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ABSTRACT

Traditional medicine is widely used as a sourc@rohary healthcare for more than 80% of
the population of Swaziland. Traditional healess warious plants and combinations thereof
to manage different ailments. In consultation watvazi traditional healers, fifteen Swazi
plants were selected on the basis of their ethnaraktistory. These plants were collected
from the Manzini region, extracted with dichloromate/methanol (1:1) and screened for
their antimicrobial, antimalarial and anti-oxidaactivities and toxicity profiles. Ultra
performance liquid chromatography and high perforoea thin layer chromatography
(HPTLC) was performed to determine chemical prefitd the most active plant extracts.
These chromatograms revealed the complexity of pkit extract and provided a fingerprint
for each species studied.

Antimicrobial activity was determined using the mmum inhibitory concentrations assay
againstStaphylococcus aureus (ATCC 25923)S. epidermidis (ATCC 2223),Escherichia coli
(ATCC 25922) Klebsiella pneumoniae (NCTC 9633) andCandida albicans (ATCC 10231).

A number of the plant extracts (51.52%) display@dy antimicrobial activity with MIC
values ranging from 0.0013 to 1.00 mg/ml, w&hepidermidis being the most susceptible.
The fruit of Ozoroa sphaerocarpa (MIC value = 0.001 mg/ml) and the leavesSykzygium
cordatum (MIC value = 0.04 mg/ml) were the most active agathis pathogen. The HPTLC-
bioautography results showed a number of compouiitin each extract, such as the fruit of
O. sphaerocarpa and leaves 08. cordatum; that were responsible for the inhibitory activity

againstS. epidermidis, which correlated to the MIC results.

Breonadia salicina, S. cordatum and O. sphaerocarpa were reported to be used in
combination for the traditional treatment of diargla. A combination study was designed to
determine their pharmacological interaction uskhgeoli as a test pathogen. A synergistic
interaction was observed betweBncordatum and O. sphaerocarpa, as well as betwee8.
cordatum and B. salicina. When the three plants were combined in a trgglmbination, a
synergic interaction was observed, which suppdrsrationale by traditional healers to use
these plants in combination for the treatment afrtioea.
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The DPPH(2,2-diphenyl-picryl-hydrazil) scavenging activifigrrous metal chelating activity
and inhibition of lipid peroxidation were correldté the total phenolic and flavonoid content
of the plant extractsD. cinerea (leaves) was the most active free radical scaveii@sy: 5.89

+ 0.39 pg/ml) as compared to ascorbic acids£1G.61 + 1.13 pg/ml). The leaves &f
cordatum and fruit ofZ. mucronata had the highest content of phenolics (806.10 282nd
536.87 = 36.76 mg GAE/g extract), respectively; lathithe bark of Terminalia
phanerophlebia, fruit of O. sphaerocarpa, bark ofS. cordatum, and bark offrichilia emetica
had the highest content of flavonoids in the ranf§26.40 to 33.33 mg RE/g extract. An
HPTLC method showed a number of compounds whicle wesponsible for the free radical

scavenging activity in each plant extract.

Antimalarial activity against the asexual stageshef 3D7 strain oPlasmodium falciparum
was determined using the tritiated hypoxanthineoiperation assay. Whilst the toxicity
profiles of the extracts were tested on human Kidmgithelial cells using the tetrazolium-
based MTT viability assay; as well as using theblead cell lysis assay. Five of the extracts
displayedin vitro antimalarial activity with 1G values less than 20 pg/ml, namély
phanerophlebia (leaves)Berkheya setifera (stem/root)Priva meyeri (whole plant),T. emetica
(leaves) and. salicina (bark). The five most active extracts did notsmated blood cell lysis
at concentrations ten times greater than thg VW8lues. Furthermore, these extracts were
combined with quinine at different ratios and pmdwantly produced antagonistic
interactions, highlighting the need for extreme tiau when used together with clinical
antimalarial drugs. The toxicity profile of theapk extracts on human kidney epithelial cells
indicated that about 54.54% of the extracts weretoaic, with 1G values greater than 100

ug/ml.

In conclusion, this study has reported for thet firme on the pharmacological properties of
some species such Bssetifera andP. meyeri, which display the potential of Swazi flora in

the search for new and novel compounds in therapéntg research.
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CHAPTER 1: GENERAL INTRODUCTION

1.1  Traditional medicine and theimportance of plants

Traditional medicine is a source of primary headtlec in most societies in Africa,
including Swaziland. About 70 — 80% of people ifriéa consult traditional medical
practitioners for healthcare (Cunningham, 1993Jant? are the oldest known source of
human and livestock healthcare, and an importantceoof global biodiversity. They
produce a diverse range of bio-active moleculekimgathem a rich source of different
types of medicines (van Wydt al., 1997). An estimated 50,000 plant species (rbestg
higher plants) are used in traditional medicirepeeially in developing countries where
access to modern healthcare is limited by vari@gsofs, including the cost of importing
modern drugs and the remoteness of hospitals amdscfrom most of those who need
them (UNDP, 2005). In such cases, the traditioreldrs are often the only source of
healthcare service, and in many cases, the prdfeaerce.

According to Samuelsson (1999), traditional medidias provided western medicine with
more than 40% of all pharmaceuticals such as tHarrmalrugs artemisinin and quinine.

The use of medicinal plants as a source for rdfiem illness is an ancient practice

evidenced by the early Chinese and Indian manusc(igamburger and Hostettmann,

1991). Traditional or indigenous systems of mewisi have persisted for many centuries
even where modern healthcare is readily availakdedp et al., 1997).

The revival of interest in the use and importancAfacan medicinal plants by the World
Health Organisation (WHO) and many developing coesthas led to the intensified
efforts on the documentation of ethnobotanical datamedicinal plants, since most
traditional healers keep no records and their médion is passed on by word of mouth
from generation to generation (Sofowora, 1993)aditional medicines are used to treat

numerous ailments including diarrhoea, nauseactiofes, malaria and cancer.

1.2  Traditional medicinein Swaziland

At least 85% of the Swazi population make use eftthditional system of medicine for
their primary healthcare. Traditional healingirkéd to the cultural beliefs of the Swazi
people as well as their belief about the causdldss; and it is believed to satisfy the
physical, mental and spiritual needs of those whdigpate in the system (Green and



Makhubu, 1984). Swazi traditional healing is basach combination of naturally-derived
medicines more than rituals. These medicines atle oom plant and animal origin and
are prepared in various ways, ranging from boitmépurning (Green and Makhubu, 1984).
Plants are of great importance in traditional mei@as they form the major ingredient in
the preparation of remedies. Plant parts thatuaeel range from the fruits to the roots,
whilst animal parts may be animal fat or body paiitsey are administered orally, as
enemas, as poultices, by inhalation, as purgates snuff. For most Swazis, health
problems fall into three categories: those bestéxdd by doctors, those best treated by
traditional healers and those that fall in betwedrere either type of treatment — or
combination of the two — may be effective.

1.2.1 Typesof traditional healersin Swaziland

There are basically three types of traditional ptiacers in Swaziland, the diviner-healer
(inyanga/sangoma), the herbalist I(gedla, inyanga yemits) and the faith healer
(umprofethi). The diviner-healer works with spirits who ardéds@ help in diagnosis and
healing of the disease. The spirit may eitherrbaraestral onesnadloti) or a foreign one
(emanzawe, tinzunza or benguni) (Gort, 1989). The herbalists differ from theider in the
sense that they do not divine but, make a diagmmsithe basis of physical and mental
symptoms. Knowledge about the use of herbs mighe been passed on from a family
member or simply because they had an interest aheuise of herbs and went through a
training process. The faith healer is differemnirthe latter two healers, in that they are
affiliated to an organised church; however, themrshthe same theory of health and
disease as theyanga or sangoma. They divine in a manner that is similar to tlt
diviner-healers, but instead of consulting spiriteey claim to hear from God and angels
(Green and Makhubu, 1984).

1.2.2 Ratio of healersto people

Traditional healers far outnumber modern healtle gaactitioners in Swaziland and are
located in the communities where the people arais fesults in preference by the people
to consult traditional healers as they are alscaple and need not only be paid using
money, which is scarce in the rural areas. Th® rat practitioners to population in
Swaziland is 1:100 for the traditional healer anti01000 for the modern medical doctor
(University of Swaziland, 1999).These figures show the need for incorporation ef th
traditional healers into the National healthcarstaym to facilitate their monitoring. The
frequency of consultation and traditional medicmge also emphasises the need for

2



scientific research into herbal remedies to prdweedfficacy of the traditional systems of

medicine.

1.2.3 Integration of traditional medicineinto Swazi healthcare system

In Swaziland, there are two traditional healersjamizations; the Traditional Healers
Organization and the Tinyanga Tendzabuko Orgaoizati Traditional healers are
affiliated to either of these organizations, howeteere are others who are not affiliated to
any of the organizations, meaning that they arenmmitored or accountable to anybody
and can exploit the public without having to answeranyone (Amusan, 2007). The
Ministry of Health and Social Welfare in Swazilamdth the aid of the World Health
Organisation is currently making efforts to intdgré&raditional medical practitioners into
the country’s health care system. This is to ensiarmonization of healthcare delivery,
ensure regulation and monitoring of the practiceesitraditional healers will have to be
registered before they can practice. Howeverjrtegration of traditional healers into the
healthcare system is faced with numerous challemgpgsh include mainly the safety and
efficacy of the traditional medicines, the diagsosf the diseases and training of healers.
Traditional healers propose collaboration on eqteims with orthodox medical
practitioners rather than integration (Green andividu, 1984; Amusan, 2007).

1.3 Some challengesfacing traditional medicine globally

Though traditional medicine is widely practiced, ist still faced with a number of

challenges that need to be addressed to faciligtmtegration into national healthcare
systems. Firstly, most countries (Swaziland inetlJddo not have a national policy for
traditional medicine. Secondly, many consumers$ tis®@ traditional medicine have the
misconception that “natural” means “safe” and may e aware of their potential toxicity
and adverse effects. This is also exacerbatechéyfact that most countries have no
monitoring systems when it comes to herbal premarst Thirdly, the sustainable use of
natural resources in traditional medicine is a eafess concern. Nowadays, traditional
medicine has been commercialised and harvestidgrge quantities, especially of plant
material by traders may lead to extinction of squtant species (Figure 1.1). Lastly, the
lack of appropriate training for providers and progualification and licensing schemes
make it difficult for national authorities and cainsers to identity qualified traditional

medicine providers (WHO, 2003).



Figurel.1l: Faraday Muti Market in Johannesburg, South Afri€/nsustainable
harvesting of large quantities of plant bark maileffPhotographer: RL van

Zyl).

1.4 Medicinal plant-drug interactions

A number of plant drug interactions have been rigbin literature. Examples include the
concomitant use of GinkgoG(nkgo biloba), ginseng Panax spp) or garlic Allium
sativum) with warfarin and antiplatelet drugs (Valli anda@lina, 2002). St John’s wort
(Hypericum perforatum) with its main constituents being hypericin, hyjpein and
flavonoids, is traditionally used to treat inflamimigy conditions as well as depression. St
John’s wort is contraindicated with many pharmaicalt drugs such as digoxin,
theophylline, oral contraceptives, warfarin, nepire and cyclosporine (Bhattaranal.,
2002; Valli and Giardina, 2002; Evans 2002; Dennahyg Tsourounis, 2007). This is
because St John’s wort induces the human cytochrBd®0 enzymes and the P-
glycoprotein drug efflux pump (Constat#eal., 2006; Skalliet al., 2007), resulting in the
drugs being metabolized more quickly or pumpedafuthe target cell. This effectively
means that the plasma concentration of these dmug®duced and the therapeutic

concentrations are not reached.

Other examples of herb-drug interactions includeakeava Piper methysticum) which is
contraindicated when taking cimetidine and benzzepanes, as well as feverfew
(Tanacetum parthenium) with warfarin. Mango NMangifera indica) and papayaGarica
papaya) are also contraindicated with warfarin as theyease the anticoagulant effect of

warfarin. Momordica charantia (inkakha or bitter melon) is commonly used by black



Africans as a green vegetable, as well as to wasbus ailments such as high blood
pressure and diabetes; but is contraindicated wdieegn concurrently with anti-diabetes
mellitus drugs. Garlic, ginkgo, Echinacdzecliinacea pupurea), ginseng, St John’s wort
and kava kava have all been reported to poteniiaiyact with anticancer drugs (Skadli
al., 2007).

1.5 Medicinal plant research in Southern Africa

The organisation of African Unity’s Scientific Taubal and Research Commission has
been a spearhead in the research into Africantivadl medicine through funding
ethnobotanical surveys of the region (Sofowora,619%ince then, there have been many
different bodies that have embarked on ethnomealiciasearch. The ethnobotanical
survey route has been identified as a major rautha research for plants that can provide
new drugs or act as sources of an active compourtis approach has contributed to
about 74% of all pharmaceutical drugs derived fpdamts (Farnswortht al., 1985).

Since the nineties, there has been a surge ofesitén South African medicinal plant
research in the search for new pharmaceuticalss ifiterest is directly linked to the rich
botanical biodiversity of the country (van Stad@008). Since then, there have been
numerous publications reporting on the activityvafious plant species and the ailments
they are used to treat. The limited availabiliti fonding to research this indigenous
natural resource has resulted in relatively liitgentific research being conducted. This
study was therefore undertaken to tap into andcebettderstand this under researched or
completely uninvestigated biodiversity of the s@uthAfrican region

1.6 Selection of plant species studied
The selection of the plant species in this study d@ne based on the ethnomedical history
of the plants, that is, their reported medicinad.usPreference was made to previously

unnivestigated plants and especially those usé@ab infectious diseases.

1.6.1 Berkheya setifera DC.

Berkheya setifera, also callediulwimi Iwenkhomo in siSwati (Adenijiet al., 2000) is a
perennial herb in the Asteraceae family with leatlesst are alternate and spiny. The
capitulum is heterogamous and radiate or homogamanddliscoid. The phyllaries are in
several series, connate at the base only, alwawy,sput spines may be slender and
bristle-like. The ray florets are yellow (Figurea). The plant has a wide distribution in
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Figurel.2: Berkheya setifera DC flower (a) (Photographer: GF Sibandze) and
distribution map (b) (The South African NationabBiversity Institute).

the north-easterly part of southern Africa (Figlirgb) (Adenijiet al., 2000). Medicinally,
the roots are mixed with urine and used as eardmopbe treatment of otitis media.
Together withDicoma anomala, the root infusion is used for toothache, stgriljaundice,
biliousness, urinary problems, burns, boils, slonditions and abdominal disorders (Watt
and Breyer-Brandwijk, 1962; Amusanal., 2002; Adenijiet al., 2000). Another species
in the genusBerkheya speciosa, is used for the treatment of schistosomiasis rpgtaal .,
2000).

1.6.2 Breonadia salicina (Vahl) Hepper & J.R.l. Wood

Breonadia salicina, redwood orumhlume in siSwati (Adenijiet al., 2000), is a savannah
streamside tree from the Rubiaceae family and grogv0 m in height with a dense
irregular crown. The leaves are narrow and arrdmgevhorls at the end of the branchlets
(Figure 1.3a). From December to March, the flolweads appear as long-stalked creamy,



yellowish, pinkish, pale mauve, sweet smelling glab heads and the fruit is composed of
numerous small 2-celled fruitlets in a head of 6 mndiameter. The plant is widely
distributed from Tanzania in the north to KwaZulathl in the south (Figure 1.3b). It is
mostly found on stream banks in savannahs (Neuwid@96; Venter and Venter, 2002).
The wood is used for boat-building, furniture arehims, while the bark and roots are
ingredients of a hunting poison in north Nigerigledicinally, a decoction of the bark is
used to treat diarrhoea, bloody stool and colid, lwe bark powder is sprinkled on injuries
or wounds (Neuwinger, 1996; Venter and Venter, 2@08usanet al., 2005). Alkaloids
have been isolated from the twigs and leavesypetees and saponins are found in stems
and leaves and the wood contains polyphenols aimings; whilst the stem bark is rich in

tannins (Neuwinger, 1996).

1.6.3 Dichrostachyscinerea (L.) Wight & Arn.

Dichrostachys cinerea, sickle bush orlusekwane in siSwati (PP Ndlovu; personal
communication) is a semi-deciduous to deciduous trethe Mimosaceae family and
grows up to 7 m tall with an open crown (Figurea).4 The leaves are twice-compound
ending in two leaflets with 20-27 pairs of leafletsch. The flowers appear from October
to February and are a pendulous 40-50 mm long,cmodred spikes, with the upper part
being pink and lower part yellow. The shrub hawide distribution from Ethopia to
KwaZulu-Natal in the south (Figure 1.4b). It predoamtly grows in woodland, forest
margins and grassland (Venter and Venter, 2002)e Bark is used to treat elephantiasis
which is caused by a parasitic helmintic infectiarhile the root is used for toothache,
stomach troubles, indigestion/diarrhoea, rheumatsid chest complaints. The burnt
twigs or roots are used for bone fractures and agxtransmitted diseases and the leaf
infusion for skin infections, postpartum pain, becbitis, abdominal pains, epilepsy and
snake bites (Watt and Breyer-Brandwijk, 1962; Egsal., 2000; Kambizi and Afolayan,
2001; Venter and Venter, 2002; Amusaral., 2005; Tetalet al., 2009). The aerial parts
of D. cinerea contain hentriacontandd;amyrin and sitosterol. The bark contains friedeli
a-amyrin and sitosterol, whilst the heartwood camtaoctacosanol (Joshi and Sharma,
1974).
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1.6.4 Ficusglumosa Delile [syn. Ficus sonderi]

Ficus glumosa, synonym,F. sonderi, mountain fig tree oumkhiwa (siSwati) from the

family Moraceae is a moderate sized erect tree igpwp to 15 m in height, densely
leafed and usually evergreen (Figure 1.5a). Aitpaf the tree produce a non-toxic milky
latex. Figs are numerous among the leaf axilssdaoh and spherical, with an indefinite
fruiting period (Venter and Venter, 2002).
KwaZulu-Natal (Figure 1.5b) and found along dramdiges, rocky outcrops and cliffs in
woodland and wooded grassland (Venter and Ven®&2)2 The bark concoction is drunk
for the treatment of diarrhoea and generalised isglavhile the milky latex is used to treat
toothache, cuts, infections and sore eyes (Adenhgi., 2000; Venter and Venter, 2002;

Amusanet al., 2005; de Boeet al., 2005).

The nplas distributed from Tanzania to

(b)

Breonadia salicina (a) (Photographer: GF Sibandze) and distributi@p
(b) (The South African National Biodiversity Instie).
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Figure1.4: Dichrostachys cinerea (a) (Photographer: GF Sibandze) and distribution
map (b) (The South African National Biodiversitystitute).

1.6.5 Gardeniavolkensi K. Schum subsp. spatulifolia

Gardenia spatulifolia, bushveld gardenia ananyongwana (siSwati), from Rubiaceae, is a
semi-deciduous to evergreen tree, depending onabgbigure 1.6a). It grows up to 8 m
tall and has a roundish much branched crown. &aeels are in whorls of 3, crowded at
tip of short stout branchlets and mostly spathgsstiaglossy with an entire margin, midrib
and secondary veins conspicuous on upper surfddee flower, appearing in July to

December, is a single calyx ribbed with a shottdwn one side and the corolla white

and fragrant, turning yellow with age. The frgitavoid to spherical, shallowly ribbed,
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Figure1.5: Ficus glumosa (a) (Photographer: GF Sibandze) and distributiap r¢b)
(The South African National Biodiversity Institute)

greyish-green and covered with grey warts (Ventadt &enter, 2002). The plant is
distributed from Angola in the north to KwaZulu-Mbtin the south (Figure 1.8b) and
grows in woodlands (Venter and Venter, 2002). Tro@ infusion is drunk to induce
vomiting in the treatment of diabetes mellitus atoimach troubles; while the burnt roots
are used for pneumonia. A decoction of the rootiged for epilepsy, headaches and
earache (Amusast al., 2002; Venter and Venter, 2002; Verschaeeval., 2004; PP
Ndlovu, personal communication). In Thailand arttaGa,Gardenia species are used for
the treatment of malaria (Suksamratml., 2003; Asaset al., 2005).
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Figure1.6: Gardenia spatulifolia (a) (Photographer: GF Sibandze) and distribution
map (b) (The South African National Biodiversitystitute).

1.6.6 Guilleminea densa var. densa (Willd.) Mog. [syn. Brayulinea densa Humb. &
Bonpl. ex Willd]

Guilleminea densa var. densa (Willd.) Moq., formerly known a$Brayulinea densa Humb.

& Bonpl. ex Willd is from the Amaranthaceae famalgd known asanama in siSwati (PP

Ndlovu; personal communication). It is a prost@tesometimes decumbent, mat-forming

perennial herb with a rootstock considerably thida for up to about 5cm below the

ground and then abruptly more slender, mat fronutlBe70 cm across (Figure 1.7a). The

stems are numerous from the base, much-branchae;Hes are opposite (or alternate by

reduction of one of the pair), more or less dengéiife-lanate. Leaves are variable in size

and shape. The inflorescence is dense, ovoidpabuabout 10 flowers and whitish in

colour (Aluka, 2008). The plant is densely disfitéd in the north-easterly part of southern
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Africa, but can also be found in parts of northiédr (Figure 1.7b). The root (tuber) is
mixed with water and used to induce vomiting foe theatment of nausea (PP Ndlovu;
personal communication); whilst the whole plant a#on is drunk by the Vhenda

speaking people of Limpompo province in South Adrior the treatment of diarrhoea
(Mathabest al., 2006).
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Figurel.7. Guilleminea densa var. densa (a) (Photographer. GF Sibandze) and
distribution map (b) (The South African NationabBiversity Institute).

1.6.7 Heéelichrysum acutatum DC

Helichrysum acutatum (Asteraceae) ormboziso in siSwati (Adenijiet al., 2000) is a
herbaceous plant with a stout rootstalk and unhresh@rect shoots, up to about 60 cm in
height (Figure 1.8a). It is densely grey-woollyaiighout. The leaves are few, stalklesss,
tapering to a broad base and to long fin-point@d tiThe inflorescence is on a long

common stalk, much-branched, compact, about 6cmiiameter. The flower heads are
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bright yellow. The root is tuberous and fibrousfipton, 1976; Adenijet al., 2000), and

a concoction of the roots is used as an antidote pfuson (PP Ndlovu; personal
communication). Other uses of this genus incluake treatment of topical infections,
respiratory ailments and as a dressing in circuiotisites (Amusaret al., 2005; van
Vuurenet al., 2006).Helichrysym species (leaves and whole plant) are used fortcand
tuberculosis (Watt and Breyer-Brandwijk, 1962). isTgenus has been reported to posses
anticancer and antimycobacterial activity (Fouaheal., 2008; McGawet al., 2008).

Helichrysum acutatum has a wide distribution along the north-easteslyion of southern
Africa (Figure 1.8b).
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Figure1.8: Helichrysum acutatum (a) (Photographer: GF Sibandze) and distribution
map (b) (The South African National Biodiversitystitute).

1.6.8 Leonotisintermedia Lindl.
Leonotis intermedia, klipdagga otjwalabenyoni (siSwati), from the Lamiaceae family, is a
shrub that grows from 2-5 m in height with a thikody base (Figure 1.9a). All parts of

the plant have a strong smell and the leaves gresite each other on the stem, long and
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narrow, toothed in the upper part and distinctlyrjhaThe flowers are bright orange and
tubular and borne in characteristic rounded grqups Wyket al., 2000). It has a wide
distribution in the eastern parts of South Afri¢ag(re 1.9b). The fruit and roots are
ground into a powder and mixed with soft porridgéehe treatment of cancer. A decoction
of the roots or leaves dfeonotis spp is mainly used for toothache, snake bites, skin
disease, muscular cramps, haemorrhoids, influesmaghs, colds, indigestion, high blood
pressure, bronchitis (twigs) and also smoked aaraofic in place ofCannabis sativa
(Watt and Breyer-Brandwijk, 1962; van Wykt al., 2000; PP Ndlovu, personal

communication).
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Figure1.9: Leonotisintermedia (a) (Photographer: GF Sibandze) and distributi@p m
(b) (The South African National Biodiversity Instie).

1.6.9 Ozoroa sphaerocarpa R.Fern. & A.Fern.
Ozoroa sphaerocarpa, currant resin tree eamfuce (siSwati), from family Anacardiaceae, is

a deciduous tree growing to a height of 12 m witthart, bent stem and sparsely spreading
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crown (Figure 1.10a). The leaves are usually ionghof three and the fruit is ellipsoid or
kidney shaped, pale green at first, becoming bkt wrinkled when ripe. It flowers
between September and November (Adesigl., 2000). The plant has wide distribution
in deciduous woodland, bushveld and rocky hillsigfggure 1.10b). Medicinally, the bark
is used in the treatment of diarrhoea (PP Ndlowess@nal communication); while the leaf
infusion is used together witthrixia phyllicoides to wash wounds (Adenigt al., 2000).
Other species of this genus are also used medigimdth an infusion of the leaves @f.
insignis used to treat malaria (Asageal., 2005); whereas in Zimbabwe, an infusion of the
root or bark is used to treat diarrhoea, venersgaes, tapeworm and hookworm (Rea
al., 2003). Ozoroa paniculosa is used to treat acute inflammatory infectiongh&f chest
(Watt and Breyer-Brandwijk, 1962).
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Figure 1.10: Ozoroa sphaerocarpa (a) (Photographer: GF Sibandze) and distribution
map (b) (The South African National Biodiversitystitute).

1.6.10 Priva meyeri Jaub and Spach var meyeri
Priva meyeri or sanama (siSwati), from the Verbenaceae family, is a hedoais plant,
becoming woody at base and thinly rough-hairy threwt (Figure 1.11a). Its leaves are
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opposite or scattered and the leaf stalk is abd&icih long. The blade is triangular and
broadest just above the base. Its inflorescenterisinal, elongated and indefinite. The
followers are well spaced in axils of minute bracthe corolla is mauve or white and
five-lobed (Compton, 1976). The plant is distréitin the eastern part of Africa, from
Tanzania in the north to Eastern Cape in the s@tifure 1.11b). The leaf infusion is
traditionally used for sores and as ear drops fdisanedia (Amusaret al., 2005; PP
Ndlovu; personal communication). Another speciesifthis genusP. cardifolia Druce is
used for inflammation of the eyeball (Watt and BreBrandwijk, 1962).
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Figure1.11: Priva meyeri (a) (Photographer: GF Sibandze) and distributicap rtb)
(The South African National Biodiversity Institute)

1.6.11 RicinuscommunisL.

Ricinus communis, castor oil plant oumhlafutfo (siSwati), from the Euphorbiacea family
is a large shrub of up to 4 m in height with veayge, hand-shaped leaves on long, stout
leaf stalks (Figure 1.12a). The flower clusterpesgy near the tip of the branches and the
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fruits are three-lobed capsules with spine-likggutions on their surfaces (van Wegkal .,
2000). This plant is exotic and believed to begedious to north-east Africa and India, but
has a wide distribution in tropical areas (Figurg2b). It occurs predominantly as a weed
on previously disturbed lands. The plant leaf $idua is medicinally administered orally or
as an enema for the treatment of sores, while mieoken seed is used for stomach-ache,
toothache, sores, boils in children, headache,magiam and as a purgative (Watt and
Breyer-Brandwijk, 1962; van Wyét al., 2000; Amusaset al., 2005).
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Figure 1.12: Ricinus communis (a) (Photographer: GF Sibandze) and distributi@p m
(b) (The South African National Biodiversity Instie).

1.6.12 Syzygium cordatum Hochst ex C Krauss

Syzygium cordatum, water berry oumncoz (siSwati), from the family Myrtaceae, is an
evergreen tree and grows up to 20 m in height (€igul3a), with broad leaves near the
end of the branches and are sometimes almostaircushape with a bluish-green colour.
The flowers are cream to pink in colour and appesween August and November. The
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fruit is an edible berry that is egg-shaped andoediark purple in colour. Its wood is used
for boat-building (van Wyl al., 2000; Venter and Venter, 2002). The plant s$rdiuted
from Kenya to the Eastern Cape in the south (Figui8b). In South Africa, it grows in
the eastern and north-eastern parts and found atyagms in riverine bush and forest.
Medicinally the bark is used for diarrhoea, white tleaf, root and bark are used as an
emetic, and also for the treatment of stomach teahd respiratory ailments, including
tuberculosis (van Wykt al., 2000; Venter and Venter, 2002).
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Figure 1.13: Syzygium cordatum (a) (Photographer: GF Sibandze) and distributi@p m
(b) (The South African National Biodiversity Instie).

1.6.13 Terminalia phanerophlebia Eng. & Diels

Terminalia phanerophlebia, silver leaf tree oremangwe lamnyama (siSwati), from the
family Combretaceae, is a small to medium-sized tkeabout 5-10 m in height with an
erect trunk and wide spreading crown (Figure 1.14&)e silver-grey leaves are clustered
at the tops of the branchlets, erect and moress airy when mature. The flowers are
small and yellowish, with an unpleasant smell, &amel fruit is pendulous (Neuwinger,
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1996; van Wyket al., 2000). T. phanerophlebia has a small distribution area, found in
savannah lands and grows in sandy soils (Figu#by.1The bark infusion is drunk for the
treatment of body pains and pneumonia. The rowéaeixor decoction of manyerminalia

spp. is used for diabetes, stomach problems, schisti@sis, gonorrhoea, syphilis,
diarrhoea, general body weakness, sore throat; aolil skin disease (Neuwinger, 1996;
van Wyk et al., 2000; Amusaret al., 2005). The genus has been reported to possess
antimycobacterial properties (McGaval., 2008).
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Figure1.14: Terminalia phanerophlebia (a) (Photographer: GF Sibandze) and
distribution map (b) (The South African NationabBiversity Institute).

1.6.14 Trichila emetica Vahl subsp. emetica

Trichilia emetica, Natal mahogany asmmkhuhlu (siSwati), from the family Meliaceae, is a
large densely leafed evergreen tree, which grovasheight of about 20 m (Figure 1.15a).
The leaves are hairless above with thin hairs beltwe fruit is shortly stalked, round and
downy (van Wyket al., 2000; Venter and Venter, 2002). This plantdasde distribution
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from Sudan to KwaZulu-Natal in the south (Figur&5h) and grows in coastal, riverine
and gallery forests. The bark is soaked in warrrewand used to treat joint pains, nausea
and vomiting, malaria, dysentery, fever, haematuni@thral discharge and abdominal
pain; whilst the bark or leaf is administered a®aema to treat a sore back. The seed oll is
used to treat rectal ulceration and rheumatism, thadleaf or fruit poultice is used for
bruises and eczema. This plant possesses antbiatend anti-inflammatory properties
(Watt and Breyer-Brandwijk, 1962; Adengi al., 2000; van Wylet al., 2000; Venter and
Venter, 2002; Amusae al., 2005; Greyicet al., 2005).
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Figure 1.15: Trichilia emetica (a) (Photographer: GF Sibandze) and distributiap i)
(The South African National Biodiversity Institute)

1.6.15 Zizphusmucronata Willd subsp. mucronata

Ziziphus mucronata, buffalo thorn or umlahlabantfu (siSwati), from the family
Rhamnaceae, is a deciduous tree that can grow aphtght of 17 m and has an open
round to spreading crown. The leaves are alterrsateple, smooth and shiny (Figure
1.16a). The flowers are clusters in the leaf ajtslowish green in colour with short
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flower stalks, and appear between October and Agfitile fruit is a round, reddish brown
glossy drupe (Venter and Venter, 2002). It hasdewlistribution in Africa, from Arabia
to Western Cape in the south (Figure 7.16b) anevgnmostly in woodland and wooded
grassland. The bark powder is used for body paimiscough; while the leaf poultice is
used for the treatment of chest troubles, boils@thdr septic swellings. The root infusion
is used for treating dysentery, gonorrhoea andssPié&att and Breyer-Brandwijk, 1962;
Neuwinger, 1996; Venter and Venter, 2002; Amudaal., 2005). OtheZizphus species
are reported to possess antidiarrhoeal activitya(iret al., 2009). The species has been
reported to possess antihelmintic and anti-inflanomyaactivity (McGaw and Eloff, 2008).
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Figure 1.16: Zizphus mucronata (a) (Photographer: GF Sibandze) and distributi@p m
(b) (The South African National Biodiversity Instie).

1.7 Rationale and motivation of study
With the increasing prevalence of antibiotic remistmicroorganisms, there arises a need
for research into more efficacious alternativesraditional medicine is one of these

alternatives, as there have been numerous reparthe successful use of plants by
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indigenous peoples to treat various infections sash colds, influenza, diarrhoea,
dysentery, schistosomiasis, elephantiasis and mal@att and Breyer-Brandwijk, 1962;
van Wyk et al., 1997; Amusaret al., 2002; Agunuet al., 2005; Mathabest al., 2006;
Mukherjeeet al., 1998; Alaniset al., 2005; Gutiérrezt al., 2007; Samiet al., 2005). A
further motivating factor is the success of ethrawptacological research in the past
century; which has led to the development of plierived drugs such as artemisinin,
aspirin, atropine, colchine, digoxin, ephedrine, rpmine, physostigmine, pilocarpine,
quinine, vincristine and vinblastine (Gilani and HRaan, 2005). It is with these
considerations that the present study was designiédthe aim to search for new and
alternative sources of drugs for the treatmennhfeatious diseases such as malaria, as well
as to provide scientific proof for the efficacyioteed by traditional healers in the treatment

of various diseases.

1.8  Objectivesof the study
+«» Fifteen medicinal plants used traditionally in Svieard (Section 1.4) were selected
and screened for the following pharmacologicahgtots:

e antimalarial activity using the tritiated hypoxaimi incorporation assay,

e antimicrobial properties, using the minimum inhilpyt concentration (MIC)
and bioautographic assays,

e cytotoxicity using the tetrazolium-based 3-(4,5-dihylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) method and kdalod cell haemolysis,

e anti-oxidant properties, using the 2,2-diphenylidag-hydrazil (DPPH) free
radical-scavenging activity, lipid peroxidation amdetal chelating activity.
This was correlated to the total phenolic and ffanid content of the extracts.

«» The more active crude extracts were characterigethib layer chromatography

(TLC) and ultra-performance liquid chromatograpby?(C).

« To determine the type of pharmacological interaxtiexisting:

e Between three plants which are traditionally usadcombination for the
treatment of diarrhoea, using the MIC assay arnedesgainsEscherichia coli.

e Between plant extracts which are most active agjd&resmodium falciparum
and quinine due to the possibility of drug intei@es when using them
concurrently. This was tested using the tritiabggpoxanthine incorporation
assay and the MTT method for cytotoxicity.

« To provide a scientific basis for the traditionse of indigenous knowledge of

these plants and compile plant monographs foritteeh plants studied.
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CHAPTER 2: PLANT COLLECTION AND EXTRACTION

21  Speciesselection

Fifteen plants were selected on the basis of #teimomedical history, as listed in Table 2.1.
A concise description and photographs of each epeare shown in the monographs in
Appendix B. Previous ethnobotanical investigatiaf the Kingdom of Swaziland done by
the Swaziland Institute for Research in Traditiokl@dicine, Medicinal and Indigenous Food
Plants (SIRMIP) were a guide to plant selection ¢&amet al., 2002). A literature review on

the plants proposed to be included in the studiggeklittle or no previous research on them.

2.2  Collection of plant material

Traditional healers were consulted to identify tants they use before collection from the
wild. Thereafter, a botanist Mr GM Dlamini, posély identified them. The plants were

collected from the Manzini region in Swaziland beén March and April 2006 (Table 2.1).

Botanical identification of the plants was donetbg Malkerns Research Station, Ministry of
Agriculture and Cooperatives in Swaziland and veudpecimens (voucher numbers listed in
Table 2.1) deposited with the Department of Phaynsaxd Pharmacology, University of the

Witwatersrand, Johannesburg. Details of localigrevrecorded using a Global Positioning
System (GPS; Table 2.1). From each plant colleetdter the roots, leaves, stem, flowers,
tuber or bulb were harvested depending on thetpattis traditionally used. The plants were
collected in accordance with the manner that thditional healer would collect them for a

patient, for example, collection of the lower paftthe bark and not removing all the bark
around the plant. This, we were told, was bec#usdower end of the bark was more potent
than the upper or newer bark Also, collecting oe side rather than around the stem would

ensure that the tree did not die as a result of¢ditiection.

23  Extraction process
In traditional medicine, the norm is to use an agsesolvent to prepare the medicine,
however, it was decided for the purpose of thislgtio use an organic solvent to extract the

secondary metabolites as previous studies haverstit@worganic solvent to be more potent as
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Table2.1:

Medicinal plants selected for investigatiorthrs study.

MU NETRE SIS Ft)l/TJr: Pl:?)rl]lgtae:jts Area GL;;?Z;); ng | Altitude Cog:'gon \églrJ:Q;r
Astereaceae | Berkheya setifera DC. Herb stemljlr(c))\cl)vt(? rl’eaves Hhelehhele 52142255’; 697 m '\ggBCGh GMO007
Rubiaceae R;z?]r:;l ﬂ:p?;?iga\].l?.l. Wood Tree Leaves, bark Bhunya ggfgég;; 925 m “gg[,%h GMO012
Mimosaceae \?V'Bhr:to géfmls cinerea (L) Tree Fruit, leaves (ICIZ???\I:) ggf;ggg; 467 m “gg[,%h GM014
Moraceae Ficus glumosa Delile Tree Frm:)’;?l? Ves Moti 53?1721732,§ng 329 m April 2006 GMO004
Rubiaceae Sﬁgggg{&ﬁgﬂii K. Schum | Tree Fruit, leaves Moti 521711155; 342 m April 2006 GMO001
Amaranthaceae ((jaeﬂls;er(n\/l\;ﬁi .(;e'\n/ls(;clq\./ar. Herb Whole plant Moti 52172;225‘; 334 m April 2006 GMO009
Astereaceae | HelichrysumacutatumDC. Herb Leaves, roots Bhunya ggfgégg% 1197 m I\ggg:eh GMO010
+Lamiaceae Leonotis intermedia Lindl. Herb Flower, stem Bhunya ggfgggg(% 1087 m '\ggg:Gh GMO008
Anacardiaceae gzg-rg:r?haerocarpa R.Fern. Tree Frmg;ﬁ? Ves, Moti 5217111322; 339 m April 2006 GMO002
Verbenaceae \I?;ir\./?nen;?r?ri Jaub and Spa Hert Whole plant Bhunya ggfggggé 1087 m '\ggg:Gh GMO015
Euphorbiaceae| Ricinus communisL. ';ﬁigé Frui;,uljﬁves Bhunya ggfgég;gz 925 m I\gchGh GMO011
Myrtaceae g(z?iggsggdatum Hochst Tree Leaves, bark Malkerns 5215;'885??; 754 m '\ggBCGh GMO013
Combretaceae Eir;igag%ﬁ):anerophl ebia Tree Leaves, bark Moti 5217111322; 339 m April 2006 GMO003
Meliaceae gﬂ”ca emetica Vahl subsp. Tree Leaves, bark Moti 53?172113??5 319 m April 2006 GMO005
Rhamnaceae iﬂggﬁﬁg;ﬁ:ta Willd Tree Lea\éZSrL fruit Zakhele gglsgéé);% 614 m I\ggg:eh GMO006
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most of the components of the plants are easikpeted in the phase compared to the aqueous
extractant(ref)

The plant parts were air-dried separately in treshcrushed into powder using a commercial
blender and a known quantity extracted with diaboethane (Merck): methanol (Sigma)

(1:1) solvent for 48 hours at room temperature.e $blvent was changed twice during this
period. The extract was then taken to drynesggusiBuchi Rotavapor (Buchi Rotavapor R-

114) (Figure 2.1). Thereatfter, it was air-driedaifume hood and stored in airtight containers
at -20C until used. The percentage yield for each palisted in Table 2.2 and ranges from

0.51012.2%.

There was variability in the percent yield of tHarg parts with the stem generally giving the
least extract yield. This may be because the stdmsost plants act as translocation organs
and not as storage organs and as expected willfeaxer compounds in them. The least yield
(0.5%) was obtained from the fruit & mucronata, followed by the stem df. intermedia
(1.2%), stem/root oB. setifera and stem oR. communis (1.6%). The highest yield was from
the bark ofB. salicina (12.2%) followed by the leaves & spatulifolia (10.8%), fruit ofB.
densa (10%) and bark o%. cordatum (9.1%).

'

Figure2.1: Bichi Rotavapor used to take extracts to dryriEsotographer: GF Sibandze).
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Table2.2: Percentage yield for plant parts after extraction

Percentage (%)

Scientific name Plant part yield (wiw)
G. densa whole plan 3.2
fruit 10.0
O. sphaerocarpa leave: 6.6
bark 5.0
flower 7.€
B. setifera stem/root 1.6
leave! 4.3
leave: 3.7
H. acutatum rool 13
. leave! 3.6
T. phanerophlebia bark 21
fruit 4.2
R. communis leave! 2.6
sten 1.€
. . flower 4.6
L. intermedia Sstem 12
T emetica leave! 7.2
bark 6.€
D. cinerea fruit L
leave! 8.€
fruit 3.4
F. glumosa leave: 4.2
bark 7.8
leave! 6.¢
S. cordatum bark 91
leave! 8.€
Z. mucronata fruit 0.t
bark 8.1
B. salicina leave: 8.4
bark 12.2
- fruit 4.8
G. spatulifolia leave: 106
P. meyeri whole plan 3.6
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CHAPTER 3: UPLC-MSAND HPTLC CHEMICAL
FINGER-PRINTING OF EXTRACTS

3.1 Introduction

Plants extracts are complex mixtures of numerousigy and secondary metabolites. The
strength of the plant’s biological activities ispgadant on the diversity and quantity of its
secondary metabolites such as tannins, terpenaidtsjoids, polyphenols, steroids and
saponins. In the use of plant extracts as medictive preparation is a complex mixture of
active constituents which should be present inrsstamt concentration. This standardization
can be achieved by quantitative determination efrtrarker substances (Geytal., 2005;
Hamburger and Hostettmann, 1989). Chromatographigh is a means of separating two or
more substances by distribution between a statjomad mobile phase (Finar, 1975), can be
used to generate a fingerprint of the plant exteaud provide a base for standardization
procedures. It can also be used to identify trersbal constituents of the extract for possible

isolation and testing of active constituents.

3.1.1 Thin layer chromatography and high-performance thin layer chromatography

Thin layer chromatography (TLC) is a quick, simphexpensive procedure which uses a
chromoplate as a column i.e. the TLC plate. The®mioplate is a sheet of glass, metal or
plastic, coated with a thin layer of solid adsoth&isually silica gel (Si@x H>O) or alumina
(Al,03 x HO). The plate is spotted with a small amount ef &malyte near the bottom and
placed vertically in a suitable solvent in a closadk. Development of the chromatogram
occurs by capillary movement of the solvent up #usorbent layer. In principle, the
components of the analyte will differ in their soility and in the strength of their adsorption
to the adsorbent, resulting in some componentggbeanried further than others (Finar, 1975;
Heinrichet al., 2004; CUBoulder Organic Chemistry, 2008). Tharerpolar compounds tend
to remain at the bottom of the TLC plate, whilsé tess polar compounds migrate faster

upwards on the plate.

High-performance thin layer chromatography (HPTL@jes the same principle as the
conventional TLC method, differing only in the fabiat the HPTLC plate uses an adsorbent

with a homogenous particle size (approximatelyndwith a narrow particle size distribution.
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HPTLC is thus superior to the conventional TLC @mnts of obtaining better and clearer
separation of the compounds (Qeiral., 2007; Kauet al., 2008)

3.1.2 High-performanceliquid chromatography and ultra-performance liquid
chromatogr aphy

High-performance liquid chromatography (HPLC) ifoam of liquid chromatography used to

separate compounds that are dissolved in solutiti?.C instruments consist of a reservoir of
mobile phase, a pump, an injector, a separationnwoland a detector. Compounds are
separated by injecting a spot or band of the sammptéure onto the column. Separation is
achieved because the components of the mixturetpemggh the column at different rates due
to differences in their partitioning behaviour beem the mobile liquid phase and the
stationary phase (Science Hypermedia, 1996). Thia rapid and reliable technique for

analysis of complex mixtures (Hamburger and Hosi@tin, 1989), and is also a powerful
technique for fingerprinting biologically active texcts. HPLC instruments are normally
coupled to a computer which has a library thatvedldor easier identification of compounds

that have been previously isolated (Heinmgthl., 2004).

Ultra-performance liquid chromatography (UPLC) be bther hand is a more advanced form
of HPLC which employs smaller particles (packedha column), speed and peak capacity.
These characteristics have resulted in an instruméh high resolution and that is more
efficient, thus the UPLC detection is two to thtgees higher than that of the HPLC. A
UPLC system can either be coupled to a mass speetrp, nuclear magnetic resonance,
refractive index, near-infra red or UV-visible detter (Swartz, 2005; Let al., 2006; De
Villiers etal., 2006).

The aim of this chapter was to fingerprint the traxgive extracts by using both HPTLC and
UPLC and provide a base for further study to pdgsablate the active constituents in the

extract.
3.2 Materials and methods

Based on the preliminary antimicrobial, anti-oxidand antimalarial activities, 22 of the 33
extracts tested in this study were selected for @b@lysis. These were the leaves and bark of
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T. phanerophlebia, S. cordatum, B. salicina, Z. mucronata andT. emetica, the fruit and leaves
of D. cinerea andR. communis, the bark, fruit and leaves Bf glumosa andO. sphaerocarpa,
the leaves of. spatulifolia and the whole plant d?. meyeri. Sixteen extracts were selected
for UPLC analysis and included the fruit and leawé®. cinerea and G. spatulifolia, the
leaves and bark @&. cordatum andB. salicina, the fruit, leaves and bark 6f sphaerocarpa,

the fruit, leaves and stem Bf communis and the root and leavesldf acutatum.

