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ABSTRACT

Screening extracts of indigenous South African plas for the presence of anti-

cancer compounds.

MSc. thesis, Department of Biotechnology, Facuft$saence, University of the

Western Cape

Early man dabbled with the use of plant extractsuie ailments. This practice has
been passed down from generation to generationatay more than 50 % of the
worlds’ drugs are natural products or derivativeereof. Scientists have thus
established a branch of research called naturalugtoresearch. This branch of
research involves the identification and purifioatiof secondary metabolites with a
specific biological activity. The methodology invek the screening of plant products
for a specific biological activity, purification afie biologically active natural product
by separation technology and structure determinafite biologically active natural

product/s is then further scrutinized to serve as\&l drug or lead compound for the

development of a novel drug.

This research exploited this research methodolbggreened nine indigenous South
African plants for anti-cancer 'pro-apoptotic' eaityi chosen on the basis of
cytotoxicity and well-known ethno-medicinal valuk.has been documented that
choosing plants to be screened on this basis psvah increased possibility of

finding biologically active compounds. The nine nika screened wer€otyledon



orbiculata, Oxalis pes caprae, Echium plantagineum, Cissampelos capenss,
Euphobia mauritanica, Haemanthus pubescens, Cynanchum africanum, Lessertia
frutescens and Elytropappus rhinocerotis. Their extracts were screened via the
cytotoxicity assay and numerous apoptosis assagy®lgathe APORrcentage™
assay, Annexin V-PE Detection assay, Active CasBaBetection assay and the
APO-DIRECTM Kit. E. rhinocerotis is the only extract that exhibited significant pro
apoptotic activity in all of three cell lines (MCFAeLa and CHO) used. It is for this

reason that this plant had been selected for fustiuely.

Anti-cancer activities associated with rhinocerotis plant extracts from different
geographical locations were then assessed to ascéine superlative extract to be
used for the purification process. The aqueousaektfrom theE. rhinocerotis
collected from Tulbagh in the Western Cape dismagfee highest activity. The
significant variation in pro-apoptotic activity inded by the same plant from
different geographical locations may be a consecgi@h environmental variation or
genetic variation. Thus, this study shows prelimyrdata that suggest a possible link

between variation in apoptosis activity and genedigation.

The secondary metabolites in the extract from Ehehinocerotis collected from
Tulbagh were then purified by bio-activity guideddtionation. The fractionation or
separation technology used includes organic extract Liquid Column
Chromatography (LCC), Thin Layer Chromatography €)land High Performance
Liquid Column Chromatography (HPLC). The succesghid purification process

was monitored and ascertained by serial diluticsaygs of the active fraction after



each fractionation step. This process successti@hsformed a complex mixture of
secondary metabolites represented by numerous peakshromatograph to a single

peak. This warranted an attempt at structure détation by MS and NMR.

NMR data allowed the elucidation of a partial stme. However, further purification
is necessary for the elucidation of two side chabrsce these side chains are known,
the pro-apoptotic activity of this compound (if mbv or commercially available

compound must be verified.

This research established that this research melitgyd is successful and provides

optimism for the development of an anti-cancer drug
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CHAPTER 1: LITERATURE REVIEW

1.1) I ntroduction

Reflection and Wisdom! Can wisdom exist withouteefion? The wise reflect on the
past to ensure that the mistakes of the past doecat, so too, do they reflect upon
its milestones that serve as the building blockshef future. Accordingly, we will
visit the past and find wisdom in the practices tbé ancestors. Traditionally
indigenous plant species and their extracts weeepttimary source of medicine.
Today, natural products or derivatives thereof ttute more that 50% of
internationally approved therapeutic remedies (€4na998). It is therefore highly
probable that these traditional medicines conta@ful substances with unexplored
medicinal properties. Of interest, are the plangslicinal values to one of the worlds

leading causes of death, cancer!

Cancer is a genetic disease characterized by undent cell growth in the absence
of cell cycle regulation. Aberrant cell cycle regibn can arise as a consequence of
DNA damage. Under normal physiological conditiohg tuncontrolled growth of
damaged cells is restricted by apoptosis. Howebhessda cells can escape the
regulatory mechanisms of apoptosis as a resuleadrglary mutations to genes that
regulate apoptosis. This DNA damage can be a rekattveral environmental factors
such as stress, smoking, pollution, diet, toxind andogenous processes such as
errors in replication of DNA and chemical instafyiliof certain DNA bases

(Thompson, 1995). Gene mutations may also be i@k(illustrated irfigure 1.1).
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GENE

ps3
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NF]

NF2

VHL

17pl3.1
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5q21

1pl3

17911

24

3p25

Nucleus/transcrip-
tion factor

Nucleus/transcrip-
tion modifier
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Nucleus/transcription
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vating protein
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eton—membrane
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Somamic MutaTiONs

MAJOR TYFES EXAMPLES OF NEOFLAIMS

Missense Most types of human

cancer

Deletion and Retinoblastoma;, osteo-
nonsense sarcoma; carcinomas
of the breast, prostaie,
bladder, and lung
Deletion and Carcinoma of the colon,
nonsense stomach, and pancreas
Missense Wilms® tumor

Deletion Schwannomas

Deletion and  Schwannomas and me-
nonsense ningiomas

Deletion Unknown

- - INHERITED MUTATIONS
HETEROZYGOTE
CARRIER RATE
SYNDROME per 10° BiRTHST TYPICAL NEOPLASMS
Li-Fraumeni syn- ~2 Carcinomas of breast and
drome adrenal cortex; sarco-
mas; leukemia; brain
tumors
Retinoblastoma ~3 Retinoblastoma; ost
sarcoma
Familial adenomatous ~ 10 Carcinomas of colon,
polyposis coli thyroid, and stomach
Wilms' tumor ~0.5-1 Wilms' tumor
Neurofibromatosis ~30 Neural tumors
type |
Neurofibromatosis ~3 Central schwannomas
type 2 and meningiomas
von Hippel-Lindau ~3 Hemangioblastoma and
disease renal-cell carcinoma

*Data obtained from Weinberg,' Latif et al., Trofatter et al.,” and Rouleau et al.* (and Knudson A: personal communication).
Data obtained from Schimke® (and Knudson A: personal communication).

