderabk parasikmia sllppr<!s,ion when ,,'mpJr<'d with th<' lK'gath'<' c()ntroL 

'n,~ nlrad or IV. salu/{l)'i.) showed 42.'1(% pa""iktn la supp r~ ,s i('n Orl dJ)' 6. wh ik A, 

he lliiina Cilusc'd rcdll ~ lioll in rar~ s i t emia b)- 76, \1% (caiclllJti llll ,kta ll , are In s<!ctioll 

__ UOo). It was ,tlso noled th,ll allhough I))., group tre,l1ed with A, bcrulina showed 

rapid incrcase \11 lh ~ paraSileml~ le,els aHer day 8. the ,minHlj" loler~k high 

para,itcmiJ bets of up to 4m". The anirl' als appearcd heallh}, no , isible signs of 

unhealthiness or typical ,ympioms of c~r~bra l malaria wcrc oh'<'l"vcd , Th~ animals 

tnailllall1 ~O Ih el r body weight Ill[ a longer period, and survived long<!r than <111 other 

gru,up ' ~x~ept llw CQ group, 

Aillhe Imce in the Il ~ g,lli, ~ ~onlrol group died on d~y 7. ,,,h ile lh~ CQ ~onlrul group 

maintai n~d IO(),;,,, slln i, al IInli I tCTlll inati ()n ()f the ex po.?rimenL ro.. l i ~e in a gmu p Ihat 

was tl'~akd with F africanus at a (]o"e of 5{HITllgikg dicd ear ly (day 4). [t i, sU'illl'Ckd 

that this wa, du~ t" the toxicilY " f the c\tracl Si,K'<' the group given the lower do,e 

maintaiaed 100% , urviva l up to day l(), The gfl>tIP thm rec.eiwd A, /lliI!ejo!iuJ>I 

~xtr"ct h~d only 25% Mlrviv,tI by OilY 9, TIle gwup Ire"kd with i. <wllpiwl"(!/ u," hild 

50% sur;'-iv~L The resullS show th,l\ th~ extr~cl~ l\f A, hel/dina ~l1d IV. wl/JIlII'i,' 

prol(\nged the li,es of mice at a r~l ati,d} higher ,t\f\'i,a l raIl' "hen c"lllpar~d "ilh 

th~ neg~tive conlro l group ~no other kst group" 

The lxxl} w~ i gh l 0 I' lh ~ an illlal, WiL' n]()n i I.()l""d dai 1:- . Generall}' . lhe results <;h()" <'d 

th"t lher~ WiL, ~ gr~duill continuous body weight It,,~ in ,til the group' ~x~ept ill lhe 

CQ- lr~atcll group { Figure 5.5.2 hJ . 

5,(, Th" anti malarial acti\' it~, of f radio", "f ,d"ded ntracl' 

Th" ,>eli\'e fWClions of IV suilllaris. A, I>etu/ina imd A, mi/le(o/iHm (s~C I"'n s 43.4, 

4.5.2 aoo 4.4.2, I rcslx'clivc ly ) ,, ~ rc ,elected f() r alltima larial activilY testing in riw. 

since Ih~} show~d gooo ,m li p l ~Slllooi'll <LC li vil}' ill 1"itro ,md lheir respte<:li,-e <:TtLd~ 

133 



Univ
ers

ity
 of

 C
ap

e T
ow

n

",l raCI S ,h()\wd no loxi ci(y In VIVO, CO po,itivc comral WJS don c in , '.v<TY 

e.,pcri [nent For dari ly Pllrl'0scs. I he ;lcLi vi I}' " I' C() i ,> nul ,h"" n on ea~h ~'r"l'h 