3.21 High-performance thin layer chromatography method

The extract (10 mg/ml) was prepared in HPLC grad¢hanol (E-lab Direct Limited). The
TLC mobile phase was prepared using methanol: watlyl acetate (16.5:13.5:100). The
HPTLC plates (HPTLC silica gel 6Gdz, 20 x 10 mm (Merck)) were run on a CAMAG high-
performance thin layer chromatography (HPTLC) syst# the Department of Pharmacy at
the Tshwane University of Technology (Pretoria)heTextract (15 pl) was spotted with a
CAMAG automatic TLC sampler 4, band length 12 omB), depending on the number of
samples to be placed on the plate. Thereatfterplaes were developed in a CAMAG
automatic development chamber 2. Methanol was asedrinsing solvent. The TLC mobile
phase (20 ml) was used to develop the plates atusaged chamber and the solvent front was
allowed to migrate to a distance of 80 mm. Thegslavere then visualized using a CAMAG
reprostar 3 at 254 nm, 366 nm and using white ligfte reference plates were derivatized by
dipping them into vanillin-sulphuric acid (200 npepared in a 1:1 ratio using 1% ethanolic
vanillin (Sigma-Aldrich) and 10% ethanolic sulptwracid (Merck) (Wagner and Bladt,
1986)) using a CAMAG chromatogram immersion devite The plates were then dried in a
CAMAG TLC plate heater Il at 104C for 5 minutes to achieve full colour development.
The winCATS program was used to operate the ingtnijras well as capture images of the
HPTLC plates.

3.2.2 Ultra-performance liquid chromatography coupled to mass spectrometer method
3.2.2.1 Sample preparation

The dried extracts were re-suspended in 1ml HPLa@emethanol and diluted 10 times in
50% acetonitrile and 0.1% formic acid. Thereaftee suspension was centrifuged for 5

minutes at 12000 rpm.
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3.2.2.2 Assay

UPLC-MS analysis was done on a Waters Acquity UltRerformance Liquid
Chromatograph connected to a Waters Q-TOF Ultimanass spectrometer according the
method described by Rautenbagthal. (2007) and Storbeckt al. (2008). Separation was
achieved on a Waters UPLC BEH C18 column (2.1x50, rhid um spherical patrticles,
Millipore-Waters, La Jolla, USA), using a formicidqA) to acetonitrile (B) gradient (100%
A from 0 to 10 minutes, 4 to 25% B from 10 to 15naotes, 25 to 90% B from 15 to 30
minutes and 100% A from 30.1 to 40 minutes at @ ftate 300ul/minutes), followed by re-
equilibration of the column to initial conditionsThe sample (4u) was introduced into the
mass spectrometer after passing through the Wateysity UPLC". The carrier solvent was
50% acetonitrile in 0.1% formic acid, which wasideted at a flow rate of 30@//minutes for
each analysis. A capillary voltage of 3.5 kV wélsource temperature of 180 and a cone
voltage of 35 V was applied. The total run time pample was 25 minutes and data

acquisition was in the positive mode and resulpgessed as mass to charge ratio (m/z).

33 Reaults

3.3.1 High-performancethin layer chromatography

Figures 3.1 and 3.2 show the HPTLC chromatograntkeoR2 extracts. Several compounds
were visualized under UV light (254 and 366 nm)wad as after derivatization with vanillin-
sulphuric acid. After derivatization, many compositidat had not been visible under UV light
were observed. The dark areas visualized under 2% nm light are unsaturated
hydrocarbons containing C=C double bonds. The dadkareas at the bottom of the plates
and predominantly found in the bark material aresspmed to be tannins, since they are very
polar and did not migrate on the plate (Figure 3.1Ahe purple bands at the top of the plates
are non-polar compounds, typical of aromatic conmgsu These are also visible under the
UV366 nm light.

3.3.2 Ultra-performance liquid chromatography
The UPLC results are a comparison between pattseofame plant to determine if there any

chemical similarities or variations in the composifidund in each extract. Figures 3.3 to 3.9
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Track
name Plant sample
1 T. phanerophlebia
leaves
T. phanerophlebia
B 2 bark
3 P. meyeri
whole plant
4 D.cinerea
fruit
5 D.cinerea
leaves
6 F. glumosa
bark
7 F. glumosa
fruit
8 F. glumosa
C - - - leaves
- 9 T. emdtica
leaves
T. emetica
10 bark
11 S. cordatum
leaves

1 2 3 4 5 6 7 8 9 10 11
Figure3.1: HPTLC plate for 11 extracts (Group 1), viszed under 254 nm (A), 366 nm
(B), white light (C) and after derivatization Wwivanillin-sulphuric acid (D).

31



Plant sample

bark

B. salicina
leaves

B. salicina

bark

G. spaulifolia
leaves

Z mucronata
leaves

Z mucronata
bark

fruit

O. sphaerocarpa
leaves

O. sphaerocarpa
bark

R. communis
fruit

R. communis
leaves

LLERL T
_ll “ll

1 2 3 4 5 6 7 8 9 101

Figure3.2: HPTLC plate for other 11 extracts (Group 23ualized under 254 nm (A)
366 nm (B), white light (C) and after derivatizatiwvith vanillin-sulphuric acid
(D.
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and Table 3.1 to 3.7 are UPLC chromatograms andtseshowing the base peak intensity
(BPI) of the different compounds in the sixteenrasts chosen for UPLC analysis. The
UPLC chromatograms of all the plants were differshbwing a variety of compounds in the
plants. In some cases, extracts from the same Ipd@hsimilar chromatograms, only differing
in the relative abundance of the compound, sudheateaves and bark &f cordatum (Figure
3.4); whilst others differed greatly, such as thetfleaves and stem & communis (Figure
3.8).

34  Discussion

The HPTLC chromatograms of the different plantsvatth the complexity of the plant
extracts. Several compounds that had not beeblevisefore derivatization (Figure 3.1C and
3.2C) or under UV light (Figure 3.1A and B and 3.and B) were observed after dipping in
vanillin-sulphuric acid (Figure 3.1D and 3.2D). elblants which seemed to exhibit similar
compounds among their parts we&ecordatum, D. cinerea andR. communis (Figure 3.1D,
track 4/ 5 and 11; Figure 3.2D, track 1/10 andbi)erwise the others did not show similar
chromatograms. This might be due to the plantslypmg different classes of compounds
among their own vegetative parts and also accoanttife varying biological activities
observed in them (Chapter 4, 5 and 6). The UPLddilps of the plants also confirm these
differences, however, due to the sensitivity o§tprocedure, the UPLC profiles were able to

show some similarities among the different plamtga

The leaves and bark @i phanerophlebia exhibited different HPTLC chromatograms, with
the bark having more compounds separating thanletees (Figure 3.1, track 1 and 2).
Previous studies on thEerminalia genus have isolated different compounds from thatp
such as terpenoidas and calchone glycosides awdnéa fromT. alata (Srivastavaet al.,
1999) and uronic acids from the gum exudate$.adericea and T. superba (Anderson and
Bell, 1974). Arjunic acid, arjungenin, arjunetindaarjunoglucoside | have been isolated from
the bark ofT. arjuna (Saxenaet al., 2007; Manneet al., 2007); while Alamet al. (2008)
isolated termiarjunoside | and termiarjunosiderdinfi T. arjuna. Termilignan B and arjunic
acid were isolated frori. sericea (Eldeenet al., 2008). Gum exudates of sorferminalia

species have been reported to contain uronic goioisglas and Bell, 1974).
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Figure3.3: Base peak intensity chromatograms of the fruit ékd leaves (B) oD.

cinerea.
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Table 3.1: Retention time, mass to charge ratio and relativendance of the peak of the

fruit and leaves ob. cinerea.

Retention | m/z Relative
time intendity (%)
(minutes) Fruit | Leaves
3.91 58( 20 20
4.14/4.1! 291 25 58
4.47 37z 30
4.51 732 10C
4.9C 884 65
4.9 61€ 55
5.2C 30¢ 90
5.64 76( 55
5.6¢ 30z 95
6.14 884 35
6.2¢ 472 25
7.02 33¢ 25
7.08 317 10C
7.4€ 317 20
7.81 317 10C
9.6¢ 504 55
18.1¢ 594 75
19.8¢ 60€ 20
20.22/20.2 | 52t 45 45
20.75/20.7 | 551 65 60
21.1¢ 96( 85
21.9¢ 7317 40
22.1:% 79¢ 68
22.62 93¢ 82
23.4¢ 43C 10C

Table 3.2: Retention time, mass to charge ratio and relalmendance of the peak of the
leaves and bark @& cordatum.

Retention m/z Rdative
time intensity (%)
(minutes) Leaves | Bark
0.4z 36€ 22
4.1€ 327 35
4.3€ 634 25
4.47 372 50 45
4.71 43¢ 40
5.04 31¢ 10C
5.04 477 48
5.25/5.24 521 35 35
5.67 30s 30
7.07/7.1. 457 25 25
7.28/7.3: 501 35 35
747075 54E 25 30
20.20/20.2 | 52¢ 40 92
20.72/20.7 | 551 55 10C
24.2: 258 20
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Table 3.3 Retention time, mass to charge ratio and relalvendance of the the pek of

the leaves and bark Bf salicina.

Retention m/z Rdative
time intensity (%)

(minutes) L eaves Bark
3.57 341 32
3.67 35¢ 32
3.61 32¢ 35
3.7¢2 32E 10C
4.1F 327 50
4.3¢ 22¢ 78
4.4z 35¢ 9C
4.4t 372 68
4.71 428 10C
4.7¢ 38¢ 7C
5.04 477 55
5.0€ 308 85

5.24/5.2i 521 68 35
5.4¢ 287 65
6.0% 982 35

6.10/6.1! 197 30 65
7.04 457 45

7.24/7.3. 501 72 28
7AL 54E 62
7.64 97t 40

20.20/20.2. | 52¢ 55 4C
20.72/20.7 | 551 75 52

Table 3.4: Retention time, mass to charge ratio and relaluendance of the peak of the
fruit and leaves of. spatulifolia.

Retention m/z Rdative
time intensity (%)
(minutes) Fruit L eaves
3.1¢ 225 52
3.3t 22F 10C
4.1C 904 45
4.15/4.1 327 32 52
4.47/4.4 372 58 10C
4.7¢ 31C 90
5.02/5.0: 477 65 10C
5.26/5.2° 521 55 92
5.49/5.4 56¢ 28 38
7.11/7.0! 457 48 28
7.29/7.3: 501 55 40
7.50/7.4! 54E 5C 30
7.6€ 58¢ 28
10.62 43¢ 32
11.9¢ 804 3¢
17.1F 51€ 25
20.25/20.2 52: 42 68
20.78/20.8 551 56 92
22.2¢ 873 10C
23.3¢ 872 10C
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spatulifolia.
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Figure 3.7:

O. sphaerocarpa.

Base peak intensity chromatograms of the fruit (8aves (B) and bark (C) of
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Figure 3.8:

Base peak intensity chromatograms of the fruit (#aves (B) and stem (C) of

R. communis.
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Table 3.5: Retention time, mass to charge ratio and relalmendance of the peak of the
fruit, leaves and bark @. sphaerocarpa.

Retention m/z | Relative

time intendity (%)
(minutes) Fruit | Leaves | Bark
0.44 36¢ 22
4.1€ 327| 35 38 7C
4.417 37z | 45 8C 82

4.77/4.7 43Z| 3C 55
5.02/5.0- 477 | 52 10C 88
5.26/5.27/5.2 | 521 | 32 82 8C

5.48/5.4¢ 56& 3C 45
5.7C 491 20 3C
5.94 53¢ 25

7.09/7.10/7.1 | 457 | 32 3C 65
7.30/7.31/7.3 | 501 | 45 42 78
7.49/7.50/75 | 548 | 32 32 65

7.6€ 58¢ 3C

14.0] 567 | 75

18.9¢ 43¢ 32

19.1¢ 442 10C
19.62/19.6. | 71z | 5C

19.7¢ 44z 58

20.1¢ 523 48

20.29/20.3 | 52z | 6C 8C
20.72/20.8 551 | 72 95 6C

21.1¢ 76€ | 5C
22.3] 535 | 48
22.91 36€ | 10C
23.2i 412 40
23.3¢ 41C 88
23.5¢ 414 | 52 62
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Table 3.6: Retention time, mass to charge ratio and relalmendance of the peak of the

fruit leaves and stem & communis.

Retention m/z Rdative
time intensity (%)
(minutes) Fruit | Leaves | Stem
4.15/4.1 327 30 2C
4.46/4.4 372 52 35
4.77/4.7 43¢ 48 25
5.02/5.0. 477 55 32
5.24/5.2' 521 48 25
7.28/7.3. 501 30 3C
7.5C 54E 22
8.1% 354 62
8.41 352 28
11.37/11.4 | 317 10C
11.9¢ 31¢ 75
13.6¢ 521 52
17.2: 61(C 92
17.7¢ 61C 10C
18.1¢ 594 98
19.5( 52¢ 8C
19.84/20.0 | 60¢ 10C
20.27/20.2. | 52¢ 35 48 70
20.6¢ 61€ | 10C
20.76/20.7 | 551 52 10C
21.1¢ 96( 88
21.57 67€ 40
21.8¢ 781 98
22.0% 60z | 10C
22.6( 788 10C
22.9¢ 989 | 10C
23.4% 43(C 10C
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Figure 3.9:

Base peak intensity chromatograms of the leavasaf#d root (B) ofH.

acutatum.
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Table3.7: Retention time, mass to charge ratio and relalmendance of the peak of the

leaves and root df.. acutatum.

Retention m/z Rdative
time intensity (%)

(minutes) L eaves Root
0.47 381 25
4.1€ 327 35
4.47 372 72 30
4.7€ 43¢ 45 22

5.03/5.0 477 78 40
5.2€ 521 62

5.63/5.6 50( 6C 35
7.0z 33¢ 58
7.0¢ 457 4C

7.29/7.3. 501 55 25
7.4¢ 54E 42

20.25/20.2 52: 78 45
20.78/20.7 551 10C 60

21.4% 75¢ 25
22.2¢ 872 10C
22.9¢ 91t 28
23.3¢ 872 10C
23.9¢ 53€ 58
24.4¢ 88¢ 22

The leaves and bark of. emetica had different HPTLC chromatograms with the bark
exhibiting more compounds than the leaves (FigutetBack 9 and 10)Trichilia emetica has
been reported to possess polyphenols such asacaff, ferulic acid, gallic acid, chlorogenic
acid and syringic acid (Germauet al., 2006), as well as limonoids froim roka (Nakataniet

al., 1985), triterpenes from. pallida (da Cunhaet al., 2008) and tannins from the bark Tof
emetica (Diallo et al., 2003). T. emetica also recorded a high content of phenolics in shisly
(Table 7.2).

The fruit and leaves dd. cinerea revealed similar HPTLC chromatographic profilesemms

of their major compounds (Figure 3.1, track 4 andhowever the UPLC chromatograms
revealed differences that had not been evidenhéenHPTLC chromatograms. The leaves
showed greater complexity than the fruit, but theexe a few similarities, for example, the
peaks at Rt value 3.91, 4.14/4.15, 20.22/20.2528nd5/20.77 minutes were common in both
plant parts, with approximately the same relativaralance (Figure 3.3). Major differences
between the leaves and the fruit are the peaks @lRe 7.09, 18.19, 22.62 and 23.44, which
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were present in the leaves, but absent in the fidgaks with Rt value 4.51 and 4.90 minutes
were absent in the leaves and present in the fRrieévious work by Joshi and Sharma (1974)
isolated hentriacontandb-amyrin and sitosterol from the leavesafcinerea, and Racet al.
(2003) isolated (-)-mesquitol (2tBans-3',4'7,8-tetrahydroxyflavan-3-ol) and (-)-epicakec.
Tannins have also been isolated from this speBiasgo and Adeyemo, 2007).

The leaves and bark & cordatum displayed similar compounds in the UPLC profilensd|

as in the HPTLC chromatogram. Similar compoun@saarRf value 0.1 (Figure 3.2, track 1
and 3.2, track 11), which were more visible in beek as well as those with Rf value 0.65,
0.78 and 0.85, which were more visible in the lsav&he many similarities between these
two plant parts are also confirmed by the UPLC oiatogram (Figure 3.4). The major peaks
common among the two parts are those at Rt valuk4df, 5.25/5.28, 7.07/7.12, 7.28/7.33,
7.47/7.52, 20.20/20.22 and 20.72/20.75 minutestei@é studies have been conducted on the
composition of theSyzygium genus. Geyicet al. (2005) and Djoukengt al. (2005) have
reported the presence of polyphenols, tannins asdturated sterol/triterpens in the leaves of
S guineense; whilst Wojdylo et al., (2007) reported the presence of quercetinSin
aromaticum.  Essential oils have also been isolated from kibd and leaf oils ofS
aromaticum, such as eugenol arfidcaryophyllenne (Srivastaw al., 2005). Wong and Lai
(1996) also isolated some volatile compounds freavwesl species o®yzygium, such as
linalool, geraniol, myrcene ang-terpinene. Veigast al. (2007) and Benherlal and
Arummughan (2007) both isolated anthocyanins fr@&ncumini, such as delphinidin,
petunidin, malvidin and cyanidin. Other compountist have been isolated froi&
formosanum are caryophyllene oxide, friedelin, canophylldytmol, alpha-terpineol, phytol,
betulinic acid, uvaol, lupeol, betulin, ursolic éciand oleanolic acid (Charey al., 1999).
Syzygiol has been isolated fro8 polycepphaloides (Nishizawaet al., 1991). Candyt al.
(1968) isolated friedelin, epi-friedeling;sitosterol, gallic acid, ellagic acid and delpHini
from the bark, as well as cyanidin and delphiniffiom the leaves of. cordatum. It is
evident that there are similarities in the composibf this genus, irrespective of where the
plant grows, for example, friedelin, sitosterol atelphinidin which are present in almost all
the species discussed above, yet they were isdlat@dspecies from different countries, such
as Ethiopia, China, India, Malaysia and South Adfric
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The leaves and bark oB. salicina exhibited similar compounds in their HPTLC
chromatograms, though with higher intensity in Itfaek than in the leaves (Figure 3.2, track 2
and 3), for example compounds with Rf value 0.2500.55 and 0.85. The leaves achieved a
clearer separation than the bark where there whg af streaking. The two parts also
displayed very similar UPLC profiles (Figure 3.yt the leaves showed a greater complexity
than the bark. Similar peaks were observed at dliev5.24/5.28, 6.10/6.19, 7.24/7.31,
20.20/20.23 and 20.72/20.76 minutes. The peaktataRie 4.77 minutes was the most
abundant in the leaves and that at 3.72 minutedheasiost abundant in the bark. In both the
leaves and the bark, there were both polar andpodar- compounds, with the polar ones
having the lower Rt and Rf values (Figure 3.2 ar%).3 Neuwinger (1996) records that the

plant contains alkaloids, triterpenes, saponinspgohenols.

The fruit, leaves and bark @. sphaerocarpa had very similar UPLC profiles (Figure 3.7).
Although two unique peaks at retention times 140d 22.91 minutes were observed in the
fruit. The bark also had two peaks which distisged it from the other plant parts, at 19.15
and 23.39 minutes. These peaks might be respenfsibkhe varied activity of the fruit and
may have contributed towards its toxicity (Tablg)6.The HPTLC chromatograms were also
evidence of the differences between the three glarts (Figure 3.2, track 7/8 and 9). The
leaves and the bark had a more complex compositisereas the fruit, though simple in
composition, had a unique band at Rf 0.75, whidhileted antimicrobial activity using the
bioautography assay (Figure 4.10, track 5). Titena triterpenes such as methyk- 3
hydroxy-tirucalla-8,24-dien-21-oate, methyl mett8d,24S-dihydroxytirucalla-8,25-dien-21-
oate were isolated from the root ©f insignis (Liu and Abreu, 2006). The same group also
isolated ozoroalide, which is a macrolide and artacacid methyl ester from the roots©f
insignis (Abreu and Liu, 2007). Ginkgoic and anacardiclagere also isolated from the twigs
of O. insignis by Reaet al. (2003).

R. communis is one of the most studied plants due to ricitoxéc alkaloid in the seed, (Balint
1974; Lombardet al., 2001); as well as the commercial application ase of castor oil which
is used for constipation and in cosmetics. Lecsmsh asR. communis agglutinin have also
been isolated from the plant (Kiyiskeal., 1974; Allen and Johnson, 1976; id@i, 1979;

Robertset al., 1985), as well as the enzymes pyridinium oxiddg&u and Robinson, 1972)
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and pteridine oxidase (Hong 1980). Sitton and W#&8¥5) reported the presence of an
antifungal diterpene, caspene and mevalonic acitienseedlings dR. communis. Ricinine
has also been isolated from the leaves (Featrat., 1999). The UPLC profiles of the plant
parts were very different, especially the stem Witontained very few compounds and due to
its inactivity, it was not subjected to HPTLC segteon. The HPTLC chromatograms of the
fruit and the leaves were very similar (Figure 3rack 10 and 11) and so was the complexity

of their UPLC profiles, with the leaves being moanplex than the fruits (Figure 3.8).

The leaves and roots &f. acutatum had similar UPLC profiles, with similar peaks bgin
recorded at Rt values 5.03/5.04, 5.63/5.64, 7.29/720.25/20.27, 20.78/20.79 minutes.
Helihumulone has been isolated as a bioactive camghéromH. cymosum, with the essential
oil from this species being reported to contain agst othersa-pinene, limonene, 1,8-
cineole, (Z)B-ocimene andp-caryophyllenne (van Vuureet al., 2006). Other studies,
conducted as early as the seventies on this géaws, isolated different types of flavones,
flavonols, flavonones, chalcones, quercetin andyagajilen, terpenes and many other
compounds (Bohlmanet al., 1978; Facineet al., 1990; Jakupoviet al., 1990; Piettaet al.,
1991; Horieet al, 1995; Afolayan and Meyer, 1997; Wollenwelstral., 1998; Saleet al.,
2003; Suzgeet al., 2005; Drewegt al., 2006; Drewes and van Vuuren, 2008; Louretred.,
2008; Al-Rehailyet al., 2008; Ziaratniat al., 2008). Dilikaet al. (2000) isolated linoleic acid
and oleic acid fronH. pedinculatum, whilst Prinsloo and Meyer (2006) isolat@émyrin and
a-amyrin fromH. kraussii. Arzanol, arzanol derivatives, helypyrone, rogfloand tremetones
have also been isolated frar italicum subsp microphyllum (Rosaet al., 2007). Numerous
phytochemical anaylses have been performed ongdnsis in southern Africa and recently

reviewed by Lourenet al. (2008).

TheP. meyeri extract had a complex HPTLC chromatogram andcihugd be attributed to the

fact that the whole plant was used in preparing éxtract, resulting in a combination of the
different compounds from the different plant partédost of the compounds were non-polar
and visible as dark blue bands at the top of thernhtogram (Figure 3.1D, track 3). These
bands were also visible under UV366 nm light, pbdpaue to the presence of C=C double
bonds in the compounds. The dark blue bands abthef the chromatogram are typical of

aromatic compounds whose presence is expectedsgsddht contains volatile compounds.
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The leaves o¥. mucronata achieved separation in the HPTLC chromatogramufieid.2,
track 5); whilst the bark was dominated by manyap@ompounds which could not migrate
through the stationary phase and therefore remahbdttom of the plate (Figure3.2, track 6).
There were similarities though between the two ofatmgrams, for example, the compounds
at Rf value 7.5 and 8.5 were common between theetxtiacts. Cyclopeptide alkaloids such
as ziziphine N/O/P and Q have been isolated from ribot of Ziziphus oenoplia var

brunoniana (Susksamraret al., 2005).

The HPTLC chromatograms of the fruit, leaves ank lod F. glumosa were very different
from each other (Figure 3.1, track 6, 7 and 8)hwite fruit showing more complexity or
achieving better separation. Most of the compoundbe bark and leaves were presumably
polar and therefore did not migrate on the statipphase, but remained at the bottom. Some
of the compounds in the leaves which had not besible after derivitization with vanillin
were seen under UV366 nm light. Many compound®hmen isolated from th@cus genus
and among these are lupepisitosterol, psoralene and bergapten which have gated
from F. pumila, F. sycomorus, F. carica, F. salicifolia, F. benjamina and F. aripuanensis
(Abu-Mustafaet al., 1964; Nascimentet al., 1999; Pistelliet al., 2000; Simoeet al., 2008).
Lopeset al. (1993) and Diaet al. (1997) isolated moretenolactone and methoxyflavioom

the leaves oOF. insipida; whilst Herbert and Moody (1972) isolated antofirem the young
trees ofF. septica. Tuyenet al. (1998) isolated two new triterpenes from the ie&thanol
extract ofF. fistulosa, namely lanasterol-11-one acetate afieh8etyl ursa-14:15-ene-16-one.
Other triterpenes that have been isolated fromldlages ofF. carica include baueronol,
calotropenyl acetate, methyl maslinate and olearadid (Saeed and Sabir, 2002). Several
other compounds have been isolated from the geundls as anthocyanins, amino acids,
phenolic compounds such as gallic acid, chorogaaid, epicatechin, syringic acid, tannins,
saponins alkaloids, flavone aglycones, betulinid,galatonic acid, catechin and rutin (Li and
Kuo, 1998; Chiang and Kuo, 2003; Sandabal., 2006; Duenast al., 2008; Simoet al.,
2008; Veberiet al., 2008).

The leaves ofG. spatulifolia exhibited a complex composition in the plant asvpusly
reported in the genus. Several classes of compobase been reported in this group of
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plants. Reddyet al. (1975) reported the presence of such compoundsita@sterol, D-
mannitol, gypsogenic acid methyl ester, haderagerethyl ester, triterpenoids and oleanolic
acid methyl ester from the wood and barlGoturgida. Several other classes of triterpenoids
have been isolated from various speciesGafdenia such asG. latifolifa, G. storckii, G.
gordonii, G. jasminoides, G. coronaria andG. sootepensis (Reddyet al., 1975; Daviest al,
1992; Zhacet al., 1994; Silveet al., 1997; Rukuchaisirikuét al., 1998). Inouyest al. (1974)
and Wanget al. (2004) also isolated iridoid glycosides, genigasiacid, gardenoside,
shanzhiside, geniposide, genipin and gentiobiosiBavans and flavonoids have also been
isolated from species @ardenia (Chhabraet al., 1977; Gunatilaka&t al., 1982). The fruits

of this genus have been reported to possess sex@arglounds isolated from the gardenia
yellow colour; such as genipin, crocin, croceti @@niposide (Chaat al., 2001; Ozaket al.,
2002; Tsaiet al., 2002). The UPLC chromatograms @f spatulifolia are evidence of the
many groups of compounds present within this pléfigure 3.6). There were many
similarities in the composition of the leaves andit§, but the leaves had fewer compounds
than the fruit. However, those compounds whicheammmon to both two plant parts had a
higher abundance in the leaves than the fruit,efcample, compounds with Rt values of
4.15/4.16, 4.47/4.48, 5.02/5.03, 5.26/5.27 and &80 minutes, whose abundance was
approximately 2 times greater in the leaves thanfthit. The fruit was found to be more
toxic than the leaves to mammalian cells (Figu®)6which could be due to some of the

compounds present in the fruit that are abseritdrigaves or a concentration thereof.

All the plant extracts studied in this section acleid good separation and displayed the
diversity of compounds in them. These compoundsr@sponsible for tha vitro activity

found in the various plant extracts. This sectieeds further dedicated research in order to
isolate and characterize the active compounds ffeenvarious plant parts, as they have the

potential of being a source of a new antimalaaatjmicrobial or anti-oxidant agent.
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CHAPTER 4: ANTIMICROBIAL ACTIVITY

41  Introduction

Micro-organisms are ubiquitous, i.e. they can hetbin any environment that will support

biological activity. They are found in soil, watezir, and particularly in association with

plants, human beings and other animals. The imdige flora of the human body is by far the
most important source of micro-organisms that calisease in humans. They are normally
found in harmless close association with the huimadly surfaces and are often beneficial
since they compete with potential pathogens faachttnent sites and nutrients. However,
under certain circumstances, they can cause infectMicro-organisms can be divided into

five groups, including bacteria, yeast, helmingh®tozoa and viruses (Inglis, 1996; Bannister
et al., 2000).

In developing countries, infectious diseases comtito be a major cause of mortality. The six
biggest infectious killers are HIV/AIDS, malariajberculosis, acute respiratory infections,
diarrhoeal disease and vaccine-preventable disesisels as polio, measles and tetanus
(Boutayeb, 2006). Bacterial infections are the the@snmon micro-organisms responsible for
opportunistic infections occurring in associationhvwHIV/AIDS. These micro-flora facilitate
the infection rate by the virus and significantyluce the onset time of AIDS. Due to factors
such as lack of patient compliance to antibiotigimeens, as well as indiscriminate use of
these antibiotics, microbial strains have developesistance to many of the available
antibiotics (Geyicket al., 2005; Turkoglwet al., 2006).

41.1 Traditional medicinefor infectious diseases

The traditional system of medicine mostly caters ifdectious diseases such as diarrhoea,
respiratory infections, sexually transmitted infees and skin problems. Plants,
predominantly used in traditional remedies, areta source of secondary metabolites such as
tannins, terpenoids, alkaloids and polyphenols magl possess antimicrobial activity (Geyid
et al., 2005; Eloff and McGaw, 2006; Germamrbal., 2005; Cowan, 1999). Traditional
healers use various plants and combinations thdseaohanage different ailments such as
diarrhoea, skin infections, toothache, elephargtisand otitis media (lwu, 1994). In
Swaziland, about 63.4% of the population can accésis or hospitals within an hour of
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travel. The remaining percentage do not havedahssy access and therefore have no choice
but to consult traditional healers. To further ser the situation, only 52.5% and 39.6% have
access to safe water and adequate sanitation,cteghe (Swaziland Ministry of Health,
2000.). This effectively means a great numberegpgbte are prone to contracting infections

through poor sanitation and use of contaminate@mwat

Plants have long proven to be valuable sourcesewef drugs and ethnobotany should be
utilized as a source of information for the reshkamto efficacious plant metabolites,
especially since the development of antibiotic g&sit micro-organisms. Swazi traditional
healers use many of the available plants, mostligenous to Swaziland, for the management
of infectious diseases. These plants have beesdrior many centuries and knowledge about
them is passed from one generation to the nextdrgd wf mouth or through ancestral spirits.
Traditional healers live in the communities witke fpeople and are therefore easily accessible.
Using traditional knowledge as a guide, the curstntly selected several species of micro-
organisms in relation to the traditional use ofplents selected for screening.

41.2 Micro-organismsselected for thisstudy

Two Gram-positive, two Gram-negative bacteria arygast were selected for this study. The
selection of micro-organisms was based on the tiomdl use of the plant, as well as
availability. The following were use&aphylococcus aureus (ATCC 25923) Saphylococcus
epidermidis (ATCC 2223),Klebsiella pneumonia (NCTC 9633),Escherichia coli (ATCC
25922) andCandida albicans (ATCC 10231).

4.1.2.1 The bacteria

Bacteria are single-cell organisms with a singlewar DNA chromosome which is not
enclosed in a nucleus as seen in eukaryotic c&lhey also have specialized structures which
serve different functions such as the pili, whicé ased for attachment to the host cell and the

flagella used for movement (Figure 4.1).
To differentiate between Gram-positive and Gramatigg bacteria, the Gram reaction is used

since it has the ability to bind to the cell waldhoic acids found in Gram-positive cells and

thereby resist discolouration by alcohol or acetofidis staining is important since Gram-
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positive and Gram-negative organisms have diffepathogenic potential and also different

antibiotic susceptibilities (Bannistetral., 2000).

Cell Structure

Cytoplasmic
Membrane

Flagella [}

Figure4.1  Structure of a gram-negative bacterium showing difeerent parts of its

physiology (Era-net PathoGenoMics, 2006).

The cell wall of Gram-positive bacteria consists tbé plasma membrane and a thick
peptidoglycan layer, whilst that of Gram-negatiateria consists of three layers, the plasma
membrane, a thinner peptidoglycan layer and anraon&énbrane (Figure 4.2) (Pelczral.,
1986). The composition of the cell walls of bothaf-positive and Gram-negative bacteria
are important targets for antibiotics such fakctams and glycopeptides which act by
inhibiting cell wall synthesis (Bannistest al., 2000). Cell wall damage of inhibition of
synthesis may lead to cell lysis (Broo&sal., 2007). Apart from inhibiting of cell wall
synthesis, drugs normally exhibit three other mawras of antimicrobial action:

¢ inhibition of cell membrane function (daptomycin),

¢ inhibition of protein synthesis (macrolides, clalmphenicol) and

¢ inhibition of nucleic acid synthesis (trimethoprisulfonamides) (Chambers and Deck,

2007).

This is dependent on the chemistry of the compoungslved, for example, detergents
containing hydrophilic and lipophilic groups distugytoplasmic membranes and kill the cell,
such as nalidixin. Or they may specifically in&xef with the biosynthetic functions of the cell
membrane or act as ionophores, permitting rapidusidn of cations through the cell

membrane, thereby discharging the cell membrank.thdse modes of antimicrobial action
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are dependent on factors such as lipophilicity,rbgtilicity and pH of the environment to
effectively inhibit microbial growth, one way ordfother (Brooket al., 2007).

Division septum
Outer membrane

Peptidoglycan Mescsome (Pili)

(Capsule)
layer

(Capsule) Cytoplasmic

Inclusion < - membrane
2oy Inclusion
WH D \b@d}‘

1 Peptidoglycan
layer

" Porin
proteins

Cytoplasmic |
membrane Periplasmic
space

{Flagellum)

Surface proteins

Chromosome

Fl !l/
(Flagellom)  pam PoSITIVE GRAM NEGATIVE

Figure4.2: Structural differences between cell walls of Graegative and Gram-positive

bacteria (Medical Microbiology, 2007).

4.1.2.1.1 Staphylococcus aureus

This is a Gram-positive bacterium (Figure 4.3) thatnormally found on the skin,
nasopharynx and intestines. It is mainly respdasibr infections of the skin and mucosa
such as impetigo, boils, abscesses, wound infegtipostoperative infections, toxic shock
syndrome, food poisoning and furunculosis (Humpbye3007). Infections occur when it
enters the body through cuts and abrasions of akith mucous membranes. They are
characterized mainly by an intense inflammatoryctiea and the production of pus or an
abscess which makes it difficult to tré&bureus infections, since the pathogen is ‘walled-off’
in the abscess (Brooks and Carroll, 2008&aphylococcus aureus is a coagulase-positive
bacteria and this is associated with its pathoggnicThe coagulase catalyses the conversion
of fibrinogen to fibrin without the presence of ahtbin. Staphylococcus aureus also
expresses a fibronectin receptor on its surfacelwfacilitates in its adhesion to host tissue
and also produces extracellular enzymes such darbpadase, collagenase and lipase which
break down host tissue and facilitate invasion. nilalinical isolates (70-80%) of this
pathogen produce penicilinase and are resistanpetaicillins, for severe infection§-

lactamase (or penicillinase)-resistant penicilliosphalosporins or vancomycin are the drugs

55



of choice of treatment (Pelczaral., 1986; Bannisteet al., 2000; Kayser, 2005, Brooks and
Carroll, 2007).

Figure4.3: Electron micrograph d&. aureus (Todar, 2008).

4.1.2.1.2 Staphylococcus epidermidis

Unlike S. aureus, Staphylococcus epidermidis is a coagulase-negative bacterium (Figure 4.4).
It colonizes the skin and mucuous membranes ohtiman body and requires a predisposed
human skin to change into an infectious agent (\uand Otto, 2002). The most important
group of infections caused & epidermidis are those on foreign bodies such as indwelling
catheters, artificial joints, pacemakers, vascueafts and cardiac valves and therefore
responsible for a small percentage of wound indesti endocarditis and urinary tract
infections (Pelczaet al., 1986; Kayser, 2005; Humphreys, 2007). Theseaayocganisms
produce a biofilm which makes it difficult for mamntibiotics to penetrate (Kayser, 2005).
About 80% ofS. epidermidis strains are resistant to methicillin and otherlanotics and
vancomycin is the drug of choice & epidermidis infections. However, if there are
vancomycin-resistant strains, rifampicin in comitima with a glycopeptide is occasionally
used (Humphreys, 2007).

4.1.2.1.3 Klebsiella pneumoniae

This Gram-negative pathogen is frequently assatiatigh upper respiratory infections and

can cause lobar pneumonia in patients with longekitey asthma, debilitating disease or
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Figure4.4: Electron micrograph d. epidermidis (www.Scharf Photo.com, 2009).

alcoholism. It is characterized by copious amouwitsputum containing many neutrophils
and large, capsulated Gram-negative rods. Itrsaspfrom the buccal and nasal discharges of
infected individuals and in most instances, occass a secondary invaderKlebsiella
pneumoniae (Figure 4.5) is also associated with otitis medémphysema, pericarditis,
meningitis and septicaemia. The organism is @sisto amoxicillin, ampicillin and other
broad spectrum penicillins and is usually treateith wephalosporin and fluoroquinolones
(Salle, 1973; Bannistet al., 2000; Chart, 2007).

Figure4.5: Electron micrograph df. pneumoniae (KaiScience, 2007)
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4.1.2.1.4 Escherichia coli

E. coli is a Gram-negative facultative anaerobe (Figud¢ dnd possesses capsular K antigens
which facilitate adherence to host cells. Theyuoas normal flora in the lower portion of the
gastrointestinal tract in humans and they are maggponsible for gastroenteritis and urinary
tract infections. Rarely, they may cause pulmonafgction, abscesses, skin and wound
infections (Pelczaet al., 1986; Bannisteet al., 2000). E. coli is susceptible to many
antibacterial agents and therefore the urinaryt ad septic infections may be treated using
ampicillin, cephalosporins, tetracyclines, quinesn aminoglycosides, trimethoprim and
sulphonamides. Gastroenteritis is treated as nas#s of diarrhoea with the use of fluid and
electrolyte replacement, however, drug therapy almo be included through the use of

doxycycline, trimethoprim and fluoroquinolones (@ha007).

Figure4.6: Electron Micrograph ok. coli (Astrographics.com, 2002).

4.1.2.2 Candida albicans

C. albicans is a yeast (Figure 4.7) that exists as normahfiofr the mucous membranes and
can become pathogenic, causing candidiasis of tbaethm vagina and alimentary tracts.
Endocarditis, septicaemia and meningitis can aswlt fromC. albicans infections. This
yeast is an opportunistic pathogen and is prevafelV/AIDS patients, where it causes
significant morbidity among patients. Oral candgis is normally treated using topical
antifungal agents such as nystatin, miconazolepfiazole, itraconazole and amphotericin B.
Vaginal candidiasis can be successfully treateth wopical application of an imidazole, or
with oral fluconazole or itraconazole. Due to thevelopment of resistance in madgndida
speciesas well as the high toxicity of many availableifamigal agents, the management of
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Candida infections has become problematic (Pecktaal., 1986; Eloff and McGaw, 2006;
Runyoroet al., 2006; Warnock, 2007).

Figure4.7: Candida albicans under electron microscopy (Phillips, 2007).

41.3 Antimicrobial drug screening

In screening for drugs with antimicrobial activighe has to consider if the drug is selectively
toxic towards the bacteria cell rather than thet lvedl (Brookset al., 2007). Antimicrobial
drug screening is essential to provide new andretere drug treatments to the commonly
used antibiotics as many bacterial strains deveésistance against them, such as fthe
lactams. It is therefore the aim of this chaptesdreen the plants for antimicrobial activity
and also discuss the mammalian cell toxicity ofgkant extracts (Chapter 6) in relation to the
observed antimicrobial activity.

42  Materialsand Methods

42.1 Micro-organism strains

The following reference bacterial and yeast straiese maintained in the Department of
Pharmacy and Pharmacology (Pharmaceutical Microgyol Unit), University of the
Witwatersrand. Two Gram-positive bacteria, nam@&hphylococcus aureus (ATCC 25923)
and Staphylococcus epidermidis (ATCC 2223); two Gram-negative bacterescherichia coli
(ATCC 25922) anKlebsiella pneumoniae (NCTC 9633) and one yeaSlandida albicans
(ATCC 10231) were kept at ¥@.
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4.2.2 Microplatedilution method

This method, described by Eloff (1998), is basedhenuse of a serial dilution technique using
a 96-microwell plate for the determination of thenimum inhibitory concentration (MIC).
The principle is to expose the plant extract athdiog dilutions to a known concentration of
the test organism and thereafter determining grawihg a tetrazolium-based indicator dye,
p-iodonitrotetrazolium violet (INT). This dye isdeced to a red/pink colour by biologically
active organisms (Yfét al., 2002; van Vuurert al., 2006). The INT (initially colourless)
acts as an electron acceptor and is reduced taurenloformazan crystals (pink/red) by
metabolically active organisms (Eloff, 1998).

4.2.2.1 Preparation of extracts/ positive controls

The plant extract (64 mg/ml) was prepared in acetoBtock solutions of 0.01 mg/ml
ciprofloxacin and 0.1 mg/ml amphotericin B (Sigmgre prepared and used as the positive
controls for bacteria and yeast, respectively.

4.2.2.2 Culture maintenance and preparation

The cultures were maintained in Tryptone Soya bi@®B; Oxoid) at +4°C. TSB was
prepared by dissolving 30 g in 750 ml sterile wadad then sterilized by autoclaving the
mixture at 121°C for 15 minutes. Purity of cultures was determibgdstreaking the cultures
on Tryptone Soya agar (TSA; Oxoid) plates and iatinly them at 37C for 24 hours for the
bacteria and 48 hours for the yeast. To preparevamight culture, the pure cultures were
inoculated in TSB and incubated at®7. To prepare approximately 1 x®1@lony forming

units (CFU)/ml inoculum, 1ml of culture was asealig transferred into 100 ml sterile TSB.

4.2.2.3 Preparation of p-iodonitrotetr azolium violet

INT (Sigma) was prepared in sterile water to a lstooncentration of 0.04% (w/v). To
promote dissolution, the INT solution was put inwater bath (60°C) for 30 minutes.
Thereatfter, it was stored at %@ and used within 48 hours.

4.2.2.4 Preparation of microtitre plates
Sterile water (10Qul) was pipetted into all the wells of a 96-well {@aPlant extract (100l)
was added into the wells in the first row in duales (Figure 4.8). The extracts were serially

diluted from row A to H in the plate by removingQl from the first well into the next until
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the last 10Qul in row H was discarded. An equal volume of crét100ul) was added into
all the wells of the microtitre plate. The fina@ncentration of extract in the wells ranged from
16 mg/ml to 0.125 mg/ml. After covering the plateh a sterile plastic seal, it was incubated
for 24 hours (bacteria) and 48 hours (yeast) &C37Upon elapse of the incubation period,

40 ul INT was added and the plates left at room tentpegsor 6 hours (bacteria) or 24 hours
(yeast). Thereafter, the plates were visualized #ve MIC determined as the lowest
concentration of extract where the red/pink colaas absent. For extracts showing high
colour intensity interfering with visualization MIC, the contents of the wells were streaked
onto TSA to determine the minimum bactericidal @rtcation. Thereatfter, the agar plates
were incubated at 37TC for 24 hours and 48 hours for the bacteria arabtyaespectively.
The lowest concentration which inhibited the growil microorganism was then considered
the MIC. Ciprofloxacin and amphotericin B were disas bacterial and yeast controls,
respectively; whilst acetone was used for 100% dyadt or yeast growth. In order to
eliminate errors in the experiment, two columnsemesed per extract and the experiment was

repeated three times.

6 mg/ml

Same concentration
pipetted in duplicate Positive controls

Acetone control

Serially
diluted
down

Ciprofloxacin control

0.125 mg/ml

Figure4.8: Plate layout for determining minimum inhibitaegncentrations.

4.2.3 Bio-autographic assay using thin layer chromatography plates
The agar overlay method (Marston and Hostettma@@89) with S. epidermidis as the test
organism was used to determine the antibactertalitgcof the separated components in the
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extracts. Staphylococcus epidermidis was chosen for bio-autography since it was thetmos
susceptible pathogen to most of the extracts tantélis study (Table 4.1). Fourteen of the
extracts, with MIC values less or equal to 1.0 mglgainstS. epidermidis were identified for
this assayThis assay employs the use of a separation teahnicqually TLC to separate the
components of the extract; thereafter, the teshqumn is either sprayed onto the
chromatogram or an agar layer containing the teitqgen is applied on the chromatogram
(Eloff and McGaw, 2006). The components of theraott move by diffusion from the
stationary phase into the agar layer which contthesmicro-organisms and if active inhibit
the microbial growth. The agar plate is thereafiprayed with the tetrazolim salt and
inhibition of growth seen as white areas againgtdabackground (Marston and Hostettmann,
1999).

4.2.3.1 Preparation of agar plates
Agar plates (20 m x 20 m) were prepared by pouarggerile base layer of 150 ml TSA and

Ieaving to set at room temperature.

4.2.3.2 Preparation of HPTL C plates

The high performance thin layer chromatography (H@)'plates were prepared as described
in Section 3.2.1, using HPTLC silica gel 68420 x 10 mm aluminium plates (Merck). The
HPTLC plates intended to be used for bio-autograpleye not derivatized with vanillin-
sulphuric acid. The dried HPTLC plates were simd under ultraviolet light (254 nm) for

1 hour before being placed on the agar plates.