Figure 1.1. Tumour suppressor genes involved in Human cantrers Harris and Holstein. 1993



Orthodox cancer treatments include chemotherapyjotteerapy, and surgery
(McWhirter et al., 1996). These treatments have proved to be irteféecancer
treatments as a result of its toxicity and cellsetigping resistance (Curtia al.,
1992). Kaldoret al., (1990) reported 114 cases of leukemia developingatients
treated with concurrent chemoradiotherapy (chemad® i pvarian cancer (Kaldaat

al., 1990). Recent studies in Non-Small-Cell Lung @n@NSCLC) demonstrates
that treatment with chemoRT yields a survival @&t@1% (Le Chevalieet al., 1991)
while a Phase Il study of induction chemotherapthvgemcitabine and vinorelbine
followed by concurrent chemoradiotherapy with oedbposide and cisplatin in
patients with inoperable stage Ill non-small-calid cancer yields a survival rate of
43,9% (Leeet al., 2005). This multi-drug approach provides a glimmEhope but
still leaves much to be desired, as the ideal @ricer drug must be selective and
cytotoxic to cancer cells. Many anti-cancer drugs @derived from natural sources,
including marine, microbial origin and plants. TFRBA approved plant derived drugs
include Combretastatin A-4 phosphat€oifbretum caffrum), Taxol (Taxus
brevifolia), Velban Catharanthus roseus) and so on. These chemotherapeutic drugs
have diverse mechanisms of action. However, th®ityato induce programmed cell
death (PCD) is the unifying event for the mechasigihchemoprevention (Hadfield

et al., 2003).

PCD (also referred to as apoptosis) consists ofteok pathways leading to non-
inflammatory cell suicide, as apposed to chaotistuctured cell death coined
necrosis (Kerret al., 1972). Substantial down-regulation and up-regutatof

apoptosis leads to cancer and neurodegenerativeasais, respectively. Thus



apoptosis is critical to the development and maemee of homeostasis in
multicellular organisms. Apoptosis has been docueteno play a crucial role in
embryogenesis, metamorphosis and morphogenesisitRest al., 2001; Steller,
1995). Necrotic cell death results from physicgluin or disease that causes cell
membrane damage, with the ensuing cell swelling tduéhe influx of water and
sodium ions and consequently inflammation (Kroerteal., 1998). Distinctively,
apoptosis displays phenotypic characteristics sashcell shrinkage, chromatin
condensation, plasma membrane blebbing and DNAmieagation (Zhaoet al.,
2001). The apoptotic bodies resulting from the mpiasmembrane blebbing are
phagocytosed thus preventing inflammation (SavilR96). These phenotypic
characteristics result from specific cascading &vesnd are thus proof of the

existence of distinct pathways for apoptosis.

Apoptotic pathways are being delineated, for theppse of identifying novel
apoptosis targets. Inducers or inhibitors of thepagtic pathways can be used to
control the substantial up-regulation and down-agn of apoptosis and

consequently influence disease states.

1.2) Apoptosis

1.2.1) Historical overview of the term apoptosis

Hippocrates of Cos, the father of Western medi¢oae 460-370 BC) used the term,

apoptosis for the first time in the textual tratiska, "the falling off of the bones"



describing structural changes (bone erosion) mtladetissue and cell death (Degli-
Esposti, 1998). Another notable use of the wordpsg®is was in textual translation
the "dropping of the scabs" denoted by Galen (12B-2D). This use of the term
apoptosis relates it to wound healing and inflanmwmatHetts, 1998). The term
programmed cell death was introduced in 1964, mimgothat cell death during
development is not of accidental nature but follogexjuential, controlled steps
leading to defined self-destruction (Lockshin andlis¥ns, 1964). In 1972, the term
apoptosis was re-introduced into modern scientifiting by Kerret al and had been

coined to describe the morphological processesirigai controlled cellular self-

destruction distinct from necrotic cell death (Ketral., 1972).

1.2.2) Morphological features of apoptosis

Apoptosis is initiated in normal cells by a varietystimuli such as, ligation of cell
surface receptors, a lack of survival signals, bgmental death signals, DNA
damage as a result of defects in DNA repair meshasior treatment with cytotoxic
drugs and/or irradiation. These stimuli leads te #ctivation of several apoptotic
pathways with characteristic morphological and be&uical changes (listed able
1.1) that are used in the identification of apoptqéierr et al., 1972; Zhaoet al.,
2001). An important distinction between necrosid apoptosis is the fact that cells
that had undergone apoptosis forms apoptotic \essithat are phagocytosed by
macrophages or neighboring cells preventing inflatiom figure 1.2)

(Ren and Sawvill, 1998).



Tablel.1.Morphological and biochemical characteristics af@psis versus necrosis

Differences Similarity / variables
Apoptosis Necrosis
Nuclei Dense condensatignrregular chromatin Damage occur in both
of chromatin clumping
Cytoplasmic Morphologically Disrupted Secondary damage in
organelles intact apoptosis
Cell membrane | Cell blebbing Loss of integrity Changes seen irhbot
Cell volume Cells shrink Cells swell Occasionally no change
In tissues Individual cells| Groups of cellg Superficial  epithelial
affected affected cells are apoptotic.
Tissue response| None Inflammation N/A
Nuclear DNA | DNA fragmentation Random DNA| Takes place in both
damage (+-200bp),  ladder fragmentation,
visible on gel smears on gel
Mitochondrial Occurs late Occurs early N/A
DNA damage
Cell membrane | Intact Loss of function N/A
Cell  internal | Na' /K" pump intact Defective N&K™ | N/A
milieu and ATP required | pump and no ATP

(Studzinski, 1999)



Apoptotic Bodies
are phagozytosed;
no inflammation

Apoptosis

(cell shrinks, chromatin condenses)

MNecrosis NS Cellular and nuclear
(cell swells) Cell becomes leaky, lysis causes inflam-
blebbing mation

Figure 1.2. Sketch representation hallmarks of thepoptotic and necrotic cell

death:

Apoptosis includes cellular shrinking, chromatimdensation and margination at the
nuclear periphery which ultimately results in meart®@-bound apoptotic bodies /
vesicles that are phagocytosed without triggerinfammatory responses. The
necrotic cell swells, disruptes and releases it#erus into the surrounding tissue

causing inflammation (Van Cruchten and Van Den Bkp2002).