5.6.1 

T he Jct i w fradion; of If . . mhitari.<, A , IWiu/ in" Jnd A mille/ill iUff! wef('. conc~ntrJkd 

nnd pr~PJr~d accord ingly (Section), 10,5. 1) , I lie tre~lm<' nt WJ, ~d rni ni,tcre d OfJjjv Jt 

a do", 01' ~50 lY1;'.ikg OllCe a day l'o r 4 mn",cuti\(' days, 24-hours posl-inkdion. The 

wsults arc ,hown ill rc ,peciivc graphs in figure 5.6.1, I. 
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Fi~ur< 5.6.1.1 Tht' graph, dlO"i,,~ tht' r":rc",,tag< p",a, itt'lIIi., ill ~"'.p. tr~.t~(1 "i;h a<tiH 
[,,<lioll' of fl': .,a/lf/uri.',.4. b,',,,,,,,,, .nd 4. mIll4iJ/illm. i" COll1p.riwn to 'h~ <all t .. ol ~"OllP "",j 
O)-tr<at<d ~r()Llp. Tlw "'prrin)",,;, "-cr~ (Ion~ '~p~rarc l y on (lifrCl'~llt n<c" ,iQ.,. 
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I h~ rL'M,ItS revealed Ihat II"" adi\~ fradion of "'1. mill"!;)/iwn suppressed the 

parm,iternia by 4X% and 67~{, on day 4 and 6 rc 'pecti''-cly. The fmc t;,}!] "as ~ITeClive 

in >llppn',sillg th~ parasitLnlla (\Il ly dunng tl"" adl11in;slration period (up to da y 5), but 

th~ para,ilemia levels escalat~d Ufl<J 1l ten11l nalion (\1' IreaIl11~n t. TI-.: ,\Il'\ ;vill p~rioct 

'''IS 11<)1 pn,llongd, On day 7, the micc 'WrL' an~mic alld ,howed the same signs 01' 

sickne," such as T\ll'tld hair.la~k ofmobi lily, and corn,uls;<)n';, a, the c<)lllrol group. 

I\y cmnparis<)n l(\ the c(\nlml group. Ihe ad;ve fl'a~lion of IV. sa/utaris was c lT~ct ive 

in supprcss ing the paras item ia, and extendin g the survival p ~riod ol'th~ tr~ ilkd grOl'p 

by il' days, The fraction ~xhibi1Cd <)2% alld <)8% paraSltemia suppre"j(\n on dao" 4 

and (j r~sp e<:li\dy. TI-.: ~omrol group dicd On day g whi lL the treated group displayed 

the Sl gns ol'si~kness on dao' 12 ilnd moriality wa, first ohscrved <)n day 16. 

The results als<) sho"ed Iha l ll"" acLiv~ trad.ion 01' A, bcllllil!lI had antimalarial 

activ ity. j'h~ fracti<)n exhibited pamSl tenmt suppression 01' 46% alld 6303'/(. on da) 4 

and day 6 r~s pectiwh. rhis group survived longer than 11(\111 th~ <:ontrol gro up and 

Ihe group treatcd \,ilh t h~ active li'actioll or IV ,,,,/u/"J'is. Illteresting l)', Ihe arlHnals in 

Ih is gn) I'p tok raled high paras il~mia Witll<,UI sh()willg typical s;glls <)1' cerebral 

malaria They sliil survived k\l1 gcr e\~n alkr the , igns (,r ,ick n~,s w~r~ obs.:rvable. 

Th~ animals '.,yer~ sacrific~d aller 18 day' 10 a\l,i d S ul'l"cn ng. 

rhe aCli\'~ Iractions or IV ,miu{ari,\' and "1 helu/in" ,h,nved parasiIL suppressi(Jr) all d 

pro ll\llged the suryi yal ren<.xi 01" lh~ tre,l1~d animals. These fractions w~r~ tak~n for 

flu11-.:r i ll\'~stigal;on 

J. 6.2 rrul,hlla .~i, and CU r,l1 iH' pr .. ['t'rtie, "f fr"~t i,,", 

n, ~ aim <.'1' th is ~x~'<'rim~nt was to a'>Sess Ik pre\Tntivc or prophylact ic and cumti \'C 