4.2.3.3 Preparation of HPTL C platesfor bio-autography

The HPTLC plates were aseptically placed on ther dgse and 150 ml of TSA containing
approximately 1 x 10 CFU/ml S. epidermidis suspension (Section 4.2.2.2) poured as an
overlay. The agar was allowed to set before beamsferred to the fridge (+€) for 2 hours

to allow the compounds to pre-diffuse into the aglnereafter, the agar plates were incubated
inverted at 37°C for 24 hours. At the end of the incubation peyithe plates were sprayed

with 0.04% (w/v) INT to visualize the zones of ibHion.
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424 Dataanalysis

The MIC results are presented as means of thregpamtlent experiments. The Student t-test
was used to compare activity between the differglant parts within a species using
Graphpad Pristh (version 4.0). A P value of less than 0.05 (PSp.@as considered

significant.

43  Results

43.1 Minimum inhibitory concentrations

An MIC value of 1.00 mg/ml was used as the cutgint for in vitro activity, therefore,
anything above this value was considered to havsigrficant activity (van Vuuren, 2008).
Most of the extracts exhibited antimicrobial adivagainst at least one of the test organisms
(Table 4.1). Staphylococcus epidermidis was the most susceptible bacteria to all the etgra
tested with 45.5% of the plant extracts exhibitimigbitory activity, followed byS. aureus, K.
pneumoniae and E. coli (39.0%, 30.0% and 21.0%, respectively). Twentl.@&o0) of the
extracts tested exhibited af@andida activity. The fruit ofO. sphaerocarpa was the most
active against all the pathogens tested and egldilthe lowest MIC value of 1.00 pg/ml
againstS. epidermidis, 20 pg/ml, against. aureus and 70ug/ml againsK. pneumoniae. The
bark ofF. glumosa and the fruit oD. cinerea were the most active agairistcoli with a MIC
value of 0.25 mg/ml. T. emetica (leaves)L. intermedia (flower), R. communis (leaves) and.
mucronata (leaves) were the most active agai@stlbicans with MIC values of 0.22, 0.25,
0.29 and 0.23 mg/ml, respectively. The fruitGfspatulifolia was the least active of all the
extracts with an MIC value greater than 5 mg/ml &br the pathogens. The root bff
acutatum was the least active against the Gram-positiverarocganismsS. aureus and S.
epidermidis with an MIC value greater than 12 mg/ml. The lmtwn of growth of the test
organisms when exposed to the control antimicrobaifirmed the susceptibility of the
organism. When comparing the activity of the vasiglant parts, it was found that overall,
the leaves were the most potent with an average\WIl@e of 1.69 mg/ml of all the pathogens,
whereas the stem, root or stem/root was the |lediseeawith an average MIC value of 3.18
mg/ml. The bark and the flower/fruit had similatigity, MIC value of 2.20 and 2.74 mg/ml,

respectively.
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4.3.2 Bio-autographic assay

The bio-autography results showed activity for mokthe extracts tested (Figure 4.9 and
4.10). This confirms the presence of antimicrobm@hstituents within the extracts as all the
extracts subjected to bio-autography were actianagS. epidermidis using the MIC assay
(Table 4.1). Of note is the fact that the active constituest®wn where there are clear zones
with no bacterial growth, correspond to those commpis that are UV active, that is they have
double bonded conjugated systems. This is trueemplenoids, steroids, nucleic acids, and
other compounds which possess conjugated doublgsborfhe fruit ofO. sphaerocarpa had
the biggest zone of inhibition (Figure 4.9) whiadnérms the activity that was observed in the
MIC assay, with a MIC value of 1.G@y/ml againsS. epidermidis. The leaves and bark Gt
sphaerocarpa andT. emetica, as well as the leaves 8fcordatum all showed good activity in

the bio-autographic assay and MIC assay.

44  Discussion

In this study, 23 out of the 33 extracts from thespecies investigated were found to have
somein vitro activity against at least one of the micro-orgarsigested. The extracts were
more active against the Gram-positive bacteria @magpto the Gram-negative bacteria (Table
4.1). Thisis in agreement with studies condutitedther researchers (Lall and Meyer 2000;
Mathabeet al., 2006;Kamatou, 2006) and could be attributed in parth fact that the cell
walls of Gram-negative bacteria are chemically atrdcturally more complex than those of
Gram-positive bacteria (Figure 4.2). The diffeesmiin the amount of peptidoglycan, presence
of receptors in the lipids and the nature of cihoggng activity or autolytic enzymes
determines the penetration, binding and activityhef drugs (Brooket al., 2007) and thus

may render Gram-negative bacteria more difficufiéomeate by the extract.

O. sphaerocarpa was active against most of the pathogens testalolé®™.1). The fruit, which
has no recorded medicinal use, was very activanaggthe Gram-positive bacteria (MIC value
ranging from 0.001-0.02 mg/ml). This activity mdgabe due in part to the seeds which were
not separated from the flesh during extraction hes whole fruit is traditionally used (PP
Ndlovu, personal communication). It has been reggbrthat certain seeds contain toxic
compounds, for exampl&®. communis has been reported to contain a very toxic compound

(ricin) in its seed which is not found in the otlpdaint parts, such as the leaves or the stem
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Table4.1:

extracts from Swaziland.

In vitro antimicrobial activity (MIC, mg/ml) of the traditimlly used medicinal plant

Antimicr obial MIC (mg/ml)
0 n @ %)
Plant speciesand | o), part | . 'E o ® g 3 Q §P®| §0 N é S =)
controls QI IES ¥ E0OQ 0,_% Sk
SN I g &9 R | <3
8 Z 5 S
flower 4.00 4.00 3.33 3.00 2.00
Berkheya setifera stem/root 8.00 4,00 1.33 2.00 1.33
Leaves 1.67 3.33 1.33 5.33 0.67
Breoanadia Leaves 1.33 5.33 2.67 1.33 2.67
salicina Bark 4.00 8.00 2.67 11.00 5.33
Dichrogtachys Fruit 0.38 0.29 0.56 0.25 0.67
cinerea Leaves 0.42 0.44 0.67 0.50 0.42
Fruit 150 3.00 2.00 2.00 2.00
Ficus glumosa Leaves 2.00 4,00 1.33 2.00 3.33
Bark 0.25 0.25 5.33 0.25 5.33
Gardenia Fruit 6.00 12.00 8.00 8.00 12.00
spatulifolia Leave: 1.67 4.0C 1.3:2 2.0C 0.3¢
Guillemineadensa | whole plant 1.25 4,00 1.33 1.33 1.00
Helichrysum Leaves 1.67 4.00 1.33 2.67 0.50
acutatum Roots 13.33 >16 2.00 2.67 4.0(
Leonotis intermedia flower 3.00 4.00 1.00 3.00 0.25
Stem 3.00 4.00 150 150 3.0(¢
Fruit 0.001 0.02 0.07 4.00 0.58
©zoroa Leaves 0.67 2.67 0.50 2.67 1.00
sphaerocarpa
Bark 0.04 1.00 0.67 1.00 1.00
Priva meyeri whole plant 0.83 0.50 1.33 0.50 0.67
Fruit 1.00 0.67 1.33 1.33 0.50
Ricinus communis Leaves 0.83 0.66 3.33 1.33 0.29
Stem 150 2.00 1.00 150 0.5(
S/2ygium cordatum Leaves 0.04 5.00 0.44 3.00 1.00
Bark 0.38 2.00 0.25 1.50 1.50
Terminalia. Leaves 0.33 0.33 0.67 1.33 0.77
phanerophlebia Bark 1.50 1.00 1.33 1.00 0.75
Trichilia emetica Leaves 0.16 0.19 2.00 0.83 0.22
Bark 0.07 0.58 2.67 6.67 0.78
Fruit 1.33 3.33 1.33 4.00 4.00
Ziziphus mucronata Leaves 2.00 4,00 1.50 3.00 0.23
Bark 1.00 0.50 1.33 2.00 4.00
CO”;TO'S (: Ciprofloxacir | 39, 152 | 55x10% | 9.1x10° | 44x10° | 0018
: Amphotericin B)
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Track Plant sample
name
1 T. phanerophlebia
leaves
2 P. meyeri
whole plant
3 D. cinerea fruit
4 D. cinerea leave:
5 R. communis fruit
6 R. communis
leave:
7 F. glumosa bark

Figure4.9: Thin layer chromatography plates (A) of seven eféxtracts showing
visualization under; (A) 356 nm (B) 254 nm (C) iimkion zones of extracts on
S. epidermidis.
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Track Plant sample

name
1 T. emetica leaves
2 T. emetica bark
3 S. cordatum

leaves

4 S. cordatum bark
5 O. sphaerocarpa
fruit,

6 O. sphaerocarpa
leave!

7 O. sphaerocarpa
bark

Figure4.10: Thin layer chromatography plates (B) of seven efeéktracts showing
visualization under; (A) 356 nm (B) 254 nm (@hibition zones of extracts on

S. epidermidis.

(Ferrazet al., 999). The fruit oD. sphaerocarpa also displayed toxicity to human kidney

epithelial cells (1G value of 10.39 + 1.0hg/ml; Table 6.1). This may indicate general

toxicity without specificity in the plant. A furér study where the flesh and seeds are
separated and re-tested for antimicrobial actiaity toxicity, or using bio-autography to

separate the active constituent and re-testingdtivity, can determine if the activity in the
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fruit is due to its general toxicity or the presenaf an active constituent responsible for
antimicrobial activity. The bark and leaves aldwowed good activity against all the
pathogens and they have been reported to be tnaality used for the treatment of diarrhoea
by Adeniji et al. (2000). O. insignis, a close relative dD. sphaerocarpa, is also traditionally
used by the Venda people of South Africa for treatiment of diarrhoea (Mathalet al.,
2006).

In a study by Mathabet al. (2006), the stem bark methanolic extract was dotmhavein
vitro antibacterial activity with MIC values as low a4%6 and 0.078 mg/ml f&. aureus and

E. coli, respectively. Runyoret al. (2006) studied the an@andida activity of O. insignis
using the bio-autography agar overlay method andhdono activity using the root/bark
methanolic extract. In this study, the a@&ndida activity for the fruit and bark extracts were
0.58 and 1.00 mg/ml, respectively. The differenoeanti-Candida activity observed may be
due to the different methods used; with the difiékreompounds in the extract acting
synergistically to produce the overall activity ebged in the MIC method. The bio-
autography results show that the three plant paotgain different compounds, which are
responsible for inhibition of growth & epidermidis in this plant (Figure 4.10C; track 5/6 and
7). It seems that the active compound in the fad bark (Rf 7.8) may be the same or very
similar; alternately that the fruit contains moré that compound resulting in the higher
activity observed. This very favourable result neats further investigation with the future
development of this plant for medicinal purpos&his can be an advantage, especially during
its fruiting season, as it might reduce the unsngkde harvesting of the bark material which

results in the death of the plant.

D. cinerea (fruit and leaves) inhibited the growth of all tpathogens tested in this study.
These results support their use for skin infectitmsnchitis and toothache (Watt and Breyer-
Brandwijk, 1962; Kambizi and Afolayan, 2001; Ventard Venter, 2002; Konét al., 2004).
The results in this study are in agreement withs¢hof Eisaet al. (2000) who reported
antibacterial activity of the methanol extract bétfruit and leaf again®acillus subtilis, S.
aureus with MIC values of 1.30, 2.60 and 1.50, 3.05 mg/rekpectively. In contrast, in this
study, it was found that there was antifungal atgtizgainstC. albicans, whereas there was no
activity in the study by Runyoret al. (2006) and Steenkangt al. (2007). Bio-autography
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results (Figure 4.9C; track 3 and 4) show that shme compound is responsible for the
antimicrobial activity in this plant, with the compnd present in higher concentrations in the
leaves than the fruit. Banso and Adeyemo (200vgstigated the antimicrobial properties of
tannins isolated from the root Bf cinerea. It is interesting to observe that these tanhmd
MIC values ranging from 4.0 to 5.5 mg/ml agair$st aureus, E. coli, Pseudomonas
aeruginosa, Shigella boydii and Shigella flexneri, which were higher than those obtained in
this study for the leaves and fruit (MIC valuessiélsan 1.0 mg/ml; Table 4.1). This further
demonstrates that the different compounds presean iextract act synergistically to produce
the overall effect observed using the MIC method.

The leaves and bark @t emetica were mostly active against the Gram-positive bactaes
well asC. albicans, with MIC values ranging from 0.07 — 0.78 mg/mhbfle 4.1). A similar
study conducted by Geyiet al. (2005), showed the inhibitory activity of the ifragainstS.
aureus (ATCC 27853) andC. albicans (clinical isolate) at concentrations as low at @.&/ml.
The ethyl ether extract of the root ©f emetica was found to have good activity against a
clinical isolate ofS. aureus (MIC value of 0.031 mg/ml) in a study by Germaat@l. (2005).
Shaiet al. (2008) reported antimicrobial activity of the flextracts of thel. emetica which
had MIC values between 0.3 and 2.5 mg/ml aganatireus, E.coli andC. albicans. These
results are in agreement with the results of theeat study and confirm the antimicrobial
activity of this plant, which further supports timditional use for the treatment of bacterial
infections such as urethral discharge and skinadse (Watt and Breyer-Brandwijk, 1962;
Adeniji et al., 2000; van Wyket al., 2000; Venter and Venter, 2002). It is possithlat
limnoids, which have been isolated from the roaklaf T. emetica (Nakataniet al., 1985),
are responsible for the antibacterial activity fdun this plant. In Amusa#t al. (2007) the
presence of alkaloids, flavonoids, glycosides, pbénols and steroids in the stem bark of this
plant were reported, which correlate to the resaftghis study, where a high content of
flavonoids (26.40 £ 0.72 mg RE/g extract) and apiatde phenolics (17.00 £ 1.89 mg GAE/g
extract) have been reported (Table 7.2). Bio-aafolgy results (Figure 4.10C track 1 and 2)
have shown that two major compounds are responfbléhe antimicrobial activity of the
plant and are present in both the leaves and bditke two compounds have the same Rf

values and it is possible that they are one anddhee compound.
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S cordatum (leaves and bark) are used as an emetic, for stortraubles and to treat
respiratory ailments such as tuberculosis (Ventel denter, 2002; van Wykt al., 2000).
These extracts were the most active ag&ngpidermidis andK. pneumoniae (Table 4.1) and
the latter activity supports its traditional usetlre treatment of respiratory ailments such as
pneumonia. Mathabet al. (2006) conducted a similar experiment and alsmdosimilar
activity in the bark methanolic extract agaistaureus (ATCC 25923) anckE. coli (ATCC
35218), MIC value of 0.312 mg/ml for both pathoger$e bark extract had no appreciable
anti-Candida activity in our study (MIC value of 1.5 mg/ml), wh was similar to that
obtained by Steenkangi al., (2007) who reported an MIC value of 3.75 mg/rilhe bark
methanolic extract was also found to have actiapainstS aureus, E. coli and K.
pneumoniae (Samie et al., (2005). The antimicrobial activity of the essehtoil of S
aromaticum has also been reported agaiisaureus, E. coli, K. pnuemoniae andC. albicans
using the disc diffusion assay (Dorman and Dea@8pPand MIC method (Hammet al.,
1999). The bio-autography results (Figure 4.10&ckr3 and 4) showed three major
compounds in the leaves that were responsiblenfoibiting the growth ofS. epidermidis.
These compounds were absent in the bark. The EdQlts (Table 4.1) showed a ten times

greater activity of the leaves compared to the lageinssS. epider midis.

Z. mucronata was among the most active agai@salbicans, together with_. intermedia and

R. communis (Table 4.1). The roots @ mucronata have previously been reported to possess
compounds with anGandida activity using the bio-autography assay (Runyeiral., 2006).

A close relativeZ. nummularia (aerial parts) have also been reported to possgssicrobial
activity using the disc diffusion assay (Mahasr#2002). These results are exciting and need
to be explored further, to possibly isolate thevactonstituents which could assist in the
treatment of these pathogens. The aerial parts onorus have been reported to possess
antibacterial activity again& auerus, E. coli, B. cereus andK. pneumoniae with MIC values
between 2.0 and 3.0 mg/ml (Kamatou, 2006). Stempket al. (2004) also reported MIC
values greater than 4.0 mg/ml forleonorus. These results are in agreement with the current
study where MIC values between 1.0 and 4.0 mg/mlraported (Table 4.1) for both the
flower and stem extracts. All the parts Rf communis tested in this study exhibited anti-
Candida activity with MIC values ranging between 0.25 @89 mg/ml. Sitton and West
(1975) reported the presence of an antifungal @giin, casbene, in the seedlingsPof
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communis. It is possible that this phytoalexin is respoiesifor the growth inhibition o€C.
albicans displayed in this study.

Only the bark of. glumosa displayed significant antimicrobial activity (T&b#.1). The fruit
and leaves had MIC values greater than 1.0 mg/aihagall the pathogens tested. The bark
bio-autography results did not show any inhibitmingrowth against. epidermidis (Figure
4.9C; track 7), suggesting that the activity obsdrwith the MIC assay as due to synergistic
interactions between the different compounds irbiduk. Steenkamet al. (2007) reported no
activity of the fruit methanolic and aqueous extrat both F. capensis and F. sycomorus
againstC. albicans. The results of this study also displayed veny lactivity of all the
extracts (MIC values greater than 1.0 mg/ml). Tdef methanolic extract d¥. thonningii
had MIC values ranging from 0.094 to 0.75 mg/mliagfaan aminoside-resistant and -
sensitive strain oEnterococcus faecalis and 0.023 to 0.375 mg/ml agairSteptococcus
pyogens in a study by Konéet al. (2004). Annan and Houghton (2008) have repoitted
antimicrobial activity of the aqueous extract Fafasperifolia (MIC value of 0.128 mg/ml)
against botls. aureus andE. coli. These results are similar to what is reportethia study

for the bark methanolic extract (MIC value of 0ra§/ml; Table 4.1) for both pathogens.

The leaves and bark of. phanerophlebia displayed different inhibitory profiles to the
different pathogens in this study, with the leak@sing greater inhibition, especially on the
Gram-positive bacteri& aureus andS. epidermidis (Table 4.1). Steenkansbal. (2004) also
reports the presence of antimicrobial activity e tmethanolic and aqueous extractsTof
sericea with a MIC value of 1.0 mg/ml for botB aureus andS. pyogens, both Gram-positive
and lack of activity against the Gram-negative ggeased in their study. They further report
the antiCandida activity of the root methanolic and aqueous extodcS. sericea, with MIC
values of 2.5 and 2.0 mg/ml, respectively (Steenkehal., 2007). Masoket al. (2005) also
reported the antandida activity of methanolic extracts of six speciesTefminalia, with
MIC values ranging from 0.1 to 0.64 mg/ml, whichsisilar to that reported by Shet al.
(2008) for the leaf dichloromethane extractTofphanerophlebia and T. sambesiaca. The
same study also reported antibacterial activityhef extract ofT. phanerophlebia againstS.
aureus and E. coli, with MIC values of 0.3 mg/ml for both pathogen3shikalangeet al.
(2005) previously reported on the very weak activit the aqueous extract Gt sericea
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against four Gram-positive pathogens (MIC valuemyeal from 1.0 to 20.0 mg/ml). The bio-
autography results also confirm the presence ofpoumds with antimicrobial activity in the

leaves (Figure 4.9C; track 1).

The leaves oH. acutatum displayed better antimicrobial activity (MIC vakieanging from
0.5 to 4.0 mg/ml) compared to the roots with MIQues ranging between 2.0 to greater than
16.0 mg/ml for all the pathogens tested. The roms most ineffective against the Gram-
positive micro-organisms compared to the Gram-negdtacteria or yeast. In the review by
Lourenset al. (2008) on the biological activities of South Afin Helichrysum species,
several species were recorded to possess antinateaivity with MIC values less or equal
to 1 mg/ml such a#l. appendiculatum, H. argyrosphaerum, H. aureonitens, H. bellum, H.
cymosum, H. nudifolium, H. trilineatum and H. tomentosulum. Steenkampet al. (2004) also
reported poor activity of the leaf methanolic eatraf H. foetidum, which had MIC values
greater than 4 mg/ml againSt aureus, E. coli, S. pyogens, and P. aeruginosa, whilst van
Vuurenet al. (2006) reported good activity from the acetongaet ofH. cymosum with MIC
values ranging from 0.078 to 0.313 mg/ml for a e®riof Gram-positive and Gram-negative
bacteria and yeasts. Using bio-autography anddlignromatography, the latter authors were
able to isolate the active compound from the ektraicd subsequently determine its
antimicrobial activity. The active compound wagentified as helihumulone and displayed
activity against the pathogens tested, with MICueal ranging from 0.031 to 0.125 mg/ml.
Following a literature survey, it would appear thtas is the first report on the antimicrobial
activity of H. acutatum. The leaves dfi. acutatum were not toxic to human kidney epithelial
cells nor caused lysis of red blood cells (Table &d 6.1). However they displayed some
activity againstC. albicans, which could mean there is a specific antimicrbtagget resulting

in the inhibitory effect on the yeast cells. Tleaues also had a high content of phenolics
(182.80 = 4.65 mg GAE/g extract; Table 7&)d these could possibly account for the
inhibitory effect on yeast cells. This warrantstifier investigation into the mechanism of

action leading to cell death.
P. meyeri has previously not been investigated for antino@bactivity, but it exhibited both

antibacterial and an@andida activity in the current study (Table 4.1). The-autography
results do not display much inhibitory effect oe tirowth ofS. epidermidis, but several bands
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visibly inhibited microbial growth (Figure 4.9Catk 2). Lippia javanica, which is from the
same family a$. meyeri has been reported to possess both the antibaateted antifungal
properties using the time-kill methodology (Viljoetal., 2005).

The fruit and leaves dd. spatulifolia did not possess favourable antimicrobial actieitgept
for the leaves which had ar@andida activity (MIC value of 0.39 mg/ml). Magassouétaal.
(2007) reported activity in the root bark methan@ktract ofG. ternifolia againstS. aureus
(MIC value of 0.0625 mg/ml) an€. albicans (MIC value of 0.25 mg/ml). The activity
againsiC. albicans was similar to what was reported in the curremdgt Anti-HIV properties
for a flavone and a coronalolide methyl ester isaldrom the twigs and leaves G@f tubifera
have been reported (Reutraktibl., 2004).

G. densa, B. setifera and B. salicina did not display any antimicrobial activity agairtbe
tested pathogens (Table 4.1). A literature sunidynot reveal any data on the antimicrobial
activity or testing of the plants, however a refatof B. setifera; B. speciosa is reported to

possess inhibitory activity towar@shistosoma haematobium (Sparget al., 2000).

In conclusion, this chapter was able to evaluag ahtimicrobial potential of many of the
species studied, some of which were being docurdetethe first time, such aB. setifera,
H. acutatum, O. sphaerocarpa and P. meyeri. The findings of this chapter support the

traditional use of these species for the treatraenticrobial infectious diseases.
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CHAPER 5: ANTIMALARIAL ACTIVITY

5.1 Introduction

5.1.1 Malaria worldwide

Malaria is a major health problem in many partstteé world, particularly Africa, South
America and south-east Asia; with an incidencelmioat 300 million clinical cases and over
one million deaths per year (WHO, 2008). Almos¥®0f these deaths occur is sub-Saharan
Africa where young children and pregnant womentlaeemost affected (Ruxiet al., 2005).

In children, cerebral malaria, severe anaemia asgiratory distress due to systemic acidosis
are the major causes of death. Adult death freiyueesults from renal failure or acute
respiratory distress syndrome, with local lung pkigy. Pregnant women and newborns are
also affected by malaria and up to 200 000 newbdiasas a consequence of malaria each
year (Steketeest al., 2001). The most common symptoms of malaria faxer, rigors,
headache, sweating, tiredness, myalgia, abdommal, pliarrhoea, loss of appetite, nausea,
vomiting, cough and “flu-like” symptoms (Nationakpartment of Health, 2008b).

5.1.2 Malaria in South Africa and Swaziland

Malaria is endemic in almost all countries in swdit&an Africa with the exception of Lesotho
(Figure 5.1). Geographical distribution varieshiteach country and there are also seasonal
disease peaks. In South Africa these peaks ame @gatober to May in low altitude areas
(below 1000m), such as parts of Mpumalanga, Limpmapd North Eastern KwaZulu-Natal
(National Department of Health, 2008a). Limitednsmission may occur in the North West
and Northern Cape provinces along the Malopo arah@¥ rivers (Figure 5.1). Whereas in
Swaziland the peak transmission period is from Ddssr to May and mainly occurs in the
Lubombo region (51%), followed by Hhohho (34%), Mam (9%) and Shiselweni (6%)
(National Malaria Control Program, 2004/2005).

The disease is seasonal and unstable occurringlyrmduming or after the rainy season. In
Swaziland, it is estimated that about 30% of thpupation is at risk of malaria and that it
accounts for 0.9% of all mortality in the countriational Malaria Control Program,
2004/2005).
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Figure 5.1: Malaria risk areas in South Africa, Swaziland, d&th® and Mozambique

(National Department of Health, 2008a).

5.1.3 Malaria transmission and life cycle
Human malaria is caused by four species of Rlesmodium protozoa P. falciparum, P.
malariae, P. ovale and P. vivax; with P. falciparum accounting for over 90% of human

malaria infections and fatalities in sub-Saharamicaf (National Department of Health,
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2008a). The life-cycle of the parasite involve thosts; man and the fematmopheles
mosquito (Figure 5.2). Sporozoites injected by itifected mosquito during a blood meal
(C1) invade hepatocytes and following intracellldaowth and multiplication, new parasites
are released as merozoites (A4). These merozaitede erythrocytes (B5), where they can
follow one of two developmental pathways. The mgjaindergo asexual multiplication (B)
and are released as daughter merozoites. This agtkefor about 48 hours I falciparum
and is associated with the clinical symptoms of dieease. The alternative pathway of
development in erythrocytes leads to the formatibmale and female gametocytes (d), which
are responsible for sexual reproduction and trassion through mosquitoes (C). The latter

pathway takes about 14 daysArfalciparum (Bell, 2005).
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Figure 5.2: The life cycle of the malaria parasite (Centersdisease Control and
Prevention, 2006).

5.1.4 Antimalarial dugs
Antimalarial agents can be classified into fiveugre according to their biological activity and

chemical structure. These are the blood schizaigec tissue schizontocides for causal
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prophylaxis, tissue schizontocides for preventialgpse, gametocytocides and sporontocides
(Vangapandet al., 2007).

¢ Blood schizontocides: act on the blood forms of the parasite which ltdauthe termination
of the clinical attacks and symptoms of the infectiDrugs included in this group are
chloroquine, quinine, mefloquine, halofantrine, imgthamine, sulfadoxine, sulfones,
tetracyclines and artemisinin and its derivativgsll( 2005; Vangapandet al., 2007).

e The tissue schizontocides for causal prophylaxis: act on the primary tissue forms of
Plasmodium within the liver. This stage initiates the ergtbytic stage of development and
by blocking it, further development of the infectias prevented. Primaquine and
pyrimethamine act against this stage (Bell, 200&ndapandet al., 2007).

e Tissue schizontocides for preventing relapse: act on hypnozoites (sporozoites that have
gone into hibernation) oP. ovale and P. vivax in the liver which cause relapse of
symptoms on reactivation. Primaquine is the onlygdused to eradicate this intrahepatic
phase (Vangapandtial., 2007; National Department of Health, 2008b).

e Gametocytocides: destroy the sexual forms of the parasite in theody and thereby
interrupting the life cycle by preventing the tramssion of the infection from man to the
mosquito. Chloroquine and quinine are able tohitlihe gametocyte stage Bf vivax and
P. malariae, but are unable to act agaistfalciparum. Primaquine and artermisinin-type
compounds have gametocytocidal activity againsthalthan malaria parasites (Olliaro,
2001; Vangapandet al., 2007).

e Sporontocides: prevent the development of the oocyst in the mibscand thus stop the
transmission from mosquito to human. Primaquiné @noloroguanidine are known to

have activity against this stage (Vangapaetchl., 2007).

5.1.5 Malaria prophylaxis

Malaria prevention includes measures taken aghwoist the mosquito vectors and the malaria
parasites. In malaria endemic areas, the usesetiitides, screens on windows, bed-nets,
mosquito repellants and fans or air conditionerdigturb mosquito feeding are all measures
taken to prevent mosquito bites and possibly cotitrg malaria. To prevent infection and
symptoms, chemoprophylaxis is recommended for higf groups such as residents in the
seasonally endemic areas, pregnant women, youndreiniand travelers to malaria areas.

Drugs that are commonly used for chemoprophylarisSouth Africa are mefloquine,
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doxycycline and a combination of atovaguone andgpaail with the combination of
chlorogquine and proguanil kept as a last resorti@dal Department of Health, 2008a).

¢ Mefloquine is active against afPlasmodium parasites, as well & falciparum resistant to
chloroquine and sulfadoxine-pyrimethamine. Itaken at least one week before entering
malaria endemic area and continued for four weekrdeaving malaria area. It is
contraindicated during pregnancy and lactationahdre fine co-ordination is required, as
it may cause spatial disorientation and lack oé fao-ordination (National Department of
Health, 2008a). Commonly reported side effectfuohe insomnia, strange dreams, mood
changes, nausea, diarrhoea and headache. Sewopsyehiatric reactions and suicidal
ideation are infrequent (Rosenthal, 2006).

e Doxycycline is also effective against all four species of hummaiaria parasites. It is given
orally, 100 mg daily and should be started at leastday before entering malaria area and
continued for four weeks after leaving malaria aras also contraindicated in pregnancy,
lactation and during the first eight years in lds it affects bone formation (National
Department of Health, 2008a). Commonly reportetd ®ffects include gastrointestinal
symptoms, andCandida infection of the gastrointestinal tract and vagin&evere skin
sensitivity, dizziness headache and blurred viaienrare (Rosenthal, 2006).

¢ Atovaquone plus proguanil is given one day before exposure and continued diaifing
exposure. Thereatfter, it is given for seven ddier ahe last exposure. It is a preferred
combination as it appears to have a mild adversatgwofile, as well as may significantly
increase compliance due to the shortened regimen.side effects are nausea,
gastrointestinal symptoms, and should be used edtition in patients with renal failure
(National Department of Health, 2008a; RosentH2062

e Chloroquine plus proguanil is given at least one day before entering malanea.
Chloroquine is given weekly, whilst proguanil issgin daily. This combination must also
be taken for four weeks after leaving the malaréaa It provides some protection against
chloroquine-resistanP. falciparum. But due to the widespread of chloroquine-reststan
strains of P. falciparum, this combination is only recommended where the o$
mefloquine and doxycycline is contraindicated; othige it is no longer in use in South
Africa. Serious side effects of this combinatioe aare, but patients may experience

headaches, gastrointestinal effects, skin rashet m@outh ulcers. Periodic eye
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examinations are recommended after five years ofimaous use (National Department of
Health, 2008a; Rosenthal, 2006).

e Primaquine is used for the terminal prophylaxis Bf vivax and P. ovale infections. A
daily dose of 26.3 mg is recommended and like ahgramalaria chemoprophylactic agent,
it should be started about a week before enteringakarious area and continued for 14
days after leaving the malaria area. It frequerthuses nausea, epigastric pain,
abdnominal cramps and headache at high doses,tlemase it is well tolerated. More
serious adverse effects include cardia arrhthmibesjkocytosis, leucopenia ad

agranulocytosis, however, these are very rare (Rbak 2006).

In Swaziland, however, chloroquine is still the giraf choice for prophylaxis since no
chloroquine resistance has been recorded (NatMakdria Control Program, 2004/2005).

5.1.6 Malaria treatment
It is interesting to note that malaria can be sssftdly treated in 48 hours, however, if
diagnosis and treatment are delayed, it can caatsé dcomplications (Vangapanc al.,
2007). The choice of drugs for malaria treatmesgtethds on a number of factors such as the
severity of the disease, type &fasmodium parasite, condition of patient such as age,
pregnancy, allergies and other medications theepiatnight be on, as well as resistance
pattern of thélasmodium strain.
e Uncomplicated malaria is treated with the artemetnenefantrine combination or quinine
combined with either doxycycline or clindamycin gothal, 2006).
eFor the treatment ofP. falciparum malaria, quinine, artemether—lumefantriaad
intravenous artesunate are used. Due to the dawelat of resistance and adverse side
effects sulfadoxine-pyrimethamine, quinine, haldfize, tetracyclines and clindamycin are
no longer in use as a single agent, but tetracysliand clindamycin are used in
combination with quinine (Outtarat al., 2006; UNDP, 2005; National Department of
Health, 2008b). Amodiaquine in combination withfadoxine-pyrimethamine is also used
as an alternative in areas where artemisinin coint@@itherapies are unavailable (Rosenthal,
2006).
e When treating norfir. falciparum, chloroquine followed by primaquine is recommended
(National Department of Health, 2008Db).
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¢ Mixed Plasmodium infections are treated with quinine or artemetberefantrine plus a
follow-up course of primaquine (National DepartmefhHealth, 2008b).

e Pregnant women with uncomplicated malaria are aisated with quinine followed by
clindamycin as it is safe when used in normal theutic doses. One of the adverse effects
of this drug is hypoglycaemia and patients sho@drimnitored closely. Quinine can also
be oxytoxic. There is no known incidence of tegateesis, but incidence of congenital
abnormalities have been reported. In lactating amonartemether—lumefantrine is safely
used for uncomplicated malaria. Intravenous gqeinmalso the drug of choice for infants
and young children (National Department of Hea®08b).

e Severe or complicated infections Bf falciparum are treated with intravenous quinidine,
artesunate or artemether, the latter two being midtared either intravenously or
intramuscularly. Cardiac monitoring when admimnisig quinidine is essential as this drug

may cause cardiotoxicity (Rosenthal, 2006).

Many of the standard antimalarial drugs have becarmeffective because the parasite has
developed resistance against them. This has netedscombination therapy in malaria
treatment instead of a single regimen treatmentya$ as intensive research into new and
unique drugs to ensure the continued control ofinmelProzeskyt al., 2001). The search for
new drugs can follow three directions; studyPtdsmodium biochemical pathways, chemical

synthesis and phytochemical investigation of medicplants (Mbatchét al., 2006).

5.1.7 Herbal remedies in the treatment of malaria

Since time immemorial, plants have been the soofeealaria treatment in most parts of the
world. The discovery of an alkaloid, quinine frahe Cinchona L. bark was a breakthrough
in malaria treatment and soon, synthetics suclhlasaguine and other quinoline antimalarials
were made. However, this breakthrough did notvasy long as it was soon discovered that
the malaria protozoa was able to develop resistaga@st them, resulting in the development
of more dangerous and non-treatable strains ofrraaf@&aylor and Berridge, 2006). This
initiated another search for other alternative coumals to treat malaria. In 1967, a Chinese
herb QinghaoArtemisia annua) was discovered to have antimalarial propertiesfact, this
had been documented in about 340A.D. for the usthantreatment of fevers in a Chinese

“Handbook of prescription for emergency treatmeéat’Ge Hong (Wright, 2005). Thereatfter,
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derivatives of artemisinin were synthesized andetiveas renewed hope for malaria treatment.
From past experience, it is known that the protokzaes an exceptional ability to develop
tolerance / resistance to treatment (Hastings aatkMs, 2006), the search for new and more

efficacious drugs from plant sources must remaiadive on-going endeavour.

5.1.8 Herbal remedies used world-wide and in southe Africa

Traditional healers treat malaria according to “ita-like” symptoms and fever. Most
societies in places where malaria is endemic hdaetpthat are traditionally used to treat
malaria. Worldwide, plants such @erminalia species are use to treat malaria. In Africa,
numerous plants have been identified to possegsaatial activity, such a3richilia, Ficus
andZiziphus. In southern Africa, plants that have been idietiand tested for antiplasmodial
activity include among other®sidium guajava, Artemisia afra, species ofAloe and Ozoroa
(lwu, 1993; Prozesket al., 2001; van Zyl and Viljoen, 2002; Clarksehal., 2004). With
over 24 000 species in southern Africa (Eloff and®aw, 2006) there is a need to investigate
the rich biodiversity for medicinal properties. aRls that have been studied in South Africa
for antimalarial activity and have shown activitfC{ < 10 pg/ml) include among others
Ozoroa engleri, Ozoroa insignis, Balanites maughamii, Trichilia emetica, Vernonia colorata,
Croton gratissimus, Ziziphus mucronata, Aloe viridiflora, Salvia runcinata and Salvia repens
(Prozeskyet al., 2001; van Zyl and Viljoen, 2002; Clarkseh al., 2004; Kamatotet al.,
2005). In their review of plants tested in Soutinic®a for antimalarial properties, Pillag al.
(2008) reported over on 200 species with more #@¥ possessing ke values less than
10ug/ml. Elsewhere in Africa, plants such @slassia africana, Allanblackia monticola,
Terminalia macroptera, Cajanus cajan, Endodesmia calophylloides and Sclerocarya birrea
have also shown promising antiplasmodial activMbétchi et al., 2006; Gathirweet al.,
2008; Duker-Eshurst al., 2004; Ngouamegret al., 2008; Sanost al., 2003; Azebazet al.,
2007).

5.1.9 Drug combinations in malaria treatment

Many drug-drug interactions have been studied haut effect on malaria parasites (Fivelman
et al., 1999; Bell, 2005) with synergism being the pmefd type of interaction. Quinine has
displayed both synergistic and antagonistic intgas in combination with other drugs, for

example, a synergistic interaction when combinetth wrtemisinin and arteether (Gugtaal .,
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2002; Ekong and Warhust, 1990) and antagonism atitvaquone (Canfieldt al., 1995).

The use of monotherapy in malaria treatment is orggér recommended to prevent the
development of resistance. Current prophylactid tieatment regimen include the use of
atovaquone and proguanil, quinine with either dimgcin or doxycycline, sulfadoxine and
pyrimethamine or artemether and lumefantrine, @ati Department of Health, 2008a and
2008b). With the possible interactions betweergdrambinations, the interaction between
the concomitant use of standard antimalarials whitrbal preparations needs to be
investigated. Muregtt al. (2007) has investigated the interaction betweenyldn medicinal

plants in combination with chloroquine and foundthbasynergistic and antagonistic
interaction. Waakaet al. (2005) also reported an antagonistic interachetweenAspilla

africana extracts and artemisinin.

With so many plants showing good antimalarial atstiand the increased resistance of strains
of the malaria parasite to many of the availabkenaadarial agents, 15 Swazi medicinal plants
were selected. The aims of this chapter were to:
¢ Investigate the possible antimalarial activitylod fiteen Swazi medicinal plants.
e Determine possible pharmacological interactiong tmay exist between the most
active plant extracts and quinine.
e Test for haemolytic activity of the plant extradts determine a direct inhibitory

activity of the plant extracts to the intraerythytc parasite.

5.2  Materials and Methods

5.2.1 Protocol

5.2.1.1 Preparation of incomplete and experimentadulture media

The incomplete culture medium was prepared as VistioRPMI-1640 (10.4 g; Gibco™),
HEPES (N-2-hydroxyethyl-piperazine-N’-2-ethane-sult acid) buffer (5.9 g; Sigma), D-
glucose (4.0 g; Merck), hypoxanthine (44 mg; Sigraayl 100ul gentamicin sulphate (50
mg/ml; Sigma) were dissolved in 1 litre sterile M™ water. This solution was filter-
sterilised using a Sterivex™ 0.22n filter unit and stored at +& until required. To prepare

the experimental media, hypoxanthine and gentamaeire excluded from the above recipe.
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5.2.1.2 Preparation of sodium bicarbonate and phosate buffered saline

A 5% (w/v) working solution was prepared by dissoy50 g NaHCQ® (Saarchem) into 1
litre sterile MilliQ™ water. The solution was stezed through a 0.22m filter and stored at
+4 °C. To prepare the phosphate buffered saline (PBiS7.4), NaCl (8.0 g), KCI (0.3 g),
NaHPO:.2H,0 (0.73 g) and KEPO, (0.2 g) was dissolved in a litre of sterile Mili®water.

The solution was autoclaved for 20 minutes at®@@nd stored at +2%C.

5.2.1.3 Preparation of human plasma

Three bags of human plasma, obtained from the Safriban Blood Transfusion Services,
were thawed, pooled and heat inactivated &}Gfor 2 hours in a water bath. The inactivated
plasma was then centrifuged at 3000 revolutions rpewte (rpm) for 10 minutes and

aliquoted in sterile 50 ml centrifuge tubes. Tlader it was stored at -20 until used.

5.2.1.4 Preparation of complete culture and experiental media

To prepare complete culture media, 10% heat inaieti/plasma and 4.2 ml of 5% NaHLO
were added to either incomplete culture or expamalemedia (Section 5.2.2.1) to a final
volume of 100 ml.

5.2.1.5 Preparation of erythrocyte suspension

Whole blood (South African Blood Transfusion Seeay stored in anticoagulant blood tubes

containing citrate phosphate dextrose adenosined centrifuged at 2000 rpm for 5 minutes.

The supernatant and buffy coat was aspirated amgeliet re-suspended in PBS (pH 7.4).

This was further centrifuged at 2000 rpm for 5 mésu The supernatant was aspirated and
pellet re-suspended in PBS (pH 7.4). This wasatgukthree times and an equal volume of
incomplete experimental media was added to théblead cell pellet and mixed thoroughly.

The erythrocyte suspension was stored diG-dand used within a week of preparation.

5.2.1.6In vitro culture maintenance ofPlasmodium falciparum

The chloroquine-sensitive 3D7 strainRffalciparum was continuously maintained on a daily
basis in culture according to the method of Traget Jensen (1976) and van Zyl and Viljoen
(2002). A thin blood smear was prepared, fixechwriethanol and stained using a rapid
haematology staining kit (similar to Giemsa sta(bgboratory Reagents Service, South
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African Institute for Medical Research) and thegeetage parasitaemia calculated with the
stage of the parasites noted. The culture wastenaed at less than 5% parasitaemia. The
spent culture media was aspirated off the parasitelsreplaced with pre-warmed complete
culture media. Fresh uninfected human erythracy&ection 5.2.1.5) were added to the
culture when the parasites were mostly in the tapite/schizont stage (Figure 5.3).
Parasites were gassed with 5%£8% Q, and 92% Nbefore being incubated at 3Z.

5.2.1.7 Synchronizatiorof the culture

A 5% (w/v) working solution was prepared by dissofy50 g D-sorbitol (Saarchem) into 1
litre sterile MilliQ™ water. The solution was stezed through a 0.22m filter and stored at
+4 °C. To keep the culture synchronized, D-sorbitakvadded to the predominantly ring-
stage cultures (Figure 5.3) every second day. ratienale behind this addition is that ring-
stage cultures do not take up D-sorbitol; whil& thophozoite/schizont cultures osmotically
take up D-sorbitol resulting in their lysis. Thaltare was centrifuged at 1500 rpm for 5
minutes and the supernatant aspirated off. D-&drf#0 ml) was added to the parasite, re-
suspended and left at room temperature for 20 m#utThereafter, the suspension was
centrifuged at 1500 rpm for 5 minutes and supematspirated. Complete culture media was
added, the culture gassed and incubated 3E37

Erythrocytic stages ofP.
falciparum
4 Fads I'_} o
marginal form ring fenm doubla dotged rings
{5 éf;; '" »“‘3}
ring form. ymummﬂamhc tm;‘ﬂwmlm
> =
F, ‘éw SRR =
sCAzoNT MATAFY schEEONT  Fomale gamatacyte ol pametooyte

Figure 5.3  Image showing the intraerythrocytic stage®dalciparum (Northwestern
University, 2004).
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5.2.1.8 Tritiated hypoxanthine incorporation assay

Intra-erythrocytic malaria parasites are incapaiflele novo purine biosynthesis, which are
required for nucleic acid synthesis and energy bwiam. Thus, the purines and especially
hypoxanthine are obtained by salvage pathways thmmmammalian host. This assay utilises
a radiolabelled isotope of hypoxanthir#{hypoxanthine), which is incorporated into the
parasitic DNA. The amount dH-hypoxanthine incorporated is directly proportibim the
number of parasitized erythrocytes in culture (Mala and Castillo, 2000; Daddomea al.,
1984; King and Melton, 1987; Desjardies al., 1979; van Zyl and Viljoen, 2002). The

amount of radioactivity is then determinedfbgcintillation counting.

5.2.1.8.1 Preparation of test solutions

The stock plant extract (20 mg/ml) was preparedimethyl sulfoxide (DMSO; Saarchem)
and stored at +4C until used. From this concentration, a 2 mg/ailison was prepared in
incomplete experimental media. The positive cdsfrguinine (Fluka) and chloroquine
diphosphate (Sigma) were first prepared in DMSO nig/ml) and then incomplete

experimental media (3@g/ml).

5.2.1.8.2 Preparation of experimental plates

Of the concentrations prepared in experimental m€sd pl) was plated in triplicate in the
first row of a microtitre plate and serially dildtén a 1:1 ratio in 25l experimental media,
such that seven concentrations were used to gentratlog sigmoid dose response curve.
After the first experiment, the initial concentaats were adjusted to ensure an optimal log
sigmoid dose response curve. The parasites, predoily in ring stage, were adjusted to a
parasitaemia of 0.5% and 1% haematocrit with cotapeperimental media. Parasitized red
blood cell suspension (200 pl) was added intdoali,four wells which contained 2Q0 of red
blood cells and served as the negative red blotidcortrol. To account for the 2pl of
extract/positive control added to the test wellspPexperimental media was added to the red
blood cell and drug-free parasitized controls. Plee was incubated in a candle jar af@7
for 24 hours in a micro-aerobic and humidified eanment (Jensen and Trager, 1977).
Thereafter 25 pl 3H-hypoxanthine (5mCi; Amershanfe LiScience, UK), diluted in
hypoxanthine negative incomplete culture media@)2was plated into all the wells and
further incubated at 37C for 24 hours in the candle jar. The parasite DNas then

harvested using a Titert8kcell harvester onto GFB-filtermats. The filter mavere air-dried
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overnight and liquid beta scintillation fluid adddxefore counting the incorporated 3H-
hypoxanthine on a Wallacbeta scintillation counter. The results were esped as counts
per minute (CPM).