1.2.3) Physiological significance of apoptosis

The development and maintenance of biological systelepends on the refined
interaction between cells. Throughout developmeanyncells undergo apoptosis
which contributes to the sculpturing of the organsl tissues (illustrated in figure
1.3) (Meieret al., 2000). As an example, half of the neurons thati@itially created

during brain formation will die in the later stage$ adult brain development
(Hutchins and Barger, 1998). Also, adult organsntaém homeostasis by constantly
undergoing physiological cell death which is bakhawvith proliferation. As an

example, developing lymphocytes die in the formatf the antigen receptor,
thereby controlling and maintaining relatively ctam® numbers of immune cells
(Rathmell and Thompson, 2002). Holistically, theoptptic processes are of
widespread biological significance playing vitalea®in development, differentiation,
homoeostasis, regulation and functioning of the imen system, as well as the

removal of defective or harmful cells.

Consequently, the abnormal or excessive up-regulaind down-regulation of
apoptosis is implicated in a variety of pathologicanditions. The abnormal or
excessive down-regulation and/or the terminatioapaptosis result in the formation
of malignant tumors and other diseases such asirAotone Lymphoproliferative
Syndrome (ALPS) (Snelleet al., 1997). Conversely abnormal or excessive up-
regulation of apoptosis leads to other diseasesstatich as Alzheimer's disease
(Jellinger, 2001) and Parkinson’s disease (MeradelBoet al., 1998). Apoptotic cell
death is a common discernible occurrence in allikiof protozoans (Solomaa al.,

1999)and eukaryotes (Ameisen, 2002; Frohlich and Mag@00). Insight into the



Fetal development

upper jaw

eyelid

i i amniotic sac

uterine cavity

umbilical

6 weeks 8 weeks 12 weeks

Figure 1.3. During limb formation separate digits evolve by ttieaf interdigital

mesenchymal tissue (BabyCenter, 2007).

origin and evolution of apoptosis has been madssiblesby the identificatiorof

crucial apoptosis components in the nematode wadDaenorhabditis elegans

(Hengartner and Horvitz, 1994).

1.2.4) Molecular mechanisms of apoptosis signalinmathways

1.2.4.1) Various death signals activate common sigimg

Apoptosis is a tightly regulated cell death prognahich requires the interplay of a
multitude of genes. The components of the apoptsignaling network are

genetically encoded in a nucleated cell equippedetactivated by a death-inducing
stimulus (Ishizakiet al., 1995; Weilet al., 1996). The death inducing stimuli are of

diverse origin but appear to activate common celtkd machinery leading to the



characteristic features of apoptotic cell deathmimmmalian pathways it is known
that the B cell leukaemia-2 (Bcl-2) family of prote plays a central role in the
decision step of apoptosis whereas dpsteineaspartic-specific protases(caspase)
family is essential in the execution of cell deétinemri et al., 1996; Chao and

Korsmeyer, 1998).

The fact that the physiological process of apoptdss been conserved through
evolution has contributed immensely to our undeditey of apoptosis (Ra#t al.,
1993). Genetic analysis of the apoptosis proces€.ielegans is a milestone in
defining key components in mammalian apoptosisvpayis (Hengartner and Horvitz,
1994). It has been establishedGnelegans that the cell death defective-9 (ced-9
protein binds to the ced-4 protein preventing theed of apoptosis (Chinnaiyan et al.,
1997). However, external germinal layer-1 (egl-Bgatively regulates ced-9 by
binding to and directly inhibiting the activity okd-9, that is, ced-4 is released from
the ced-9/ced-4 protein complex (Conradt and Hpni©98). The released ced-4 is
now free to initiate apoptosis by activating ce@hinnaiyanet al., 1997b). Due to
the structural and functional similarity of theseotpins to their mammalian
homologues, researchers were able to delineata@mopathways in mammals. The
ced-9 protein is structurally and functionally demnito the mammalian Bcl-2-like
survival factors. Likewise, the egl-1 protein isusturally and functionally similar to
the mammalian Bax-like death factors (illustratedfigure 1.4.) (Hengartner and
Horvitz, 1994). The ced-4 protein is homologuestite pro-apoptotic protease-
activating factor (Apaf-1) (Yuan and Horvitz, 1992¢u et al., 1997). The ced-3

protein is homologues to the mammalian proteinrietkin-1 beta converting



enzyme (ICE), also known as caspase-1 (Yeaal., 1993). ICE is an aspartate-
specific cysteine protease and is classified agfattor caspase (Alnemat al.,

1996).

To date 12 human caspase have been identifiedg alth the murine caspase
(caspase-11), the bovine caspase (caspase-13)aspase found in most mammals

(caspase-15) (Eckhatal., 2005; Koeniget al., 2001; Lamkanfet al., 2002).

1.2.4.2) Key regulatory componenets in apoptosisgsialing

1.2.4.2.1) The Caspase family: central initiators and executioners of apoptosis

The caspase family of proteases may be divided imteator caspases that are
activated through regulated protein-protein inteoas and effector caspases that are
activated proteolytically by an upstream / initrataspase (figure 1.4.) (Hengartner,

2000).

Caspases are synthesized as enzymatically inerbgsms that consist of three
domains namely, arN-terminal prodomain, a p20 domain and a pl0 domain.
Caspases are usually activated by proteolytic elgabetween these domains. They
also bind to and associate with upstream regulathre to a protein-protein
interaction module contained in the prodomain (@hand Yang, 2000). Caspase-8
and caspase-10 have a death-effector domain (DE¥reas caspase-9 and caspase-

2 contain caspase activation and recruitment dasn@ARD) (Boldinet al., 1996;
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Li et al., 1997). The death adapter domain mediates intrélyfainteractions i.e.
DED/DED or CARD/CARD, but also interact as integvat platforms binding to
different proteins that could modulate their dimation and hence, caspase activity

(Chouet al., 1998; Colussét al., 1998).