~ITecls or Ihe selected rra~ li l\l1S againsl malaml. To as,",," Ihe rl\l~ntial propbyla~is 

pro~'<'rtics of fractions. th~ te,t rranions "we administered orally three days prwr 10 

inkc tion. III olle group. adminislralil\l1 01' 11"" leSI Iradion "as ,ll\pr~d imm~diatdy 

a lk r in i'ecti'\l1. whik in tk second group. treatmcllt with thc te,t Iraction was 
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,0ntirJucd fOf funilc'f " da), a ft~f inkction, '10 a,"<::, s cumti \'~ p['Openil" of i llc' 

fraIC lions, fr<Jdions \wr~ 'Idmini, terod olJlly 72 huurs J ft c'r in fc~lion . 'I il~ dc'taikd 

mc,tiwdoiogy i, lH ltl i n~d in '~ICl i ons 3.1 0, 5,2 and }. )i) ,5 ,} , l'igurc' 5.6,2, ) , huws tile' 

re"uib, 

a) 

,,, 

" ., , 
~, 
,;> , 

« , , 
< , 

_ <:cree 

r 

"" " '" " ." '" "" "'''''''''0< ,.." .. , 

" ,,' ' ,' ",' ," 'M 

'" '" """ w< "*"''''' 

__ '-'-' ITd 

~o" "", 7't'; 

- """" ',,",,, « , , 
:; " 
< 

" ' ... "'''''' ,.-.,.. -'''''''','' , 

Fi~",'< ~,(,,2,1 Th< time """" .. chong« in I'aro,itcnlia to d""lOn>tJ'Olc Ill" I'cc'"nti'c (a) and 
cumli..- (II) pmpcrli", (J [ [meli .. ", .. [ II~ ""/m,,,;, "nd ,'J. he/II/bill" hen ",I.,i" bt..-<d nrall,' ., • 
do,c or 25Uml!/1o.g l)n(I," ,,,'igh ( 1><" d"). 

:;.6.2.1 f'rorhyhni~ potential offra~tious 

The group lhal rec~i\'ed thc SPE fradion of W. salmaris for J-day, before infcdion 

~nd II'cJtnlc'ni ;;toPI:>cd aftc'r inti:'ctio(], sil(",~J no signilic-alll ,urrre,s<on of 

para~ i lcmia on day" when comparcd to the negJtivc' ~ontrol group Wherc'~' thc 

group thJ! "as )'i\'cn the i'rac.t;orJ __ i-Jays hc:I(,re inl'cLlion and (,',r a further 4-Ja:'s alkr 

ink-ci ion showed lowcr parasitcIlli~ Oll d~) 4 with inhibition activi t) of 52%. and 
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cont inlLcJ 10 C~lllhil lo"cr para,iternia leveL; OIl Jay 5 (g5% inillbi(ion) anJ Ja:~, II) 

rd"(i"" 10 Ih~ negative control. Wh'-lL comparing Ih~ IWO tes( groups. the group Ih,n 

rec,-iye(1 treJlment for f.urth~r ,1 (l.1ys alkf infecTion maintnilled Idoli"" ly Ill" 

l'ar'lo1 Iet11iil l ~ vel s 0 1" 7% ILl' 10 J'IY 10. "h i l~ lh~ olher grOlLp had 25'1"" p"r'lo11.<-))11il 

The mea" survival pcrioJ li lr Ihe cOlllrol group w,,, (i Ja:.s. "h1le (he ,lLn'ival perioJ 

ol"nlice ill 1>o.11h te,1 grolLP' "a, l""kllJeJ (;11" a lur(her.' Jays. I'he rCiilllL'< ,ugge,( Ilm( 

Ihc li'ac l1 l111 \)1' IV silll.llill"l.\' J LJ not h"ve sigTllliealLt prophyluctie cffcct 'Yh~n 

pamsiwmia was observed on day 4. but somclw\\ maintained lower paraoil.ernia levels 

relati'-e to the negillive ~onl.rol, Conlinuing Irealm~nl ~Iler in leC lion J ramalically 

Jecn.ea<o<J pamsikn""t level,. 