The percentage parasite growth was calculated tisengquation below:

% Parasite growth = Cextract— CPMmean RBC control

CPMan parasite controf CPM’nean RBC control

5.2.1.9 Data analysis

The 1G values (concentration causing 50% parasite deatite vdetermined using the
Enzfittef® program (version 1.05) upon plotting log sigmoidse-response curves. The
results are reported as mean + standard deviagsah) (of three separate experiments.
ANOVA was used to compare activity between extrans the controls using Graphpad
Prisn? (version 4.0). A P value of less than 0.05 (P§Pwlas considered significant.

5.2.2 Combination studies

In order to determine the combined effect of thdramts and quinine, the titriated
hypoxanthine incorporation assay was used. Thisyrtant especially where antagonism
exist, because the concurrent use of antimalariasdand herbal preparations can result in
treatment failure (Bell, 2005). In contrast, aegistic interaction means that less of the drug
needs to be given to achieve the same overalltedfethe individual drugs, as well as increase
drug efficacy and delay resistance developmenthi@ea et al., 2008). Therefore, it is very
important to know the kind of relationship thatstxias a result of the concomitant use of

plant preparations and standard drugs.

The five most active of the extracts were seleeted combined with quinine to determine

their pharmacological interactive relationship. iff@ent ratios of the plant to quinine were

used (Table 5.1). The extract and quinine wer@gmed at a 20 times higher concentration
than shown in the table to account for the 10 tidhkgion factor in the experiment (Section

5.2.1.8); as well as the 2 times dilution factongmated by mixing the plant extract and
guinine in a 1:1 ratio.
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Table 5.1 Ratios of plant extracts and quinine used irrining combined antimalarial
activity.

Plant 0 0.1 0.5 1 5 10 20 30

Quinine 0.3 0.25 2 1 0.5 0.1 0.01 0

ICs5o values were determined for each combination aSdation 5.2.1.8.2 and 5.2.1.9. To
determine the interaction between the extract amdime, isobolograms were constructed

(Figure 5.4), by plotting the following equation:

X:Y) = IGso of quinine in combination : 50 Of extract in combinatic

Ko of quinine alone 5d©f extract alone

[

o
o1

Additive

Synergism

Extract
ICs0in combination / 1ICsp alone)

0 0.5 1
Quinine
(ICs0in combination / ICspalone)

Figure 5.4 Isobologram depicting the possible pharmacalalgnteractions between the

plant extract and quinine.

The fractional inhibition concentration (FIC) was@calculated to determine the strength of

the interaction using the following equation (B&M05):
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FIC = IGoo0f extract in combination with quini

|G of extract alone

The sum of the FIC valuexKIC) was calculated by adding all the FIC valuesdth the
combination ratios. The proposed definition by é&draum (1978) was used to determine the
type and strength of the interaction; where a suini as an additive interaction, <1 a

synergistic interaction, and >1 an antagonistierauttion.

5.2.3 Red blood cell haemolysis

A measure of red blood cell integrity is used aseans of determining the cytotoxicity of
antiplasmodial agents. Haemolysis is assessed asim vitro assay which shows the effect
of increasing concentrations of the extract onéhghrocyte membrane. In this assay, the
erythrocytes are exposed to different concentratiohthe extract or drug and membrane
stability assessed by measuring the amount ofdibdrhaemoglobin using UV spectroscopy
(Sharma and Sharma, 2001).

5.2.3.1 Preparation of supplemented PBS and erythoyte suspension

PBS (100 ml; pH 7.4) (Section 5.2.1.2) was supplgee with HEPES buffer (0.59 g) and D-
glucose (0.40 g). The solution was filter-stegitisusing a Sterivex™ 0.22m filter unit,
therafter, plasma (10 ml) was added and the solgiored at +4C until required. A freshly
washed erythrocyte suspension (Section 5.2.1.53, wgad for this assay. To prepare a 1%
(v/v) haematocrit suspension (as used in the 3Hkapthine incorporation assay), packed
erythrocytes (1 ml) were added to supplemented @B3nl; pH7.4).

5.2.3.2 Haemolytic assay

A stock of 2 mg/ml and 1mg/ml extract were usedthis assay, such that the final
concentrations were 200g/ml and 100ug/ml, respectively. Both concentrations of the
extract (50ul) were aliquoted into separate eppendorf tubesrbefupplemented PBS (pl)
and the 1% haematocrit erythrocyte suspension (0fere added. This was incubated at 37
°C for 48 hours to parallel the 48 hour exposuréhim tritiated hypoxanthine incorporation
assay (Section 5.2.1.8.2). Thereatfter, the eppénaoes were removed from the incubator,

pellet gently disrupted and centrifuged at 2000 fom5 minutes. The supernatant was
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removed and plated out (1@ in triplicate on a 96-microtitre plate. The @avas allowed
to stand at room temperature for 10 minutes bdjeneg shaken for 2.5 minutes at 1050 rpm.
The absorbance was then read at 540 nm in a LalnsysEMS Reader MF using the Ascent
software (version 2.4). The following controls wéncluded in the experiment:
e a background control constituting of supplement8& Bnly
e a negative control for 0% haemolysis which contdi@®0ul supplemented PBS and
400 ul 1% haematocrit erythrocyte suspension and
e a positive control for 100% haemolysis containing @ of 0.2% Triton X-100
(Sigma), 50ul supplemented PBS (pH 7.4) and 400% haematocrit erythrocyte

suspension.
Percent red blood cell haemolysis was determinadyuke following equation:

% Haem0|yS|S = (ABS extract™ ABS BC) = (ABS meanNC — ABC BC)

(ABgean PC— ABS BC) = (ABS mean NC— ABS BC)

where:

ABS = absorbance;

BC = background control;
NC = negative control,

PC = positive control

For those extracts demonstrating haemolysis atufdl (greater than 30%) or 2Qdy/ml
(greater than 70%), further concentrations werepgmed such that a log sigmoid dose
response curve could be generated to determinectheentration at which 50% haemolysis

occurred.

5.2.3.3Data analysis

The 1Gy values (concentration causing 50% cell death) wetermined using the Enzfitfer
program (version 1.05) upon plotting log sigmoidselwesponse curves. The results are
reported as mean * standard deviation (s.d.) ofdgparate experiments. Within each of the
experiments, four replicates were prepared andedest separate eppendorf tubes. For

extracts which had antimalarial £values greater than 1Q@/ml, the haemolytic activity at
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200 pg/ml was reported. A correlation between haemolgttivity of the extracts and their
antimalarial activity was determined using lineagnession with a 95% confidence interval.
To determine selectivity of some of the extractstlie parasite and the relative toxicity effect

of the extracts, the safety index was calculatédgue following formula:

Safety index = Haemolytic activity o)

Antimalarial activity (1)

5.3 Results

5.3.1 Individual antimalarial activity

Antimalarial activity of plant extracts has beerdaly studied and the parameters for activity
suggested by Rasoanaistoal. (1999) are widely accepted. In the present sty following
parameters were used to define activity of an ekti&s, < 5 pg/ml, highly active, 1G, < 5-10
ug/ml, promising activity, 10-50ug/ml, moderate, 50-10@g/ml, low and >100ug/ml,
inactive (Rasoanaivet al., 1999; Gathirwaet al., 2008). When dealing with isolated
compounds, Pinlet al. (2005) proposed that a compound withseol€ 1 ug/ml can be
considered a ‘hit’ and that it should be at leasfdld more selective against the parasite than

mammalian cell line.

The extracts inhibited parasite growth in a doggeddent manner (Figure 5.5). The bark of
S cordatum was the most active of the extracts, but was Sfilb4 fold less active than
quinine (Figure 5.5). Table 5.2 illustrates thévaly of the extracts against the chloroquine-
sensitive 3D7 strain d¥. falciparum. Overall, 45.45% of the extracts had activityslé#san 50
ug/ml with 30.30% more than 10@g/ml. The four extracts that showed promising
antimalarial activity with 1G, values between 5-1ug/ml were the leaves ofT.
phanerophlebia (ICso = 7.81 + 1.82ug/ml), bark ofS. cordatum (ICsp = 6.70 = 1.21ug/ml),
bark ofB. salicina (ICsp = 7.41 + 1.88.g/ml) and the whole plant extract Bf meyeri (ICso =
7.36 + 0.85ug/ml). The activity of the latter were found to bignificantly different from
quinine (P<0.01), whilst not significantly differefnom each other.

The stem/root oB. setifera, leaves ofT. emetica and leaves of. glumosa had moderate

activity with 1Cso values below 2@g/ml. The latter six extracts did not show anyrhalysis
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at their respective antimalarialdQralues. The least active of all the extractshwilso values
greater than 20Qg/ml were the root oH. acutatum, the bark ofF. glumosa andT. emetica
and the leaves ¢1. acutatumandG. spatulifolia. Their percentage inhibition of growth &n
falciparum were 76.67 + 3.56%, 74.84 + 3.95%, and 71.07 8%.,766.14 + 7.69% and 54.89
*+ 4.84%, respectively.

1104

=== S cordatumleaves
== S cordatum bark
== Quinine

% Parasite growth

e —
I I I q I I I L}
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-2.0 -1.5 -1.0 -0.5 0.0 05 1.0 15 20 25
Log concentrationyg/ml)

Figure 5.5: Log sigmoid dose-response growth curves for taeds andbark of
S. cordatum compared to quinine.

5.3.2 Haemolytic properties

Many of the extracts did not cause more than 208trodysis at 10@ug/ml. Only the bark of
O. sphaerocarpa andS. cordatum, as well as the leaves Bf glumosa andB. salicina caused
more than 20% haemolysis at 1,0§/ml (Table 5.2). For those extracts exhibitingmalysis
(Section 5.2.3.2at 100 or 20Qug/ml, log sigmoid dose response curves were gesttiatd
the 1Gq values determined. These were the barK.odmetica which had an I value of
194.38 + 7.25ug/ml, leaves ofO. sphaerocarpa (ICso value of 180.26 + 9.69g/ml),
stem/root oB. setifera (ICsp value of 178.41 + 33.16g/ml), fruit of D. cinerea (ICso value of
150.56 + 20.48.9/ml) and fruit ofG. spatulifolia (ICso value of 117.42 + 10.96g/ml). Of
these, only the stem/root 8f setifera had a safety index greater than 10 (Table 5.3jeTab
6.1). There was no correlation between the haeiapnd antimalarial activity of the plant
extracts (f= 0.009).
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Table 5.2:

parenthesis indicate the % parasite growth or %mlbassis at the stated

concentration.

Antimalarial activity and haemolytic properties tfe extracts. Values in

Antimalarial activity

Red blood cell haemolysis

Scientific name Plant part IC 5o (Lg/ml + 5.d.) IC s (Lg/ml + 5.d.)
flower 32.3+£0.7- >100 (0.47 :0.02%
Berkheya setifera stem/roo 1512 + 1.8 178.41 + 33.1
leaves 66.40 £4.19 >100 (2.53 £ 0.07%)
Breonadia salicina leaves 135.79 £ 10.75 >200 (20.31 £2.61%
bark 7.41 +1.88 >100 (9.93 £ 3.73%)
Dichrostachys fruit 2651+1.3 150.56 £ 20.4
cinerea leave: 106.76 + 9.6 >100 (13.92 £1.019
fruit 117.54 £ 14.03 >100 (5.91 £ 1.03%)
Ficus glumosa leaves 19.40 +2.20 >100 (27.43 £ 3.02%)
bark >200 (74.84 £ 3.959 >100 (19.95 £+ 1.339
Gardenia fruit 12490 £9.7 117.42 £10.9
spatulifolia leave: >200 (54.89 + 4.8« >200 (16.01 £ 0.579
Guilleminea densa | wholeplani 162.32 +17.3 >200 (5.04 £ 0.28Y
Helichrysum leave: >200 (66.14 + 7.69Y >200 (8.15 + 3.67Y
acutatum roots >200 (76.67 + 3.56% >200 (1.34 £ 0.08Y
Leonotis intermedia flower 5551 +7.11 >100 (3.77 £ 0.27%)
sten 2598 +1.7. >100 (4.05 £ 0.1%)
fruit 40.20 + 8.54 >100 (1.42 £ 0.02%)
Ozoroa leaves 54.33 + 1.4 180.26 * 9.69
sphaerocarpa e e
bark 45.29 + 2.33 >100 (30.80 + 5.55%)
Priva meyeri whole plan 7.36 +0.8! >100 (11.11 £ 0.7
fruit 33.61+28 >100 (12.18 £ 0.1¢
Ricinus communis leave: 23.60 £ 2.2 >100 (13.01 £4.119
sten 52.73 +0.4. >100 (5.04 £0.17Y
Terminalia leaves 7.81+1.82 >100 (5.32 £ 1.43%)
phanerophlebia bark 72.62 + 3.4 >100 (5.25 + 2.46Y
Trichilia emetica leaves 18.13 +3.55 >100 (6.25 = 0.68%)
bark >200 (71.07 £ 7.78% 194.38 + 7.25
Sy2ygium cordatum leave: 32.61+2.0 >100 (4.31 £0.41Y
bark 6.70 £ 1.2 >100 (22.83 £ 3.569
fruit 67.18 + 7.4 >100 (3.21 £ 0.09Y
Ziziphus mucronata leaves 73.99 +1.47 >100 (4.37 £ 0.31%)
bark 9484 +1.4 >100 (3.44 +0.81%
Quinine 0.13+0.0: >100 (1.56 £ 0.18Y
Chloroquine 0.052 +£0.00 >100 (1.24 £ 0.02%
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Table 5.3:  Antimalarial and haemolytic activity, with safetydex of select extracts.

scieniic name | LA | AT | 1Csagim) | indox
O. sphaerocarpa Leaves 54.33 180.26 3.32
B. setifera stem/root 15.12 178.41 11.80
T. emetica Bark >200 194.38 >0.97
D. cinerea Fruit 26.51 150.56 5.68
G. gpatulifolia Fruit 124.90 117.42 0.94

5.3.3 Combination studies

As seen from the isobolograms (Figure 5.6), theran additive to antagonistic interaction
between the different plant extracts tested in doatlon with quinine; with a few points
showing synergy. The FIC for the individual pointas calculated and the results are listed in
Appendix D, together with thEFIC. TheZFIC for the combination betwedh. glumosa
(leaves) and quinine is 1.69 + 0.08, depicting afagonistic interaction. There was also an
antagonistic interaction between the barlBos$alicina and quinineXFIC = 1.76 + 0.05), the
stem ofL. intermedia with quinine EFIC = 1.97 + 0.09) and the leavesTofphanerophlebia
with quinine EFIC = 2.05 £ 0.25). The stem/root Bf setifera with quinine was the most
antagonistic of all wittEFIC of 5.52 + 0.34.

5.4  Discussion

Our results have shown potential antimalarial a@gtivn some of the plants tested (Table 5.2)
indicating that traditionally used medicinal plafitsm southern Africa do have potential as
possible sources of antimalarial compounds. Thie &S cordatum was the most promising
of the extracts tested (Table 5.2). In a previsusdy by Clarksonet al. (2004), the
dichloromethane/methanol (1:1) extract of the twidsS. cordatum were shown to possess
antimalarial activity with an 16 value of 14.7ug/ml, when tested on the chloroquine-
sensitive D10 strain using the parasite lactatgdi®lyenase (pLDH) assay. This is the same
extractant used in this study, the difference béirag the bark material rather than the twigs
was used, which gave a lowers§Gralue of 6.70 + 1.21.ig/ml (Table 5.2). This difference
could be due to the bark being more potent thatvigs because the bark, being an older part
of the plant, may have accumulated many of thevactietabolites than the newer twigs. The

bark is preferentially used by the traditional leesl(PP Ndlovu, personal communication).
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Figure 5.6: Isobolograms depicting the pharmacological intésast betweerf. glumosa,
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Secondly, the differences in d€values could have been a result of experimentahtian
between the assays, the parasite strain and tloemieparasitaemia and haematocrit used
(van Zyl, 2007).Syzygium claviflorumis known to contain the triterpene betulinic acudlich
has anti-HIV properties (Crump, 2006), as well afpdasmodial activity with 1G values
ranging between 19.4-19@/ml on the chloroquine-sensitive 3D7 strain arel ¢hloroquine
and pyrimethamine-resistant K1 strain, respectiy&iieeleat al., 1999; Duker-Eshuet al.,
2004).

As reported in Chapter 3, such compounds as firedepi-friedelin, gallic acid, ellagic acid
and delphinidin have been isolated fr@ncordatum. Of these, the antimalarial activity of
friedelin and ellagic acid has been tested. Fliedeas found to possess antimalarial activity
with an 1Gg value of 7.2 + 0.;ug/ml on the chloroquine-resistant W2 strain (Ngoagneet

al., 2008), whilst Azebazet al., (2007) did not find any activity (Kg> 200 uM) using both
the chloroquine-sensitive F32 and chloroquine-tastsFcM29 strains. Ellagic acid has been
reported to possess antimalarial properties witky i@lue of 0.14 +0.05ug/ml on the
chloroquine-resistant FCR-3 strain (RL van Zyl, soeral communication). The activity
observed in this plant may therefore be due to gysiic interactions between the different

constituents, as the leaves also contained pheraotid flavonoids (Table 7.2).

This is the first report on the promising activaf the leaves oT. phanerophlebia (ICso =
7.81 £ 1.82ug/ml). A study by Mustofeat al. (2000) found antimalarial activity in the stem
and leaf ethanolic extracts @t glaucescens with (ICso values ranging from 4.83 + 0.006
ug/ml to 2.41 + 0.001ug/ml, using the FcM29-Cameroon chloroquine-resist&tBI-
Coloumbia chloroquine-resistant and Nigerian chjoine-sensitive strains. A study on the
same species revealed activity withhd@alues as low as 1.8@/ml on the alkaloid extract on
the FcB1 strain (Okpekoet al., 2004). Sanoet al. (2003) also found activity of the root
bark aqueous extract 6= 1 ng/ml) of T. macroptera on the chloroquine-resistant W2 strain,
using a flow cytometric method. The stem bark stesin wood ofl. spinosa were also found
to possess antimalarial activity when tested on ENT 36 chloroquine-resistant and K67
chloroquine-sensitive strains (Omuloketi al., 1997). Their results are in agreement with
those reported here (Table 5.2), validating thaptsmodial activity of theTerminalia
species and their use by traditional healers ith&wo Africa and the Ivory Coast.
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Trichilia emetica has also been widely studied for antimalarialvégtiand theTrichilia genus
has been shown to have general antiplasmodial grepgMacKinnonet al., 1997). The
result found in this study (Kg = 18.13 + 3.55ug/ml) is very similar to that reported by El
Tahiret al. (1999) who tested the activity of a leaf methanektract on the same strainfaf
falciparum used in this study (chloroquine-sensitive 3D7istriCso = 17.5ug/ml). Clarkson

et al. (2004) reported antiplasmodial activity of a dicbhmethane/methanol (1:1) extract of
the leaves/twigs of. emetica with an 1G; value of 3.5ug/ml on the chloroquine-sensitive
D10 strain using the pLDH assay. While, Prozeskyal. (2001) reported activity of a
dichloromethane extract of the stem bark on therolguine-resistant PfUP1 strain using the
flow cytometric method (I65= 3.29ug/ml). In this study, the bark dichloromethanemagiol
extract did not show any activity, only inhibitir8.93% of parasite growth at 2Q@/ml
(Table 5.2). Whilst El Tahiet al. (1999) reported high activity (g= 8.5ug/ml) of the stem
bark methanolic extract against the same 3D7 stkaih a similar low activity (1o = 200
ug/ml) was also reported against the chloroquinestast/pyrimethamine-sensitive Dd2
strain. In addition, Balet al., (2007) reported activity of the leaf dichloroimate extract
(ICs0 = 11.90ug/ml) using the 3D7 strain &. falciparum. The results in this study confirm
the antiplasmodial activity of th@richilia genus, however the different strains used and
methodology (% parasitaemia) could have influentted higher IGo value obtained on the
3D7 strains in comparison to the chloroquine-semsid10 and chloroquine-resistant PflUP1
strains (Table 5.2). Other factors that could hiadeto the loss of the active components or
contributed to the differences in activity inclugeographical location, seasonal variation, and
age of plants or extraction procedures (Pidagl., 2008). The antiplasmodial activity of this
plant has been attributed to the general activitthe family Meliaceae which is reported to
contain limnoids such as gedunin and its derivativehich possess antimalarial activity
(Schwikkard and van Heerden, 2002).

Following a literature survey, this appears to e first report on the antimalarial activity of
Ficus glumosa. Ficus gnaphalocarp andF. platphylla are reportedly used by the Ghanaian
people for the treatment of malaria symptoms (Assis#., 2005). TheFicus capensis leaf
ethanolic extract was found to have someitro antiplasmodial activity when tested against
the chloroquine-resistant FcB1/Columbia strain gsine hypoxanthine incorporation assay
with an 1Gy value of 45.3 £+ 5.1ug/ml (Zirihi et al., 2005). While results for thié. glumosa
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leaf extract showed more potent activity on the 3D@in ofP. falciparum with an 1G, value

of 19.40 + 2.2Qug/ml; whilst the bark extract only inhibited 25.16%oparasite growth at 200
ug/ml (Table 5.2). The antimalarial properties nimy due to the presence of pentacyclic
triterpenes in the plant as some activity has lveported from triterpenes from other species
(Suksamrarret al., 2003; Ngouamegret al., 2008).

Of the remaining plants, the bark Bf salicina, P. meyeri (whole plant) and the stem/root of
B. setifera showed promising to moderate antiplasmodial agtmwith 1Cso values of 7.41 +
1.88 ug/ml, 7.36 + 0.85ug/ml and 15.12 + 1.8Qg/ml, respectively (Table 5.2). However, a
literature search revealed that these plants haste pneviously been investigated for
antiplasmodial activity. These plants should bessgtigated further to confirm the observed
activity on other strains with different drug-raaist properties. The latter could be very
promising sources of antimalarial compounds sthey did not cause red blood cell lysis at
the concentration required to inhibit 50% paragi@wth. HoweverP. meyeri was very toxic

to human kidney epithelial cells with 4gsalue of 14.63 + 1.62g/ml, with a safety index of
1.99 (Table 6.1). This warrants further researod &olation of the active antimalarial
compound to determine whether or not it is the saséhat responsible for mammalian cell
toxicity. The extracts oB. salicina andB. setifera were not toxic to human kidney epithelial
cells and may be a valuable source of an antinahlaompound as nothing has reportedly

been isolated from these plants.

In a study conducted by Clarksehal. (2004), thred_eonotis species were investigated for
antimalarial activity, namely. leonurus, L. ocymifolia and L. nepetifolia, with ICso values
ranging between 2 and 3®/ml on the chloroquine-sensitive D10 strain. Ofenwas the
dichloromethane: methanol (1:1) extract of the ésawr twigs ofL. leonurus, which had a
promising activity (IGo = 5.4 ug/ml). Results in this study showed the activifytiee stem
extract ofL. intermedia to be similar td_. leonurus, with an IGg value of 25.98 + 1.74g/ml.
However, nothing has been reported on the antimblactivity of its significant constituent
marrubiin (Ah Keeet al., 2008).

In this study, the extract of the root and leavebi@ichrysum acutatum is reported as being
inactive, inhibiting approximately 30% parasite \gtb at 20@g/ml (Table 5.2). A similar
inactivity was reported by van Vuurehal. (2006) who reported low activity (§g= 60.76 +
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2.83 ug/ml) for the acetone extract bff. cymosum on the chloroquine-resistant FCR-3 strain.
Where the compoundhelihumulone was isolated and found to have a migh&plasmodial
activity (ICsp = 14.89+ 0.88 pg/ml) than the crude plant extract. In contr&3arksonet al.
(2004) reported high activity of the whole plantidoromethane/methanol extract Hf
nudifolium (ICso = 6.8 ug/ml) on the chloroquine-sensitive D10 strain. Tiant sap oH.
panduratum is reported to be used for the treatment of mealarichildren (Lourengt al.,

2008); but nan vitro activity has been reported.

The antimalarial activity of the leaf extractitinus communis reported in this study (lég =
23.60 + 2.28ug/ml) was supported by that of Clarksenal. (2004) who reported on the
activity of a leaf dichloromethane/methanol extrd€so = 27.5ug/ml). However, there is a
seven fold difference between the reported aawitf the respective stem extracts; where
Clarksonet al. (2004) reported a high activity ({6= 8.00 ug/ml), in contrast to the poor
activity (ICsp = 52.73 = 7.11ug/ml) observed in this study. No antiplasmodidiivety is

recorded for the constituentsRfcommunis like ricin and ricinine.

In stark contrast to the potent antimicrobial attiTable 4.1), Ozoroa sphaerocarpa
possessed poor antimalarial activity (Table 5.2 previous study onO. engleri, a
dichloromethane stem bark extract was shown togssssery good activity (Kg = 1.70
ug/ml) (Prozeskyet al., 2001). Ozoroa insignis is also used to treat malaria symptoms by the
Ghanaian people (Asas# al., 2005), and has been documented to possess &maha
activity (Gessleet al., 1994; Pillayet al., 2008).

The bark dichloromethane extractdbfmucronata has been reported to have high antimalarial
activity (ICso < 5 ug/ml) (Prozeskyet al., 2001), however this was not observed in thigystu
where the concentration required to inhibit 50%wglowas in the range of 67.18 + 7.40 to
94.84 + 1.47ug/ml. This observation is in agreement with theklaf antimalarial activity of
the leaf dichloromethane: methanol extracZomucronata (ICso > 100 ug/ml) reported by
Clarksonet al. (2004). Suksamrargt al. (2005) has reported actitvity of two cyclopeptide
alkaloids, ziziphine N and ziziphine Q from @noplia var. brunoniana, with 1Csovalues of
3.92 and 3.5ug/ml, respectively; indicating that species andalibg are important variables

influencing the antimalarial activity.
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The fruit and leaves db. spatulifolia did not possess any antimalarial activity with t@gg
value of the fruit being 124.90 + 9.79/ml; whilst the leaves only resulted in 49.11%gse
death at 20@ug/ml (Table 5.2). This is in agreement with a gtbg Suksamraret al. (2003)
who reported no activity for the methanol extractne twigs ofG. saxatilis. However, in the
same study, the chloroform and hexane extractsah#@iglasmodial activity which resulted in
the isolation of 10 triterpenes, with four havingtiplasmodial activity. These were
messagenic acid A and B withs§values of 1.50 and 3.8@/ml, respectively, uncarinic acid
E and 27-p-(E)-coumaroyloxyursolic acid, both havi@so values of 2.9Qug/ml. Gardenia
tenifolia is reported to be used by the Ghanaian peopléhéotreatment of malaria (Asase
al., 2005).

Dichrostachys cinerea showed variable activity among its parts, with fhait possessing
moderate antimalarial activity (g= 26.51 + 1.371g/ml); whilst the leaves did not show any
significant activity (IGo = 106.76 = 9.641g/ml) (Table 5.2). When correlating these resits
the toxicity results (Table 6.1), it can be seeat the fruit was also toxic to these mammalian
cells and it is possible that the activity reporteste is due to the general cytotoxicity of the
fruit since the fruit pericarp and seeds were ngpasated during extraction. Further
cytotoxicity studies against other human cell liaes required. Both the fruit and the leaves
did not show any red blood cell toxicity (Table bwvihich excludes haemolysis of the red
blood cell membrane as the antimalarial mode ofoactNo antimalarial activity has
previously been reported f@. cinerea. However, the stem bark acetone extract of another
plant from the same familyAcacia xanthoploea Benth showed promising activity when
determined by aflow cytometric assay on the chloroquine-resisteRtJP1 strain (I =
10.10pug/ml) (Prozeskt al., 2001).

Guilleminea densa (whole plant) did not possess any antimalarialvagt(Table 5.2). There

iS no previous research to be found on this pl&@re genus from the Amaranthaceae family
has been reported to possess some antimalarialepieg in South Africa, namely
Achyranthes aspera L. which was tested on the chloroquine-sensitiid Btrain using the
pLDH assay. An Ig value of 9.90ug/ml was obtained for the dichloromethane: methanol
(1:1) extract of the whole plant (Clarksetral., 2004).

Most of the extracts with the exception of the EmwfF. glumosa andB. salicina and the

bark ofO. sphaerocarpa andS. cordatum did not possess red blood cell toxicity (Table)5.2
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This implies that the mechanism of action agaihdalciparum is not related to red blood cell
lysis, but rather to a direct inhibitory effect ¢ime intra-erythrocytic parasite (Sharma and
Sharma, 2001).

All the plant/quinine combinations that were tesiadthis study resulted in antagonistic
interactions withZFIC values greater than 1 (Section 5.3.3; Figu®.5.However, upon
examining the individual FIC values of the differestombinations, it was noted that the
overall XFIC does not necessarily reflect what is happeniitigin the different ratios of plant
to quinine combination. In some cases for exampte, leaves ofF. glumosa, give
antagonistic interaction at the high quinine: estt@ncentrations. Upon reducing the quinine
and increasing the extract concentration, a sys#egnteraction is obtained. The same was
observed for the bark @&. salicina. An additive interaction was also observed atltieest

concentration of quinine to the stemLofntermedia (Appendix D).

The mechanism resulting in these interactions clafm®o known at this stage since the
mechanism of action of extract and its many aatmmponents are unknown. It is known that
quinine, like the other quinoline drugs, acts oa thtra-erythrocytic stage of the parasite,
where its mechanism of action involves the inhditor termination of haemozoin formation.
After the parasite has entered the red blood be#moglobin is ingested and sequestered in
the food vacuole resulting in the release of haéegl)PPIX). In the presence of oxygen, the
toxic haem is oxidized to Fe(lll)PPIX which are ymwlerized to form haemozoin. In the
presence of the quinolines, crystallization of tfaem is prevented by the drug forming drug-
haem complexes. These latter complexes then dathagearasite membranes and enzymes
via lipid peroxidation (Olliaro, 2001; Becket al., 2004; Vangapandat al., 2007; Egan,
2008).

The extract/quinine combinations predominantly shamtagonism at most concentrations
tested. This antagonism could be due to the estsstectively entering and changing the pH
of the food vacuole, resulting in the inhibition thie uptake of quinine. Quinine is a weak
base; any change in pH affects the ionization ef ¢tompound so that the concentration
accumulating in the food vacuole is decreased §flJi2001). It is also possible that some of
the extracts likd. phanerophlebia leaves andF. glumosa bark, which possesses iron chelating
properties (Table 7.1), antagonize quinine by pnéag the formation of the toxic drug-haem

complex (Mabezat al., 1999). It is also possible that the extract dney compete for the
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same uptake mechanism or that there is formatioextrct-drug complexes which prevent
cellular drug uptake (Waakei al., 2005), which would explain why there is synemgiehen

there are low concentrations of the quinine toastt(Figure 5.6).

Similar observations of both antagonistic and syiséic interactions have been reported
between standard antimalarials and plant extraktsa study on the antimalarial activity of
plants used in Kenya to treat malaria symptomsgedanteraction between the plant extract
and chloroquine were reported (Muregjial., 2007). Of note is the antagonistic interaction
for the leaf and root-bark dficus sur on chloroquine-tolerant NK65 strain &f berghei,
using thein vivo model. This is consistent with the antagonistteraction of. glumosa and
quinine observed in this study (Figure 5.6). Waakal. (2005) also reported antagonism
between the shoot extract Afpilia africana and artemisinin using thia vitro model on the

chloroquine-sensitive D10 strain and chloroquing suphonamide-resistant K1 strain.

The preferred interaction in clinical practice st of synergy. Synergistic combinations in
malaria treatment is not a new phenomenon; cumegimes use different combinations of
drugs to increase the efficacy of the treatment, @gample, the use of sulfadoxine in
combination with pyrimethamine for the treatmentusfcomplicated malaria in areas with
chloroquine resistance. However, this combinai®mo longer recommended in South
Africa and artemether with lumefantrine has repdage Chloroquine in combination with

proguanil was previously used for prophylaxis; heere with the high levels of chloroquine
resistance, it is no longer in use. Atavaquone @oduanil are currently in use for causal
prophylaxis (National Department of Health, 2008308b).

Synergistic combination therapy also has the beoéfising low doses of the single agent and
thereby reducing its adverse effects (WilliamsddQD) as well as reducing the possibility of
resistance development by a parasite to a singetdBerenbaum, 1989). Synergism between
two drugs might result from binding to the sameéamprotein, binding to a transporter that
enhances the uptake of the second drug, formafiancomplex between the two drugs that
increases their potency or one might stimulatectimesersion of one to a more potent or active
form (Bell, 2005), or further still, through sequiah inhibition of enzymes, for example
pyrimethamine and sulphadoxine, which act by irthibi dihydrofolate reductase and

dihydropteroate synthase, respectively in the éodgnthesis pathway (Olliaro, 2001).
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Bell (2005) defines synergism as an effect of dnmgsombination that is higher than would
be expected from the individual activities. Itviery important that we know the kind of
interaction to be expected when combining standamtimalarial drugs with traditional

medicines. This is especially relevant in the raralas where it is possible for an individual to
have consulted traditional healers for the treatneérmalaria symptoms before resorting to
western medicine. In this case, the individual migave possibly taken some traditional
medicine which may result in synergistic, additive antagonistic interactions when taken
with standard antimalarial drugs. The latter iatdion is the most worrying, as this could

result in therapeutic failure and possible fataditif adequate regimens are not administered.

It can be concluded that some of the extracts, siscthe bark of. cordatum, leaves ofT.
phanerophlebia, bark of B. salicina and whole plant extract dP. meyeri, do possess
antimalarial properties and there is need for frtimvestigation. Some of the extracts, for
exampleT. emetica and R. communis, are documented as antimalarial agents in trawitio
medicine, but did not show any antiplasmodial proeeg in this investigation. These extracts
are probably not acting directly on the parasité,dve used to reduce malaria symptoms such
as fever, or they may act as pro-drugs and arebmkgad into active drugs such as in the case
of the inactive proguanil, which is metabolized ttve active form cycloproguanil or
artemisinin to dihydroartemisinin (Rosenthal, 2006)t would also be worthwhile to
investigate the effect of the extracts on the skstames of the parasite, because though they
may not be active on the asexual stages, they raag hn effect on the gametocyte stages
such as the artemisinin-type drugs (Olliaro, 200Ihe study has further confirmed the

importance of ethnobotany in antimalarial drug aeck.
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CHAPER 6: MAMMALIAN CELL TOXICITY

6.1 Introduction

6.1.1 Plant toxicity

The World Health Organization has set out, amosgiiteria, that in order for herbs to be
used as medicine, they should be shown to be noa{d/HO, 1978). Plants commonly used
in traditional medicine are assumed to be safefer& from side effects because they have
been in use for the treatment of diseases for@tiome. However, in addition to the historical
information about their use, a formal toxicologiealaluation of the plant should be carried
out before they are accepted as safe medicines i$tiecause recent scientific research has
shown that many plants that are used as food orcnedare potentially toxic, mutagenic and
carcinogenic (Fenneét al., 2004; Buenzt al., 2007; Mukinda and Syce, 2007; Sowemieho
al., 2007).

Toxicology is mainly concerned with adverse or tiieus effects in living organisms
resulting from an exposure to a toxic substant¢keen drug or chemical substance. Exposure
can either be by inhalation, ingestion or by tramsthl means. Toxic reactions differ
depending on the length of time the individuabip@sed to the toxic substance and can either
be acute (single exposure or occurring over ortevéodays) or chronic (prolonged exposure)
(Klaassen, 2001; Plaa, 2007). The symptoms agsdcwith exposure to toxic substances,
especially plant products, vary from mild gastresiinal symptoms and allergic reactions to
renal and hepatic toxicity, cardiovascular, neugadal complications, haematological,
carcinogenic effects and death (Yahpeizal., 2006).

Due to the complexity of herbal preparations, itdrees difficult to determine the agents
responsible for the adverse reactions seen in egppatients. However, it is well known that
herbal preparations containing amongst othersodoidtic acid, aconitine, podophylline,
achiotoxin, pyrrolizidine alkaloids or atractylosid¢dan cause toxicity. In addition, microbial
and heavy metal contamination of these plants neagebponsible for their observed toxicity.
In some cases, adulterations of herbal medicingspthiarmaceuticals can result in the adverse
effects observed after their ingestion (Coulorabal., 1999; Snymaset al., 2005; Yahnbget

al., 2006).
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6.1.1.1 Major organs affected by intoxication with herbal preparations

The dose-response principle is essential when astigjithe severity of a herbal intoxication.
In fact, this is true with all chemical substaneagen pharmaceutical drugs. There is no safe
or toxic chemical; safety depends on the dose ted®mell as the risk associated with the use
of the chemical substance (Klaassen, 2001). Asxample, water and oxygen, which are
quite essential for life can be toxic in excessaraounts (Bandaranayak2P06). Also,
paracetamol (acetaminophen), commonly used for ndmoderate pain and as an

antipyrectic, is highly toxic to both the liver akitiney in high doses (Furst and Ulrich, 2007).

Many plant toxins are central nervous system deprds and death results from airway
obstruction due to a flaccid tongue, aspiratiogastric contents into the tracheobronchial tree
or respiratory arrest. Examples of these are poglmgtoxins from the rhizome of
Podophyllum hexandrum, which results in sensory neuropathy after ingas{Deng, 2002).
Cardiovascular toxicity is also seen in plant orblaé preparation poisoning with symptoms
such as hypotension, hypovolemia, peripheral Mascwllapse or cardiac arrhythmias being
observed. Ingestion of aconitine obtained frakoonitum carmichaeli and Aconitum
kusnezoffii results in cardiotoxicity evidenced by hypotensamd ventricular ectopics (Chan
et al.,, 1993; Yoshiokaet al., 1996; Deng, 2002). Cellular hypoxia is evidehday
tachycardia, hypotension, severe lactic acidosigl aigns of ischaemia on the
electrocardiogram. Renal and hepatic toxicity eers after ingestion of aristolochic acid-
containing preparations, as well as those contgi@ainactyloside and its metabolites. Such
compounds are found in plants suchSgsphytum spp, Dryopteris spp, Callilepis laureola
andLycopodium serratum (Popatet al., 2001; Deng, 2002).

The more severe and chronic result of intoxicalbBNA damage (genotoxicity). This form
of toxicity will not present with acute signs sues allergy reactions, gastrointestinal
problems, but will take time to manifest. Plantstaining pyrrolizidine alkaloids, such as
Senecio spp,Symphytum spp, Crotalaria spp, Tussilago spp andHeliotropium spp, have been
shown to be genotoxic. Pyrrolizidine has been shaav form crosslinks with DNA and

proteins in humans (Coulomieeal., 1999).

104



6.1.1.2 Prevalence of traditional medicine poisongnin South Africa

Currently, the prescription and use of traditionadicine in South Africa is not regulated.
This results in the risk of misadministration andcnobial contamination of these plants
resulting in their toxicity. Adulteration of herlbeemedies also poses a threat for their safe
use. Adulteration of Chinese herbal preparatiorik eavy metals, pharmaceutical drugs and
other toxic plants has had adverse effects on #teergs resulting in hepatic, renal and

neurotoxic effects (Fennet al., 2004; Snymast al., 2005).

In South Africa, data on traditional medicine poisy is not reflective of the real scenario.
This is because some of the cases happen in nead and the people die without even going
to hospital. Even with those cases that do reaspitals, there is lack of analytical equipment
to determine the active compound responsible ferpthisoning. In addition, people who use
traditional medicine may not divulge the informatiabout the remedy they took to the doctor
and the poison-linked symptoms may be associatéd thve illness the remedy was initially
taken for (Stewartt al., 1999; Popatt al., 2001).

Estimates are that traditional medicines are resiptsnfor about 51.7% of all acute poisoning
deaths (Foukaridigt al., 1994). In another study by Stewattal. (1999), 62% of the
poisoning cases studied at the forensic scienaécseof the Gauteng province were due to
poisoning by a traditional remedy. In additionthés, the many potentially mutagenic South
African medicinal plants can cause long term damayen administered. This calls for
cautious use of traditional medicines and the rieetbxicological assessment before they are
prescribed as medicines (Fenretkl., 2004).

Thus, the aim of this Chapter was to determine tthacity of the plants used in Swazi
traditional medicine using am vitro model; and using the reported antimalarial agtivit
(Table 5.2) to calculate the safety index of thenfd.

6.2 Materials and Methods

6.2.1 Tetrazolium based cellular viability assay

The 3-[4,5-dimethylthiazol-2yl]-2,5diphenyltetrazoh bromide (MTT) assay is based on the
principle that metabolically active cells reactlwihe MTT reagent (pale yellow) to produce
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dark blue formazan crystals. The colour changkas tead in a multiwell plate reader at a test
wavelength of 540 nm and a reference wavelengtB98 nm. The amount of formazan

produced is directly proportional to the numbelivé cells (Mosmann, 1983).

6.2.2 Protocol

6.2.2.1 Media preparation

Experimental media was prepared using 9.38 g Haf@ mekdia (Highveld Biological)
supplemented with 1.18 g NaH@@Saarchem) into 1 litre Milli® water. Culture media was
prepared exactly the same way, differing only m dddition of 50 mg/ml gentamicin (Sigma).

Thereatter, it was filter sterilized through a 0.gn filter (Millex™).

To optimize cell
growth, 5% (v/v) heat inactivated fetal calf ser¢meat inactivated at 5& for 1 hour) was

added before use.

6.2.2.2 Preparation of extracts / positive control

A stock concentration of 20 mg/ml for the extraB) mg/ml for quinine (Fluka) and
chloroquine diphosphate (Sigma) and 10 mg/ml foplamtericin B and ciprofloxacin (CA
Milsch) was prepared in DMSO (Saarchem) and alegiatto sterile eppendorf tubes, stored
at -20°C until required. To prepare the first working centration of the extract, a 2 mg/ml
concentration and subsequent dilutions were prdpafeng into account the 10 times dilution
factor in the experiment, to give final concentra ranging from 200 to 1 pg/ml. These
dilutions were prepared in experimental media hefore being added to the cells for the

assay.

6.2.2.3 Culture maintenance

The transformed human kidney epithelial (Grahanilsceere continuously maintained in
culture at 37°C in 5% CQ (Ethics clearance waiver number W-CJ-090424-10;efgolx C1
and Biosafety Clearance number IB090503). Theunalimedia was replaced twice weekly.
The cells were trypsinized weekly after reachingfieency with 0.25% Trypsin-0.1%
Versene-ethylenediaminetetraacetic acid disodivers@ne-EDTA, Highveld Biological), that
is, after aspirating off spent culture media, tigpsversene-EDTA (4 ml) was added to the
culture flask and incubated at 8C for 5 minutes. This was done to lift the celigni the
bottom of the flask. Thereafter, culture medianfp was added to neutralize the trypsin and
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the cells centrifuged at 1500 rpm for 5 minutesr¢@th® T6000D). The media was aspirated
off and the cells re-suspended in fresh experinhen&lia (10 ml). These cells were either
used for the cellular viability assay, or re-see(ednl) into the flask with 40 ml of culture
medium and incubated at 3Z in 5% CQ.

6.2.2.4 Cellular viability assay

To determine the effect of the extract on cell auaty the trypsinized single-cell suspension
was adjusted to 0.5 million cells/ml. This was anpiished by staining the cells with 2 mg/ml
trypan blue (Sigma) in a 1:1 ratio, and then cowmtthe number of cells with a
haemocytometer. The cell suspension (90ul) was pheged out into the test and cell growth
control wells; while experimental media (90 ul) walated in the media and extract colour
control wells. The media control was included take sure the media was not contaminated,
whereas the colour control was to account for thleur of the plant extract or possible plant-
MTT interaction in the experiment. Two wells witBo DMSO were included in the assay to
test the effect of the extract solvent on the c€llke cells were then incubated for six hours at
37°C in 5% CQ to allow them to adhere to the plastic surfacthefd6 well plates (van Zg

al., 2006). Thereafter, 10 ul of the prepared dhsi were added to the test wells and 10 pl
experimental media to the cell growth control wellBhe cells were further incubated for 44
hours at 37°C in a 5% CQ humidified environment. After incubation, MTT (BS
Corporation) (20 pl; 50 mg/ml solution in PBS) wadded to the wells and incubated for 4
hours. Thereatfter, 100 pl culture media was remic@ared DMSO (150 pl) added to stop the
reaction and dissolve the formazan crystals. Thteep were shaken on a plate reader for 2.5
minutes to ensure that all crystals were dissolvedbsorbance was measured at a test
wavelength of 540 nm and reference 690 nm with lasistems IEMS Reader MF using the
Ascenf software (version 2.4).