HUMAN CASPASES ORIGINAL NAMES FUNCTION
Apoptosis Other
Caspase 1 ICE Inflammation
Caspase 4 ICE Il, TX, ICH-2 Inflammation
Caspase 5 ICE I, TY Inflammation
Caspase 11 ? ? Group 1
Caspase 12 ? ?
Caspase 13 ERICE Inflammation
Caspase 14 ? Inflammation
Caspase 3 CPP32, Yama, apopain effector
Caspase 6 Mch 2 effector Group 11
Caspase 7 Mch 2, ICE-LAP3, CMH-1  effector
Caspase 2 ICH-1 initiator/effector?
Caspase 8 MACH, FLICE, Mch5 initiator
Caspase 9 Mch 6, ICE-LAP6 initiator Group 111
Caspase 10 Mch 4 initiator/?
Caspase 15 ? initiator

Figure 1.4. Current nomenclature for human caspases and tbeiesponding sub-
family groups based on phylogenetic analysis (Larfika al., 2002; Nicholson and

Anderson, 2002).

1.2.4.2.2) The Bcl-2 family

The Bcl-2 family of proteins is divided into thregroups based on structural
similarity and functional criteria. Group possesses anti-apoptotic activity, whilst
Group II and III promote cell death (illustrated iigure 1.5). The Bcl-2 family

controls cell death by forming heterodimers (intdcn between pro-apoptotic and

anti-apoptotic Bcl-2 family members) that mutuallutralize pro-apoptotic and anti-
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Figure 1.5: Bcl2 family members possess up to four Bcl-2 homgypldomains (BH1-

4) corresponding ta-helical segments (denoted by coloured boxes). Soemabers

also possess a carboxy-terminal hydrophobic tragrsdmnane (TM) domain (denoted
by a orange box). The Bcl2 family includes both-maond anti-apoptotic members. In
general, anti-apoptotic Bcl2 family members disptgquence conservation in all
four BH domains. Pro-apoptotic members can be asdigo two subsets based on
sequence conservation: the more fully conservedti‘othbmain’ members and a

divergent subset of 'BH3-domain only' members (Radgal., 2001).



apoptotic proteins. Thus, the levels of pro-apoptahd anti-apoptotic Bcl-2 family
members determine how sensitive the cell is todesdith (Conradt and Horvitz, 1998;
Rangeret al., 2001). The Bcl-2 family members also protect agiicell death
directly by binding to Apaf-1 and indirectly by rdgting the release of pro-apoptotic
factors from the mitochondrial inter-membrane cortipant into the cytosol (Waet

al., 1997).

1.2.4.2.3) Requlation of apoptosis by inhibitors aipoptosis proteins (IAP's)

The transcription factor NkB up-regulates the expression of pro-survival Bcl-2
members (Heckmaet al., 2002; Karin and Lin, 2002) and transactivatesialmer of
other anti-apoptotic genes, such as the inhibibbrapoptosis proteins (IAP's). IAP's
are a family of anti-apoptotic proteins that comtéaculovirus IAP repeat (BIR)
domains and 70 amino acid motifs. The human IAP dlogues; XIAP, c-IAP1 and
c-IAP2 are thought to directly inhibit caspase-8, and -9 (Salvesen and Duckett,
2002; Takahashat al., 1998). The BIR3 domain of XIAP binds directlyttee small
subunit of caspase-9, whereas it is the BIR2 donfainhinteracts with the active-site
substrate binding pocket of caspase-3 and -7 (Hetaly, 2001; Srinivasulat al.,
2001). The c-IAP1, c-IAP2, and XIAP also contaihighly conserved RING domain
at their C-terminal end which possesses E3 ubigligase activity enabling them to
catalyze their own ubiquitination, thereby targgtithem for degradation by the
proteasome (Yangt al., 2000) 2000), along with the bound proteins such as
caspase-3 and -7 (Huang et al., 2000; Suzuki e2@01). Crucially, the inhibitory
activity of the IAP's are counteracted when the atigg regulator of IAP's,

Smac/Diablo, is released from the mitochondrialeimembrane space during
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mitochondrial apoptotic events. Smac/Diablo bindsthe IAP by displacing the

caspase bound to it, thus enabling the caspasatati (Duet al., 2000).

1.2.4.2.4) Regulation of apoptosis by heat shock proteins (Hsp)

Cells react to chemical and physiological stressed as heathock (Hahn and Li,
1982; Li and Hahn, 1990), chemotherapeagents, nutrient withdrawal (Mailh@&s
al., 1993), ultraviolef(UV) irradiation (Simonet al., 1995), polyglutamine repeat
expansion (Warriclet al., 1999) and TNF (Van Mollet al., 2002), by synthesizing
heat shock or stress proteins (Hsp). Hsp protem$roadly categorized according to
their size (Nollen and Morimoto, 2002). Despite theersity in the sequence of Hsp
proteins and the oligomeric assemblies, Hsp protdmase conserved structural
organization: an N-terminal region that is highlgriable in sequence and length,
followed by a conserved-crystallin domain and a C-terminal domain (Candido
2002; Haslbeclet al., 2004). To date, Hsp proteitisat have been implicated in
apoptosis include Hsp27, Hsp70, HspG@-crystallin, and Hsp90. These Hsp
proteins have displayed the ability to regulatepapsis as both pro-apoptotic and

anti-apoptotic inducers.

1.2.4.3) The most extensively researched apoptopathways

The most extensively studied apoptosis pathwayshareeath receptor pathway, the

mitochondrial pathway and the ER stress signalatgyay.
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1.2.4.3.1) The death receptor or " extrinsic" apoptosis pathway of type | and typel|