[ he fraclion of .,j, betulillu eXlract SllllW~d inter~'lillg reoll llS_ There was a s))1all 

diff~r~nce in IOC para,il~mia level, in the neg~tive conlrol gWllp and ill lei« grollP' OIl 

day 4, The le,1 groups ho"ev~r, ))1ainbineJ low l'~nlSiLe))1ia l~v~ l s 01" roughl y unJer 

10'/0 up III day 'J pO'I-inle~ljoll_ wh il ~ Ihe eOllLn11 grollp haJ reacheJ parasitemia 

le\'els 01' 41\"/,,_ On Jaj 5 the grolLpS exhibikJ pam.,il~Tl1 i" reduClion of about 75%" It 

i~ ,,1,0 \\ort h nming (hat the pamsitemia k vels in dle t\\'o w,t groups were oimibr lip 

to II days (1' < 0_2) . II is int'-f.-sting TO nOTe Tha( (iJrlhn ,l{iminisinl L10n 0(' (h~ (i-adion 

for 4 clays alief infection hJd no >up pn."ssive ;mpil~t <lll paDj.,ilem i ~ _ T]-';: reolLllS ,I",,, 

thnt Jdm ill;stm(i"n 0 I' (he li-acti on .' COllo~,"Jl 1 ve (bys bcl;lrc infec li01 L hoo a I'rolCcii,'c 

Of prophylJ("tlc dfed. "hjch bl to I"" l~v~ l o ol'Pilrilsile1nia for Ill' l<l I() Jay,_ Thc 

li"~li<Jn oe~lIleJ 10 impeJe rara~itl" gro\\th Or the rdte of parasiie multiplicntion, fhe 

,imil"rit} in the paT Len' of lewis of pamSlI~miil in lh~ t'\\l l~'oI gl'OllP, cOlllci sugg~ st 

thatth, fraclion Jid nOl hnw antiplasmod;,,1 a~TiviTy on th~ blooJ stag~ pam,ile,_ 

oo .(,.1 .2 Cle;,,'anre 0,. rnrat i\'c fest 

The reoullo on Ihe eurati,'~ ,chizonlOciJal activily of t h~ fractions of W Ylli"lariy imd 

ft n"",iina arc shown in fig\ll'~ 5,6.2, l b, ( 1 1 ~ re,ult, Ii-nm Irea lmellt "ith the tl-aclion 

01 IV s(lI"laris revealeJ ti><: ,ig" il iemll d ifference octween the treated grollP' imJ lh~ 

negatiw control group, Wilen wmpMing the t",o I ~st gCOllpS, the grolLp thaI rC("eived 

lr~almenl 72 hour'. pO,( -i llfed io,., ,ho",cI high pal'3siwmiil kvd, (4,6'/0) on Jily 5. 

\\hik the grou p that received trealm~nl 24hrs pOSl-infcd ioll shov.ecl almost 

ll"deTeetable leve l, ofie,", th"n 1%, rhi, difference was expcded , i n~e ~ I 72 hrs 1'0,(-
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int;::dion. Ih~ infCetiolL is ~Slabl isheJ ;",J paHlSllemi " slwuld Ix d'"t~clabk in the 

"b.'>C'K"e of IrC"lllwnt. Intwdw:tion of the test sampl~ on Jay 3 led 10 a ."gni];c,,,,1 

J~er~~s<c in p"rasit~1l1 ia . such thm t h~ two grou p~ (m"med 24hr ()[" 72ilr posl-i n fec!ion ) 

haJ simi lar parasi !~m". M "lx,ul 3 .8% on Ja} I O. The rcsults indicale thm til~ fraction 

has schi/Dnl(l<."iJ,,1 "divitY. ~nJ has Ilw pCII~ntial tCt r~d\""T parasilem ia whetil~ L" l'iwn 

at the hcginning ()f lm mfecli()n or when lhc infection.s illr~ad} c,tablislwd. Thus 

d~monslmti nl' c{'nsid~rahl~ anti pi asnwJ ill I "c Ii \ lly. 