6.2.3 Data analysis
Percentage cellular viability was calculated with two controls taken into account, using the

following formula:



% Cellular viability =

EXT treated cells Abgag-s90)— mean Abs of EXT colour contrgho.sso)— mean Abs of media contr@lo.sgg)

mean Abs of cell growth contrgho.ss0)— mean Abs of media contglo-sso)

where: EXT = extract and Abs = absorbance

The G values (concentration causing 50% cell death) vgererated using the Enzfitter
program (version 1.05) upon plotting log sigmoidseéwesponse curves. Each extract or
positive control was plated in triplicate, as waslthree separate experiments being performed
for each extract. The results are presented as meanh. ANOVA and Student t-test were
used to compare activity between the different plaarts, as well as to compare extract
activity with the controls using Graphpad Prfsgversion 4.0). A P value of less than 0.05
(P<0.05) was considered significant.To determine selectivity of the extracts foe fharasite
and the relative toxicity profile of the extractbe safety index was calculated using the

following formula:

Safety index = Toxicity (ICso)

Antimalarial activity (1)

A correlation between toxicity of the extracts ahdir antimalarial activity was determined

using linear regression with a 95% confidence waker

6.3 Results

The results of the cytotoxicity screening of thdrasts are summarized in Figure 6.1. The
ICso values ranged from 2.228 + 0.948/ml to a concentration greater than 2afiml. Of
the 33 extracts tested, 54.54% were non-toxic tmdwukidney epithelial cells (Kz>100
ug/ml). The least toxic of the extracts wede acutatum (roots), G densa (whole plant),B.
salicina (bark), T. phanerophlebia (bark), B. setifera (leaves),Z. mucronata (fruit) and B.
setifera (flower), which had |G values greater than 2Q@/ml (percent cell death = 78.71 +
1.34, 77.58 + 0.65, 70.84 + 2.72, 68.98 + 4.3076& 5.97, 55.68 + 3.68 and 53.07 + 3.80
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respectively). The bark of. mucronata was the most toxic (g = 2.23 + 0.91ug/ml),
followed by the bark oD. sphaerocarpa (ICso= 8.11 + 2.80ug/ml), leaves ofS. cordatum
(ICs0 = 8.65 £ 1.41ug/ml), fruit of O. sphaerocarpa (ICso= 10.39 % 1.05ug/ml) andP. meyeri
(whole plant) (IGo = 14.63 + 1.62:g/ml).

The cytotoxic activity of all the extracts was sfgrantly different (ANOVA: P<0.001) to that
of chloroquine (I1Gy = 296.96 + 5.18 pg/ml), whilst others suchlaphanerophlebia (leaves),
D. cinerea (leaves)R. communis (fruit, leaves, stem)H. acutatum (leaves) andF. glumosa
(leaves) were not significantly different from gune (P>0.05), with an l§g value of 141.34
22.08 pg/ml. It was generally noted that thereasability in toxicity among plant parts of
the same species. However, there was no statistigaificant difference in the toxicity
between most of the parts in each species; witheteeption ofR. communis which had

significant difference in the toxicity of the fruleaves and stem (P<0.05).

The bark ofB. salicina was the most selective against the malaria passitith low toxicity
compared to antimalarial activity, with a safetgex of >26.99 (Table 6.1). The leaveslof
phanerophlebia also displayed selective toxicity with a safetylem of 16.10. However,
compared to chloroquine or quinine, the two plaattp were incomparable as both these
antimalarial drugs are highly active and the plaatts are only crude extracts and not pure

compounds.

There was no correlation between the cytotoxic @riogs of the extracts and their antimalarial
activity (¥ = 0.01529). Comparison between toxicity of thevésa bark and fruit/flower
showed more toxicity in the bark, followed by thaiffflower and leaves (Figure 6.2). The
ICso values were significantly different from each athsing the Student t-test when averaged
(P <0.05).

6.4  Discussion

Fifty-four percent (54.54%) of the extracts testeai no cytotoxic properties (&> 100
pag/ml) against human kidney epithelial cells, witlst of the plants having variable toxicity
among the plant parts tested. As an exanpleucronata showed the highest toxicity in the
bark extract (16 = 2.23 pg/ml), whereas the fruit and leaves hadefotoxicity (1Go =
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189.11 £ 8.62 and 117.82 £ 2.56 ug/ml), respectif€hble 6.1). This can be explained by
the fact that plants and their parts exhibit ddfar profiles of secondary metabolites at
different stages as well as vegetative phaseseaflife (Miliauskaset al., 2004; Buenzt al.,
2007). As an example, the UPLC chromatograrR.afommunis varied among the different
plant parts with the stem showing the least nundfecompounds (Figure 3.8J0zoroa
gpaherocarpa, S. cordatum and G. spatulifolia were the only plants with general toxicity

among all the plant parts.
R. communis has previously been reported to have toxic comgewsuch as ricin an&.

communis agglutinin-60 from the seeds, and ricinine frora waves. Ricin has been reported
to inhibit eukaryotic protein synthesis by irreublg binding to the 60S subunit and
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Table 6.1:

In vitro cytotoxicity, antimalarial activity and safety ixl of extracts tested on

human kidney epithelial cells, with percent celattein parenthesis.

Scientific Name Plant part | Cytotoxicity Antimalarial activity Safety
ICs50 (Ug/ml) £ s.d. IC50(ug/ml) £ s.d. index
flower >200 (53.07 + 3.80%) | 32.3 £0.7. (>6.19
Berkheya setifera | stem/root 101.728.42 1512 +1.8 6.7¢
leaves >200 (68.71 £ 5.97%)| 66.40 £4.1 (>3.01
Breonadia slicina leaves 182.66:12.44 135.79 £10.7 1.3t
bark >200 (70.84 £ 2.72% | 7.41+1.8 (>26.99
Dichrostachys fruit 65.33+ 5.0C 2651+£1.3 2.4€
cinerea leave! 139.19+ 7.07 106.76 + 9.6 1.3C
fruit 189.11+ 8.62 117.54 £14.0 1.61
Ficusglumosa leave! 117.82+ 2.5¢€ 19.40 £ 2.2 6.07
bark 40.56+ 2.0¢ >200 (74.84 £ 3.959 | (>0.20
Gardenia fruit 21.30+ 2.67 124.90 £ 9.7 0.17
spatulifolia leave: 89.46+ 1.24 >200 (54.89 + 4.849 | (>0.45
Guilleminaedensa | whole plan | >200 (77.58 + 0.65% | 162.32 +17.3 (>1.22)
Helichyrsum leave: 113.53+ 6.91 >200 (66.14 £+ 7.69% | (>0.57
acutatum roots >200 (78.71 £ 1.349 | >200 (76.67 £ 3.56% | (>1)
Leonotis flower 107.81+ 10.7¢ 5551+7.1 1.94
intermedia sten 97.19+ 10.5( 2598 +1.7. 3.74
Ozoroa fruit 10.39+ 1.05 _ 40.20 + 8.5. 0.2¢€
sphaerocarpa leave: 95.86+ 26.27 5433 +1.2 1.7¢€
bark 8.11+2.8( 4529 +2.3 0.1€
Priva meyeri whole plan | 14.63+ 1.62 7.36 £0.8! 1.9¢
fruit 136.11+ 3.9¢€ 33.61+2.8 4.0¢
Ricinus communis | leave: 159.06+ 5.0C 23.60+2.8 6.74
sten 137.53+ 28.0¢ 52.73 + 0.4 2.61
Syzygium leave: 8.65+1.41 32.61+2.0 0.27
cordatum bark 26.80+ 2.54 6.70+1.2. 4.0C
Terminalia leave: 125.64+ 13.9¢ 7.81+1.8: 16.1(
phanerophlebia bark >200 (68.98 +4.309% | 72.62 + 3.4 (>2.75
Trichilia emetica leave: 45.95+ 5.1(C 18.13 + 3.5 2.5z
bark 67.83+ 2.7¢ >200 (71.07 £ 7.789 | (>0.34
Ziziphus fruit >200 (55.68 + 3.689 | 67.18 + 7.41 (>2.98
TuCronata leave: 61.17+1.7¢ 7399+14 0.8:
bark 2.23+0.91 9484 +1.4 0.0z
Chlcroquine 269.96 +5.8 0.052 +0.00 5191.5¢
Quinine 141.34+ 22 .0¢ 013 +£0.0: 1087.23

Ciprofloxacir

>100 (67.59 + 1.129

Amphotericin E

>100 (64.85 + 1.689
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Figure 6.2 Comparison in toxicity between the different glparts.

inactivating it (Balint, 1974; Lugnieet al., 1977; Ferrazet al., 1999). This study has
however, shown non-toxicity of all the parts testetth 1Cs, values greater than 100 pg/mi
(Table 6.1). According to previous studies, rio@ia neutral alkaloid might have a role in the
inhibition of the mitochondrial respiratory chaifhe MTT assay used in this study measures
mitochondrial viability and therefore ricinine walube expected to be cytotoxic to the cells
using this assay. It has also been reportedRhedmmunis is highly toxic by causing both
DNA and chromosomal aberrations (Feregal., 1999; Fennelét al., 2004).

In contrast, a study conducted by Bessehg@l., (2005) found no cytotoxicity of the leaf
methanolic extract against the HelaP4 cell linecaicentrations as high as 400 pg/ml. These
differences in toxicity can be due to the differeall lines or solvents used, as well as
geographical variation since the plants were ctdédrom different localities. Geographical
variation in plant activities has been confirmedsahvia spp andPerlagonium spp (Kamatou

et al., 2008; Lalliet al., 2008). Castor oil fronk. communis has reportedly been used to
stimulate labour and also used as a mild laxativelinical practice. It was also found to
cause little or no skin irritation, had no sensitibr photosensitizer properties, thus endorsed

to be used in cosmetic products (Cosmetic IngrédRewiew Expert Panel, 2007).

The leaves and fruit df. glumosa were non-toxic (IG = 117.82+ 2.56 and 189.1% 8.62
ug/ml, respectively) on the kidney epithelial celliereas the bark was toxic (4= 40.56+
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2.03 pg/ml) (Figure 6.1). Al-Fatimiet al. (2007) has shown non-toxicity of the fruit
methanolic extract of. vasta (ICso = 980ug/ml) against FL-cells (human amniotic epithelial
cell line) using the neutral red uptake assay. tAaostudy to report non-toxicity of the leaf
ethanolic extract off. capensis at concentrations greater than 50 pg/ml (Ziethal., 2005) as
conducted on the human diploid embryonic lung d®IRC-5) and rat myoblast-derived cells
(L-6) using the MTT assay, thus confirming our esu Chianget al. (2005) also reported
toxicity of eight pentacyclic triterpenes possegsincarboxylic acid at C-28 isolated from the
aerial parts ofF. microcarpa, tested on human nasopharyngeal carcinoma HON®Hzl,
epidermoid carcinoma KB and colorectal carcinom&®€ells using the methylene blue dye

assay (IGp values ranging between 0.5 to %11@).

T. phanerophlebia leaves showed acceptable toxicity levels{(125.64 + 13.99 pg/ml) and
combined with its good antiplasmodial activityhad the highest safety index recorded for the
33 extracts studied (Table 6.1). In contrast,nailar speciesl. glaucenscens showed high
toxicity (ICso: ~ 9 pg/ml) against human fibroblast cells (Muatetfal., 2000). Termianalia
sericea also showed significant toxicity against monkegnay cells (IGo = 24.00 pg/ml)
(Tshikalangeet al., 2005). A study conducted by Fyhrquastal. (2006) on the toxicity of
some Terminalia species, revealed varied toxicity of the genusinsgjaHela cervical
carcinoma cell line, MCF-7 breast cancer, PC 3tpaites cancer, HOS osteosarcoma and T24
bladder cancer cells using both the Alamar Bluapasd flow cytometry assayath percent
cell growth at 25ug/ml ranging from 18.0 + 0.24 to 110.0 + 4.8%. Treeminalia species
have been reported to possess many secondary riembguch as saponins, flavones,
flavonols, tannins and phenylpropanoids which amown to be cytotoxic and/or
antimutagenic (Fyhrquistt al. 2006). The present study has also reported thgepce of
flavonoids in both the leaves and barKTofphanerophlebia, with the bark having the higher
content (33.33 mg RE/ g extract; Table 7.2) ofdlawids. Even though such high content of
flavonoid has been reported in the bark, it wasleéhst toxic to human kidney epithelial cells.
This may mean that the types of flavonoids preseatpredominantly non-toxic or that the
overall toxicity results from interactions withihe individual components and this species of
Terminalia may lack some of those compound® minalia spp are traditionally used to treat

a wide variety of illnesses such as diabetes, ltha@, gonorrohoea (roots and leaves), infected
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wounds (powdered leaves), bilharzia (root decogtidever, hypertension, cancer and
bacterial infections (roots, stem bark and lea{sjwinger, 1996).

The fruit and bark oO. sphaerocarpa were toxic as demonstrated in this study (Tablg.6.

This correlates with a study by Reial. (2003), where they found cytotoxicity of the bark
methanolic extract of a similar specig3. insignis, tested against Hep-G2 (human
hepatocellular carcinoma), MDA-MB-231 (human manynadenocarcinoma) and 5637
MDA-MB-231 (human primary bladder carcinoma). Thgotoxicity was expressed as
percent kill at 250 and 125 pg/ml; with 250 pg/msulting in 86.96 + 4.83% and 92.30 +
3.58% for Hep-G2 and MDA-MB-231, respectively. \ghifor the bladder carcinoma 125
pag/ml inhibited 91.56 + 2.21% cell growth. The ity was attributed to the anacardic acid

and ginkgoic acid components@ insignis.

O. sphaerocarpa showed good antimicrobial activity (Table 4.1) iaga all the
microorganisms tested. This general activity maydbe to its general toxicity, resulting in
non-specific cell death. The leaves, which sholesd toxicity compared to the fruit or the
bark, were also found to have lower antimicrobicivaty (Table 6.1 and Table 4.1). It is
interesting to note, though that the fruit@fsphaerocarpa has no recorded medicinal use. Its
use is only as a fruit, edible even by humans. tokeity displayed in this study may be due
to the fact that the flesh and the seeds were eqmdrated during extraction and the toxicity
may be due to the seeds. This could be becauss,se® agents for future, have defenses
against predators to ensure that they are leftuchted to germinate. These defenses are also
in the form of toxins which make the seed unpalataly indigestible (Salisbury and Ross,
1992; Stern, 1997). ThR. communis seed oil has been reported to be quite toxic dube
presence of the phytotoxin ricin, which is foundyon the seeds of this plant. In contrast, the
fruit pericarp is used medicinally and does nottaonricin (Lugnieret al., 1977; Alternative
Gardening, 2006). Another exampleCarica papaya L. which has edible fruits, but the seeds
contain benzyl isothiocyanate, which causes manyc teffects such as cell death via
modification of mitochondrial function (Nakamuet al., 2002) and irreversible uterine
tocolysis in rats (Adeyilat al., 2003).
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In this study it has been shown that the dominaxitity of the fruits ofG. spatulifolia andD.
cinerea were probably due to the same reason in thategkdsswere not separated from the
fruit pericarp, whereas the seeds from the fruiRoEommunis were separated and did not
show toxicity (Table 6.1).0zoroa sphaerocarpa has shown general toxicity among its parts
and if the fruit is toxic when ingested, the compaduaken is in small amounts which is
different to the experimental condition where thge uof many fruits and solvent may
contribute to concentrating the toxic compound #ng result in the observed toxicity. It is
also possible that the toxic compound is commoralinparts of the plant. The UPLC
chromatogram (Figure 3.7) showed a number of comg®weommon in all three fruit, leaves

and bark extracts.

The bark ofZ. mucronata, traditionally used for infections such as bodkest problems and
cough was also toxic to human kidney epitheliallscelnd has been shown to possess

mutagenic properties using the Ames tesSaimonella typhimurium (Elgorashiet al., 2003).

S cordatum was generally toxic in this study. Interestingly, was found to have
antigenotoxic effects exhibited by lowering the ageén mitomycin C (MMC) in the
micronucleus test (Fennedt al., 2004). The latter effect was observed by Veasubet al.
(2004), where leaves db. cordatum were found to have a protective effect against the

genotoxic action of the chemical mutagen MMC onShigphimurium TA98 strain.

The flower, stem/root and leavesBfsetifera were non-toxic to the human kidney epithelial
cells (Table 6.1). A similar specie, mantana has been investigated for mutagenicity and
negative results were observed using the Ames @ss33imonella typhymurium (Reid etal .,
2006). This ssupports the non-toxicity of the plangeneral. In the same studdglichrysum
species K. simillimum, H. rugulosum and H. herbaceum) showed positive mutagenicity
results at concentrations ranging from 0.05 to %nmhgWhile in this study, no cytotoxicity of

both the root and leaf extractldf acutatum (ICso >100ug/ml) was observed.
L. intermedia (flower and stem) were not toxic withdg&values of 107.81 + 10.78 and 97.19 +

10.50ug/ml, respectively (Table 6.1). This is in agreameith a recent study conducted by
Ah Keeet al. (2008), which showed no cytotoxicity @& 200ug/ml) of the root methanolic
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extract ofL. leonorus on colon adenocarcinoma cell (HT-29), lung epitiietarcinoma (A-
549), chronic myelogenous leukaemia (K562) anddiradenocarcinoma (MCF-7), with the
exception of acute promyeloctic leukaemia (HL-60Fs{ = 62.47 + 3.31ug/ml). A
compound isolated from this plant, marrubiin almwed weak cytotoxic potential in the
same study with £10 to 25% inhibition of growth tre latter cell lines at 5Qg/ml. In
contrastL. nepetifolia was found to be toxic in the brine shrimp lethyatissay with a L& of
19.8ug/ml (Davidet al., 2007).

The fruit and leaves d&. spatulifolia were found to be toxic in this study (Figure 6Mfich

is in agreement with previous studies that havewshthat a similar specie&. volkensii
causes DNA damage and chromosomal aberrations tenmicronucleus and alkaline comet
assays (Tayloet al., 2003; Verschaew al., 2004). Gardenia yellow colour from the fruit of
Gardenia species was shown to induce hepatotoxititgale Wistar rats due to geniposide,
which is an iridoid (Yamancet al., 1988), and Ozaket al. (2002) has also reported
genotoxicity of geniposide. Cytotoxic compounds/é been reported for the leaf and twig
constituents ofG. tubifera (Reutrakul et al., 2004). Coronalolide methyl ester and
coronalolide, isolated fron®. coronaria and G. sootepensis were similarly reported to be
cytotoxic when tested against a hormone-dependaasbcancer cell line (ZR-75-1) (Silea
al., 1997).

The leaves oD. cinerea did not show cytotoxicity (16 value = 139.19 = 7.07g/ml)
whereas the fruit was toxic ((¢value = 65.33 + 5.0Qg/ml) to human kidney epithelial cells
(Figure 6.1). In a previous study, the tannindaieal from the root oD. cinerea were
reported to possess antibacterial properties (BansoAdeyemo, 2007). In agreement, this
study has reported good antimicrobial activityDncinerea with MIC range of 0.25 to 0.67
mg/ml (Table 4.1), indicating a more selective bitory / toxic effect towards micro-

organisms than eukaryotic cells.

The leaves and bark @t emetica were both cytotoxic with 165 values of 45.95 + 5.10 and
67.83 + 2.78ug/ml, respectively. In their review, Fennell al. (2004) reported thal.
emetica is highly toxic and causes both DNA damage andmlosomal aberrations and this
was previously reported by Elgoraghal. (2003) and Tayloet al. (2003).



G. densa (whole plant) andB. salicina (leaves and bark) were non toxic, whilst meyeri
(whole plant) was toxic to kidney epithelial cellgure 6.1). This is the first documentation
on the cytotoxicity of these plants as a comprelenlgerature search yielded no previous

toxicological work on them.

Overall, there was no correlation between the oyiotproperties of the extracts and their
antimalarial activity (r = 0.01529), indicating that for the majority oftlplant extracts the
cytotoxic properties are not related to the possimechanism by which the extracts are
inhibiting plasmodial growth. Caution should sk# taken when administering these extracts
as some do possess a high cytotoxic activity. Bbdrk was more toxic when compared to the
other plant parts, followed by the fruit/flower aladtly the leaves. This may possibly be due
to the presence of tannins in the bark which ardctalepending on the degree of
polymerization (Saha and Kaviraj, 1996; Makkgal., 2007).

The discrepancies in toxicity emphasize the needidorous testing of traditional medicinal

preparations before they are prescribed as medicir@ne assay may give some beneficial
effects of a particular extract, whereas anotherraay show undesirable effects, emphasizing
the need to screen various cell lines using varmasays. As with all conventional drugs,
traditional medicines will have side effects as Iwad the desired effects. They should,
therefore, be fully investigated for both shorttefacute poisoning), long-term (mutagenic)

and teratogenic effects.

Moreover, issues of herb-drug interactions shoelgptoperly investigated. Medicinal plants,

if exerting a clinical effect, may also interact thviconcurrently used pharmaceutical
medicines, for example, the common self-administetse of St John’s wort taken

concurrently with the combined contraceptive mlgoxin, HIV protease inhibitors, selective

serotonin reuptake inhibitors, theophylline and feuan, has produced severe interactions
(Heinrichet al., 2004).

The current study demonstrates potential toxiclityame of the plants investigated. However,
it is important to note thah vitro cytotoxicity is not always indicative oh vivo toxicity

11¢€



(Cremin and Smith, 2002). Therefore, it would Imevise to conclude that the plants studied
will have toxic effects on humans when administesiedraditional medicines. Plant extracts,
like most drugs will be subjected to various meliahprocesses in humans which may result
in more or less toxic metabolites (Klaassen, 200Ihe study only indicates that the plants
could be toxic to humans, but for more conclusmak, it should be expanded to include
tests on other cell lines, covering all major systeas well as conducting vivo and clinical

investigation before conclusions are made abolt titvecity to humans.



CHAPTER 7: ANTI-OXIDANT ACTIVITY AND TOTAL
PHENOLIC/FLAVONOID CONTENT

7.1 Introduction

7.1.1 Oxidation of biological systems and anti-oxahts

Oxidation is a process in which a loss of electronsurs. It is essential to many living
organisms for the production of energy to fuel bgtal processes (Turkogkt al., 2006).
Active oxygen, either in the form of superoxide,dlggen peroxide, hydroxyl radical or
singled oxygen, is a product of normal metabolis@xidants have been implicated in the
onset and/or propagation of many human diseasésasuatherosclerosis, cardiac and cerebral

ischaemia, rheumatic and pulmonary diseases (@u&ltleuet al., 2000).

7.1.2 Sources of reactive oxygen species

Reactive oxygen species are derived from both esmumgs and exogenous sources.
Exogenous sources include amongst others; UV ataxh, y-irradiation, ultrasound, food,
drugs, pollutants, xenobiotics and toxins; whilel@egenous sources are cells (neutrophils,
monocytes, macrophages, eosinophils), direct piaduceactive oxygen species (ROS)
enzymes such as nitric oxide (NO) synthase, intdpeaducing ROS enzymes (xanthine
oxidase), metabolism and diseases (mental disgridelsaemic processes) (Ametsal., 1993;
Halliwell, 1994; Kohen and Nyska, 2002).

7.1.3 Physiological functions of free radicals

A free radical is any atom or molecule that corgamsme or more unpaired electrons. These
unpaired electrons render the molecule very reactind once generated a free radical is
capable of propagating by being involved in cha&actions with other less reactive species.
Examples of free radicals include hydroxyl (@QHsuperoxide (&), nitric oxide (NO),
nitrogen dioxide (N@) and peroxyl (ROQ (Halliwell and Gutteridge, 1989; Bahorehal.,
2006). Free radicals act as messengers for sigamaduction and also affect gene expression
Nitric oxide has been identified as a signaling enale since it has the ability to cross cell
membranes thereby transmitting signals to othds.celk also regulates transcription factor
activities and other determinants of gene exprasskdydrogen peroxide and superoxide have

similar effects on the cell (Nordberg and ArnerQ2p
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Free radicals are also useful in the body’s defaaganst infection. When phagocytes are
activated, they produce reactive oxygen speciemmounts that are enough to Kill invading
microorganisms (Thomaet al., 1988). During a microbial invasion, ROS aredueed by the
NADPH oxidase complex that converts oxygen to saxde, which is in turn reduced in the
phagosome by superoxide dismutase (SOD) to hydrpgeoxide that is also converted to
hypochlorous acid by myeloperoxidase. Hypochlomspusntaneously forms hydroxyl radical
by the Fenton reaction. Hypochlorous and the hygdreoadical are highly toxic and cause
bacterial DNA damage (Nordgerg and Arner, 2001; éohnd Nyska, 2002).

7.1.4 Deleterious effects of free radicals

Free radicals also attack biological moleculesdileg to cellular or tissue damage (Figure
7.1). This damage results when the mechanism ofoaidant protection becomes
unbalanced due to factors such as smoking, iopizatdiation, certain pollutants, organic
solvents, normal aerobic respiration, stimulatedlymorphonuclear leukocytes and
macrophages (Blyukokuu et al., 2002; Gulciret al., 2004; Turkoglwet al., 2006; Tiwari
and Tripathi, 2007). Diseases such as carcinogenmasitagenesis, ageing, arteriosclerosis,
rheumatoid arthritis, malaria, gastric ulcer andD&Il have all been associated with the
production of oxygen-derived free radicals and tigamxygen species (Covaaatial., 2001;
Zhuet al., 2002; Buyukokurglu et al., 2002; Gulgiret al., 2004; Turkogliet al., 2006). Free
radicals are known to attack and cause specificadento certain vital systems in the body.
These may be damage to DNA, lipids and proteins.
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Figure 7.1 Simplified scheme of oxidative and anti-oxidatsystems in cells, where GSH:
glutathione; GPx: glutathione peroxidase; Prx: peealoxins (Nordberg and
Arnér, 2001).
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7.1.4.1 Deoxyribonucleic acid

ROS can interact with DNA and cause several tygesdterations including DNA cleavage,
DNA protein cross links, oxidation of purines, dayjedo the deoxyribose sugar and damage
to the DNA repair system. If the DNA damage remastem is unable to fix the damage
immediately, mutations may result, which may explhie prevalence of cancer in individuals
exposed to oxidative stress. Aging has also bétibuaed to mitochondrial DNA damage
(Nordgerg and Arner, 2001; Kohen and Nyska, 2002).

7.1.4.2 Lipids

Lipid peroxidation is defined as the net resultaoly free radical attack on membranes and
other lipid constituents present in the body. al @ither be enzymatic (F&NADPH) or non-
enzymatic (F&/ascorbic acid) (Tiwari and Tripathi, 2007). Theltiple bonds of fatty acids
are good targets for ROS. Such oxidation is alsolied in the generation of atherosclerotic
plagues. Plaque formation is also involved in #wetiology of cardiovascular diseases
(Halliwell, 1994). The damage to lipids occurstimee stages. The first stage is initiation,
which involves the attack of a reactive oxygen rbelitge capable of abstracting a hydrogen
atom from a methylene group in the lipid. Follogithe abstraction of the hydrogen, the
remaining fatty acid radical retains one electrowl @& stabilised by rearrangement of the
molecular structure to form a conjugated diene.is Tadical can react with oxygen to form
ROO during the propagation stage. The radicals am#elves capable of abstracting another
hydrogen atom from a neighbouring fatty acid molecwhich leads to the production of the
fatty acid radical that undergoes the same reagtid®dOO becomes a lipid hydroperoxide by
rearrangement. This can lead to a chain of reaxtiesulting in the peroxidation of all the
unsaturated lipids in the membrane (Kohen and Ny2&@2; Halliwell and Gutteridge 1989).
Iron stimulates lipid peroxidation by the Fentoaction and also accelerates peroxidation by
decomposing lipid hydroperoxides into peroxyl arkiosyl radicals that can also abstract
hydrogen and perpetuate the chain reaction of ppixidation (Halliwell, 1994).

7.1.4.3 Proteins

Proteins, as major constituents of membranes, lsansarve as targets for oxidative damage,
especially those containing sulphur or seleniundues. Oxidative damage to proteins results
in peroxidation, damage to specific amino aciddess, changes in their tertiary structure,

122



degradation and fragmentation. All these leadegs lactive enzymes, and non-functioning
proteins (Stadtman and Berlett, 1998).

7.1.5 Transition metal-induced oxidative damage

Transition metals, especially copper and iron, Whiare present in relatively high
concentrations in the body, play a very importate in the production of free radical species.
Interaction between iron and,®, produces the OHadical via the Fenton reaction (Figure
7.2A), which is recognised as one of the most ingmdrexplanations to the oxidative damage
occurring in biological environments. At the plolegical pH, most of the iron is oxidised
and attached to biological chelates in the fornfF@f. To take part in the Fenton reaction, it
must first be converted to its reduced forn’ "B’y superoxide radicals (Figure 7.2B). Due to
the fact that metals are usually bound to eithetgam or membranes, their involvement in the
Fenton reaction and the production of the’ @dical can have deleterious effects on the body,

since the OHradical is in close proximity to biological sitdsohen and Nyska, 2002).

FE€" + HO, —» F€" + OH + OH (A)
FE"+ O - F&€" + O (B)

Figure 7.2  Fenton reaction (Kohen and Nyska, 2002).

7.1.6 Anti-oxidants

Anti-oxidants can protect the human body from tfieats of free radicals and ROS (Gilgin
al., 2005). The most commonly used synthetic antlands are butylated hydroxyanisole,
butylated hydroxytoluene, propyl gallate and tertythydroquinone (Sherwin, 1990).
Unfortunately, these anti-oxidants have been linkediver damage and carcinogenesis in
laboratory animals (Grice, 1988; Wichi, 1988). iNat anti-oxidants can be divided into two
major types; enzymatic anti-oxidants and low mol@cweight anti-oxidants and all play a
vital role in protecting the body against free catlidamage. The enzymatic anti-oxidants are
Cu-Zn-SOD, Mn-SOD, glutathione peroxidase and eatl(Figure 7.3). Low molecular
weight anti-oxidants include ascorbic acid (vitan@ljy tocopherols (vitamin E), carotenoids,
flavonoids, tannins and glutathione. Cu-Zn-SGDrésponsible for the conversion of

superoxide anion into hydrogen peroxide and is doarthe cytoplasm and mitochondrial
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Figure 7.3 Schematic diagram representing a series ofioxacresulting in reactive

oxygen species — induced oxidative damage (Kohdri\giska, 2002).

intermembrane space. Mn-SOD is found in the muadnial matrix and has the same
function as Cu-Zn-SOD. Catalase catalyses thewdstion of hydrogen peroxide to oxygen
and water. Glutathione peroxidase is responsdriehfe reduction of hydrogen peroxide and
hydroperoxides that utilizes reduced glutathioneaalydrogen donor (Maet al., 2002,
McCune and Johns, 2002; Turrens, 2004).

The overall effect of anti-oxidants has been exg@di by the restoration of the redox
equilibrium disturbed by the causative factors nwergd above and thus diminishing the

damage on cellular structures (Ametsl., 1993).

124



Various mechanisms have been proposed to contributiee overall effect of anti-oxidants,
such as prevention of chain initiation, bindingti@ainsition metal ion catalysts, decomposition
of peroxides, prevention of continued hydrogen raotibn, reductive capacity and radical
scavenging (Diplock, 1997; Oktagt al., 2003). Plants used in traditional medicine have
characteristically been shown to possess anti-oxidetivity (van Vuureret al., 2006).

7.1.7 Traditional medicines as a source of anti-odants

Medicinal plants are known to contain large quagiof anti-oxidants such as phenolic acids,
flavonoids and tannins, which can play an importah in adsorbing and neutralizing free
radicals, quenching singlet and triplet oxygenjd@ezomposing peroxides (Skergeal., 2005;
Djeridaneet al., 2006; van Vuureret al., 2006). The use of such speciesAapalathus
linearis (rooibos), various species @yclopia (honeybush) andthrixia phyllicoides (bush
tea) as a herbal tea, date back to the 1900s ith $drica. These plants have been researched
and various degrees of anti-oxidant activity haeerbreported (Joubeet al., 2008). The
anti-oxidant activity amongst them has been attetuo their flavonoid, tannin and phenolic
content (Joubest al., 2008).

7.2  Materials and Methods

7.2.1 DPPH free radical-scavenging activity

Anti-oxidant properties and radical-scavenging \ati¢is are very important in biological
systems due the deleterious effects of free raglicBiphenylpicrylhydrazil (DPPH) has been
widely used to evaluate the free radical-scavenggffgctiveness of various anti-oxidant
substances. DPPI$ a stable free radical (Figure 7.4A) with a euteristic absorption band
at 517 nm. Anti-oxidants donate protons to thiigal resulting in the production of a non-
radical form DPPH-H (Figure 7.4B), with a decreaseabsorption at the characteristic
wavelength (McCune and Johns, 2002; Molyneux, 2@4gin et al., 2005; Turkoglwet al.,
2006).
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A: Diphenylpicrylhydrazyl (free radical) B: Diphenylpicrylhydrazine (nonradical)

Figure 7.4: DPPH free radical with an unpaired electron (A) and BIRP, which is non-

radical, has a hydrogen atom bound to the lone(BaifMolyneux, 2004).

7.2.1.1 Protocol

7.2.1.1.1 Microtitre plate method

(i) Preparation of DPPH

DPPH (96.16 uM) (Sigma-Aldrich) was prepared in HPL@dg methanol. DPPHb light
sensitive, therefore the container was wrappeailnstored at +4C and used within a week
of preparation.

(i) Preparation of extract / control
The crude extract or ascorbic acid (10 mg/ml) wapared in DMSO (Saarchem) and stored
at -20°C. For experimental purposes, this solution wastetl 1:20 to prepare the starting

concentration of 500 pg/ml.

(iii) Preparation of microtitre plates

In a 96-well microtitre plate, 50 pul of the 500 pysolution was plated in triplicate wells for
the test and control wells (Figure 7.5). 200 plPBPor HPLC grade methanol (Rochelle
Chemicals) was added to the test and control welispectively. The final concentration of
the extract in each well was 100 pg/ml, that ifye-fold dilution from 500 pg/ml. DMSO
(50 ul) and DPPH200 pl) were included for 100% absorbance. Akleontrol containing
50 pl DMSO and 200 pl methanol was also included asgative background control. Upon
addition of DPPH the reaction mixture was allowed to stand forn3@utes in the dark at
room temperature before the absorbance was re@l0ahm on a Labsystems Multiskan RC
spectrophotometer using the GenBs{¥ersion 3.03) program. The radical scavenging
potential of the plant extract was then calculatsidg the formula in Figure 7.6.
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DPPH and DMSO (100% absorbance) MeOH and DMSO (negative background control)

Extract blank

Extract and
DPPH

Extract plated in triplicate
with MeOH control

DPPH control with MeOH blank

Figure 7.5: Plate layout used for determining DPR&tical scavenging activity.

% Decoourisatior= (Av DPPF control— Av methanol blank— (Av extract— Av extract blank X 100%
(Av DPPHcontrol — Av methanol blank)

where:
Av DPPH Control = mean absorbance of control for 100% dizmmce
Av methanol blank = mean absorbance of metharaoikbl
Av extract = mean absorbance of extract

Av extract blank = mean absorbance of extracturatontrol

Figure 7.6 Equation used to determine percent (%) free ehdicavenging activity of plant

extracts.

This constituted the initial screening for DPRdavenging activity. Extracts that possessed
DPPH radical scavenging activity of less than 50% & 1@/ml were considered to have poor
DPPH radical scavenging activity. An extract that éxtad over 50% DPPHscavenging
activity (decolourisation) was serially dilutedMSO and the various concentrations tested
as previously described. A concentration giving¥b@ecolourisation (165 was then
calculated by plotting a log sigmoid dose-responseve using the Enzfitt&r program.

Ascorbic acid (Vitamin C) was used as a positiveti.
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7.2.1.1.2 High performance thin layer chromatograpi (HPTLC) method

The DPPH free radical scavenging activity of the most aetextracts (I value < 100
ug/ml) was also evaluated using an HPTLC method elheextracts (10 mg/ml in methanol)
were spotted on HPTLC plates and developed asibdedcin Section 3.2.1. Thereafter, the
plate was dipped in the DPPtadical (6.65 mM) in HPLC grade methanol, followeyl air-
drying at room temperature. Free radical scavengutivity was observed as decolourised

(yellow) areas on the HPTLC plate.

7.2.2 Metal chelating activity

Iron is a very important biological molecule andrégjuired by eukaryotic cells for survival,
proliferation and as a constituent of haemoglobid ather haemoproteins (Hentee al.,
2004). Unfortunately, though important, iron oead can have damaging effects to lipid
membranes. Chelating agents have been reporteel éffective secondary anti-oxidants due
to the fact that they reduce the redox potentias tstabilising the oxidized form of the metal
ion (Giilgin et al., 2005). Ferrozine forms complexes with?*F¢Fe”*-ferrozine) in a
guantitative manner, with a stoichiometric ratiold. Upon addition of chelating agents, the
complex formation is disrupted and the red colduhe complex fades away. Measuring the
amount of colour reduction allows for the estimatiof the chelating activity of the co-
existing chelator. Reduction of the colour intehsneans that the chelator captures the
ferrous ion before ferrozine thus reducing the diimoce at the test wavelength (Dieisal.,
1994; Oktayet al., 2003; Gulgiret al., 2004; Gulgiret al., 2005; Sarradiet al., 2005; Zharet

al., 2006; Senevirathret al., 2006).

7.2.2.1 Preparation of ferrozine
A 1.2 mM stock solution of ferrozine (3-[2-pyridy8),6-diphenyl-1,2 4-triazine-4,4"-
disulfonic acidsodium-salt; Fluka) was prepared in MilliQvater and stored at €€ until

required.
7.2.2.2 Preparation of 5% ammonium acetate

A 5% (w/v) ammonium acetate (Fluka) solution wasgared in MilliQ" water and stored at

+4°C until required.
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7.2.2.3 Preparation of FeGl
The FeC] solution (0.48 mM; Fluka) was prepared fresh focheaxperiment in 5%

ammonium acetate to prevent oxidation of th&€ s upon standing.

7.2.2.4 Wavelength scafor the ferrozine-iron complex

To determine the absorbance maxima of the ferreizamecomplex, 2Qul DMSO, 30ul FeChb
and 100 ul ferrozine were mixed and incubated for 10 minutesthe dark at room
temperature. Thereafter a wavelength scan was dora Lambda 25 Perkin Elmer UV/VIS
spectrometer, using UV WinLab Version 2.85.04, leetw 700 and 400 nm. An absorbance
maxima was found at 565.08 nm (Appendix E; Figutg Eherefore the method was adapted
to a microtitre plate and ran absorbance measurtsna&n550 nm, which was the nearest

available filter to the wavelength maxima.

7.2.2.5 Microtitre plate method
A stock solution of 10 mg/ml of crude extract waed. From this stock, a working solution

of 750 mg/ml was prepared in DMSO.

Extract (20ul) was plated out in a 96-well microtitre platetnplicate wells. Two control
wells of the same extract were also plated; a ecatontrol well for extract colour (EC) and a
control for the colour reaction between extract and (EF). In total, five wells of the same
extract were plated on the microtitre plate (Figiwd). FeCi (30 ul), extract (20ul) and (100

ul) were plated in the EF well, whilst ammonium atet(30ul), extract (20ul) and water
(100 ul) were added to the EC control wells (Figure &l incubated for 10 minutes in the
dark at room temperature. For 100% colour or cemfdrmation, only DMSO (2@l), FeCb

(30 ul) and ferrozine (10Qul) were plated in 8 wells, with three blanks inaddfor the
DMSO, ferrozine and Fe&l Absorbance was measured at 550 nm on a Labsystem
Multiskan RC spectrophotometer using the Geffegiersion 3.03) program. EDTA
(Rochelle Chemicals) at the same concentratioreds-MilliQ ™ water (0.48 mM) was used
as a positive control. The metal chelating agtiat the extracts was calculated using the
formula in Figure 7.8.

The concentration required to reduce thé fierrozine complex colour by 50% (@ was
obtained by plotting the concentration of extragaiast % metal chelating activity and

obtaining log sigmoid dose-response curves usiadgtirfittef program.
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Negative blank
controls for DMSO, Extract colour control (EC)
ferrozine and FeGl

- =] 00% colour control

100pg/ml

50 pg/ml
25ug/ml

Extract

12.5pg/ml
6.25pg/ml

Extract with iron (EF)

Figure 7.7.  Plate layout for metal chelating activity.

Metal chelating activity (%) = (Av control — Ab i) — (Ab extract — Ab extract blank)100%
(Av controlAv blank)

where:
Av control = mean absorbance of control for 10@¥%dzine binding
Ab blank = mean absorbance of all blanks (DMS@pfane and FeG)
Ab extract = absorbance of extract
Ab extract blank = absorbance of extract colouttiaas (EC and EF)

Figure 7.8 Equation used to calculate percent (%) metalathng activity of extracts.

7.2.3 Inhibition of lipid peroxidation

Inhibition of lipid peroxidation was measured usiihg ferric thiocyanate method described
by Glilginet al., 2005; Zharet al., 2006) where linoleic acid and plant extractiacubated at
37 °C for 48 hours in the dark. Thereafter, the mixtisr&aeacted with ferrous chloride and

ammonium thiocyanate. This method is based oraittethat during linoleic acid oxidation,
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peroxides are formed. These compounds oxidiz@udsrions to ferric ions, which in turn
form a complex with thiocyanate resulting in absorte maxima at 500 nm. In the presence
of an anti-oxidant, the complex formation is digdegresulting in a decrease in absorbance.
This disruption can be achieved through one oraiMour mechanisms:
a) Preventing first-chain initiation by scavenging faadicals such at the hydroxyl
radical.
b) Decomposing peroxides by converting them to nomceddorms.
c) Chain breaking, that is, to scavenge the internmbediadicals such as the peroxyl
radical.
d) Binding metal ions such that they do not form chaitiating species (Halliwell and
Gutteridge 1989).

7.2.3.1 Preparation of sodium phosphate buffer

The 0.2 M sodium phosphate buffer was prepareddsotving 2.76 g NablPO..H,O (Merck)

in 100 ml MilliQ™ water (solution A), and 7.12 g BPO,.2H,0 (Merck) in 200 ml MilliQ"
water (solution B). To make the buffer with a pH7d, 78 ml of solution A was mixed with
122 ml solution B. The pH of the buffer was comi&d using a Beckman 40 pH meter. This

solution was sterilized through a 0.22 um filted atored at +4C until required.

7.2.3.2 Preparation of ammonium thiocyanate
A 0.3 g/ml (w/v) solution of ammonium thiocyanat®aérchem) was prepared in MilliQ
water, stirred until dissolved and thereafter slaeroom temperature.

7.2.3.3 Preparation of ferrous chloride
The 20 mM stock solution of ferrous chloride teydtate was dissolved in 50 ml 3.5% (v/v)
hydrochloric acid in Milli@" water and stored in a glass container covered faitrat room

temperature. This solution was prepared fresledch experiment.

7.2.3.4 Preparation of linoleic acid emulsion
Linoleic acid (0.0568 g; Fluka) along with Tween-@D0568 g; Sigma) were mixed and the
volume made up to 10 ml with sodium phosphate b(ffel 7.0). The solution was prepared

fresh for each experiment.
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7.2.3.5 Wavelength scan for ferric ions—thiocynateomplex

To determine the absorbance maxima of the ferns-ithiocynateomplex, the protocol using
DMSO, as outlined in Section 7.2.3.6 was used. rddfeer a wavelength scan was done on a
Lambda 25 Perkin Elmer UV/VIS spectrometer, usingWinLab Version 2.85.04, between
700 and 300 nm. An absorbance maxima was foud81a04 nm (Appendix E; Figure E2).

7.2.3.6 Determination of lipid peroxidation

The extract (1 mg/ml) or DMSO for control (50 plpsvreacted with 250 pl linoleic acid
emulsion and 200 ul sodium phosphate buffer insgtabes covered with foil. This mixture
was vortexed and incubated at°&7for 48 hours in the dark. Thereafter, 20 plhef teaction
mixture was reacted with 75% ethanol (900 pl; Rdeh€hemicals), 40 pul ammonium
thiocyanate and 40 pl ferrous chloride. Afterrsig the reaction mixture for 5 minutes,
absorbance was measured at 500 nm using a PhUllBg® UV/Visible spectrophotometer.
This was wavelength maxima was chosen due to tladaiity of a filter closest to the
wavelength maxima found after the wavelength sca@molox  (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid; Aldrich) aadcorbic acid (Saarchem), at the same
concentration as the extract (prepared in DMSOjewesed as positive controls. Inhibition of

lipid peroxidation was calculated using the formal&igure 7.9.

% Inhibition = (Ay— A1) / Ap X 100
where:
Ao = absorbance of control

A; = absorbance of extract or positive control

Figure 7.9: Equation for determining inhibition of lipid penabation by the extracts.

7.2.4 Phenolic and flavonoid content

Phenols are important components of plants, fountt ln edible and non-edible plants.
Plant phenolics are divided into the following magroups; phenolic acids that are
hydroxylated derivatives of benzoic acid, phendds derived from cinnamic acid and
glycosidic phenylpropannid esters. Flavonoidshendther hand are a group of natural benzo-

y-pyran derivatives and occur as aglycones, glyessahd methylated derivatives. The latter
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have been used for centuries as an active ingrettieineat human diseases, and have been
shown to be anti-carcinogenic, anti-inflammatonhibit lipid peroxidation in meats, fish oll
and lard (Havsteen, 1983; Chetral., 1996).

Phenolic constituents, such as flavonoids, pheraeiids, diterpenes and tannins are especially
worthy of notice due to their high anti-oxidantiaity. They have been reported to eliminate
radicals due to their hydroxyl groups (Hatagtcal., 1989), whose position on the aromatic
rings has an effect on the anti-oxidant activityflakonoids (Skergeét al., 2005). Their
redox properties allow them to act as reducing tgdrydrogen donators and singlet oxygen
guenchers, and in addition, possess a metal anglabtential (Shahidet al., 1992; Rice-
Evanset al., 1996). A highly positive relationship existstween total phenols and anti-
oxidant activity (Gulciret al., 2004) and according to Tanadtaal., (1998), ingestion of up to
1.0g polyphenolic compounds on a daily basis ha#itory effects on mutagenesis and

carcinogenesis.