Extrinsic apoptosis signaling is mediated by thavaton of cell surface receptors
(death receptors) that transmit apoptotic signéibr digation with specific ligands.
Death receptors belong to the tumour necrosis factmeptor (TNFR) gene
superfamily and contain cysteine rich extra cetlglab-domains which allow them to
recognize their ligands with specificity. Some mensbof the TNFR family and their
specific ligands are; CD95/Fas (CD95L/FasL) (Peted Krammer, 2003), TNFR1
(TNF) (Nagata, 1997; Smitkt al., 1994), DR3 (Apo3L) (Singlet al., 1998), DR4
(TRAIL-R1) (Merinoet al., 2006; Paret al., 1997), DR5 (TRAIL-R2) (Merinet al.,
2006) and CAR1 (Brojatschkt al., 1996). CD95/Fas signaling is mediated by the
death receptor inside the cell cytoplasm that éostthe conserved sequence termed
the death domain (DD). Adapter molecules like Fesseaiated death domain (FADD)
or TNFR-associated death domain (TRADD) possess then DD and DED,
consequently they are recruited to the DD of thevated death receptor to form the
death inducing signaling complex (DISC). The comsdr DED sequence on the
adapter molecule forms a homotypic DED/DED intacactby sequestering pro-
caspase-8 to the DISC resulting in high local catre¢éions of zymogen. Under this
condition, the low intrinsic protease activity ofopcaspase-8 is sufficient to allow
various proenzyme molecules to mutually cleave activate each other (induced
proximity model) resulting in active caspase-8 (Bed et al., 2000). Caspase-8
activation is regulated by caspase homologue c-FdifRe to the fact that c-FLIP is
able to bind to CD95 and TNFR1 preventing the atitbn of pro-caspase-8 (Chang
et al., 1999; Chinnaiyaret al., 1995; Salvesen and Dixit, 1999; Srinivasetaal.,

1997). Active caspase-8 then directly activates rigiveam effector caspase-3

12



resulting in cell death. Cells harboring the cafyatd induce cell death directly
without the assistance of the mitochondrial reldgseteins, is classified as being

type I cells (illustrated ifigure 1.6) (Scaffidiet al., 1998).

In type Il cells, the caspase signaling cascades dae generate a signal strong
enough for the execution of cell death. Thus, tgaa requires amplification by the
simultaneous activation of the mitochondria-depehdapoptotic pathway. The
mitochondria-dependent apoptotic pathway is acdiyathen caspase-8 cleaves Bid
to form truncated Bid (tBID) that translocates lte mitochondria (Lu@t al., 1998).
The mitochondrial death decision is centered on pracesses, the mitochondrial
outer membrane permeabilization, in which the gropdotic proteins such as tBID
plays an active roles and inner membrane permeatdn that is promoted by the
mitochondrial permeability transition pore formedrass inner membranes when
Ca2+ reaches a critical threshold (Belizarg al., 2007). This membrane
permeabilization leads to the release of releasgytochrome c¢ (Kluclet al., 1997)
along with the apoptosis inducing factor (AIF) (Bust al., 1999), Smac/Diablo (Du
et al., 2000), EndoG (Lét al., 2001) and HtrA2/Omi (Suzul al., 2001a). The tBid
also activates the AIF that is responsible for ¢x¢éernalization of the negatively

charged phosphatidylserine on the cell membrane§\atzal., 2002).

The cytochrome released from the mitochondria disrupts the bigdiatween Bcl-2
and pro-apoptotic protease activating factor (Apaf- Apaf-1/caspase-9
complexforms active caspase-9 that together with® Ahd cytochrome form the

apoptosome  (Acehan e al., 2002; Adams and Cory, 2002).
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The activated caspase-9 successively recruits &aales pro-caspase-3 to form
active caspase-3 (Caatb al., 1999). Active caspase-3 mediated cleavage obitahni
caspase-activated deoxyribonuclease IFN (ICAD) ltesu in the release and
activation of the catalytic subunit CAD which ispensible for the fragmentation of
the DNA into approximately 200bp fragments (Sakaleir al., 1998; Zhaoet al.,
2001). Simultaneously, caspase-3 also mediatesvageaof poly (ADP-ribose)
polymerase (PARP) (Boularest al., 1999; Kaufmanret al., 1993) and caspase-6
(Cecconiet al., 1998; Kothakotat al., 1997; Takahaskhet al., 1996); thus impeding
the DNA repair mechanism, and bringing forth lampmtein degradation along with
the disturbance of the fodrin and gelsolin mategpectively. As a consequence of
the above sequence of events, apoptotic cells ajispharacteristic morphology

changes that are distinct from than seen in neccetis.

CD95/Fas induced apoptosis typically involves Igatwith adaptor molecule
FADD. However, an alternative pathway involves tkeruitment of an alternative
adaptor molecule, Daxx that leads to activationtted MAPK apoptosis-signal-
regulatedkinase (ASK-1) to induce the activatioofi MAPK/INK, leading to
apoptosis (Changt al., 1998; Yanget al., 1997). Hsp27and Hsp70 appear to
suppress Fas-inducd apoptosis by binding to DagxA8K-1, respectively. (Charette
et al., 2000; Parket al., 2002). Hsp70 suppresses caspase-dependent apoptotic
signaling by binding to pro-caspase-3 and pro-cssgfa and preventing their
activation in U-937 cells. Hsp70 was however, ueabl directly bind to activated
caspase-3 and -7 (Komaroeh al., 2004). Hsp27 also binds to pro-caspade-3

prevent its cleavage and activation (Paneteal., 2000a). Dissimilarly, the small Hsp
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ap-crystallin can suppress caspase-8 and cytochremmediated activation of
caspase-3 via a direct interactigith caspase-3 to prevent apoptosis. (Kameaslk.,
2001). Hsp70 and Hsp27 are also reported to medBadetranslocation to the
mitochondria in response to TNF-induced apoptoS@bgiet al., 2002; Paukt al.,
2002). The interaction between Hsp27 and IKKR isa@ced by TNF-induced, MAP-
kinase-dependephosphorylation of Hsp27, which leads to an enhéideibitionof
IKK activity and consequent suppression of Ng-activity (Parket al., 2003). Gotoh
et al. have also implicated Hsp70 and its co-chaperoned®&Hdj-1)or HSDJ (Hdj-

2) in the inhibition of Bax translocation to thetochondria to prevent nitric-oxide-
induced apoptosis (Gotadd al., 2004). Hsp70 also inhibits apoptosome formatipn b
directly associatingvith Apaf-1 to prevent activation of pro-caspas(Bgereet al.,
2000; Salehet al., 2000). Hsp90 an#isp27 are also reported to prevent Apaf-1
oligomerization bydirectly associating with Apaf-1 (Pandey al., 2000b) and

cytochrome, respectively (Bruewt al., 2000).