Tlw t~st gmllp th"t r~cd\ed th~ traction of ,"1. he/llli'!a 72 hrs ~st-infection silowed 

n() maj or JiH"renee in paraSllcmiil levels wlwn .;omparcd lCt the control gWllp. 

l"ilrotLgl1011t lh~ ~xperimen t Ihe gr(\UP milinlil ined highcr par;Jsjl~lllja Ih,m th"t 

ohscned in til~ e()ntm] gmllj1. Th~ li-aCl ll\l1 biled 10 show ;ll1lipbsnwJi,,1 "Clivily in 

~~lnhli,hed inf~ction. Th~ t~S! gmtL)1 th m was lr~al"d Wilh Ih~ ii-"elion 24 hrs posl-

infeclion showed parasitemia ['~duclioll~ of 57% on day 4 and ()f 45% On day 8. The 

tr"c'li (\11 showed moJ~ratc Jcgre~ of pmasit~ r"d lLelion, All th~ ['~~lLll<, a['~ StLmmmiz~d 

in T"b]" '1.6.2.1. Ch l (\rl\quin~ was used a, a posjli\f~ .;onlrol in suppressive les li ng 

()nly. since il hi" Ix~n reporl.ed 1(\ poss<css Jl() prophyh..:js "clivily [Ridley et al,. 

1997 1· 

'I abl{' 5.6.1.1 In "i", aJllil' l",,,,,,di.1 "el i,·i L.' "r I..-"eli"m "r W. ,,,/"',,ri.l. ,I. helll/i"" "ud A. 
me/lilil/;"'" "h"n adnl iJl i, ({'red (0 iJl reeLed mice a( a do,,, "r 2Sllm~il'g. Th" "",,'.~e p{'reen(age 
,·,\lue, W{'re (al..eJl r"r d".,· 4 and d,,~· 7. 

, 
A \ ~r"g~ 

pmas i t~m L a rara",lt~m ilt 

""'"''''''---------+ 
2 

CQ 
l. ..... 

')!j .1 NT) 

'Nfl - I~SI not Jon~, 
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5.6.:1 Suhculan~"u~ adm i" i~tratio" of th c actiyc fradioll of W . . w/ulilriI. 

['a,tors su,h as innlmpkt~ ahsmpt ion aml elllllinatioll call r"duce I.h e bi(\a\"il iJilbih ty 

of a,tive constituc'lllS. which leads I,) r"dlLdi,,,, in lbel' overilll a<,·!ivlly. Thi~ ,Iudy 

aimed to establi , h whethe r in,ompkk ab,orplioll and M rapid eliminalion 01' tl~ 

ad ive con,1 ilUelllS fh.11ll the gut (m,' lao..) li'.!n cX excl"etion) pIa: cd any wk in lhe level 

or bioav Cli labi Ii Ly 0 I' lhe ileli \"e ,-",,,,,l.i lUcnl~. 

rhe an i mals "ere iniCcled and Il"eakd \\" Llh 2S0mg/ks Ix ,d: -w"i ghl or ",:\i \" k'Clions 

of IV. sulli/uri.I·. The n'acli,ltlS \\~I"~ adm ini~ l~I"('d 'lLb<'·lLlane"lISi:. Olle gWlLp was 

treated 24 Ius post inf"ction whi l ~ tbe other gwup I"~cei v~d Il"c'atmenl 72 hr, pc),! 

infection. The results are shown in figur,' 5.6.3.1. 

, , , . . 
"" of O"Y" """ .... ""''''' 

, on ,-, M ", ""n ,,-, .M 

No "''''''' 1_ '_"'l 

.~. ,, ~ 

_ "'" ~p< 7Z" 

Figu)'. 5.6 . .1,1 Tho ill\ ~"tiga!ion of !~o off",,! of ob.orptio!l 01' fi " ~s f PO" III Naboli,m hy COmp" rillg 
!~e pa,-"j!em i, >OJ ppre"j,," ~cfj,'jt)' "f the fr~("lj"n wbe. ,dm jnbtered n",II)' nc ,. he.l~ne".,I~' 
,1 'he ,ame dn," nf131lmcikg "nee ~ d,; 1',," ~ d,;,. 

lLltdelectable le,,~b of para,il~mia as obsenuj on day .1. 4 and day 5. while the 

n"gal i \'C c, 'nlm I had parasil.enml percentage or 29% on day 5_ (\'111 parali vd:, the 1"'0 

te'ol gWllpS shmved , imilal' pHrasil~U\ia palt~m ~ . 