7.2.4.1 Phenolic content

The concentration of phenols in the extracts waasmed using the oxidizing agent Folin-
Ciocalteu reagent by UV spectrophotometry, which based on a colorimetric
oxidation/reduction reaction. A standard curve \waspared using gallic acid and the total
phenolic content expressed as gallic acid equivg®inkard and Singleton, 1977; Skerget
al., 2005).

7.2.4.1.1 Preparation of sodium carbonate
Sodium carbonate (Saarchem) solution (75 g/l) wapared in MilliQ" water, heated at 30
°C until all the sodium carbonate was dissolved, filtet sterilized using a 0.22 um Millex

filter. Thereafter, it was stored at @ until required.
7.2.4.1.2 Preparation of Folin-Ciocalteu reagent

A 1% (v/v) solution of the Folin-Ciocalteu (FC) gemt (Merck) was prepared in sterile

MilliQ ™ water and stored at € away from light.
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7.2.4.1.3 Wavelength scan for the phenol and FC rgant

To determine the absorbance maxima of the pherbFanhreagentomplex, gallic acid (100
mg/ml) was used and treated as outlined in Sectidrt.1.4 below, thereafter a wavelength
scan was done on a Lambda 25 Perkin Elmer UV/VI&spmeter, using UV WinLab
Version 2.85.04, between 850 and 400 nm. An alasmd maxima was found at 638.74 nm
(Appendix E; Figure E3). To test for interferen@e,sphaerocarpa leaves (10Qug/ml) were
treated the same way without adding the FC reagdpbn taking absorbance measurements,
a sharp peak at 672.09 nm (Appendix D3) was detectEhis maxima is probably due to
chlorophyll b which has an absorbance maxima betwas0 and 680 nm (Iriyamet al.,
1974), and therefore to minimize interference, dbmoce measurement was shifted to 760

nm.

7.2.4.1.4 Preparation of gallic acid standard curve

Gallic acid (5 g; Sigma) was dissolved in 10 ml D®$§aarchem) to make a stock solution
of 500 mg/ml. Dilutions ranging from 250 to 10 mdAvere prepared in DMSO. FC reagent
(500 pul) was added to 100 pl of the various extdikttions, followed by 400 pl N&Os.
This reaction mixture was allowed to stand in treekdat room temperature for 2 hours.
Thereatfter, absorbance was measured using a PRIIBF00 UV/Visible spectrophotometer
at 760 nm. A standard curve was generated usirmptpad Prisfh (version 4.0) (Figure

7.10), after three independent experiments werepeed.

7.2.4.1.5 Determination of total phenols in extrast

A stock solution of 10 mg/ml of crude extract waspgared in DMSO. The reaction mixture
consisted of 100 pl of the extract stock, 500 plrE&gent and 400 pl NaOs. After standing

in the dark at room temperature for 2 hours, th&diance was measured at 760 nm. The
concentration of total phenols in the extract wgsressed as gallic acid equivalents (MgGAE/
g extract) using the gallic acid calibration cuferidaneet al., 2006; Wonget al., 2006;
Kahkonenet al., 1999; Wojdyloet al., 2007; Mauet al., 2002; Bouayeet al., 2007). The
formula below (Figure 7.11) was used to calculagedoncentration of the phenolics.
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Concentration of gallic acid (mg/ml)

Figure 7.10: Gallic acid calibration curve, used to calculate #@mount of phenolics in

extract, plotted with a 95% confidence interval.

X = Y-0.06822
0.38
where:
X = concentration of phenolics in gallic acid eclents

Y = Absorbance of extract at 760 nm
Figure 7.11: Equation for the calculation of total phenolic tamt of extracts.

7.2.4.2 Flavonoid content

Flavonoid concentration in the extracts was esgahaising a spectrophotometric method that
is based on the formation of a flavonoid-aluminiaomplex with an absorbance maxima at
430 nm. Rutin, which is a flavonol glycoside compd of the flavonol quercetin (Figure
7.12), was used to prepare a standard curve andlabhenoid content was calculated as

milligram rutin equivalents per gram of extract @ier-Deleuet al., 2000).
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Figure 7.12: Chemical structure of rutin.

7.2.4.2.1 Preparation of aluminium sulphate

To prepare a 2% (w/v) solution, aluminium sulphgey; British Drug Houses (BDH)) was
dissolved first in 50 ml MilliQ" water to promote dissolution. Thereafter, 50 rRILE grade
methanol (Rochelle Chemicals) was added to maktheyolume and the solution stored at

+4 °C until required.

7.2.4.2.2 Wavelength scan for the rutin-aluminium emplex

To determine the absorbance maxima of the rutimadium complex, one concentration of
rutin was used and treated as outlined in Secti®i 2.3 below, thereafter a wavelength scan
was done on a Perkin Elmer precisely Lambda 25 U&Apectrometer, using UV WinLab
Version 2.85.04, between 700 and 300 nm. An alasmd maxima was detected at 394.65
nm (Appendix E; Figure E4). The method was theapsel to a microtitre plate and
absorbance measured at 405 nm as this was theawailable filter in our lab closest to the

wavelength maxima.

7.2.4.2.3 Preparation of rutin standard curve

Rutin (0.5 g; Sigma-Aldrich) was dissolved in 15 MPLC grade methanol, stirred until
dissolved and stored in the dark at°€4 To prepare a working solution of 0.833 mg/nl, 2
pl of the 33.33 mg/ml stock was diluted with 780 méthanol and subsequently serially
diluted (1:1) to prepare 10 concentrations (410.® pg/ml). The dilutions (100 ul) were
plated out in triplicate wells in a 96-well microé plate, followed by 100 pl aluminium
sulphate. The plate was incubated at room temperain the dark for 15 minutes.

Absorbance was measured at 405 nm on the LabsysEw$s Reader MF using the Ascent
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software (version 2.4). The experiment was dongipticate and thereafter, absorbance was
plotted against rutin concentration to obtain ttaedard curve (Figure 7.13).

Y =10.96X + 0.1625,7= 0.9954

Absorbance at 405 nm

0 T T T T 1
00 01 02 03 04 05

Rutin concetration (mg/ml)

Figure 7.13: Rutin calibration curve used to calculate the catregtion of flavonoids in the

extracts.

7.2.4.2.4 Determination of flavonoid content in exacts

The plant extract (100 pl; dissolved in DMSO) atomcentration of 10 mg/ml was plated in

triplicate wells on a 96-well microtitre plate. ukhinium sulphate (100 pl) was added to two
of the wells. The third well acted as a colourtoolnand only methanol was added. The plate
was incubated at room temperature in the dark fominutes. Thereafter absorbance was
measured at 405 nm. Flavonoid content was cakudtaim the rutin standard curve and

expressed as milligram rutin equivalents per grdnexdract (mgRE/ g extract) using the

equation in Figure 7.14.

X = Y-0.1625
1096
where:
X = concentration of flavonoids in rutin equivalent

Y = Absorbance of extract at 405 nm

Figure 7.14: Equation for the calculation of flavonoid contehextracts.
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7.2.5 Data analysis

All the experiments in this section were done iplitate and the results are presented as mean
+ s.d.. ANOVA was used to compare extract activitgh the controls using Graphpad
Prisnt (version 4.0). A p value of less than 0.05 (p&)Was considered significantLinear
regression was used to determine correlation betweedifferent anti-oxidant activity assays

and phenolic or flavonoid content with a 95% coaifide interval.

7.3  Results

7.3.1 DPPH radical scavenging activity

Several of the extracts possessed the ability avestge the DPPHadical (Table 7.1; Figure
7.15); while 39.4% of the plants did not posse€s06100 ug/ml). Dichrostachys cinerea
(leaves and fruit) anéicus glumosa (bark) were the most potent DPPiddical scavengers
with 1Cs values of 5.89 + 0.39, 6.02 + 0.79, 5.84 £ 188ml, respectively; which were
comparable to ascorbic acid with argd@alue of 5.61 £ 1.13 pg/ml (p>0.05). There wamal
no significant difference (p>0.05) between ascorbad andTerminalia phanerophlebia
(leaves)yandSyzygium cordatum (bark) (Table 7.1).

The results obtained from the HPTLC plates indi¢hsd there are several compounds within
each species contributing to the overall DPRdical scavenging activity of the plants (Figure
7.16A and 7.16B). Of the twenty plants assayedgutie HPTLC method, five showed very
poor DPPHradical scavenging potential. These wPrameyeri (whole plant),F. glumosa
(fruit), T. emetica (leaves) (Figure 7.16A, tracks 3, 7 and 9) Znducronata (leaves) (Figure
7.16B, track 6); whilsO. sphaerocarpa (fruit) did not show any decolourisation of the EHP
radical (Figure 7.16B, track 8). In contrast, that and leaves oD. cinerea showed good
decolourisation of the DPPHadical using the HPTLC method, indicating thesprece of
many compounds with anti-oxidant activity withinistplant (Figure 7.16A, track 4 and 5).
These results are in agreement with the microgita¢e method which showed DPPiddical

scavenging of both the plants parts, withglZalues comparable to ascorbic acid (Table 7.1).
7.3.2 Metal chelating activity

Thirty nine percent (39.4%) of the extracts exl@bitetal chelating activity, with lgvalues
greater than 100g/ml (Table 7.1; Figure 7.17)erminalia phanerophlebia bark (1Gq: 22.72
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Table 7.2 Anti-oxidant activity of selected Swazi tradiial phytomedicines.
DPPH radical Metal Inhibition of lipid
o scavengin chelation eroxidation
Scientific Name | Plant part (ug/m?) 9 (ng/ml) %plnhibition at
(ICs0 = s.d) (ICs0 = s.d) 100pg/ml + s.d)
flower >100 >100 24.66 + 4.38
Berkheya setifera | stem/root >100 >100 59.45 +2.09
leaves >100 >100 2.54 +£0.47
Breonadia leaves 25.86 + 2.86 >100 58.97 £ 2.65
salicina bark 2491 +3.14 >100 70.72 £ 1.39
Dichrostachys fruit 6.02 £ 0.79 17.37 £0.77 95.03 £3.25
cinerea leaves 5.89 £ 0.39 36.27 £ 3.01 60.68 + 2.94
fruit 70.09 +8.20 >100 55.44 + 2.85
Ficus glumosa leaves 46.76 £ 0.64 >100 65.62 £ 3.78
bark 5.84 +1.53 39.02 +3.41 12.61 +1.88
Gardenia fruit >100 >100 58.24 +1.47
spatulifolia leaves 21.57 +4.00 >100 77.55 +2.58
G. densa whole plant >100 >100 23.70 £ 3.80
Helichrysum leaves 109.75 +9.50 31.68 +2.23 46.34 £ 3.04
acutatum roots >100 >100 51.67 +3.13
Leonotis flower >100 >100 31.68 £3.44
intermedia stem >100 >100 11.87 +1.75
fruit 11.63+0.7 40.59 + 3.5 76.47+ 2.6€
Sphgéoéggrpa leave: 3444 +4.0 | 58.72+4.0 43.90 £ 1.0
bark 11.23£0.82 67.87 +4.08 80.10 +2.21
Priva meyeri whole plan 7004 +7.2 >10C 84.37 £ 1.8
. fruit >100 >100 63.74 + 4.39
Ricinus leaves >100 32.80 + 1.51 88.46 + 3.25
communis
sten >10C >10C 16.98 42.5¢
Syzygium leave: 1576 + 2.3 >100 73.07 43.9C
cordatum bark 9.54 +0.9: 16.23£0.9 82.33412.21
Terminalia leaves 7.09+£0.78 14.43 +1.32 91.63+1.16
phanerophlebia bark 12.37 £ 3.0 2272 +1.3 84.27 10.4¢
Trichilia emetica leaves 70.59 + 12.68 4421 +4.25 59.05 + 1.83
bark 1516 £1.75 >100 59.73 £ 2.59
_ fruit 43.54 +1.24 >100 26.43 +2.04
Ziziphus leaves >100 >100 28.66 + 1.18
mucronata
bark 15.27 £ 2.2 55.67 +1.7 38.73+2.3
Controls (a: Ascorbic aci 93.94 +3.1%
b: EDT(A; c: Trolox") 561+118 | 20.86+2.53 48.49 + 358
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Legend:
1 —S. cordatum leaves

2 —S. cordatum bark

3 —B. salicina leaves

4 —B. salicina bark

5 —G. gpatulifolia leaves

6 —Z. mucronata leaves

7 —Z. mucronata bark

8 —O. sphaerocarpa fruit

9 —O. sphaerocarpa leaves
10 —-O. sphaerocarpa bark

Figure 7.16B HPTLC plate dipped in DPPHkb display compounds with free radical

scavenging potential.

+1.33 pg/ml)D. cinerea fruit (ICso: 17.37 £ 0.77 pg/ml) an8 cordatum bark (1Go: 16.23 +
0.99 pg/ml) had metal chelating activity that waggicantly (p>0.05) comparable to EDTA
(ICs0: 20.86 + 2.53 pg/ml). The leaves ©f phanerophlebia (ICso: 14.43 + 1.32ug/ml)
possessed a significantly (p< 0.05) higher metalating activity potential. There was no
correlation between metal chelating activity of théracts and DPPHree radical scavenging
activity (= 0.23), however, it was noted that extracts whdih not possess DPPHtee
radical scavenging activity (kg > 100 ug/ml) also displayed poor metal chelating activity
(ICs0 > 100pug/ml).

7.3.3 Inhibition of lipid peroxidation

Inhibition of lipid peroxidation was determined the linoleic acid system. Twenty one out of
the thirty three extracts (64%) exhibited great@nt50% inhibition at a concentration of 100
ng/ml (Table 7.1). Ascorbic acid and Troloxvere used as positive controls and at 100 pg/ml
had 93.94 + 3.17% and 48.49 + 3.58% inhibitionpexsively. Dichrostachys cinerea (fruit),

T. phanerophlebia (leaves) andR. communis (leaves) had inhibitory properties comparable to
ascorbic acid; 95.03 = 3.25%, 91.63 + 1.12% and@®&.3.25%, respectively (p>0.05). There
was, however, no correlation between either DPRdical scavenging or metal chelating
activity with lipid peroxidation inhibition at a 956 confidence interval,’r= 0.24 and 0.19,
respectively. The leaves Bf setifera (2.54 + 0.47%), stem df. intermedia (11.87 + 1.75%)
and bark ofF. glumosa (12.61 + 1.88%) showed the least inhibitory atyivn the linoleic
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acid system.Berkheya setifera andL. intermedia did not show any anti-oxidant activity using
either the DPPHadical scavenging or metal chelating methods IE@l).

80+

704

604

504

404

Metal chelating activity IC, (mg/ml)

Figure 3.17: Metal chelating activity of the most active exteaathere:

L = leaves, B = bark, F = fruit/flower.

7.3.4 Phenolic and flavonoid content

Phenolic content was estimated as gallic acid edgins per gram of plant extract and the
results are shown in Table 7.2. The leaveS. @brdatum and fruit ofZ. mucronata had the
highest content of phenolics (806.10 + 42.28 an®é.%B8 + 36.76 mg GAE/g extract),
respectively. Ricinus communis (leaves)B. setifera (leaves) and. emetica (leaves) also had
high phenolic content (469.00 £ 55.72 to 329.00925ng GAE/g extract). Only seven of the
33 extracts had no appreciable phenolic contendthg GAE/g extract).

The flavonoid content as measured in rutin equivalg extract was much less than the total
phenolic content found in each extradterminalia phanerophlebia (bark), O. sphaerocarpa
(fruit), S. cordautm (bark) andT. emetica (bark) had the highest content of flavonoids (333
4.43;31.13 £1.10; 27.13 £ 2.39; 26.40 £ 0.72 nkgdrextract, respectively).
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Table 7.2

Phenolic and flavonoid content of selected Swaditional phytomedicines.

Phenolic content (mg

Flavonoid content (mg

Scientific Name Plant part GAE/g extract £ s.d) RE/g extract + s.d)
flower 243.00+3.0 13.00 = 0.6
Berkheya setifera stem/root 443.93 +44.7 <0.01
leave: 260.73+6.4 <0.01
Breonadia salicina leave: 142.40+4.0 12.20+1.9
bark <0.01 3.40+£0.2
Dichrostachys fruit 51.90 + 3.0 210+£0.2
cinerea leave: <0.01 6.27 £ 0.6.
fruit 45,90 £ 0.7 14.07+ 1.6z
Ficus glumosa leave: <0.01 547 +0.1.
bark <0.01 0.78 £0.0:
Gardenia spatulifolia fruit 110.60+ 1.0 12.80 + 1.4
leave: 228.30+2.4 253+0.1
G. densa whole plan 150.50 £ 0.9 <0.01
Helichrysum leave: 182.80 + 4.6 0.50+ 0.1
acutatum roots <0.01 3.50 £ 0.1
. . flower 129.00 £ 1.57 <0.01
Leonotis intermedia 179.00 35 413+023
fruit <0.01 3113+ 1.1
Sphgéo(;g:rpa leave: 3467+22 130+ 0.1
bark <0.01 <0.01
Priva meyeri whole plant 295.43 + 32.60 7.33+1.16
fruit 263.37 +1.12 <0.01
Ricinus communis leaves 469.00 £ 55.72 4.07 £0.23
stem 197.00 £ 0.44 <0.01
Syzyoium cordatum leave: 806.10 £42.2 4,10+ 0.7
bark 33.70+ 1.1 27.13+2.3
Terminalia leaves 184.70 £+ 2.19 5.20+0.20
phanerophlebia bark 17470 £ 11.7 33.33+4.4
L . leaves 329.00 + 5.92 <0.01
Trichilia emetica bark 170018 26.40%0.7
fruit 536.87 + 36.76 <0.01
Ziziphus mucronata leaves 218.00 +5.76 3.40+0.20
bark 46.27 +5.6 <0.01
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There was no correlation between anti-oxidant #gtand phenolic or flavonoid content, with
r’ values of 0.02 and 0.13 for DPPHoctivity against phenolic and flavonoid content,
respectively and?rvalues of 0.05 and 0.17 for metal chelating afytigigainst phenolic and

flavonoid content, respectively.

7.4  Discussion

Anti-oxidants have, on numerous occasions, beemrdented to possess many beneficial
effects to mankind, such as in the preventionfneat of cancer, rheumatoid arthritis,
diabetes and hypertension. Many herbal drugs whate free radical scavenging potential
have gained importance in treating chronic diseage@sh are exacerbated by free radicals
(Farombiet al., 2003). Natural anti-oxidants such as vitami@safd E), polyphenols or

flavones play a significant role in scavenging fradicals. Herbal preparations containing
free radical scavenging activity can play a roleaasi-oxidants and help minimize their

deleterious effects.

In the present study, the anti-oxidant activityd38fdichloromethane/methanol extracts from 15
plant species used as traditional medicine in Sasadiwas assessed. Three anti-oxidant
assays were used to determine if the extracts hgdaetivity and also assess their possible
mode of action. DPPHtree radical scavenging was used as it is a widskd assay to
determine free radical scavenging activity (Lourehsal., 2004; Miliauskaset.al., 2004;
Gulgin et al., 2005; Zharet al., 2006; Kamatowet al., 2007). In this assay, the stable DPPH
radical is reduced to a yellow coloured diphenyrghydrazine by anti-oxidants. A number
of the extracts showed significant ability to saaye the DPPHadical, such as the fruit and

leaves oD. cinerea, the bark of. glumosa and the bark o%. cordatum (Table 7.1).

The iron chelating activity was determined using ifon-ferrozine complex assay. Iron is an
important catalyst in the Fenton reaction (Figur2) vhich generates the hydroxyl radical
(Nordberg and Arner, 2001). Therefore, chelatibrihis metal ion and thus preventing its
involvement in the Fenton reaction may, be impdrtanreducing the production of the

hydroxyl radical involved in lipid peroxidation afm@NA or protein damage.
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It would be expected that upon the chelation of$¢hmetal ions, lipid peroxidation would also
be reduced as the precursor to this reaction has beelated. The results of this study are
consistent with this, as the leaves and bark. ghanerophlebia, fruit of D. cinerea and bark

of S. cordatum, all showed good metal chelation and lipid peraswh inhibition activity.
However, some other extracts showed good lipid pdation inhibition but had no metal
chelating activity, such as the leavessofordatum andG. spatulifolia, bark ofB. salicina and

P. meyeri whole plant (Figure 7.15; Table 7.1). This indésathat the Fenton reaction is not
the only source of hydroxyl radicals. Secondlykoall radicals, produced by other
mechanisms, can also initiate lipid peroxidatiooli€n and Nyska, 2002).

The four extracts (leaves and barkTofphanerophlebia, fruit of D. cinerea and bark ofS,
cordatum) also had good DPPHadical scavenging activity (Table 7.1), which htiguggest
that the radical scavenging and metal chelationkwwnd-in-hand to produce the overall
effect on lipid peroxidation. Extracts which possed only DPPHree radical scavenging or
metal chelating activity, did not show apprecialgd peroxidation inhibition, which might
be because the radicals scavenged are not resjgofsilinitiating lipid peroxidation (Kohen
and Nyska, 2002).

The anti-oxidant activity can, in part, be attriditto the phenolic and flavonoid content of
these extracts.Syzygium cordatum (leaves) which had good anti-oxidant activity alsd a
high content of phenolics (Table 7.1 and 7.2). ®lteer three extractsl( phanerophlebia
leaves and bark and. cinerea fruit) had either a high phenolic or flavonoid temt (Table
7.2). Phenolic compounds of the plant kingdom haeen reported to have multiple
biological effects including anti-oxidant activifiiou et al., 2003). It has been suggested that
the phenolic compounds may contribute directlyrib-axidant action and also play a role in
stabilizing lipid peroxidation (Yeet al., 1993; Duhet al., 1999). In fact, some studies have
shown a positive linear correlation between antdamt activity and phenolic content of a
plant. Djeridanest al. (2006) tested the anti-oxidant activity of a n@nbf Algerian plants
using the ABTS assay, which uses the same prin@plé¢he DPPHmethod, and found a
correlation with the phenolic content, measureagighe FC-reagent with gallic acid as a
standard (r= 0.79). This is not a desired value when deatifity linear regression, but it
does indicate a correlation between the anti-oxidativity and phenolic content of the plants
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in thier study. Similarly, Wojdyl@t al. (2007) reported correlation between phenolic eont
measured using an HPLC method and anti-oxidantigctising the DPPH, ABTS and ferric
reducing/anti-oxidant power assay$ %r 0.84, 0.93, 0.91), respectively. However, in the
present study, a linear correlation was not fouetdvben the phenolic content and anti-oxidant
activity as measured with the DPPH assay and nekelhting activity assay 4= 0.02 and
0.05), respectively.

The anti-oxidant activity ofS. cordatum may also be attributed to proanthocyanidins and
pentacyclic triterpenoids, which are found in treekband wood and have been reported to
possess potent anti-oxidant activity (Skergesl., 2005). The stained HPTLC plates also
showed some anti-oxidant activity in the plant djout was not very high (Figure 7.16B,
track 1 and 2). The high content of gallic acidthe leaves (highest of all extracts) is in
agreement with other studies which have shown ith@intains gallic acid, ellagic acid and
various gallic acid derivatives (van Wyk, 2000).oj¥lo et al. (2007) has reported the DPPH
radical scavenging potential and total phenolicteonof the fruit ofS. aromaticum to be 884

+ 9.04 uM Trolox '/100g dry weight of extract and 8.96 + 0.34 mg GEIRg dry weight,

respectively; which are quite high.

Terminalia species are known to contain several pentacydlergenoids, tannins, triterpene
saponins and ellagic acid (van Wyk, 2000; Neuwind@®©6), which may be responsible for
the anti-oxidant activity found ifi. phanerophlebia. The difference between the activity of the
bark and leaves was also seen on the HPTLC platerewthe leaves showed more
discolouration compared to the bark (Figure 7.184cks 1 and 2). The anti-oxidant activity
of T. catappa leaves using the DPPH assay, ferrous metal chglaissay and the lipid

peroxidation assay have been reported by Chghawal. (2002), where the %DPPH

decolourisation was between 92.5 and 95.7% atufithl, similar to what was obtained in
this study (95.13 + 1.15%) before determining thg Value.

Dichrostachys cinerea (leaves and fruit) anB. glumosa (bark) had activity comparable to the
potent anti-oxidant ascorbic acid (Figure 7.15;|&€3b1). The activity was also evident in the
HPTLC method where a number of compounds possesalitity to decolourise the DPPH

radical (Figure 7.16A, track 4 and 5). These coumgls may interact synergistically to
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generate the overall activity observed in the ntitie plate method.Dichrostachys cinerea
has been shown to contain hentriacontar@amyrin and sitosterol, which may be responsible
for the anti-oxidant activity it has exhibited imid study (Joshi and Sharma, 1974).
Furthermore, Raet al. (2003) isolated mesquitol and epicatechin from Bh cinerea and
further reported potent DPPH and ABTS radical sogiregg activity of mesquitol, whilst
epicatechin was reported to scavenge the DR&tHcal. Both the fruit and leaves Df

cinerea did not possess significant amounts of phenolickfavonoids (Table 7.2).

Ficus species have been previously reported to possesoxadant activity. This is
confirmed by the current results which displayedPBIPradical scavenging activity of the
bark (1G: 5.84 + 1.53ug/ml) which was not significantly different fromasbic acid (IGo:
5.61 + 1.13ug/ml) (Table 7.1). The HPTLC plates also displayeel greater activity of the
bark in comparison with the leaves or fruit (Figir@6A, track 6). These results were similar
to those obtained in a study by Abal. (2008), whereby an Egof 7.9 + 0.1ug/ml was
obtained for the bark methanolic extractoimicrocarpa using the DPPHadical scavenging
assay. The fruit also had a high activity ¢C7.3 + 0.0pug/ml), which is about tenfold less
than what was obtained in this study for the ffitF. glumosa (ICso value of 70.9 + 8.2
ug/ml). Leonget al. (2008) reported the presence of a flavonoid gligmwith DPPHradical
scavenging activity in the leaves IB6f pumila L. Contrasting results are reported by Annan
and Houghton (2008) for the DPPtadical scavenging activity df. asperifolia; where an
ICso value of 237ug/ml was obtained, which is 40-fold greater tharatwvas obtained in this
study. There was also a huge difference in the@ieflavonoid content of the extracts, the
results in this study reports low concentrationgbénolics (<0.01 mg GAE/g extract) and
flavonoids in all the parts (Table 7.2), whilst &b al. (2008) reported a high content of
phenolics in the bark (237 £ 0.6 mg GAE/g extraatf)jch correlates to the high free radical

scavenging activity reported.

All parts ofLeonotis intermedia displayed insignificant anti-oxidant activity, wittoth DPPH
radical scavenging and metal chelation, havingy Malues greater than 1Q®/ml (Figure
7.15; Table 7.1). A study by Davit al. (2007) onL. nepetifolia (aerial part methanolic
extract) reported an Kgvalue of 6.5 mg/ml for the DPPkhadical scavenging activity. The

results are in agreement with our observation laick of DPPHradical scavenging potential



in this plant, even though the phenolic content wpproximately 150 mg GAE/g extract
(Table 7.2).

The leaves o6. spatulifolia displayed some anti-oxidant activity, with and@alue of 21.57

+ 4.0 ug/ml, which was observed in the HPTLC plates (Fegurl6B, track 5). A previous
study by Cheret al. (2008) demonstrated anti-oxidant activity of gamid and crocins isolated
from the fruit of Gardenia jasminoides. G. spatulifolia is reportedly used in traditional
medicine for the treatment of diabetes mellitusc{®a 1.5.7); where low levels of plasma
anti-oxidants have been implicated in the risk e¥a&loping diabetes mellitus (McCune and
Johns (2002). The phenolic content of 228 mg GA&{gact and to a lesser extent the
flavonoids ofG. spatulifolia could help to boost the plasma concentration tif@adants to

benefit diabetic patients.

O. sphaerocarpa possesses a high degree of anti-oxidant actiwith the bark and fruit
displaying potent DPPH radical scavenging actiatyd inhibition of lipid peroxidation
(Figure 7.15; Table 7.1). Contrary to this, theTHE plates did not show high activity by the
fruit (Figure 7.16B, track 8). The fruit also diaped a high content of flavonoids compared
to the other parts. A literature search did noeat any work done on the anti-oxidant activity
of this species or genus, therefore, to the bestioknowledge, this is the first documentation

of anti-oxidant activity in the plant and genus.

AlthoughR. communis is a widely used plant, no literature on its anidant activity could be
found. The present study displays some metal thglaactivity and lipid peroxidation
inhibition of the leaves (Table 7.1). In agreemaith the anti-oxidant results, the leaves also
show a high content of phenolics (Table 7.2).

H. acutatum did not display any anti-oxidant activity even tigh it had a high content of
phenolics (182.8 + 4.65 mg GAE/g extract) (Tabl@).7. Lourenset al. (2004) reports

contrasting results for four speciesHdlichrysum, with DPPH radical scavenging activity for
H. dasyanthum, H, excisum, H. felinum andH. petiolare having 1G values of 12.33 + 2.38,
13.67 £ 0.23, 20.71 + 5.42 and 28.7 = 4@Iml, respectively.
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Overall, T. emetica (leaves and bark) did not show appreciable antlamt activity with only
the bark possessing some DPatlical scavenging potential, with ansd@alue of 15.16 +
1.75 pg/ml (Table 7.1). This is seen in the HPTLC platesdiere there was a high
decolourisation in the bark extract (Figure 7.1&Ack 10). The leaves had a high content of
phenolics (329 + 5.92 mg GAE/g extract) and th&kltead a high content of flavonoids (26.4
+ 0.72 mg RE/g extract) (Table 7.2). Germahal. (2006) reported the presence of phenolic
acids in the root of. emetica, but these exist in bound forms and can hardlgdtected as

free compounds.

Z. mucronata did not possess anti-oxidant activity, excepttfor bark which displayed some
degree of DPPHadical scavenging activity (Figure 7.15). Onheccompound in the leaves
was responsible for the DPPHadical scavenging, otherwise, the bark had a high
concentration of compounds responsible for DRBHical scavenging (Figure 7.16B, track 7).
All the parts had a high content of phenolics (EahR).

G. densa, B. setifera and P. meyeri did not have anti-oxidant activity, while the leavand
bark ofB. salicina only possessed DPPH radical scavenging activity, I€sovalues of 25.86
+ 2.86 and 24.91 + 3.14ig/ml, respectively (Figure 7.14; Table 7.1). Aduf plants
possessed phenolic and flavonoid content with tamsoot extract oB. setifera exhibiting
the highest phenolic content (443. 93 + 44.71 md=@Pextract) (Table 7.2). This work has

for the first time reported on the anti-oxidantiaty of these four plants.

In conclusion, the fruit ofD. cinera, bark of S. cordatum and leaves and bark df.
phanerophlebia were found to be good sources of anti-oxidantheg tlisplayed good DPPH
free radical scavenging, metal chelating and |doxidation inhibition activity. They also
have a relatively high content of phenolics anddteids which may be responsible for the
anti-oxidant activity. These plants may be of isthe pharmaceutical industry as sources of

natural anti-oxidants.



CHAPTER 8: ANTI-DIARRHOEAL EFFECTS OF Breonadia salicina,
Syzygium cordatum AND Ozoroa sphaerocarpa

8.1 Introduction
8.1.1 Aetiology of diarrhoea
Diarrhoeal disease is among the six biggest irdastkillers accounting for 1.9 million deaths
in developing countries, and about 4-5 million tisatvorldwide. It is the third leading cause
of death in children in developing countries, actmg for 15.2% of all childhood deaths and
is associated with inadequate water supply andatem (Boutayeb, 2006; Mukherjet al.,
1998). According to the World Health Organizati@harrhoea is three or more loose or
watery stools passed in a period of 24 hours amd e classified as acute or chronic
(Palombo, 2006). Pharmacologically, diarrhoeaeifinegd as an increased fluidity and volume
of faeces or an increased frequency of defecatitbns essentially caused by an increased
colonic volume which results in distension of tledon and triggering of the defecation reflux.
The increased colonic volume may be due to:
e irritation as a result of bacterial, viral or patasinfections, laxatives or some
gastrointestinal tumours or medication,
e increased osmotic pressure due to impaired digesti@bsorption or
e decreased water absorption resulting from malaltiserpdisorders (Bunnett and
Lingappa, 2006).

Another form of diarrhoea is psychogenic diarrhedgach normally develops as a result of
excessive stimulation of the parasympathetic nensystem leading to increased motility and

secretion of mucus in the distal colon (Co&ieal., 1992).

For the purpose of this study, diarrhoea resultiogh bacterial infections is the focal point.
The human body is colonized by various micro-orgars which are part of the normal flora.
Among these are thiescherichia coli, other enterobacteriaceae, enterococci and yedwits
colonize the upper bowel. The lower bowel is ae@nized by the same pathogens, but in
addition has actinomycete8acteriodes species,Clostridium species, bifidobacteria and

eubacteria. The micro-flora are capable of caudisgase under certain conditions, such as
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host factors, which may include previous immunitytrition and underlying disease and
environmental factors such as temperature, dustjdity and use of antibiotics and pesticides
(Bannisteret al., 2000). Worldwide, the majority of infectiousadihoea is caused by
rotavirus infections, particularly among young dméin. Other causative agents include
Escherichia coli, Salmonella spp,Shigella spp,Campylobacter, andVibrio cholerae as well as
Cryptosporidium, Ascaris lumbridoides and Giardia (Bannisteret al., 2000; Palombo, 2006;
Marcos and DuPont, 2007). Among these causatieatagit is reported that diarrhoeagenic
E. coli is among the most important bacterial enteric @géins, particularly in developing
countries, accounting for under half of the casésemmdemic paediatric diarrhoea and
approximately half the cases of diarrhoea amoregmnational travellers to these areas (Marcos
and DuPont, 2007; Morerab al., 2008; Preret al., 2006).

DEC is classified into six strains or groups; eotexigenicE. coli, enteroinvasiveE. coli,
enteroaggregativ&. coli, diffusely adheringg. coli, entero haemorrhagik. coli or most
commonly referred to as shiga-toXncoli and enteropathogenit: coli (Morenoet al., 2008;
Bannisteret al., 2000), with the latter two playing an importaiole in the aetiology of
diarrhoea (Préreet al., 2006). In a study conducted in France, diargeaic bacteria
(enteropathogenic and entero haemorrh&gimli) were the most prevalent enteric pathogens
identified in the stools of 55 patients (Presteal., 2006). It has also been reported in
developing countries that enteropathogédnicoli is the leading cause of childhood diarrhoea
(Nataro and Kaper, 1998; Morembal., 2008). It is with these observations in mindttB.

coli was chosen as a test agent for anti-diarrhoeatlitgcof Breonadia salicina, Syzygium

cordatum andOzoroa sphaerocarpa.

8.1.2 Treatment of acute diarrhoea
In modern medicine, there are four approachesadrédatment of acute diarrhoea:
¢ maintenance of the fluid and electrolyte balancththe use of sodium chloride and
glucose solutions (oral rehydration therapy),
e use of anti-infective agents such as cotrimoxaante metronidazole;
e use of non-antimicrobial anti-diarrhoeal agentshsas loperamide, diphenoxylate,
codeine and fluid adsorbents (kaolin, chalk, peatnethylcellulose, bran, ispaghula
husk);
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e and most recently the use of probiotics or micrbbemponents which have a value in
the treatment of rotavirus infections, post antici@iarrhoea (Marcos and DuPont,
2007).

Traditional healers probably use the same approache treatment of diarrhoea, by using
plants with antimicrobial activity or those thatcdease gastric motility. There are many
reports about the use of plants in the treatmentiamfhoea. Some of these plants include the
leaves ofLippia javanica; bark and leaves o8yzygium cordatum; leaves fromAnnona
senegalensis; root, tubers and fruit oRhoicissus tridentate (Samieet al., 2005); leaves of
Psidium guajava; bark of Syzygium guineense (Amusanet al., 2002); the bark, fruits and
leaves ofAcacia nilotica; leaves and bark ohcanthospermum hispidum; bark of Gmelina
arborea; bark ofParkia biglobosa andVitex doniana (Agunuet al., 2005). Mukherjeet al.
(1998) reported the anti-diarrhoeal activity of ®oplants used in West Bengal, India. These
plants were found to effect anti-diarrhoeal acgiay inhibiting gastrointestinal motility and
PGE-induced enteropooling and includédcus bengalensis Linn., Eugenia jambolana Lam.,

Ficus racemosa Linn. andLeucas lavandulaefolia Rees.

8.1.3 Combination therapy in modern medicine

The use of combination therapy in clinical practisevery common, especially for the
treatment of infectious and malignant diseases. is Tt employed for the therapeutic
advantages they may provide over single agentsmb@wtion therapy is also employed to
increase the spectrum of antimicrobial activityptevent treatment failure when antimicrobial
resistance is suspected, prevent the developmeness$tance, to decrease dose-related
toxicity by using less of a toxic antimicrobial ageand more of the non-toxic one and to
obtain enhanced antimicrobial killing or inhibitiohe drugs used in combination may have
different mechanisms of action as well as affeéfedint sites of the body, but the overall
effect of the combination may either exceed theeetgd effect (synergism) or nullify each
other’s biological effects resulting in a reducéi@e (antagonism). An additive interaction is
defined as the effect where the combined acti@gisvalent to the sum of the actions of each
drug when used alone (Berenbaum, 1989; Bouchetlang 2006; Brookst al., 2007). There

are three major mechanisms of antimicrobial synéngyhave been established. These are:
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e blockade of sequential steps in a metabolic seqesach as the action of
trimethoprim-sulfamethoxazole which blocks two semfial steps in the folic acid
pathway;

¢ inhibition of enzymatic inactivation, such as treewf af-lactam, such as amoxicillin
together with g-lactamase inhibitor (e.g. clavulanic acid) tovenet the inactivation
of ap-lactam by p-lactamases, in the combination amoxiclav or;

e enhancing the uptake of an antimicrobial agenty @scthe use of penicillins and other
cell water active agents to increase the uptak@mohoglycosides such as gentamicin
or streptomycin, resulting in synergism (Broaddtsal., 2007; Lampiris and Maddix,
2007).

Antimicrobial antagonism on the other hand, ragglgduces clinically relevant or desirable

effects.

8.1.4 Combination therapy in traditional medicine

Traditional medicine is extensively used in Africsth 3 689 taxa (15.4%) of the 24 000
species used ethnomedicinally in the southern Africegion (Eloff and McGaw, 2006). In
South Africa alone, there are an estimated 200 i66@enous traditional healers who use
various plant and plant combinations to preparé tleenedies (van Wylet al., 1997). In
traditional medicine, different plants are combirdedthe treatment of a disease. The plants
used are often not related in any way or may bel ssegularly for the treatment of that
ailment. However, they have been found to achieveetter therapeutic effect when in
combination (Personal communication with Mr. PPdVdl traditional healer). A number of
combination treatments are prepared by traditidrelers, such as the use Tdrminalia
sericea root powder in combination witlvigna unguiculata seeds for the treatment of
bilharzia (Neuwinger, 1996). A herbal mixture dable already packaged is Imbiza
ephuzwato™, which has up to 21 plant species inbaoation, and is used by the Zulu people
of South Africa for the treatment of various ailrterfNdhlalaet al., 2008). Of the 190
traditional medicine recipes recorded during thgdbization of African Unity/Scientific,
Technical and Research Commission (OAU/STRC) ethtaolical survey of Swaziland, 52
(27.4%) were recipes prepared with two or moretpdambinations (Adenijét al., 2000).
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The bark ofO. sphaerocarpa, B. salicina and S. cordatum are traditionally used in
combination in the treatment of diarrhoea (Figur®).8 In the preparation of the traditional
remedy, these plants are used in a 1:1:1 raticc@al communication with Mr. PP Ndlovu,
traditional healer). With the aim to determine kied of antimicrobial interaction that exists
between these three plants, a combination studydesigned using all three plants against a

common diarrhoea pathogédh,coli.

(b) 24 )
Figure 8.1  The bark of (ap. sphaerocarpa, (b) S. cordatum and (c)B. salicina, which are

used in combination for diarrhoea.

8.1.5 Implications of combination therapy on toxicity

Although it may be beneficial to combine drugsrarease effectiveness or avoid treatment
failure in antimicrobial therapy, the implication$ the combination on toxicity need to be
explored. Two drugs may give the desired synacgedtect when used in combination for the
treatment of a microbial infection, but prove to to&ic to the human/host’s cells. As an
example, the combined use of two nephrotoxic draga result in increased toxicity
(synergistic effect) even though the individual esnay not be sufficient to produce such
toxicity (Horn, 2007). Such toxicity is not limdeonly to clinical drugs; herbal preparations
can also interact and result in potentiated toxicithus there is a need to investigate the toxic
effects or possible interactions that may resulemvitombining plants in the treatment of

disease.
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8.2 Materials and Methods

8.2.1 Antimicrobial combinations

To scientifically verify the combined effect of thark ofO. sphaerocarpa, B. salicina andS.
cordatum, against a common diarrhoea-causing pathoBseherichia coli (ATCC 25922), a
combination study was designed. The antibactaalvity of all three possible plant
combinations in various ratios, as well as thddrgpmbination that is traditionally used, was

tested to determine the type of pharmacologicaradtion between these plant combinations.

8.2.1.1 Screening for combined activity

This constituted the initial screening for antinoisial activity when the extracts were
combined in different ratios. A stock concentmatiof 85.3 mg/ml extract (Section 2.3) in
acetone was prepared for eachBofsalicina, O. sphaerocarpa and S. cordatum, and then
mixed in separate eppendorf tubes according toef@ldl. Each eppendorf tube was treated as

a separate concentration mixture.

In order to maintain the dilution factor, water QL@l) was added in place of the extract where
that particular extract was not to be added (dehdte zero in the table). The resulting
mixture comprising of 28.43 mg/ml of each extraa@swthen plated (100 pl) in a 96-well
microtitre plate in duplicate and serially dilutixda 1:1 ratio to produce a final concentration
range of 7.13 mg/ml to 0.06 mg/ml after additiontloé microbial culture. Antimicrobial
activity was then determined as previously desdribging the MIC assay (Section 4.2.2.4).
Three independent experiments were performed andegults averaged. Ciprofloxacin (0.01

mg/ml) in acetone was used as a positive control.

Table 8.1: Ratios and volumes used to combine the thraetplin the initial screen for

antimicrobial activity.

Ratio O. sphaerocarpa | S.cordatum | B. salicina
1:0:C 100 pl 0 0

0:01 0 0 10C pl
0:1:C 0 10C pl 0

1:11 10C ul 10C ul 10C ul
1:1:C 10C pl 10C pl 0

1:0:1 10C pl 0 10C pl
0:1:1 0 10C ul 10C pl
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8.2.1.2 Two plant combination study

The plant extracts were prepared at a concentratfo®4 mg/ml in acetone. In separate
eppendorf tubes, the different ratios of extractrenprepared (Table 8.2.), such that the
required volume of 100 ul was prepared for each. wethe three possible combinations were
used in this studys. cordatum with O. sphaerocarpa, B. salicina with O. sphaerocarpa andS.
cordatum with B. salicina. The extract combinations were plated in dupdiciat a 96-well
microtitre plate and the concentrations ranged fi@®0 mg/ml to 0.013 mg/ml depending on
the ratio used (Table F1). Seven serial 1:1 dihgiwere prepared to determine the MIC of
each combination (Section 4.2.2.4). The experimed repeated three times and the results

averaged. Ciprofloxacin (0.01 mg/ml) in acetons wsaed as a positive control.

Table 8.2 Ratios of plant extracts used to determine wWeeglant combination MIC.

Plant Ratio and volumes (101 pl) of Plant A : Plant B
A. 10C| 9C | 80| 70 | 6C |5C| 40| 3C 2C | 10 0
B. O] 10| 20| 30| 4C |5C] 60| 7C 8C | 90| 10C

8.2.1.3 Three plant combination study

To determine the combined interaction betweenhheetextracts, a stock of 80 mg/ml extract
in acetone was prepared. This concentration waased to take into account the extra
dilution factor of the third extract. For eachtloé eleven ratios, a total of 100 ul was prepared
by combining various volumes of each extract (T&bR). In each combination, the volume
of extract A and B were altered with extract C lgekept constant (20 ul). These ratios were
based on the two plant combination studies (Sedi@nl.2). Once the combination was
prepared, 100 pl was plated out in duplicate in@®-avell microtitre plate and seven 1:1 serial
dilutions were prepared in water such as to deterrthe MIC for each ratio (Section 4.2.2.4).
This constituted one experiment from which an isogpmm could be generated to determine
the type of interaction that existed between threghextracts. To determine the effect of
varying concentrations of extract C, three conediains were chosen to observe how the MIC
values and isobolograms were altered. These caatems were determined from the MIC
values of the individual extracts (Table 4.1), ngmMdIC; half the MIC and double the MIC
values, such that the values and concentratiorisable 8.4 and Table G1 were used. By

altering the concentration of extract C, three @dograms were generated for each triple plant
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combination and each isobologram overlaid for eagienparison. This protocol was repeated
for each possible combination such that 9 isobalogr were generated to determine the
influence of varying concentrations of each extradhe triple combination regimes used by

the traditional healers.

Table 8.3 Volumes of plant extracts to prepare the vanyiaips used to determine the

MIC for the triple combination.