Contrary to the above mentioned Hsp, Hsp60 enhaaqestosis by forming a multi-
protein complex containing pro-caspasaril -6 or caspase-8, thus enhancing pro-
caspase-3 activation by caspase-6i-&n ATP-dependent mann@tanthoudakiset

al., 1999). Hsp60 can also form a complex witbpl0 and pro-caspase-3 in the
mitochondria to promote the cytochrooiATP-dependent activation of pro-caspase-

3 (Samaliet al., 1999).
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1.2.4.3.2) The mitochondrial or "intrinsic" apoptosis pathway

Above and beyond amplifying and mediating extringjgoptotic pathways, the
mitochondria also play a central role in the in&igm and propagation of death
signals originating intrinsically. Intrinsic deatkignals include; DNA damage,
oxidative stress, starvation, and the activity bémotherapeutic drugs (Kaufmann

and Earnshaw, 2000; Wang, 2001).

Intrinsic death signals activate the TNF liganiods to the TNF receptor thereby
stimulating the accumulation of p53. The p53 protéen initiated the expression of
the WAF gene producing p21 that binds to the cylckimase complex giving rise to a
cell cycle restriction site in which an attempt msade to repair the DNA.
Simultaneously, p53 transcribes the GADDA45 genedymimg the transcription
products GADD+PCNA that attempts to repair the Dis#nage. If the DNA damage
is irreparable p53 further initiated the expressibrihe Bax gene (Vogelstest al.,
2000). This produces an excess of Bax that gisesta the Bax/Bax complexes (pro-
apoptotic complex) that displace the Bcl-2/Bax ctexes (anti-apoptotic complex)
because the two complexes compete for the samptoecate on the mitochondrial
membrane (principle explained above under the Bi@riily segment in 1.2.4.3.1)
(Chenget al., 1997). The attachment of Bax-Bax complex to thigochondrial
membrane brings forth the release of apoptogerdtoifa (Belizarioet al., 2007,

Vogelsteinet al., 2000)
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1.2.4.3.3) The ER stress signaling pathway

ER death signals include disturbance in calcium dustasis or an accumulation of
unfolded/misfolded proteins. These death signals ba triggered by various
pathophysiological conditions such as Alzheimeisease (AD), Parkinson's diseases
and heart disease. However, the cell has protestraegies, commonly referred to
as the Unfolded Protein Response (UPR), that indsigealing pathways that
promote the survival of the stressed cell (Ckaal., 2002; Kelleret al., 2005). If
these signaling pathways fail to restore homecstsn the cell initiates apoptosis

via the ER stress signaling pathway.

In the ER stress signaling pathway, stress/disha®af the endoplasmic reticulum
(ER) homeostasis results in the cleavage of mumme-caspase-12 that is
predominantly localized in the ER to form activsmgase-12. The ER-resident active
caspase-12 directly cleaves other caspases resultimpoptosis (Shiraistet al.,
2006). However, the role of caspase-12 in the E&sstpathway is controversial as
the human genome sequence homologous to the mgeimamic sequence for pro-
caspase-lhas been identified at the caspase-l/interleukidizerting enzyme
(ICE) loci on chromosome 11g22.3 (Fischetral., 2002), but the gene encoding
human pro-caspase-12 is interrupted by frahi& and a premature stop codon, and
has amino acid substitutioms the critical site for caspase activity (Fiscleeral.,
2002). This finding is supported by the fact thatnan caspase-12 has been lost in
most of the human race except some African descénd8aletet al., 2004). Taking
into account Darwin's concept of the survival of fittest the question thus arises,

which caspase in humans has functionally substitdte caspase-12 in mouse.
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Fascinatingly, the human caspase-4 is locatedeiisdime locus and is localized in the
ER membrane; with only 48 % homology to caspasedionstrates the ability to
increase ER stress-induced apoptosis and amylodigedcell death (Hitomkt al.,
2004). Also, overexpression of Bcl-2 does not affect theacage of caspase-4
suggesting it is primarily activated in ER stresduced apoptosis (Hitoret al.,
2004). ER stress also induces a disruption of walchomeostasis as cytosolic
calcium levels increase. Calcium homeostasis iglaggd by the interaction of Bcl-2
family members with the inositol 1,4,5-triphosphageeptor (InsP3R) ER calcium
release channel. A significant increase in the igalclevel activates calpain.
Activated calpain cleaves tBid, which translocateshe mitochondria and activates

the intrinsic pathway (Nakagawa and Yuan, 2000).

1.2.5) Genes implicated in cancer

Numerous cancer types have been associated withrgatations in multiple genes,
as_gposed to a disease such as cystic fibrosis thatarcterized by a single gene
mutation. As an example multiple genes are impdidatin non-syndromic
pheochomocytoma namely, the proto-oncogene RETodedsd with multiple
endocrine neoplasia type 2 [MEN-2]), the tumor-seppor gene VHL (associated
with von Hippel-Lindau disease), succinate dehydnage subunit D (SDHD) and
succinate dehydrogenase subunit B (SDHB) (assdciaiithn paraganglioma); which
predispose carriers to pheochromocytomas and glamuers (Neumanret al.,

2002). These genes are recognized cancer pre-dispagenes (listed itable 1.2).
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Tablel.2.Cancer Pre-disposition genes

Gane [swmonymis))® Syndrome Heraditary pattern  Becond hit Pathway® Major heredity tumar types®

Tumor-suUppressor genes

AFC FAFP Dominant Inactivation of WT allkle AFC Calon, thyroid, stomach, intestine

AXINZ Attenuated polyposis Dorminant Inactivation of WT alkle AFC Calan

COHI (E-cadherin} Familial gastric carcinoma Dominant Inactivation of WT alkele APC Stomach

GRZ3 Simpson-Golabi-Behmel X-linksd ? AFC Embryonal
syndrome

cYLD Familial cylindromatosis Dominant Inactivation of WT alkle APOF Filotric homas

EXT12 Hereditary multipls Dominant Inactivation of WT alkle L Bone
exrstozes

PTCH Garlin syndrome Diominant Inactivation of WT allele GL Skin, medulloblastoma

SUrd Medulloblastoma Dominant Inactivation of WT allele GLI Skin, medulloblastoma
predisposition

FH Hereditary leiomyomatosis Dieminant Inactivation of WT allele HIF1 Leiomyomas

SDHB, C. D Familial paraganglioma Dominant Inactivation of WT allkle HIF1 Paragangliornas,

phaochromaocytomas
WHL Von Hippe|-Lindau syndrame  Derminant Inactivation of WT allele HIF1 Kidnay
TPE3 {ph3) Li-Fraumeni syndrame Deminant Inactivation of WT allele phd Breast, sarcoma, adrenal,
brain...