The ('xpel'illlent could nO! be monitnl'eJ I'm lonf',el' lhan Ii da:~ dlLe lO Ill<.' falal effects 

ol'th~ lest IriJC lion on the ;ll1imilk TIX' Sill11pJe was sticky. fo llowing ildminislrall(\l1, 
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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 A. betulina possesses moderate in vitro antiplasmodial activity 

(ICso = 13.5J.1gmrl
) 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 

o 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 

the protective properties were due to either an inhibition of the hepatic stages of the 

parasite or increased immune response. The fraction of A. 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 et al., 

2000]. It \VIS 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 ai., 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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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 D 1 O. Extracts that showed antiplasmodial activity 

less than or equal to 10 J.lgml-l 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 A. 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 S'7-dihydroxy 

flavanone, showed good antiplasmodial activity (ICso = 2.2 ± 0.2 J.lgml-l), 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 S,7-dimethoxy-4'-hydroxyflavone. The compounds 

showed moderate activity (ICso = 7.6 ± 0.6 J.lgmr1, 9.S ± O.S J.lgml-l and 6.S ± 0.4 

J.lgml-l) 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 

compounds. 
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Two sesquitepenoids identified as cinnamolide (ICso = 0.9 ± 0.2 J.1gmr1) and 3-13-
acetoxy cinnamoHde (ICso = 1.4 ± 0.2 J.1gm1.1) 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 J.1gm1.I. The isolated compound however, showed 

decreased activity (ICso = 4.8 ± 0.2 J.1gmr1). This demonstrated the synergistic activity 

of the compounds within a fraction. The fractions were highly selective for the 

malaria parasite (CHO ICso > 100 J.1gm1.1). The compound also showed high 

selectivity for the parasite (ICso > 100 J.1gmr1). 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 A. betulina had antiplasmodial activity with ICso 

values ranging from 1.6 J.1gmr1 to 2.0 J.1gm'l against both the DI0 and Kl strains. 

These fractions showed good activity and were highly selective for the malarial 

parasite. The cytotoxicity ICso values proved to be greater than 100 J.1gmrl. The Ge­

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, typical symptoms of cerebral malaria such as convulsions, lack of 

mobility, and general physical signs ofunhealthyness of the animals. 
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The crude extracts of W. salutaris, A. millefolium, A. betulina and T. camphQratus, 

showed no effect of toxicity when administered orally at 500mg/kg twice a day for 7 

consecutive days. The extracts were wen tolerated by the animals at tested dosages. 

On the contrary, the crude extract of E. africanus 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 piant 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. sa/utaris, 

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 A. betulina, and with A. millefoltum, where fractions generated from 

column chromatography were more active than purer fractions from short column 

chromatography, and the isolated compound. Loss of activity complicated 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 CIS column, while 

extracts of A. millefolium and A. betulina were separated using Cs and Cl6 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 01., 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 A. 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 

• Active fractions of W. salutaris, A. betulina and A. mille/olium 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 win include: 

• 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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AppendiIA 

The activity of the control drugs on the CHO cell-line, CQ-Hnsitive and CQ­
resiltance stnins of P. /a/cipa1'um, and the effect of the soivent on pansite 
growth. 
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AppendixB 

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

R90-1 IH spectrum 
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NMR spectra of Compound R70, identified as ca:masol Compound isolated from 

DeM extract of E. qfrikanus. 

R70 IH spectrum in M+OH 
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I 

NMR spectra ofR90-2 (Rl00), identified as Betulinic acid. 
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IH and BC NMR spectra of compound PK2-4, identified as 3fJ-acetoxy cinnamolide. 

Compound isolated from EtOH leaf extract of W. sa/utaris. 
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NMR of compound W.S 50-3 

IH spectrum 
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NMR ofCornpound TW60-2 identified as cinnamolide, isolated from DCM twig 
extract of W. salutaris. 

TW60-2 IH spectrum 
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TW60-2 13C spectrum 
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