Extract Extract volumes (ul)
combination

number Extract A Extract B Extract C
1 0 10C 0
2 8 72 20
3 16 64 20
4 24 56 20
5 32 48 20
6 40 40 20
7 48 32 20
8 56 24 20
9 64 16 20
10 72 8 20
11 10C 0 0

Table 8.4 MIC values of the three extracts used in theldrippmbination experiments

(mg/ml).
Plant extract Concentrations (pg/ml) use:
MIC % MIC | 2xMIC
B. salicina 11 5.5 22
S. cordatum 2 1 4
O. sphaerocarpa 1 0.5 2

8.2.1.4 Data analysis
The two combination study isobolograms were cowcttdl to determine the interaction
between the plant extracts as previously descriffeelction 5.2.2; Figure 5.4). The

isobolograms were constructed by plotting the felimg equation:



X:Y) MIC of extract B in aabination : MIC of extract A in comiaitior

MIC of extract Boak MIC of extracfone

The fractional inhibitory concentration (FIC) wasa@calculated to determine the strength of
the interaction using the equation (Bell, 2005):

FIC = MIC of extract A in combination withxtract E

MIC of extract A alone

The sum of the FIC valuexKIC) was calculated by adding all the FIC valuesdth the

combination ratios and averaged between three ithdaV experiments (Appendix F). The
proposed definition by Berenbaum (1978) was usedktermine the type and strength of the
interaction; where a sum of 1 is an additive int@oe, <1 a synergistic interaction, and >1 an

antagonistic interaction.

The triple plant combination data was analysed isimilar manner to the two plant
combination experiments by using the two plantsedduh different ratios and keeping the
third plant as a constant. Three isobolograms werestructed from the data of the three
experiments where the initial concentrations wétered (MIC, half or twice the MIC). These
were overlaid and plotted together with the isobodon generated from the two plant

combination experiments (i.e. without the thirdragts).

8.2.2 Toxicity combination studies

8.2.2.1 Two plant combination study

Transformed human kidney epithelial cells were r@med and tryspinized as described in
Section 6.2.2.3. A cell suspension of 0.5 millcells/ml (4.5 x16 cells/well) was used to
determine cellular viability. The different comhiions, prepared in DMSO, as illustrated in
Table 8.5 and their serial 1:1 dilutions were adtteduman kidney epithelial cells, incubated
and analysed as described in Section 6.2.2.4. Emgctbination was plated in triplicate in a

96-well microtitre plate and each combination répeathree times. The concentrations
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selected for used in these ccombination experimest® bases on the dCvalues of the
individual extracts (Table 6.1).

Table 8.5 Concentrations of extract used in combination erpemts for determining
cellular viability, (a)O. sphaerocarpa andB. salicina, (b) O. sphaerocarpa and
S. cordatum, (c) B. salicina andS. cordatum.

Combination| Plant extract Concentrations of extract ug/ml)
a O. sphaerocarpa| O 1 5 1C 20 4C 5C 8C
B. salicina 40C | 20C | 10C | 5C 25 1C 1 0
b O. sphaerocarpa| O 1 5 1C 20 4C 5C 8C
S. cordatum 10C | 8C 5C 2C 1C 5 1 0
. B. salicina 0 1 1C 25 50 | 10C [ 20C | 40C
S. cordatum 10C | 8C 5C 2C 1C 5 1 0

8.2.2.2Data analysis

The 1G values of the different combinations were detesdiby plotting log sigmoid dose-
response curves using the Enzfflteprogram. Thereafter isobolograms were construatet
interpreted (Section 8.2.1.5).

8.2.2.3 Three plant combination study

To determine the type of interaction between threehextracts in combination (1:1:1), an
extract concentration of 66.68/ml of each of the extracts was prepared in DMB€&iore
being mixed in a 1:1:1 ratio. The highest conadign of the combination was 200.4d&/ml.
To test cellular viability, the extract combinatiaras cultured with human kidney epithelial
cells as described in Section 6.2.2.4. The erpt was repeated three times and thg IC
values determined for each experiment using thefiteer? program (version 1.05) upon
plotting log sigmoid dose-response curves.

8.3  Results

8.3.1 Antimicrobial combination studies

The antibacterial activity d. cordatum, O. sphaerocarpa andB. salicina combined in a 1:1:1
ratio (MIC value of 0.44 mg/ml) ok. coli, was similar to the effect & cordatum andO.

gphaerocarpa (MIC = 0.33 mg/ml) combined in a 1:1 ratio; in coangon with the
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combination betweeB. salicina and O. sphaerocarpa (MIC = 1.67 mg/ml) andB. salicina
and S. cordatum (MIC = 1.00 mg/ml) being less effective da coli (Figure 8.2). The
interaction betweers. cordatum combined withO. sphaerocarpa resulted in an overall
synergistic interactionZfFIC value of 0.56 + 0.16) when all the individudCFvalues were
averaged. Syzygium cordatum and B. salicina also displayed a synergistic interaction with
YFIC value of 0.73 £ 0.04, as well 8ssalicina andO. sphaerocarpa (ZFIC value of 0.89 +
0.13) (Figure 8.3). The combination betwdrsalicina andO. sphaerocarpa, though giving

a sum FIC depicting synergy, was more additiveagoristic when viewing the isobologram
itself as most of the points lie above the line kimag additivity. At the 1:1 concentration ratio
and those ratios where there was a higher contiemtraf B. salicina compared toO.

gphaerocarpa, the interaction was more antagonistic (Figure 8gpendix F).

1259 10.89 B. salicina (Bs)

10.0- O. sphaerocarpa (Os)
g S. cordatum (Sc)
S 57 Bl B.salicina:O. sphaerocarpa
E Bl B. salicina: S. cordatum
O 507 O. sphaerocarpa : S. cordatum
= 5 54 Bl O.spharocarpa: B.salicina:

: 1.20 1.44 1.67 1.00 S. cordatum
0.33 0.44
0.0 T T T

i e = e = S S >
<b%' <b%' O%' <b%'
o

Figure 8.2: The effect on MIC for the different extract combionas againskE. coli.

The inclusion of a third extract to the combinatioto generate the triple combination
isobolograms altered the resultant interactiong/éen the different extracts, depending on the
concentration of the third extract that being add®dcordatum andO. sphaerocarpa, which
had given a synergistic interactiobH|C value of 0.56 + 0.16), retained the synergyhwite
addition ofB. salicina at the three concentrations, MIC, %2 MIC and 2x NMNEh theXFIC
values of 0.63, 0.49 and 0.24, respectively (Figu#9. The combination betwe&n salicina
and O. sphaerocarpa resulted in an additive/antagonistic interacti@ithpugh theXFIC
depicted synergy with a value of 0.89 + 0.13). ldger, upon the addition & cordatum, the
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interaction clearly became additive/antagonistithviFIC values of 1.81, 0.83 and 1.11 for
the MIC, %2 MIC and 2x MIC concentrations, respeslyy B. salicina and S. cordatum
continued exhibiting synergy/additivity even upte taddition ofO. sphaerocarpa with XFIC
values of 0.94, 0.67 and 0.54 for the MIC, Y2 MIGl&x MIC concentrations (Figure 8.5;
Appendix G).
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T 0.25 7 0.25
8 4
%) [an]
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1.2

S. cordatum &
B.salicina

=
o

0.757

0.501

0.257

S. cordatum (MIC in combination/MIC alone)

0.00 T T T 1
0.00 0.25 0.50 0.75 1.00 1.25

B. salicina (MIC in combination/MIC alone)

Figure 8.3: Interaction between two plants used in combamatdr the treatment of

E. coli-associated diarrhoea.
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S. cordatum & O. sphaerocarpa,

with B. salicina B. salicina & O. sphaerocarpa,
1.5 '

1.59 with S. cordatum

0.57 0.5

0.0 0.5 1.0 15

B. salicina bark
(MIC in combination/ MIC alone)
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0.0 0.5 1.0 1.5

S. cordatum bark
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1. S. cordatum & B. salicina,

with O. sphaerocarpa
Figure legend

Two plant combination
v AtMIC
At %2 MIC
® At2xMIC

[ |

S. cordatum bark
(MIC in combination/ MIC alone)

00 05 1.0 15
B. salicina bark
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Figure 8.4: The interaction between the three plants in conlainawith the third plant at
constant concentration, either MIC, %2 MIC or 2x MIhe isobologram for the

two plant combination has been overlayed for compar

8.3.2 Toxicity results

The interaction between the least toxic of the aets, B. salicina and S. cordatum, tested
against transformed human kidney epithelial celis wynergisticFIC value of 0.46 + 0.01)
(Figure 8.5). This means that the overall toxidfythe extracts was increased when the two
were combined in all the ratios testedzoroa sphaerocarpa and S. cordatum displayed

mostly additive/antagonistic interactior’SHC value of 1.48 + 0.25), depending on the ratio
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of the combination (Figure 8.6; Appendix H). A daninteraction was observed betwe@n
sphaerocarpa and B. salicina (XFIC = 1.02 + 0.27), with some combinations resgitin
synergistic/antagonistic interactions (Figure 8A@pendix H). The three plants combined
together in a 1:1:1 ratio was non-toxic againsinkig epithelial cells with an Kg value of
155.76 = 11.8qug/ml. This meant that the safety of the combimatias increased as tke
sphaerocarpa and S. cordatum were individually toxic human kidney epithelialliseand B.

salicina, non-toxic (Table 6.1).

T @
I5 ad S. cordatum and 15 34 B. salicina and
S O.sphaerocarpa % 0. sphaerocarpa
e o2
R 5E 7
8 < § <
- Q > D
= 1 me 1
g 8
= £ °
o o
S - { - O 0
= 0 1 2 3 ~ 0 1 2 3
O. sphaerocarpa O. sphaerocarpa
(IC50in combination/IC5q alone) (IC50in combination/IC 5y alone)
@
c
o
T 37 S. cordatum and
o ..
) B. salicina
e 2
> E -
75 2
o
8 <
O o
U g 1
o
c
I
(@) 0 T T
= 0 1 2 3
B. salicina

(ICgpin combination/IC5q alone)

Figure 8.5 The interactions between the different extraetded against human kidney

epithelial cells.
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8.4  Discussion

The combined effect of the plants agaiBstoli was predominantly synergistic, regardless of
the ratio and plant combination. The combinatietweenB. salicina and O. sphaerocarpa
gave an overall synergistic interactidF(C value of 0.89 + 0.13) whereas when viewing the
isobologram, most of the points lie in the addiargagonism area (Figure 8.3). The 1:1
combination of these plants had a lower MIC valtigg{ mg/ml) compared t8. salicina
alone, whose MIC value was 10.89 mg/ml (Figure.8.2his is also evidence of synergy in
this combination, but it was the least effectivenihibiting the growth oE. coli. The addition

of different concentrations & cordatum to this combinatiomesulted in a more antagonistic
interaction (Figure 8.4), especially at the MIC centration ofS. cordatum (Appendix G).
With regards to toxicity, this combination gavearerall additive interaction with some ratios
interacting synergistically and antagonisticallyg(ife 8.6; Appendix H) when tested against
transformed human kidney epithelial cells. Whenalidg with toxicity studies for
combination treatments, the desired effect is amtmgn because this interaction results in
reduced toxicity of either of the extracts. Th#os that resulted in antagonism were the
higher concentrations ofD. sphaerocarpa, compared toB. salicina, such as those
concentrations between 20 and p@/ml (Table H3). Between 1 and L@/ml of O.

sphaerocarpa, the predominant interaction was synergism.

When combining drugs in therapy, synergism is thestmdesired effect because this
mechanism of interaction results in more effectasmof the combination than the individual
drugs (Berenbaum, 1978).B. salicina and S cordatum displayed a strong synergistic
interaction in inhibiting the growth d&. coli (Figure 8.3). This is also evident in the 1:1
combination of these plants (Figure 8.2), where MK value of both extracts was
significantly reduced when added together. Theénaatobial activity ofB. salicina and S.
cordatum was improved upon the addition ©Of sphaerocarpa (Figure 8.4). The relationship
betweenB. salicina andS. cordatum with respect to toxicity was strongly synergistiagure

8.5), indicating increased toxicity of the combioat
The combination betwees cordatum and O. sphaerocarpa was synergistic with regards to

antimicrobial activity (Figure 8.3). The 1:1 comhtion of these plants greatly lowered their
individual MIC values (Figure 8.2). This did ndtange even with the addition Bf salicina
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which resulted in even stronger synergism (Figu2e Bigure 8.4). The toxicity results of this
combination were antagonistic (Figure 8.5). Thenef the more favourable two plant
combination is that betwedd sphaerocarpa andS. cordatum (XFIC value of 1.48 + 0.25) for
safer toxicity, which also gave the best antimigbhctivity ZFIC = 0.56 + 0.16).

It is noteworthy that combinations involving. salicina were not favourable, both with
reference to toxicity and antimicrobial activityitivthe exception of the antimicrobial activity
of B. salicina in combination withS. cordatum which displayed the desired synergistic
interaction (Figure 8.3). The inclusion Bf salicina in the combination might serve another
purpose other than its inhibitory effect on diaghbpathogens. This is shown by its poor
antimicrobial activity against the five microbiatrans tested in this study (Table 4.1).
However, on its own, it displayed the best toxigtpfile of the three plants, with the highest
ICs0 value against human kidney epithelial cells (Tdhle) as well as being non-toxic to red
blood cells (Table 5.2). It is interesting to ndt@tB. salicina is traditionally used to treat
diarrhoea as well as wounds or injuries (Neuwinded96; Venter and Venter, 2002),
however, in this study; it did not inhibit the grbwof any of the pathogens tested. It is
possible that it mediates its activity in theseaarthrough another mechanism of action such
as acting as an adsorbent, like isphaghula huslarfioanti-diarrhoeal effect, or fibroblast

growth stimulation for wound healing.

Syzygium species have, for a long time, been reported $3¢xs anti-diarrhoeal properties and
are used in many countries for the management afrldiea. As an exampl&.
samarangense is used by the Philippines in the treatment ofrti@ea (Ghayuet al., 2006)
and in Southern AfricaS. cordatum is used for the treatment of stomach troubles] emld
fever and diarrhoea (Amusa al., 2002; Samiet al., 2005; Mathabet al., 2006). In the
present investigation, the aii-coli activity of S. cordatum in combination with eitheB.
salicina or O. sphaerocarpa is reported. Alone$. cordatum was able to inhibit microbial
growth of E. coli (Table 4.1), and in combination, acted synergdiicto inhibit E. coli
(Figure 8.3). The activity of this plant is suptear by reports on the antimicrobial / aBti-
coli / anti-diarrhoeal effects d@yzygium species (Hammeat al., 1999; Dorman and Deans,
2000; Djoukenget al., 2005; Samiet al., 2005; Mathabet al., 2006). The anti-diarrhoeal
activity of S, samarangense has been attributed to the presence of flavoneidsh have been
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found to possess relaxant activity on isolated itgejunum, mediated through the blockade of
calcium influx (Ghayuret al., 2006), as well as possess antibacterial pragse(fPalombo,
2006). This study has also found an appreciahiéeod of phenolics and flavonoids isn both

leaves and bark of this species which may be ressplenfor the antk. coli activity.

Ozoroa sphaerocarpa displayed good antimicrobial activity against #ilé micro-organisms
tested in this study (Table 4.1). It also demaistt good activity again&. coli when used
alone, with an MIC value of 1.20 mg/ml (Figure 8.2¥Wlathabeet al. (2006) demonstrated
anti-E. coli activity of O. insignis with an MIC of 0.078 mg/ml. Apart from being usedreat
diarrhoea. insignis is used to treat tapeworm and hookworm (Mglgahaad., 2001; Reat
al., 2003). When in combinatiol®. sphaerocarpa was able to suppreds coli growth

effectively, when combined wit8 cordatum.

The triple combination (1:1:1), as traditionallyedswas found to have acceptable toxicity
levels, that is 155.76 + 11.8@/ml. The antimicrobial activity of the combinatibetweerO.
sphaerocarpa and S. cordatum was also more favourable, displaying synergismiclvivas
also improved by the addition of increasing conians ofB. salicina, resulting in a more
synergistic interaction (Figure 8.4). Though theditional remedy involves using all three
plants in equal ratios, this investigation has shdhat changing the concentrations of the
extracts may result in improved activity, as ilhas¢d by the increase in synergy upon addition
of a higher concentration of the third extract (F&8.4).

Work carried by other researchers has shown thsepoe of synergism between different
plant combinations (Boik, 2001; Kamatat al., 2006; Okusaet al., 2007). In addition,
synergistic/ additive effects were exhibited byracts ofkola nitida seed in combination with
some fluoroquinolines when tested agaiBstcoli. This is beneficial in delaying possible
resistance to fluoroquinolines and is essentiadrmbtion to avoid therapeutic failure when
treating a patient who has initially receiviédnitida before fluoroquinolines are administered
(Ibezim et al., 2006). Another study, usinQordia gilletii De Wild with tetracycline and
streptomycin, gave additive and synergistic inteoas when tested again&. coli and
Staphylococcus aureus (Okusaet al., 2007). The presence of synergy between planaes

or between plants and standard microbial drugs esipés the need for further research into
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combination work due to the increase risk of pasieteveloping resistance to the agents when
used as monotherapy. In the present study, aBilplesinteractions have been displayed at
various concentration ratios; however, interactith standard antimicrobial agents has not
been investigated. There is need to investigagartteraction of these plants with standard
antimicrobials and this was outside the scope i3f $hudy as our aims were to validate the

effectiveness of the three plants in combinaticsirag} a diarrhoea causing pathogen.

Plants have been effectively used to combat diaalfor centuries, especially in the African
setting. Studies on anti-diarrhoeal efficacy omsoof these plants have shown variable
mechanisms of action. Some of the anti-diarrhaetVity is mediated through the action on
diarrhoea pathogens like coli, Salmonella spp andshigella spp (Alaniset al., 2005), while
others play an important role as smooth muscleaels as well as by inhibiting prostaglandin
synthesis (Agunet al., 2005; Gutiérrezteal., 2007). Others do not appear to interfere with
any of the above, but are still excellent anti«diaeal agents which stimulate water re-
absorption or reduction of intraluminal fluid acculistion (Gutiérrez €al., 2007).

Though not all possible modes of action have bagestigated in the present study, it can be
concluded tha$. cordatum andO. sphaerocarpa do possess anti-diarrhoeal activity mediated
by inhibiting the growth ofE. coli. The combination of the two is also active at all
concentrations testedB. salicina, on the other hand, though contributing some #gtiv
lacked antiE. coli activity, but its anti-diarrhoeal activity may bdue to some other

mechanisms, as previously discussed.

The results of the combination experiments supih@ttraditional use of these three plants in
combination for the treatment of diarrhoea and plewe that traditional medicine is a reliable

source of knowledge for the development of new srug



CHAPTER 9: GENERAL CONCLUSIONS AND RECOMMENDATIONS

9.1

CONCLUSIONS

This study highlights the great potential of Swamdicinal plants in the treatment
of malaria as the leaves @f phanerophlebia, bark of S cordatum, bark ofB.
salicina andP. meyeri (whole plant) exhibited antimalarial activity beld Oug/ml.
However, when tested in combination with quininbgese extracts showed
predominantly antagonistic interactions at theedéht ratios. This could result in
treatment failure if the plants are used in comtmmawith quinine in the treatment
of malaria. Therefore great caution should beraitken using these plants for the

traditional treatment of malaria, whilst on startlantimalarial drugs or visa versa.

Over fifty percent of the extracts tested did nodvs cytotoxicity to human kidney
epithelial cells and none showed significant rembdl cell lysis, withH. acutatum
(roots), G. densa (whole plant),B. salicina (bark), T. phanerophlebia (bark), B.
setifera (leaves),Z. mucronata (fruit) and B. setifera (flower) being the least
cytotoxic. Of the cytotoxic plants, it should lakén into consideration that the
vitro results are not necessarily indicative of whatiddappenn vivo.

The fruit of O. sphaerocarpa was the most active against all the microbial
pathogens tested with the lowest MIC values of u@0ml against. epidermidis,
20ug/ml againstS aureus and 70ug/ml againstK. pneumoniae. The bark ofF.
glumosa and the fruit oD. cinerea were the most active agairistcoli with a MIC
value of 0.25 mg/ml. The leavesfemetica andZ. mucronata, the flower ofL.
intermedia and leaves oR. communis were the most active againSt albicans
with MIC values of 0.22, 0.23, 0.25 and 0.29 mg/imagpectively.

The combined effect 0% cordatum, O. sphaerocarpa andB. salicina againstE.
coli was predominantly synergistic, even though theras véome additive/
antagonistic interaction between some of the coatlmn ratios. The best two
plant combination was that betweg&ncordatum andO. sphaerocarpa which was
also relatively non-toxic against human kidney feglial cells. The results of the
combination experiments provide scientific supgdortthe traditional use of these
three plants in combination for the treatment afidioea.
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The extracts studied were found to be good souofeanti-oxidants as they
displayed good activity to scavenge free radicelttglate ferrous ions and inhibit
lipid peroxidation inhibition. Some of the extracsuch as the leaves and bark of
T. phanerophlebia, leaves ofS cordatum, fruit of Z. mucronata and the flower,
stem/root and leaves &. setifera were also found to possess a relatively high
content of phenolics and flavonoids which may spoasible for the anti-oxidant
activity. Their medicinal properties may also bekéd to their anti-oxidant

activity.

The majority of the UPLC and HPTLC profiles of thlants were very complex,

indicating the presence of many compounds in thentpl which could be

responsible for their pharmacological activitieBhere were also many similarities
between different parts of the same plant

RECOMMENDATIONS

The fruit of O. sphaerocarpa exhibited antimicrobial potential, especially atgti
Saphylococcal pathogens; therefore from this study it can be menended that
further antimicrobial studies be conducted usirg filuit extract. In addition, the
fruit pericarp and seeds must be separated tordetethe active part, as well as to
determine if the active part is indeed responsibitethe cytotoxicity observed for
the whole fruit. The bio-autography results showaedide band that inhibited the
growth of E. coli when the fruit components were separated by TIGis should
be isolated, identified and further tested for guesdevelopment.

Antimalarial activity of the extracts should be ther determined using an assay
that targets the sexual stages of the parasitedfgaytes) as they may have activity
against this stage of the parasite life cycle. adfive at this stage, they could
interfere with transmission of the parasite frone ¢wost to the next. Further assays
should be conducted to evaluate the mode of adaiothe active extracts by
employing several techniques like inhibition of irezoin formation.

Some plant extracts displayed cytotoxicity, howewviershould be taken into
consideration that the vitro results are not necessarily indicative of whatlatou
happenn vivo, therefore the panel of human cells on which tkteaets are tested
should be expanded to validated if they are inde&at, further, the most active
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and least toxic extract should be taken in to awiwe model to determine the
toxicity of its breakdown products/metabolites.

The most effective plants in all the assays empulogfeould be further tested for
interactions with standard drugs so as to deteritiaeeffect that would arise from
using them concurrently with drugs used in clinjgectice. The present study has
already established antagonistic interactions ofesof the extracts when combined
with quinine, but it is not known what would happegre the extracts combined
with other antimalarial drugs such as artemisinidumnefantrine or antimicrobial

drugs such as ciprofloxacin, amphotericin B, doxjiog or clindamycin.
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APPENDIX A: ABSTRACTS OF CONFERENCES AND PRESENTATIONS

Appendix Al: (Oral presentation: Indigenous PlantUse Forum, Johannesburg 2007; and
Faculty Research Day, 2007)

Antimicrobial and toxicity studies of Swazi mediciral plants

SIBANDZE, G.F! VAN ZYL, R.L.}, VAN VUUREN, S.F!, VILJOEN, A.M2, AND
AMUSAN, 0.0.G3

1Department of Pharmacy and Pharmacology, University of the Witwatersrand, 7 York Road, Parktown,

2193, South Africa; 2 Department of Phar maceutical Sciences, Tshwane University of Technology,
Private Bag X680, Pretoria, 0001, South Africa; 39naziland Ingtitute for Research in Traditional
Medicine, Medicinal and Indigenous Food Plants, University of Swazland, Private Bag 4, Kwaluseni,
Swazland

Traditional medicine is widely used as a sourcprohary healthcare in most societies in Africa,
including Swaziland. Traditional healers use vasiplants and combinations thereof to manage
microbial infections that affect the skin, resporgt and gastro-intestinal systems. With the
increasing prevalence of antibiotic-resistant mocganisms, novel drugs could be sourced from
traditionally used phytomedicines. In consultatisith Swazi traditional healers, fifteen Swazi
plants were selected and the antimicrobial acteft33 dichloromethane-methanol extracts were
determined using the microplate dilution techniquEour bacterial strains, namely
Staphylococcus aureus (ATCC 25923),Saphylococcus epidermidis (ATCC 2223),Escherichia

coli (ATCC 25922) andKlebsiella pneumoniae (NCTC 9633) as well as the yeaSiandida
albicans (ATCC 10231) were investigated. The leave®uathrostachys cinerea and the bark of
Ozoroa sphaerocarpa were found to be active against all five microongens with MIC values
ranging from <0.01 to 1 mg/ml. The most activerasts agains$. epidermidis andC. albicans
were the fruits ofO. sphaerocarpa (MIC = <0.01 mg/ml) and the leaves Ricinus communis
(MIC = 0.3 mg/ml), respectively. Whilst the leasttige plants were the roots d@icoma
anomala and fruit of Gardenia spatulifolia (MIC range = 4 to >16 mg/ml). The synergistic
interaction observed betwe&yzygium cordatum and O. sphaerocarpa againstE. coli supports
the rationale by traditional healers to use thdaatp in combination. The cytotoxicity of these
plants as determined by the MTT tetrazolium-basehy on human kidney epithelial cells will

be presented in correlation with their respectivitnaicrobial activity.
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Appendix A2: (Oral and Poster Presentation: South Aican Pharmacology and Toxicology
Congress, Buffelspoort, 2007; and Poster Presentati at The School of Therapeutic Science
Research Day, 2008)

Pharmacological Properties of Swazi Medicinal Plarg

Gugu F. Sibandzé, Robyn L. van Zyl*", Sandy F. van Vuuren, Alvaro M. Viljoen? and
Oluwole O.G. Amusart
!Department of Pharmacy and Pharmacology, Univedsitiie Witwatersrand, 7 York Road,

Parktown, 2193, South Africe’, Department of Pharmaceutical Sciences, Tshwaneetsiiy of

Technology, Private Bag X680, Pretoria, 0001, Sdittta; *Swaziland Institute for Research

in Traditional Medicine, Medicinal and Indigenousdd Plants, University of Swaziland, Private
Bag 4, Kwaluseni, Swaziland

*Correspondence: robyn.vanzyl@wits.ac.za

Purpose:

Traditional medicine is widely used as a sourcerohary healthcare for more than 80% of the
population of Swaziland. Traditional healers usgious plants and combinations thereof to
manage different ailments. With the increasing glence of antibiotic-resistant microorganisms,
novel drugs could be sourced from traditionallydupytomedicines. In consultation with Swazi
traditional healers, fifteen Swazi plants were cel@ and screened for their, antimicrobial and
anti-oxidant activities and toxicity profiles.

Methods:

The plants were collected from the Manzini regiorSwaziland, air-dried at room temperature
and extracted with dichloromethane/methanol (11)tra Performance Liquid Chromatography
was done to determine chemical profiles of theastsr. Antimicrobial activity was determined
using the minimum inhibitory concentrations assagaiast Staphylococcus aureus (ATCC
25923), Saphylococcus epidermidis (ATCC 2223),Escherichia coli (ATCC 25922) Klebsiella
pneumoniae (NCTC 9633) andCandida albicans (ATCC 10231). The DPPH (2,2-diphenyl--
picryl-hydrazil) scavenging activity and ferrous tadechelating activity were correlated to the
total phenolic content of the plant extracts. Tdyi profiles of the extracts were tested on

human kidney epithelial cells using the tetrazolibased MTT viability assay.
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Results:

A number of the plant extracts (51.52%) displayeddyantimicrobial activity with MIC values
ranging from 0.0013 to 1.00 mg/ml. The fruit Gkoroa sphaerocarpa and the leaves of
Dichrostachys cinerea were the most active especially agaiSsepidermidis. The synergistic
interaction observed betwe&yzygium cordatum and O. sphaerocarpa againstE. coli supports
the rationale by traditional healers to use thdantp in combination. D. cinerea (leaves) was
the most active free radical scavengers¢l®&.89 + 0.39 pg/ml) as compared to ascorbic acid
ICs0: 5.61 + 1.13 pg/ml). For approximately 70% of thlants, there was a correlation between
DPPH scavenging and ferrous metal chelating agtivithe toxicity profile of the plant extracts
indicated that about 40% of the extracts hag W@lues greater than 1@@/ml.



Appendix A3: (Poster Presentation: World Conferenceon Medicinal and Aromatic Plants
IV, Cape Town 2008)

The antimalarial and toxicity studies of Swazi mediinal plants

Gugu F. Sbandze', Robyn L. van Zyl*

!Department of Pharmacy and Pharmacology, Univedsitie Witwatersrand, 7 York Road,
Parktown, 2193, South Africa;

*Correspondence: robyn.vanzyl@wits.ac.za

Malaria, caused bfplasmodium falciparum, is a major cause of morbidity and mortality irbsu
Saharan Africa. Many of the standard antimalagialgs have become ineffective due to the
parasite developing resistance against them. floadl medicine is a source of primary
healthcare in most societies in Africa, with ab&0t % of the people consulting traditional
medical practitioners for healthcare. Traditiohaklers use various medicinal plants to treat
malaria according to its “flu-like” symptoms andvée. In consultation with Swazi traditional
healers, fifteen Swazi plants were selected areksed for their antimalarial activity and toxicity
profiles. The plants were collected from the Maneegion in Swaziland, air-dried and extracted
with dichloromethane: methanol (1:1). Antimalariattivity againstP. falciparum was
determined using the tritiated hypoxanthine incosion assay. Toxicity profiles of the extracts
were tested on human red blood cells and kidnethelml cells. Of the 33 extracts tested, 5
displayedin vitro antimalarial activity with IG, values less than 20 pg/ml, namé@krminalia
phanerophlebia (leaves),Berkheya setifera (stem/root),Priva meyeri (whole plant), Trichilia
emetica (leaves) andBreonadia salicina (bark). The five most active extracts did nots=awved
blood cell haemolysis at concentrations ten timeeatgr than the I&  Similarly, T.
phanerophlebia, B. setifera and B. salicina were not toxic to the kidney epithelial cells.
However,P. meyeri and T. emetica displayed toxicity (IG = 14.633 + 1.616; 45.945 + 5.104
png/ml), respectively. The study supports the traal use of some of the plants in the treatment

of the “flu-like” and fever symptoms of malaria.
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B1l. Berkheya setifera DC.

Scientific name Berkheya setifera DC.
Family: Astereaceae
Vernacular names lulwimi lwenkhomo (Swati)
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Berkheya setifera flower Distribution map fdBerkheya setifera

Botanical description

This is a perennial herb with leaves that are @dtier and spiny. The capitulum is heterogamous
and radiate or homogamous and discoid. The pledlare in several series, connate at the base
only, always spiny, but spines may be slender aistlélike. The ray florets are yellow (Watt
and Breyer-Brandwijk, 1962).

Distribution
The plant is distributed from Tanzania to KwaZulatdl, South Africa.

Medicinal use

Together withDicoma anomala, the root infusion is used for toothache, stegrilfaundice,
biliousness, urinary problems, burns, boils, slanditions and abdominal disorders (Watt and
Breyer-Brandwijk, 1962; Amusaet al., 2002; Adenijiet al., 2000). Berkheya speciosa is used
for the treatment of schistosomiasis (Spetrgl., 2000).
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Pharmacological properties ofB. setifera.

Pharmacological propertie: Flower Leaves Stem/rool

3H- hypoxanthineincorporation assa 32.3+0.7. 66.40+4.1 15.12 £+ 1.8

(ICsq in ug/ml + SD)

Red blood cell lysi >100 (0.47 #- >100 (2.53 | 178.41+33.1
0.021%) 0.07%)

Human kidney epithelial cell toxici >200 (53.07 4 >200 (68.714 | 101.79+8.4z
3.80%) 5.97%)

Staphylococcus aureus (MIC in mg/ml) 4.0C 3.3 4.0C

Staphylococcus epidermidis 4.0C 1.67 8.0C

(MIC in mg/ml)

Escherichia cali (MIC in mg/ml) 3.0C 5.32 2.0C

Klebsiella pneumoniae (MIC in mg/ml) 3.3 1.3 1.3

Candida albicans (MIC in mg/ml) 2.0C 0.67 1.3

DPPH free radical scavengil >10C >10C >10C

(ICspin pg/ml £ SD)

Metal chelating activit >10C >10C >10C

(ICspin pg/mi+ SD)

Lipid peroxidation (percent/100g/ml) 24.6€+ 4.3¢ 2.54 10.4 5945+ 2.0

Total phenolic content (mg GAE/g extre 243.00£3.0 260.73+6.4 | 443.93+44.7

Flavonoid content (mg RE/g extre 13.00 £ 0.6 <0.01( <0.01(
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B2. Breonadiasalicina (Vahl) Hepper & J.R.l. Wood

Scientific name Breonadia salicina (Vahl) Hepper & J.R.I. Wood
Family: Rubiaceae
Vernacular names redwood (Englishimhlume (Swati)
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Botanical description

This is a savannah streamside tree growing up tm20 height with a dense irregular crown.

The leaves are narrow and arranged in whorls aétigeof the branchlets. From December to
March, the flower heads appear as long-stalkedntyegellowish, pinkish, pale mauve, sweet

smelling globular heads and the fruit is composedumnerous small 2-celled fruitlets in a head

of 6 mm in diameter. It is mostly found on strebanks in savannahs. The wood is used for
boat-building, furniture and beams, while the bankl roots are ingredients of a hunting poison
in north Nigeria.

Distribution
The plant is widely distributed from Tanzania ie thorth to KwaZulu-Natal, South Africa in the
south.

Medicinal use
Medicinally, a decoction of the bark is used tatrdiarrhoea and colic, and the bark powder is
sprinkled on injuries or wounds (Neuwinger, 199éntéer and Venter, 2002).

Phytochemistry

Alkaloids have been isolated in the twigs and Isatrerpenes and saponins are found in stems
and leaves; while the wood contains polyphenolscqaidones. The stem bark is rich in tannins
(Neuwinger, 1996).
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B. salicina HPTLC chromatograms visualised after derivatizatiath vanillin-sulphuric acid
and under 254 nm and 366 nm light, from left; leaged bark
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Pharmacological properties ofB. salicina.

Pharmacological propertie: Leaves Bark
3H- hypoxanthine incorporation ass 135.79 +£10.7 741+1.8
(ICsq in pug/ml + SD)

Red blood cell lysi >200 (20.31 £ 2.619 >100 (9.93
3.73%
Human kidney epithelial cell toxici 182.66+ 12.4¢ >200 (70.84 4
2.72%)
Saphylococcus aureus (MIC in mg/ml) 5.32 8.0C
Staphylococcus epider midis (MIC in mg/ml) 1.3 4.0C
Escherichia cali (MIC in mg/ml) 1.3 11.0C
Klebsiella pneumoniae (MIC in mg/ml) 261 2.67
Candida albicans (MIC in mg/ml) 267 5.3¢
DPPH free radical scavenging soin ug/ml + SD’ 2586 +2.8 2491 +£3.1
Metal chelating ctivity (ICspin pg/mil+ SD >10( >10C
Lipid peroxidation (percent/100g/ml) 58.97+ 2.6F 70.72+1.3¢€
Total phenolic content (mg GAE/g extre 142.40+£4.0 <0.01(
Flavonoid content (mg RE/g extre 12.20+1.9 3.40+£0.2
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B3. Dichrostachyscinerea (L.) Wight & Arn

Scientific name Dichrostachys cinerea (L.) Wight & Arn
Family: Mimosaceae
Vernacular names sickle bush (English)usekwane (Swati)
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Dichrostachys cin
Botanical description

This is a semi-deciduous to deciduous tree growipgo 7 m tall with an open crown. The
leaves are twice-compound ending in two leaflety\®D-27 pairs of leaflets each. The flowers
appear from October to February and are a penddiot) mm long, two-coloured spikes, with

the upper part being pink and lower part yellow {\Weand Breyer-Brandwijk, 1962; Venter and
Venter, 2002).

Distribution
The shrub has a wide distribution from Ethopia twa&ulu-Natal, South Africa in the south. It
predominantly grows in woodland, forest margins graksland.

Medicinal use

The bark is used to treat elephantiasis which isead by parasitic worms, such \Asichereria
bancrofti, Brugia malayi, andB. timori; while the root is used for toothache, stomachlhtes,
indigestion/diarrhoea, rheumatism and chest comgslai The burnt twigs are used for bone
fractures and sexually transmitted diseases ante#fanfusion for skin infections, postpartum
pain, bronchitis, abdominal pains, epilepsy ancksrizte (Kambizi and Afolayan, 2001; Eisa
al., 2000; Watt and Breyer-Brandwijk, 1962; Vented &fenter, 2002).

Phtochemistry

The aeriel parts db. cinerea contain hentriacontandg;amyrin and sitosterol. The bark contains
friedelin, a-amyrin and sitosterol; whilst the heartwood camavctacosanol (Joshi and Sharma,
1974). Other compounds that have been isolated Docinerea are (-)-mesquitol (2,8-ans-
3',4'7,8-tetrahydroxyflavan-3-ol) and (-)-epicatetiiRaoet al., 2003).
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D. cinerea HPTLC chromatograms visualised after derivatizatoth vanillin-sulphuric acid

and under 254 nm and 366 nm light, from left; fand leaves.
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Pharmacological properties ofD. cinerea.

Pharmacological propertie: Fruit Leaves
3H- hypoxanthine incorporation ass 2651+1.3 106.76 £ 9.6
(ICsq in pug/ml + SD)
Red blood cell lysi 150.56 + 20.4 | >100 (13.92 +1.019
Human kidney epithelial cell toxici 65.33+ 5.0C 139.19+ 7.07
Staphylococcus aureus (MIC in mg/ml) 0.2¢ 0.44¢
Staphylococcus epider midis (MIC in mg/ml) 0.3¢ 0.4z
Escherichia cali (MIC in mg/ml) 0.2t 0.5(C
Klebsiella pneumoniae (MIC in mg/ml) 0.5¢ 0.67
Candida albicans (MIC in mg/ml) 0.67 0.4z
DPPH free radical scavenging soin ug/ml + SD' 6.02+0.7! 5.89 £ 0.3!
Metal chelating activity (Ispin pg/ml+ SD) 17.37+£0.7 36.27 £3.0
Lipid peroxidation (percent/10@g/ml) 95.03 £ 3.2 60.68 £ 2.9.
Total phenolic content (mg GAE/g extre 51.90+£3.0 <0.01(
Flavonoid content (mg RE/g extre 2.10+£0.2 6.27 £ 0.6




B4. Ficusglumosa Delile

Scientific name Ficus glumosa Delile

Synonyms Ficus sonderi

Family: Moraceae

Vernacular names mountain fig (English)ymkhiwa (Swati)
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Ficus glumosa Ficus glumosa distribution map

Botanical description

It is moderate sized erect tree growing up to 15nmheight, densely leafed and usually
evergreen. All parts of the tree produce non-toxilky latex. Figs are numerous among the leaf
axils and stem and spherical. Fruiting periochefinite (Venter and Venter, 2002; Adersji

al., 2000).

Distribution
The plant is distributed from Tanzania to KwaZulatdl, South Africa and found along drainage
lines, rocky outcrops and cliffs in woodland andoded grassland.

Medicinal use

The bark concoction is drunk for the treatment iafthoea and generalised malaise; while the
milky latex is used to treat toothache, cuts, iifetrs and sore eyes (de Batal., 2005; Venter
and Venter, 2002; Adenigt al., 2000).
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Phytochemistry

F. glumosa HPTLC chromatograms visualised after derivatizatath vanillin-sulphuric acid

and under 254 nm and 366 nm light, from left; b&mkit and leaves.

Pharmacological properties ofF. glumosa.

Pharmacological propertie: Fruit Leaves Bark
3H- hypoxanthine incorporatiorssay 117.54 £14.0 19.40+2.2 | >200 (74.84 4
(ICs0in ug/ml + SD) 3.95%)
Red blood cell lysi >100 (5.91+£1.03% | >100 (27.434 | >100 (19.951

3.02% 1.33%

Human kidney epithelial cell toxici 189.11+ 8.62 117.82+2.5¢ | 40.56+ 2.02
Saphylococcus aureus (MIC in mg/ml) 3.0C 4.0C 0.2t
Staphylococcus epidermidis 1.5C 2.0C 0.2t
(MIC in mg/ml)
Escherichia cali (MIC in mg/ml) 2.0C 2.0C 0.2t
Klebsiella pneumoniae (MIC in mg/ml) 2.0C 1.3 5.3¢
Candida albicans (MIC in mg/ml) 2.0C 3.3 5.3¢
DPPH free radical svenging 70.09 £ 8.2 46.76 £ 0.6 584 +£1.5
(ICspin pg/ml £ SD)
Metal chelating activity >10C >10C 39.02+34
(ICspin pg/mi+ SD)
Lipid peroxidation (percent/10@g/ml) 55.44 + 2.8 65.62+ 3.7¢ 12.61 + 1.8
Total phenolic content (mg GAE/g extre 45,90 10.7¢ <0.01( <0.01(
Flavonoid content (mg RE/g extre 14.07 £ 1.6 547 £0.1 0.78 £0.0:
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B5. Gardeniavolkensii K. Schum subsp.Spatulifolia

Scientific name Gardenia volkensii K. Schum subsyspatulifolia
Family: Rubiaceae
Vernacular names bushveld gardenia (Englisimanyongwana (Swati)
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Botanical description

It is a semi-deciduous to evergreen tree, depenainigabitat. It grows up to 8 m tall and has a
roundish much branched crown. The leaves are iorla/of 3, crowded at tip of short stout

branchlets and mostly spathe-shaped, glossy witbnéine margin, midrib and secondary veins
conspicuous on upper surface. The flower, appgarinJuly to December, is a single calyx

ribbed with a short slit down one side and the tarohite and fragrant, turning yellow with age.

The fruit is ovoid to spherical, shallowly ribbegkeyish-green and covered with grey warts
(Venter and Venter, 2002).

Distribution
The plant has a distribution from Angola in the thoto KwaZulu-Natal, South Africa in the
south and grows in woodlands.

Medicinal use

The fruit infusion is drunk to induce vomiting ihet treatment of diabetes mellitus and other
stomach troubles, while the burnt roots are usegr@umonia. A decoction of the root is used
for epilepsy, headaches and earache (Venter antti/@002; Verschaenat al., 2004; Amusan
etal., 2002; PP Ndlovu, personal communication). l@ildmd and Ghan#&ardenia species are
used for the treatment of malaria (Suksameh@al., 2003; Asaset al., 2005)
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Phytochemistry

G. gspatulifolia (leaves)HPTLC chromatograms visualised after derivatizatwith vanillin-
sulphuric acid and under 254 nm and 366 nm light.
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Pharmacological properties ofG. spatulifolia.

Pharmacological propertie: Fruit Leaves
3H- hypoxanthine incorporation ass 12490 +£9.7 >200 (54.89 + 4.8«
(ICsq in pug/ml + SD)
Red blood cell lysi 117.42 +10.9 | >200 (16.01 +0.579
Human kidney epithelial cell toxici 21.30+ 2.67 89.46+ 1.2
Saphylococcus aureus (MIC in mg/ml) 12.0C 4.0C
Staphylococcus epider midis (MIC in mg/ml 6.0C 1.67
Escherichia cali (MIC in mg/ml) 8.0C 2.0C
Klebsiella pneumoniae (MIC in mg/ml) 8.0C 1.3
Candida albicans (MIC in mg/ml) 12.0C 0.3¢
DPPH free radical scavenging soin ug/ml + SD’ >10( 21.57+£4.0
Metal chelating activity (Ispin ug/ml+ SD) >10C >10(
Lipid peroxidation (percent/10@g/ml) 58.24+1.47 77.55+ 2.5
Total phenolic content (mg GAE/g extre 110.60+ 1.0 22830+24
Flavonoid content (mg RE/g extre 1280+ 1.4 253+0.1
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B6. Guilleminea densa var. densa (Willd.)mog.

Scientific name Guilleminea densa var. densa (Willd.) mog.
Synonyms Brayulinea densa Humb. & Bonpl. ex Willd
Family: Amaranthaceae

Vernacular names sanama (Swati)
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Botanical description

It is a prostrate or sometimes decumbent, mat-fogmperennial herb with a rootstock
considerably thickened for up to about 5 cm belbes ground and then abruptly more slender,
mat from about 7—-70 cm across. The stems are nuserom the base, much-branched,
branches are opposite (or alternate by reductiamnefof the pair), more or less densely white-
lanate. Leaves are variable in size and shape.infloeescence is dense, ovoid, of up to about 10
flowers and whitish in colour (Aluka, 2008).

Distribution
Has a wide distribution throughout southern Africa.

Medicinal use

The root (tuber) is mixed with water and used ttuice vomiting for the treatment of nausea (PP
Ndlovu; personal communication).
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Pharmacological properties ofG. densa.

Pharmacological propertie: Whole plant
3H- incorporation assay (s¢in pg/ml + SD’ 162.32 £17.3
Red blood cell lysi >200 (5.04 + 0.28%
Human kidney epithelial cell toxici >200 (77.58 £0.65 9
Staphylococcus aureus (MIC in mg/ml) 4.0C
Staphylococcus epider midis (MIC in mg/ml) 1.2
Escherichia cali (MIC in mg/ml) 1.3
Klebsiella pneumoniae (MIC in mg/ml) 1.3
Candida albicans (MIC in mg/ml) 1.0C
DPPH free radical scavenging soin ug/ml + SD’ >10C
Metal chelatincactivity (ICspin pg/mi+ SD! >10C
Lipid peroxidation (percent/10@g/ml) 23.7(+ 3.8C
Total phenolic content (mg GAE/g extre 150.50 £ 0.9
Flavonoid content (mg RE/g extre <0.01(
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B7. Hélichrysum acutatum DC.