Wl Familial Wilms tumar Dominant Inactivation of WT alkele ph3 Wilms'

STK1I (LKBI) Peutz-leghers syndroma Dieminant Inactivation of WT alkle FI3K Intestinal, ovarian, pancreatic

PTEN Cowden syndrome Dominant Inactivation of WT allele FI3K Hamartoma, glicma, uterus

T80, TSC2 Tuberous sclersis Dizrminant Inactivation of WT alkle FI2K Hamartoma, kidney

COKNZA Familial malignant Dominant Inactivation of WT allele RE Mzlanoma, pancreas

(p 16N o JARRF) melanoma

COK4 Familial malignant Diominant ? RB Mzlanoma
melanoma

RE1 Hereditary ratinoblastoma Diominant Inactivation of WT allele RE Eve

NF1 Neurafibromatosis type 1 Dominant Inactivation of WT allele RTK MNeurcfibrama

BMFRIA Juvenile polyposis Diominant Inactivation of WT alkle SMALD Gastrointestinal

MENI Muttiple endocrine Dominant Inactivation of WT allele SMAD Parathyroid, pituitary, islet call,
naoplasia type | carzinoid

SMaDd (DPCS Jiwenile polyposis Dieminant Inactivation of WT allele SMAD Gastrointestinal

BHD Birt-Hogg-Duba syndroma Dierminant Inactivation of WT alkle ? Renal, hair falliclz

HRPTZ Hyprparathyroidizm Diorminant Inactivation of WT alkle ? Farathyroid, jaw fibroma
Jaw-turror syndrome,

NEZ Neurafibromatosis type 2 Diominant Inactivation of WT allels 7 Mzningioma, acoustic reuroma

Stability ganes

MUTYH Attenuated polypesis Recessive 1 BER Calon

ATM Ataxia telangiectasia Recassive 7 CIN Leukemias, lymphamas, brain

BLM Bloom syndroms Recazsive ? CIN Leukemias, lymphomas, skin

BRCAI, BRCAZ Hereditary breast cancer Dierinant Inactivation of WT alkle CIN Braast, owary

FANCA, C, D2, E FG Fanzoni anemia Recassive ? CIN Leukemias

NBSI Mijmegen breakage syndrome Recessive 7 CIN Lymphomas, brain

RECGQLA Rathrund-Thomsan syndrome  Recassive 7 CIN Bone, skin

WaeN Werner syndrome Recazsive 7 CIN Bone, brain

MSHZ MLAL, HMPCC Dieminant Inactivation of WT allele MMR Colon, uterus

MSHE, PMS2

XPA, C; ERCC2-5; Faroderma pigmentosum Recazsiva 7 MER Skin

oog2

Oncogenes

KIT Familial gastrointestinal Diominant ? RTK Gastrointestinal stromal tumars
sfromal tumars

MET Hereditary papillary renal Dominant Mutanit allele dup lication RTK Kidnay
cell carcinoma

POGFRA Familial gastrointestinal Dieminant 7 RTK Gastrointestinal stromal tumars
stromal tumars

RET Multiple endocring Dominant Mutant allele duplication RTK Thyroid, parathyroid, adranal

naoplasia type I

(Vogelstein and Kinzler, 2004).



Mutated p53 has been linked to more than 50 % ahdmu cancers (Harris and
Hollstein, 1993; Vogelsteirmt al., 2000). Also, virtually all DNA tumour viruses
encode proteins that inactivate both Rb and p5&ifKI2002; zur Hausen, 2001).
p53, also referred to as the "guardian of the ge&ripimduces cell cycle arrest to
facilitate the cells integrated DNA repair mechamiOnce the itinerary has been
exhausted; that is, the DNA damage is irreparaptd will induce apoptosis to
eliminate the cancer cell. This apoptosis pathveagammonly referred to as the
mitochondrial or intrinsic pathway. This pathwagray with other pathways, require
members of the Bcl-2 gene family and the caspasee damily to secure the
execution of the apoptotic pathway. Mutated p53been implicated in Li-Fraumeni
syndrome this cancer is the malignant breast, brain, adret@altumour(Savageet
al., 2007). In colon cancer, germ-line mutations hia@en identified in the p53 gene
and the RB gene. These mutations are also accoetpéyi mutations in the FAP
gene that leads to the syndrome of familial adenousapolyposis coli (Cettet al.,
2000). Under normal apoptotic conditions p53 itésathe expression of the Bax
gene, a member of the Bcl-2 gene family. The Banedeas been characterized with
somatic frameshift mutations of the microsateliitatator phenotype in colon cancer
(Rampinoet al., 1997). The Bax initiated the release of cytocheamfrom the
mitochondria required for the activation of casp@sand -3 respectively. Caspase-3
mutation has been reported in the MCF-7 breasterarell line (Kurokaweet al.,
1999). Similarly, in the extrinsic pathway, Fas genutations have been implicated
in non-small cell lung cancer, caspase-8 gene muotthave been implicated in
gastric carcinomas and caspase-10 gene mutatiores leen implicated in non-

Hodgkin lymphomas (Shiret al., 2002; Sounget al., 2005). Researchers are
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exploiting the biochemical knowledge of the genssoaiated with cancer, the
pathways the genes induce and the differences iagstavith diverse cancer cell
types, coupled with the action of current anti-eandrugs, to develop specific non-

toxic drugs.