Scientific name Helichrysum acutatum DC.
Family: Astereaceae
Vernacular names Imboziso (Swati)
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Botanical description

This is a herbaceous plant with stout rootstalk amoranched erect shoots up to about 60 cm in
height. It is densely grey-woolly throughout. Tlkaves are few; stalk less, tapering to a broad
base and to long fin-pointed tip. The infloreseeii® on long common stalk, much-branched,
compact, about 6 cm in diameter. The flower head<aght yellow. The root is tuberous and
fibrous (Compton, 1976; Adenit al., 2000).

Distribution
The plant is distributed from Tanzania to KwaZulatdl, South Africa.

Medicinal use

A concoction of the roots is used as an antidat@deson (PP Ndlovu; personal communication).
Other uses of this genus include the treatmempmital infections, respiratory ailments and as a
dressing in circumcision rites (van Vuurenal., 2006).Helichrysym species (leaves and whole

plant) are used for cough and tuberculosis (Wadt Breyer-Brandwijk, 1962). This genus has
been reported to posses anticancer and antimyartacctivity (Fouchet al., 2008; McGavet

al., 2008).
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Pharmacological properties ofH. acutatum.

Pharmacological propertie: Leaves Roots
3H- incorporation assay (soin pg/ml + SD’ >200 (66.14 4 >200 (76.67 4
7.69%) 3.56%)
Red blood cell lysi >200 (8.15+3.67% | >200 (1.34 +£0.08%
Human kidney epithelial cell toxici 113.53+£6.91 >200 (78.71 4
1.34%)
Saphylococcus aureus (MIC in mg/ml) 4.0C >16
Staphylococcus epider midis (MIC in mg/ml) 1.67 13.3¢
Escherichia cali (MIC in mg/ml) 2.67 2.67
Klebsiella pneumoniae (MIC in mg/ml) 1.3 2.0C
Candida albicans (MIC in mg/ml) 0.5C 4.0C
DPPH free radical scavenging soin ug/ml + SD’ 109.75+95 >10C
Metal chelating activity (I6pin pg/mil+ SD 31.68 +2.2 >10(
Lipid peroxidation (percent/10@g/ml) 46.34+ 3.04 51.67 43.1:
Total phenolic content (mg GAE/g extre 182.80 + 4.6 <0.01(
Flavonoid content (mg RE/g extre 050 0.1 3.50 £ 0.1




B8. Leonotisintermedia Lindl.

Scientific name Leonotis intermedia Lindl.
Family: Lamiaceae
Vernacular names klipdagga (English)jwalabenyoni (Swati)
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Botanical description

This is a shrub that grows from 2-5 m in heightwat thick woody base. All parts of the plant
have a strong smell and the leaves are oppositeaher on the stem, long and narrow, toothed
in the upper part and distinctly hairy. The flowere bright orange and tubular and borne in
characteristic rounded groups (van Wglal., 2000).

Distribution
It has a wide distribution in the eastern partSafith Africa.

Medicinal use

The fruit and roots are ground into a powder angenhiwith soft porridge in the treatment of
cancer. A decoction of the roots or leavesLebnotis spp in general is mainly used for
toothache, snake bite, skin disease (twigs), masaramps, haemorrhoids, influenza, coughs,
colds, indigestion, high blood pressure, bronchatigl also smoked as a narcotic in place of
Cannabis sativa (van Wyket al., 2000; Watt and Breyer-Brandwijk, 1962; PP Ndloparsonal
communication).

Phytochemistry
Leonotis species contain several diterpenoids (labdanelagienes) such as marrubiin.
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Pharmacological properties ofL. intermedia.

Pharmacological propertie:

Flower

Stemr

3H- hypoxanthine incorporation ass
(ICsq in ug/ml + SD)

5551+7.1

2598 +1.7

Red blood cell lysi

>100 (3.77 £0.27%

>100 (4.05 £ 0.019

Human kidney epithelial cell toxici 107.81+ 10.7¢ 97.19+ 10.5(
Staphylococcus aureus (MIC in mg/ml) 4.0C 4.0C
Staphylococcus epider midis (MIC in mg/ml) 3.0C 3.0C
Escherichia coli (MIC in mg/ml) 3.0C 1.5C
Klebsiella pneumoniae (MIC in mg/ml) 1.0C 1.5C
Candida albicans (MIC in mg/ml) 0.2t 3.0C
DPPH free radical scavenging soin ug/ml + SD’ >10( >10(
Metal chelating activity (Ispin pg/mil+ SD! >10( >10(
Lipid peroxidation (percent/100g/ml) 31.68 £ 3.4. 11.87 +1.7!
Total phenolic content (mg GAE/g extre 129.00+15 179.00 + 3.
Flavonoid content (mg RE/g extre <0.01( 413 +0.2
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B9. Ozoroa sphaerocarpa R. Fern & A. Fern

Scientific name Ozoroa sphaerocarpa R. Fern & A. Fern
Family: Anacardiaceae
Vernacular names currant resin tree (Englishjnfuce (Swati)
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Botanical description

It is a deciduous tree growing to a height of 12 ninwaitshort, bent stem and sparsely spreading
crown. The leaves are usually in whorls of threé the fruit is ellipsoid or kidney shaped, pale
green at first, becoming black and wrinkled wheperi It flowers between September and
November (Adenijet al., 2000; Watt and Breyer-Brandwijk, 1962).

Distribution
The plant has wide distribution in deciduous woadlgbushveld and rocky hillsides.

Medicinal use

Medicinally, the bark is used for the treatment difarrhoea (PP Ndlovu; personal
communication). The leaf infusion is used togetheh Athrixia phylicoides to wash wounds
(Adeniji et al., 2000).
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Phytochemistry

1

O. sphaerocarpa HPTLC chromatograms visualised after derivatizatioim vanillin-sulphuric
acid and under 254 nm and 366 nm light, from Fetiif, leaves and bark.
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Pharmacological properties ofO. sphaerocarpa.

Pharmacological propertie: Fruit Leaves Bark
3H- hypoxanthine incorporation ass 40.20 £ 8.5 54.33+£1.2 4529+ 2.3
(ICsqin pug/ml + SD!
Red blood cell lysi >100 (1.416 4 180.26 +9.6 | >100 (30.80 1

0.02%) 5.55%)

Human kidney epithelial cell toxici 10.39+ 1.0 95.86+ 26.21 8.11+2.8(C
Staphylococcus aureus (MIC in mg/ml) 0.0z 267 1.0C
Staphylococcus epidermidis 0.001 0.67 0.04
(MIC in mg/ml)
Escherichia cali (MIC in mg/ml) 4.0C 267 1.0C
Klebsiella pneumoniae (MIC in mg/ml) 0.07 0.5(C 0.67
Candida albicans (MIC in mg/ml) 0.5¢ 1.0C 1.0C
DPPH free radical scavenging spin 11.63 £ 0.7 3444 +40 11.23 + 0.8
ug/ml + SD)
Metal chelating activity (Ispin pg/ml+ 40.59 £ 3.5 58.72+4.0 67.87 £ 4.0
SD)
Lipid peroxidation (percent/100g/ml) 76.471+ 2.6€ 4390+ 1.0 80.10+£2.2
Total phenolic content (mg GAE/g ¢act <0.01( 3467122 <0.01(
Flavonoid content (mg RE/g extre 31.13+£1.1 1.30 £ 0.1 <0.01(
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B10. Priva meyeri Jaub and Spach vameyeri

Scientific name Priva meyeri Jaub and Spach vaeyeri
Family: Verbenaceae
Vernacular names Sanama (Swati)
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Botanical description

This is a herbaceous plant, becoming woody at ## fand thinly rough-hairy throughout. Its
leaves are opposite or scattered and the leaf stalkout 1.3 cm long. The blade is triangular
and broadest just above the base. Its inflorescent¢erminal, elongated and indefinite. The
followers are well spaced in axils of minute bracthe corolla is mauve or white and five-lobed
(Compton, 1976).

Distribution
The plant is distributed in the eastern part ofigsfy from Tanzania in the north to Eastern Cape,
South Africa in the south.

Medicinal use
The leaf infusion is traditionally used for soreslaas ear drops for otitis media (PP Ndlovu;
personal communication)(Watt and Breyer-Brandwifs62).

Phytochemistry
Seeds contain tannins (Watt and Breyer-Brandwiig2)
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P. meyeri (whole plant)HPTLC chromatograms visualised after derivatizatwith vanillin-
sulphuric acid and under 254 nm and 366 nm light.

Pharmacological properties ofP. mayeri.

Pharmacological propertie: Whole plant
3H- incorporation assay (scin pg/ml + SD’ 7.36 £0.8!
Red blood cell lysi >100 (11.107 £ 0.7
Human kidney epithelial cell toxici 14,63+ 1.62
Saphylococcus aureus (MIC in mg/ml) 0.5(C
Staphylococcus epider midis (MIC in mg/ml) 0.8:
Escherichia cali (MIC in mg/ml) 0.5(C
Klebsiella pneumoniae (MIC in mg/ml) 1.3
Candida albicans (MIC in mg/ml) 0.67
DPPH free radical scavenging soin ug/ml + SD’ 7004 +7.2
Metal chelating activity (Isgin ug/ml+ SD’ >10C
Lipid peroxidation (percent/10@y/ml) 84.37+1.8
Total pheolic content (mg GAE/g extrar 295.43 + 32.60
Flavonoid content (mg RE/g extre 7.33+1.1




B11l. RicinuscommunisL.

Scientific name Ricinus communis L.
Family: Euphorbiaceae
Vernacular names castor oil plant (Englishymhlafutfo (Swati)
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Ricinus communis distribution map

Botanical description

This is a large shrub of up to 4 m in height widrwlarge, hand-shaped leaves on long, stout leaf
stalks. The flower clusters appear near the tighef branches. The fruits are three-lobed
capsules with spine-like projections on their stefa(Watt and Breyer-Brandwijk, 1962).

Distribution
This plant is exotic and believed to be indigentmusorth-east Africa and India, but it has a wide
distribution in tropical areas. It occurs predoamtly as a weed on previously disturbed lands.

Medicinal use

The plant leaf infusion is medicinally administeredlly or as an enema for the treatment of
sores, while the unbroken seed is used for storaabk; toothache, sores, boils in children,
headache, rheumatism and as a purgative (Watt amgeBBrandwijk, 1962; van Wykt al.,
2000).

Phytochemistry

Castor oil contains a triglyceride fatty acid, seedntain two highly toxic substances not present
in the oil, an alkaloid: ricinine and a lectin:indWyk et al., 2000). Also has strong anti-oxidant
activity due to the presence of flavonoids and i@sranti-inflammatory (llavarasast al., 2006)
and antibacterial activity (Khaet al., 1978; Verpoorte and Dihal, 1987). Diterpenspeme and
mevalonic acid have been isolated from the seesl([B@ton and West, 1975).
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R. communis HPTLC chromatograms visualised after derivatizatth vanillin-sulphuric acid
and under 254 nm and 366 nm light, from left; fand leaves.
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Pharmacological properties ofR. communis.

Pharmacological propertie: Fruit Leaves Sterr
3H- hypoxanthine incorporaticassay 33.61+£2.8 23.60+£2.2 52.73+0.4
(ICsq in ug/ml + SD)

Red blood cell lysi >100 (12.183: | >100 (13.014 >100 (5.04 4
0.18%) 4.11%) 0.17%)
Human kidney epithelial cell toxici 136.11+ 3.9¢ 159.06+ 5.0C 137.53+ 28.0¢
Saphylococcus aureus (MIC in mg/ml) 0.67 0.6€ 2.0C
Staphylococcus epidermidis 1.0C 0.8 1.5C
(MIC in mg/ml)
Escherichia cali (MIC in mg/ml) 1.3 1.3 1.5C
Klebsiella pneumoniae (MIC in mg/ml) 1.3 3.3 1.0C
Candida albicans (MIC in mg/ml) 0.5C 0.2¢ 0.5(C
DPPH free radiciscavenging (lpin >10C >10C >10C
ug/ml + SD)
Metal chelating activity (Ispin pg/ml+ >10C 3280+15 >10C
SD)
Lipid peroxidation (percent/100g/ml) 63.74+4.3¢ 88.46 13.2¢ 16.9842.5:
Total phenolic content (mg GAE/g extre 263.37+1.1 469.00 £55.7 197.00 + 0.4«
Flavonoid content (mg RE/g extre <0.01( 4,07 £0.2 <0.01(
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B12. Syzygium cordatum Hochst ex C Krauss

Scientific name Syzygium cordatum Hochst ex C Krauss
Family: Myrtaceae
Vernacular names water berry (Englishymncozi (Swati)
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Syzygium cordatum Syzygium cordatum distribution map

Botanical discription

The tree is evergreen and grows up to 20 m in heidhe leaves are near ends of branches and
broad, sometimes almost circular with a bluish-greelour. The flowers are cream to pink in
colour and appear between August and November.frihas a berry that is egg-shaped and red
to dark purple in colour. Its wood is used for tbailding, whilst the ripe fruit is edible (Venter
and Venter, 2002; van Wydt al., 2000).

Distribution
The plant is distributed from Kenya to Eastern Ciapte south. In South Africa, it grows in the
eastern and north-eastern parts and found aloegnss in riverine bush and forest.

Medicinal use

Medicinally the bark is used for diarrhoea, whhe teaf, root and bark are used as an emetic, for
the treatment of stomach troubles and respiratdmyeats, including tuberculosis (Venter and
Venter, 2002; van Wykt al., 2000).

Phytochemistry

The wood and bark contain proanthocyanidins, pguotactriterpenoids, such as arjunolic acid,
friedelin and epifriedelinol, cyaniding, delphidisteroidal triterpenoids such fssitosterol, as
well as gallic acid, ellagic acid and various ga#icid derivatives (Candgt al., 1968; Venter and
Venter, 2002; van Wykt al., 2000).
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S cordatum HPTLC chromatograms visualised after derivatizatigth vanillin-sulphuric acid

and under 254 nm and 366 nm light, from left; lesased bark
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Pharmacological properties ofS. cordatum.

Pharmacological propertie: Leaves Bark
3H- hypoxanhine incorporation ass: 3261+£2.0 6.70£1.2

(ICsq in ug/ml + SD)

Red blood cell lysi

>100 (4.31 £ 0.419

>100 (22.83 1

3.56%
Human kidney epithelial cell toxici 8.65+ 1.41 26.80+ 2.54
Staphylococcus aureus (MIC in mg/ml) 5.0C 2.0C
Staphylococcus epider midis (MIC in mg/nr) 0.0 0.3¢
Escherichia cali (MIC in mg/ml) 3.0C 1.5C
Klebsiella pneumoniae (MIC in mg/ml) 0.4<¢ 0.2t
Candida albicans (MIC in mg/ml) 1.0C 1.5C
DPPH free radical scavenging soin ug/ml + SD’ 1576 £+ 2.3 954 +£0.9
Metal chelating activity (Ispin ug/ml+ SD) >10C 16.23 £ 0.9
Lipid peroxidation (percent/10@g/ml) 73.07 43.9(C 82.3342.21
Total phenolic content (mg GAE/g extre 806.10 £42.2 33.70£1.1
Flavonoid content (mg RE/g extre 4,10 +£0.7 27.13+£2.3
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B13. Terminalia phanerophlebia Eng. & Diels
Scientific name Terminalia phanerophlebia Eng. & Diels

Family: Combretaceae
Vernacular names silver leaf tree (Englishgmangwe lamnyama (Swati)
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Terminalia phanerophlebia flower Terminalia phanerophlebia distribution map

Botanical description

This is a small to medium-sized tree of about 5/10n height with an erect trunk and wide
spreading crown. The silver-grey leaves are ctadtat the tops of the branchlets, erect and
more or less hairy when mature. The flowers arallsamd yellowish, with an unpleasant smell,
and the fruit is pendulous (Neuwinger, 1996; vark\styal., 2000).

Distribution
The plant has a small distribution in northern Mpmmga, South African and grows in
Savannah lands on sandy soils.

Medicinal use

The bark infusion is drunk for the treatment of pqains and pneumonia. The root extract or
decoction of manylferminalia species is used for diabetes, stomach problemstesbmiasis,
gonorrhoea, syphilis, diarrhoea, general body wes&n sore throat, colic and skin disease
(Neuwinger, 1996; van Wyt al., 2000).

Phytochemistry

Terminalia species are rich in triterpene saponins and tannBometimes ellagic acid, and its
methyl derivatives, quercetin afiesitosterol are found (Neuwinger, 1996; van Véykl., 2000).
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T. phanerophlebia HPTLC chromatograms visualised after derivatizatioth vanillin-sulphuric
acid and under 254 nm and 366 nm light, from lefiyes and bark.

Pharmacological properties ofT. phanerophlebia.

Pharmacological properties Leaves Bark
3H- hypoxanthine incorporation ass 781+£1.8 726234
(ICsp in pug/ml + SD)
Red blood cell lysi >100(5.32 £ 1.43% >100 (5.25 + 2.46Y
Human kidney epithelial cell toxici 125.64+ 13.9¢ >200 (68.98 + 4.309
Staphylococcus aureus (MIC in mg/ml) 0.3 1.0C
Staphylococcus epider midis (MIC in mg/ml’ 0.3 1.5C
Escherichia cali (MIC in mg/ml) 1.3 1.0C
Klebsiella pneumoniae (MIC in mg/ml) 0.67 1.3
Candida albicans (MIC in mg/ml) 0.77 0.7¢
DPPH free radical scavenging soin ug/ml + SD’ 7.09+0.7 12.37+3.0
Metal chelating activy (ICspin pg/mi+ SD! 1443 £1.3 2272+1.3
Lipid peroxidation (percent/10&g/ml) 91.63+1.1 84.27 10.4¢
Total phenolic content (mg GAE/g extre 184.70+ 2.1 17470 +£11.7
Flavonoid content (mg RE/g extre 5.20+£ 0.2 33.33+x44
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B14. Trichilia emetica Vahl

Scientific name Trichilia emetica Vahl
Family: Meliaceae
Vernacular names natal mahogany (Englisijmkhuhlu (Swati)
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Trichiliaﬁtica leaves Trichilia emetica distribution map

Botanical description

It is a large densely leafy evergreen tree, growtm@ height of about 20 m. The leaves are
hairless above and thinly hairy below. The fruisi®rtly stalked, round and downy (Venter and
Venter, 2002; Watt and Breyer-Brandwijk, 1962).

Distribution
This plant has a wide distribution from Sudan tod&wlu-Natal, South Africa in the south and
grows in coastal, riverine and gallery forests.

Medicinal use

The bark is soaked in warm water and used to jo@at pains, nausea and vomiting, malaria,
dysentery, fever, haematuria, urethral discharge abdominal pain; whilst the bark or leaf is
administered as an enema to treat a sore backsd@deoil is used to treat rectal ulceration and
rheumatism, and the leaf or fruit poultice is udedbruises and eczema (Venter and Venter,
2002; Watt and Breyer-Brandwijk, 1962; Gewidhl., 2005: Adenijiet al., 2000; van Wylet al.,
2000).

Phytochemistry

Limonoids such as trichilin A and dregeanin haverbisolated from the seed oil and are known
for their antimicrobial and anti-inflammatory agtiv(van Wyket al., 2000). Others are palmitic
acid, oleic acid and tannins (Watt and Breyer-Bvajid 1962). Also polyphenols such as caffeic
acid, ferulic acid, gallic acid, chlorogenic acitdasyringic acid (Germaet al., 2006) alkaloids,
flavonoids, glycosides, and steroids (Amusgal., 2007).



T. emetica HPTLC chromatograms visualised after derivatizatioth vanillin-sulphuric acid and

under 254 nm and 366 nm light, from left; leaved hark.

Pharmacological properties ofT. emetica.

Pharmacological propertie: Leaves Bark
3H- hypoxanthine incorporation ass 18.13+35 >200 (71.07 4
(ICs0in ug/ml + SD) 7.78%)
Red blood cell lysi >100 (6.25 + 0.68% 19438 +7.2
Human kidney epithelial celoxicity 45,95+ 5.1(C 67.83+ 2.7¢
Staphylococcus aureus (MIC in mg/ml) 0.1¢ 0.5¢
Staphylococcus epider midis (MIC in mg/ml) 0.1¢€ 0.07
Escherichia cali (MIC in mg/ml) 0.8: 6.67
Klebsiella pneumoniae (MIC in mg/ml) 2.0C 2.67
Candida albicans (MIC in mg/ml) 0.22 0.7¢
DPPH free radical scavenging soin ug/ml + SD' 7059 +12.6 15.16 £ 1.7
Metal chelating activity (Ispin pg/mi+ SD 4421 £4.2 >10(
Lipid peroxidation (percent/10@g/ml) 59.05+1.8 59.73 £2.5¢
Total phenolic content (mg GAE/g extre 329.00+ 5.9 17.00+1.8
Flavonoidcontent (mg RE/g extra <0.01( 26.40 £0.7.
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B15. Zizphus mucronata Willd

Scientific name Zizphus mucronata Willd
Family: Rhamnaceae
Vernacular names buffalo thorn (English)ymlahlabantfu (Swati)
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Ziziphus mucronata Ziziphus mucronata distribution map

Botanical description

This deciduous tree can grow up to a height of 1&neh has an open round to spreading crown.
The leaves are alternate, simple, smooth and shirhe flowers are clusters in the leaf axils,
yellowish green in colour with short flower stallks)d appear between October and April. The
fruit is a round, reddish brown glossy drupe (Verted Venter, 2002; Neuwinger, 1996; Watt
and Breyer-Brandwijk, 1962).

Distribution
It has a wide distribution in Africa, from Arabia Western Cape, South Africa in the south and
grows mostly in woodland and wooded grassland.

Medicinal use

The bark powder is used for body pains, and cowdtile the leaf poultice is used for the
treatment of chest troubles, boils and other sepirllings. The root infusion is used for treating
dysentery, gonorrhoea and sores (Venter and Ve2®g; Neuwinger, 1996; Watt and Breyer-
Brandwijk, 1962).

Phytochemistry

The bark contains 12-15% tannin (Venter and Ve2@02). Ziziphus species generally
contains alkaloids, sterols/triterpenoids, sapartanmins, flavonoids (Raef al., 1986).
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Z. mucronata HPTLC chromatograms visualised after derivatizatioth vanillin-sulphuric acid
and under 254 nm and 366 nm light, from left; lesased bark.

Pharmacological properties ofZ. mucronata.

Pharmacological propertie: Fruit Leaves Bark
3H- hypoxanthine incorporation ass 67.18 £ 7.4 739914 94.84+1.4
(ICsq in pug/ml + SD)
Red blood cell lysi >100 (3.21 £ 0.9%) | >100 (4.37+ | >100 (3.44
0.31%) 0.81%)
Human kidney epithelial cell toxici >200 (55.68 4 61.17£1.7¢ 2.23+0.91
3.68%)
Staphylococcus aureus (MIC in mg/ml) 3.3 4.0C 0.5C
Staphylococcus epidermidis 1.3 2.0C 1.0C
(MIC in mg/ml)
Escherichia cali (MIC in mg/ml) 4.0C 3.0C 2.0C
Klebsiella pneumoniae (MIC in mg/ml) 1.3 1.5C 1.3
Candida albicans (MIC in mg/ml) 4.0C 0.22 4.0C
DPPH free radical scavengil 4354 £ 1.2 >10C 1527 +2.2
(ICspin pg/ml £ SD)
Metal chelating activity >10C >10C 55.67 +1.7
(ICspin pug/mi+ SD)
Lipid peroxidation (percent/10@g/ml) 26.43 £ 2.0 28.66 41.1¢ 38.73+2.3
Total phenolic content (mg GAE/g extre 536.87 £ 36.7 21800 +£5.7¢ | 46.27+5.6
Flavonoid content (mg RE/g extre <0.01( 3.40+£ 0.2 <0.01(
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APPENDIX D: Sum Fractional Inhibitory Concentration for Malaria Combination

Table DI Sum fractional inhibitory concentrations fér glumosa leaves (Fg) with quinine,
tested againd?lasmodium fal ciparum obtained in experiment 1.
Concentrations
IC 5o Values FIC
(ng/ml) >

- - FIC
Quinine Fg Quinine | s.d. Fg s.d. Quinine FICFg | ZFIC

0.3 0 0.0z 0.01 0.0C -

0.2t 0.1 0.05¢ - 0.0z | 0.0C 3.52¢ 0.00: 3.52¢

2 0.5 0.05¢ - 0.01 | 0.0C 3.29:¢ 0.00z 3.29¢

1 1 0.031 - 0.0z | 0.0C 1.86¢ 0.00¢ 1.86¢
0.5 5 0.00¢ - 0.8 | 0.0C 0471 0.01( 0.481
0.1 10 0.00¢ - 0.7t | 0.0¢ 0.45] 0.09¢ 0.54¢
0.01 20 0.00z - 4.7z | 1.31 0.141 0.61¢ 0.75¢€

0 30 - - 7.67 | 1.7¢ SUM 10.47¢

AVG [
Table D2: Sum fractional inhibitory concentrations ferglumosa leaves (Fg) with quinine,
tested againd?lasmodium falciparum obtained in duplicate experiment 2.
Concentrations
IC 5o Values FIC
(ng/ml) ®

- - FIC
Quinine Fg Quinine | s.d. Fg s.d. Quinine FICFg | ZFIC

0.3 0 0.0z 0.0C 0.0C -

0.2t 0.1 0.04( - 0.0z |0.0C| 2.28t 0.00: 2.28i

2 0.5 0.061 - 0.0z |0.0C| 3.44¢ 0.00: 3.45(

1 1 0.03¢ - 0.04 |0.0C| 2.20% 0.007 2.21¢
0.5 5 0.007 - 007 |0.0C| 041 0.01z 0.42:
0.1 10 0.00¢ - 0.87 |0.0¢| 0.49 0.14¢ 0.63¢
0.01 20 0.00z - 39z (047 0.111 0.66( 0.771

0 30 - - 59t |0.44 SUM 9.78¢

AVG  [eEI

Overall XFIC =1.688 + 0.081
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Table D3

Sum fractional inhibitory concentrations fBr salicina bark (Bs) with quinine,

tested againd?lasmodium falciparum obtained with experiment 1.

Concentrations
(ng/mi) IC s Values FIC
- - FIC
Quinine Bs Quinine | s.d. Bs s.d. Quinine FIC Bs | ZFIC
0.3 0 0.01 0.0C | 0.0C -
0.2t 0.1 0.027 - 0.01 | 0.0C | 2.69( 0.00z | 2.69:-
2 0.5 0.02¢ - 0.01 | 0.0C | 2.74¢ 0.001 | 2.74f
1 1 0.012 - 0.01 | 0.0C 1.192 0.00z | 1.19¢
0.5 5 0.007 - 0.07 | 0.01 | 0.69¢ 0.01z | 0.70%
0.1 10 0.02( - 1.97 | 0.01 1.95¢ 0.33t | 2.29¢
0.01 20 0.00z2 - 3.3C | 0.2¢ | 0.16¢ 0.561 | 0.72¢f
0 40 - - 5.86 | 090 SUM | 10.35]
AVG [
Table D4: Sum fractional inhibitory concentrations fBr salicina bark (Bs) with quinine,
tested againd?lasmodium falciparum obtained with duplicate experiment 2.
Concentrations
(ng/ml) IC s Values FIC
- - FIC
Quinine Bs Quinine | s.d. Bs s.d. Quinine FICBs | ZFIC
0.3 0 0.0z 0.01 | 0.0C -
0.2F 0.1 0.04¢ - 0.0z | 0.0C | 2.84¢ 0.00z | 2.84¢
2 0.5 0.03: - 0.01 | 0.0C | 2.28¢ 0.001 | 2.28¢
1 1 0.02¢ - 0.05 | 0.0C 1.61: 0.00z 1.61°
0.5 5 0.02¢ - 0.25 | 0.0C 1.53¢ 0.02¢ 1.557
0.1 10 0.02¢ - 2.87 | 0.07 1.79¢ 0.27¢ | 2.06¢
0.01 20 0.00z - 3.1¢ | 0.05 | 0.09¢ 0.30f | 0.40¢
0 40 - - 10.47 | 0.1C SUM | 10.77¢
AVG [
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Table D5 Sum fractional inhibitory concentrations forintermedia stem (Li) with quinine,

tested againd?lasmodium falciparum obtained in experiment 1.

Concentrations
(ng/ml) IC s Values FIC
FIC FIC
Quinine Li Quinine | s.d. Li s.d. | Quinine Li XFIC
0.3 0 0.01 0.01 | 0.0C -
0.2t 0.1 0.03¢ - 0.01 | 0.0C | 3.42% | 0.001 | 3.42¢

2 0.5 0.02¢ - 0.01 | 0.01| 2.33t |0.000¢| 2.33¢

1 1 0.01¢ - 0.0z | 0.01] 1.6%2 | 0.001 1.63:
0.5 5 0.02( - 0.2C | 0.0z | 1.95¢ | 0.01¢ 1.97¢
0.1 10 0.01¢ - 154 | 0.2z | 1.52¢ | 0.122 1.65(
0.01 20 0.00¢ - 9.2 | 0.81| 0.45¢ | 0.73¢ 1.19¢

0 40 - - 12.5€ | 3.01 SUM | 12.21:

AVG [
Table D6: Sum fractional inhibitory concentrations forintermedia stem (Li) with quinine,
tested againd?lasmodium falciparum obtained in duplicate experiment 2.
Concentrations
(ng/ml) ICsoValues FIC
- : - : FIC FIC
Quinine Li Quinine | s.d. Li s.d. Quinine L XFIC
0.3 0 0.01 0.0C | 0.0C -
0.2F 0.1 0.04( - 0.0z | 0.0C | 3.1417 | 0.000¢| 3.14:

2 0.5 0.07( - 0.0z | 0.01 | 5.55256¢| 0.0007| 5.55:

1 1 0.01¢ - 0.01 | 0.01 |1.17391:|0.000¢| 1.17¢
0.5 5 0.022 - 0.2z | 0.0C | 1.72144¢| 0.00¢ | 1.73(
0.1 10 0.031 - 3.1z | 0.0¢ | 2.46715.| 0.12f | 2.59:
0.01 20 0.00¢ - 11.0¢ | 0.9¢ | 0.4365. | 0.44% | 0.87¢

0 40 - - 24.9; | 1.34 SUM | 9.51¢

AVG |

24~

Overall ZFIC =1.970 + 0.093




Table D7: Sum fractional inhibitory concentrations for phanerophlebia leaves (Tp) with

quinine, tested againBtasmodium falciparum obtained in experiment 1.

Concentrations
ICsoValues FIC
(ng/ml) >
- - FIC FIC
Quinine Quinine | s.d. Tp s.d. Quinine Tp XFIC
0.3 0.0z 0.0C | 0.0C -
0.2t 0.047 - 0.0z | 0.0C 2.93¢ 0.001 | 2.93¢
2 0.05zZ - 0.01 | 0.0C 3.19¢ 0.000¢ | 3.197
1 0.03¢ - 0.04 | 0.0C 2.18i 0.00z | 2.18¢
0.5 0.01¢€ - 0.1€ | 0.0z 1.00¢ 0.00¢ | 1.01:
0.1 0.05( - 5.0z | 0.0t 3.112 0.25¢ | 3.37:
0.01 0.00¢ - 7.7C | 1.2C 0.23¢ 0.39¢ | 0.637
0 30 - - 19.3¢ | 1.2¢€ SUM | 13.34:
AVG e
Table D8 Sum fractional inhibitory concentrations for phanerophlebia leaves (Tp) with
guinine, tested again§iasmodium falciparum obtained in duplicate experiment
2.
Concentrations
(ng/ml) ICsoValues FIC
- - FIC
Quinine Tp Quinine | s.d. Tp s.d. Quinine FIC Tp | ZFIC
0.3 0 0.01 0.0C | 0.0C -
0.2t 0.1 0.03¢ - 0.01 | 0.0C 2.33¢ 0.00z | 2.34(
2 0.5 0.027 - 0.01 | 0.0C 1.83¢ 0.001 | 1.84c
1 1 0.01: - 0.01 | 0.0C 0.88¢ 0.00z | 0.88¢
05 5 0.00¢ - 0.0¢ | 0.0z 0.51: 0.01C | 0.52¢
0.1 10 0.04¢ - 4.6C | 0.2C 3.13¢ 0.64t | 3.77¢
0.01 20 0.00¢ - 10.21 | 0.3¢ 0.34¢ 1.43% | 1.781
0 30 - - 7.1% | 0.34 SUM | 9.36¢
AVG [

Overall ZFIC = 2.049 + 0.248

24¢



Table D9 Sum fractional inhibitory concentrations fd. setifera stem/root (Bs) with

quinine, tested againBtasmodium falciparum obtained in experiment 1.

Concentrations
(ng/ml) IC 5o Values FIC
- - FIC FIC
Quinine Bs Quinine | s.d. Bs s.d. Quinine Bs XFIC
0.3 0 0.01 0.0C | 0.0C -
0.2 0.1 0.045 - 0.0z | 0.0C 5.24; 0.002 5.24¢
2 0.5 0.15¢ - 0.0¢ | 0.0C | 18.14: | 0.00¢ 18.14¢
1 1 0.01% - 0.0z | 0.0C 1.98( 0.002 1.98:
0.5 5 0.01¢ - 0.1t | 0.0¢ 1.81¢ 0.01¢ 1.83(
0.1 10 0.02:2 - 222 | 041 2.61¢ 0.23¢ 2.852
0.01 20 0.00¢ - 10.0C | 0.47 0.58¢ 1.05¢4 1.63¢
0 30 - - 9.4¢ | 0.04 SUM 31.69:
AVG [EEEE

Table D10 Sum fractional inhibitory concentrations f@. setifera stem/root (Bs) with

quinine, tested again§lasmodium falciparum obtained in duplicate experiment

2.
Concentrations
(ng/ml) IC 5o Values FIC
Quinine Bs | Quinine | s.d. Bs s.d. QLIJZiInCi;ne Fég XFIC
0.3 0 0.01 0.0C | 0.0C -
0.2t 0.1 0.03¢ - 0.01 | 0.0C 4.15€¢ | 0.001| 4.157
2 0.t 0.10( - 0.0z | 0.0C | 11.70z | 0.00z | 11.70¢
1 1 0.05¢ - 0.0€ | 0.0C 6.93: | 0.00t | 6.93¢
0.t 5 0.04¢ - 0.4€ | 0.0C 5431 | 0.04:| 5.47:
0.1 10 0.041 - 4.0¢ | 0.0t 4781 | 0.37%| 5.15¢
0.01 20 0.00¢ - 7.4€ | 0.6t 0.43¢ | 0.68¢| 1.12¢
0 30 - - 10.9C | 0.6C SUM | 34.55:
AVG |

Overall XFIC =5.521 + 0.337



APPENDIX E: WAVELENGTH SCAN FOR DETERMINING ABSORBA NCE MAXIMA
TO BE USED FOR ABSORBANCE MEASUREMENTS.
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Figure E1:  Wavelength scan for the absorbance maxima of fém®ozine-iron complex

between 400 and 700 nm, with maxima at 565.08 nm.

Figure E22  Wavelength scan for the absorbance maxima of férdc ions—thiocynate

complex between 200 and 700 nm, with maxima atG#Bam.
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Figure E3:  Wavelength scan for the absorbance maxima ofdiie acid and Folin-Ciocalteu
reagent complex (blue) ar@dl sphaerocarpa leaves (red), measured between 400
and 850 nm, with maxima at 638.74 and 672.09 nspaetively.
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Figure E4:  Wavelength scan for the absorbance maxima ofutie-aluminium complex with

maxima at 394.65 nm.



APPENDIX F: Sum Fractional Inhibitory Concentratio n for Two Plant
Combination AgainstE. coli

Table F1: Chart used to determine the MIC values of theedifit plant combinations.

Ratio and volume

Rows in microtitre plate

of extract A B C D | E F G H
Plant A 16 8 4 2 1| 05 0.2 0.12b6
(100:0) | Plant B 0 0 0 0| O 0 0 0
Plant A 144| 7.2 | 3.6 | 1.8]0.2|0.45|0.225| 0.112¢
(90:10) | Plant B 1€| 0.8 | 04 | 0.2|0.1|0.05|0.025|0.012¢
Plant A 12| 64 | 3.2 |1€[(08| 04| 0.2 0.1
(80:20) | Plant B 32| 1.6 16| 0804 02| 0.1 0.05
Plant A 11.z| 56 | 2.8 | 14]0.7|0.35|0.175| 0.087¢
(70:30) | Plant B 48| 24| 1.2 |0.€6|0.3|0.15|0.075| 0.037¢
Plant A 9€ | 48 | 24 |12|06| 0.3 | 0.1t | 0.07¢
(60:40) | Plant B 64| 32| 16 |08|04| 02| 01 0.0t
Plant A 8 4 2 1 |0.E|0.25|0.125| 0.062¢
(50:50) | Plant B 8 4 2 1| 0.5 0.25|0.125| 0.0625
Plant A 64| 32| 1€ |08]04| 0.2 | 01 0.0t
(40:60) | Plant B 96| 48| 24| 1.206| 0.3 | 0.15| 0.075
Plant A 48 | 24 | 1.2 | 0.6]0.3|0.15|0.07t| 0.037¢
(30:70) | Plant B 11.2| 56 | 2.8 | 1.4/ 0.7|0.35|0.175| 0.0875
Plant A 32| 16 16| 0804 0.2| 0.1 0.05
(20:80) | Plant B 128| 64| 32| 16 08| 04| 0.2 0.1
Plant A 16| 08| 04| 0.20.1|/0.05/0.025|0.0125
(10:90) | Plant B 144| 7.2 | 3.6 | 1.8]0.2|0.45|0.225| 0.112¢
Plant A 0 0 0 0 0 0 0 0
(0:100) | Plant B 16 8 4 2 1| 05 0.2 0.12b6

25C



Table F2 Sum fractional inhibitory concentrations #rsalicina bark with

S cordatum bark, tested againkt coli.

Concentrations (mg/ml) XFIC
B. salicina - s s
bark S. cordatum bark | Experiment 1 | Experiment 2 | Experiment 3
16 0 1 1 1
14.4 1.6 0.6t 0.6t 2.6
12.¢ 3.2 0.8 0.8 0.8
11.2 4.8 0.47¢ 0.47¢ 0.9t
9.6 6.4 0.5t 0.5t 055
8 8 0.62¢ 0.62¢ 0.62¢
6.4 9.6 0.7 0.7 0.7
4.8 11.2 0.77¢ 0.77¢ 0.77¢
3.2 12.¢ 0.8t 0.8t 0.8t
1.6 14.£ 0.92¢ 0.92¢ 0.92¢
0 16 1 1 1
Average FIC 0.72¢
sd__ [NNNCOSENN

Table F3: Sum fractional inhibitory concentrations fd@D. sphaerocarpa bark with S.
cordatum bark, tested againkt coli.

Concentrations (mg/ml) XFIC
e sphba::Ii) carpa = cg;dritum Experiment 1 | Experiment 2 | Experiment 3
16 0 1 1 1
14.4 1.€ 0.5t 0.5t 1.1
12.¢ 3.2 0.€ 0.6 0.€
11.2 4.8 0.6 0.32¢ 0.32¢
9.6 6.4 0.7 0.3¢ 0.3t
8 8 0.7t 0.37¢ 0.37¢
6.4 9.€ 0.8 0.4 0.4
4.8 11.2 0.8t 0.42¢ 0.42t
3.2 12.¢ 0.S 0.4t 0.4t
1.6 14.4 0.9t 0.47¢ 0.47¢
0 16 1 1 1
Average FIC 0.56:
sd__ | NONGENN
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Table F4 Sum fractional inhibitory concentrations f@. sphaerocarpa bark with B.
salicina bark, tested againEkt coli.

Concentrations (mg/ml) XFIC
e Sphba::I(() carpa = ;Ha:'rﬁma Experiment 1 | Experiment 2 | Experiment 3
16 0 1 1 1
14.4 1.6 0.45¢€ 0.45¢ 0.45¢
12.¢ 3.2 0.82¢ 0.82¢ 0.82¢
11.2 4.8 0.3687" 0.737% 0.737
9.€ 6.4 0.6 0.32¢ 0.6
8 8 1.12¢ 1.12¢ 0.562¢
6.4 9.6 0.9t 0.9t 0.47¢
4.8 11.2 1.5 1.5 0.77¢
3.2 12.¢ 1.2 1.2 0.€
1.€ 14.4 0.8t 0.8F 0.8F
0 16 1 1 1
Average FIC 0.88¢
sd__ [INNCHGEN
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APPENDIX G: Sum Fractional Inhibitory Concentration for Three Plant Combination
AgainstE. coli

Table GL Sum fractional inhibitory concentrations #rsalicina bark and

S cordatum bark with different concentrations @ sphaerocarpa, tested against

E. coli.
Concentrations (mg/ml} XFIC
B. salicina | S. cordatum | Without O. % MIC O. MIC O. 2 XMIC O.
bark bark sphaerocarpa | sphaerocarpa | sphaerocarpa | sphaerocarpa
16 0 1 1 1 1
14.£ 1.6 0.6t 0.t 0.8t 0.92¢
12.¢ 3.2 0.8 1 1.2 0.8t
11.2 4.8 0.47¢ 0.t 0.38 1.5t
9.€ 6.4 0.5t 0.t 0.9t 0.3t
8 8 0.62¢ 0.t 1.12¢ 0.31:
6.4 9.€ 0.7 0.t 0.6t 0.27¢
4.8 11.2 0.77¢ 1 0.737% 0.237%
3.2 12.€ 0.8t 0.t 1.6 0.2
1.€ 14.4 0.92¢ 1 0.91:2 0.16:2
0 16 1 1 1 1
Average 0.72766.
FIC 0.666667 0.940278 0.540

Table G2 Sum fractional inhibitory concentrations fdD. sphaerocarpa bark and S

cordatum bark with different concentration 8f salicina, tested againg. coli.

Concentrations (mg/ml’ XFIC
O. sphaerocarpa | S.cordatum | Without % MIC MIC 2 XMIC
bark bark B.salicina | B.salicina | B.salicina | B. salicina
16 0 1 1 1 1
14.£ 1.6 0.5t 0.27¢ 0.27¢ 0.068:
12.¢ 3.2 0.€ 0.07¢ 0.3 0.15
11.2 4.8 0.32¢ 0.32¢ 0.32¢ 0.081:
9.6 6.4 0.3t 0.3t 0.08: 0.087¢
8 8 0.37¢ 0.37¢ 0.37¢ 0.37¢
6.4 9.6 04 0.8 1.6 04
4.8 11.2 0.42¢ 0.8t 0.8t 0.42°¢
3.2 12.¢ 0.4t 0.¢ 0.¢ 0.4t
1.6 14.4 047t 047~ 0.9t 0.11¢
0 16 1 1 1 1
Average
FIC 0.562963 0.491667 0.629167  0.240
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Table G3:

Sum fractional inhibitory concentrations fOr sphaerocarpa bark andB. salicina

bark with different concentrations 8fcordatum bark, tested againkt coli.

Concentrations (mg/ml XFIC
. . 2 X MIC
O. sphaerocarpa | B. salicina Without % MIC S. MIC S. S
bark bark S. cordatum cordatum cordatum cordatum
16 0 1 1 1 1
14.£ 1.6 0.4562! 0.90z 1.80¢ 0.90:
12.¢ 3.2 0.82¢ 0.80¢ 1.61z 0.80¢
11.2 4.8 0.737¢ 1.41¢ 0.70¢ 1.41¢
9.€ 6.4 0.32¢ 1.22¢ 1.22¢ 1.22¢
8 8 1.12¢ 0.516 2.062 1.031
6.4 9.€ 0.9t 0.83i 1.67¢ 1.67¢
4.8 11.2 1.5 0.64¢ 2.57¢ 0.64¢«
3.2 12.¢ 1.2 0.9 3.6 1.8
1.€ 14.4 0.8t 0.25¢ 1.02¢t 0.512
0 16 1 1 1 1
Average
FIC 0.888542 0.834028 1.810064 1.113
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APPENDIX H: Sum Fractional Inhibitory Concentration for Two Plant Combination
Against Human Kidney Epithelial cells

Table H1: Sum fractional inhibitory concentrations #rsalicina bark with

S. cordatum bark, tested against human kidney epithelial cells

Concentrations ug/ml) XFIC
B. salicinabark | S. cordatum bark | Experiment 1 | Experiment 2

10C 0 1 1

80 1 0.86¢ 0.74¢

50 10 0.542 0.43¢

20 25 0.211] 0.22¢

10 50 0.20¢ 0.15¢

5 10C 0.28( 0.31¢

1 20C 0.65¢4 0.822

0 40C Average FIC 0.45¢

sd GO0

Table H2: Sum fractional inhibitory concentrations fd@D. sphaerocarpa bark with S.

cordatum bark, tested against human kidney epithelial cells

Concentrations (ng/ml) XFIC
S. cordatum bark | O. sphaerocarpa bark | Experiment 1 | Experiment 2

10C 0 1 1

80 1 0.75¢ 0.88¢

50 5 0.60( 0.551

20 1C 1.11(C 0.96:

10 2C 1.48¢ 1.131

5 40 3.47¢ 2.702

1 5C 2.502 1.564

0 8C Average FIC 1.471

sd  [HNCESIN

25¢



Table H3: Sum fractional inhibitory concentrations f@. sphaerocarpa bark with B.
salicina bark, tested against human kidney epithelial cells

Concentrations (ng/ml) XFIC
B. salicinabark | O. sphaerocarpa bark | Experiment 1 | Experiment 2

40C 0
20C 1 0.497 0.90¢
10C 5 0.62¢ 1.38¢
50 10 1.042 0.67¢
25 2C 2.03¢ 0.83¢
10 40 1.86¢ 0.50¢

1 5C 1.21: 0.66¢

0 8C Average FIC 1.022

sd O

25¢€
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