1.3) Plants as sources of anti-cancer drugs

Plants are photosynthetic, eukaryotic, multiceutarganisms of the Kingdom
Plantae that are believed to have evolved frommgedgae. They range in size and
complexity from simple mosses to trees. The maiantplgroups are Phylum
Bryophyta, Phylum Filicophyta, Phylum Sphenophyhylum Coniferophyta,
Phylum Cycadophyta and Phylum Angiospermophyta (Micidt et al., 1996).
Plants are known to contain many nutritional sulsta required for the maintenance
of mammalian cells (McWhirtest al., 1996). Most notably, plants remain the major
source of carbohydrates making them indispensabbeit subsistence (Matthews and
Van Holde, 1990). Plants perform refined defensehaeisms such as the poisoning
of the soil with terpenes to inhibit competitoraddaproducing alkaloids which make
them unpalatabl® insects and predatoi&his fact that plant biology performs tasks
similar to higher organisms indicates that they mamtain secondary metabolites
compatible to higher organisms (Van Wgkal., 2000). This fact has already been
proven as plant secondary metabolites are the $tiggeirce of pharmaceutical drugs

and they serve as templates for many medicinavakeves (listed irtable 1.3).
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Table 1.3Plant derived pharmaceutical drugs

Plant

Medicinal value

Opium  poppy IPaperver Morphine, a powerful analgesic alkaloid has been

somniferum)

isolated from the opium poppy. Morphine and its
derivative codeine is used to treat severe pain and

headaches respectively (Page, 2005).

Quinine Cinchona spp.)

Quinine is an alkaloid originally extractedm the
bark of the quinine tree and is cultivated in South
America, India, Java and Tropical Africa (Eisenhut

et al., 2005).

Amara (Quassia amara)

Amara contains bitter teigdenoknown as
guassinoids used as a bitter tonic to improve
appetite and to treat minor stomach ailments

(Barbettiet al., 1987).

Pacific Yew {Taxus spp.)

Taxol (Taxus spp.) is a diterpenoid originally
extracted from the bark of the Pacific yew. Taxl i
a highly effective drug against breast cancer and

ovarian cancer (Lanmt al., 1997).
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The discovery of plant derived drugs epitomizes ithportance of using natural
products and their derivatives to provide new targelecules for drug development
(Taniguchi et al., 2002; Thatteet al., 2000). Systemic drug discovery and
developmenthave led to functional chemotherapeutigents (see section 1.3.2).
These chemotherapeutic agents have been derived rftonerous sources, namely
viruses, bacteria, plants etc. Plant derived apiptmducers or anti-cancer drugs
include; paclitaxel (Taxol), docetaxdlTaxotere), camptothecin, betulinic acid,
colchicine, podophyllotoxin and vinblastine, virstime. These drugs act as DNA

damaging agents that induce cellular stress bypwaninean.

1.3.1) Cell cycle requlation

Most somatic cells are continually dividing viaighly ordered and regulated process
called the cell cycle (illustrated in figure 1.Qell cycle progression through these
replication events is regulated at the G1/S chackpthe intra-S-phase checkpoint or

the G2/M checkpoint, if DNA damage activates theADidpair mechanism.

The DNA repair mechanisms include direct repairebascision repair, nucleotide
excision repair, double-strand break repair and<sstimk repair (Sancar et al., 2004;
Taniguchi et al., 2002). These DNA repair mecharisare activated by damage
sensor proteins such as ATR, ATM, 9-1-1 complex #rel Rad17-RFC complex.
The damage sensor proteins initiate transducers) as Chkl and Chk2 Ser/Thr
kinases and Cdc25 phosphatase that activate p53nantivate cyclin dependent

kinases to inhibit cell cycle progression (illuséchin figure 1.8).
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preparation for mitosis

Figure 1.7. Cell cycle phases: The cell cycle comprises of foli@ses namely; G1
(cell grows), S (DNA replication), G2 (cell prepar® divide) and the M phase (cell

division)

The G1/S checkpoint prevents cells from entering $hphase in the presence of
stress thus inhibiting replication. Replication ishibited as a result of the
dephosphorylation of CDK2 by the non-phosphoryla@dic25A proteins, as the
CDK?2 is required for the phosphorylation of Cdc#attis involved in the initiation
of replication (Falcket al., 2001; Walter and Newport, 2000). The exact payhofa
cell cycle arrest depends on the kind of stressidad. DNA double-strand breaks
leads to the phosphorylation of the damage sensxteip ATM that initiates Chk2

(Falcket al., 2001). Alternatively, single-stranded breaks ltaaithe activation of
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Figure 1.8 DNA repair: mechanisims regulating the cell cycleakpoints G1/S,

intra-S-phase and G2/M (Kastan and Bartek, 2004nighahi et al., 2002).



the damage sensor proteins; Rad17-RFC, 9-1-1 canaplé ATR that initiates Chkl
(Roos-Mattjuset al., 2003; Weist al., 2002). Ensuing phosphorylation of Cdc25A
by Chkl and Chk2 leads to G1 arrest. ATM and AT$d gdhosphorylate p53 (Banin
et al., 1998). p53 initiates expression of the WAF gegBADD45 gene and the Bax
gene. The WAF gene produces p21 that binds to Di€2Gcomplex giving rise to a
restriction site (Pannet al., 2006). Transcription of the GADD45 gene produtes
transcription products GADD+PCNA that attempt tpaie the DNA damage (Panno
et al., 2006). If the DNA damage is irreparable p53 farthitiates the expression of
the Bax gene that represents the onset of apogicansguchi et al., 2002; Vogelstein

et al., 2000).

The intra-S-phase checkpoint prevents cells frortererg the G2 phase in the
presence of stress encountered during replicatrostress that escaped the G1/S
checkpoint. The ATM regulates the intra-S-phasekpeint that is characterized by
two pathways in response to double-strand breadksced by radiation. In the first
pathway, ATM phosphorylates Chk2 on Thr68 throulgh intermediaries MDC1,
H2AX and 53BP1 (Burmat al., 2001; Goldbergt al., 2003; Wangget al., 2002).
Once again, replication is inhibited as a resulthef dephosphorylation of CDK2 by
the non-phosphorylated Cdc25A proteins, as the CDOKZ2required for the
phosphorylation of Cdc45 that is involved in thatition of replication. In the
second pathway, ATM initiates phosphorylation of $IBof the M/R/N complex,

SMC1, BRCA1 and FANCD2 (Kitagawet al., 2004; Taniguchét al., 2002).

24



The G2/M checkpoint prevents cells from entering ¥ phase (mitosis) in the
presence of stress. This checkpoint is very sinmidathe G1/S checkpoint as the
pathway activated depends on the stress inducedlpaBNA double-strand breaks
activates the ATM-Chk2-Cdc25 pathway and DNA lesisaoch as UV light activate
the ATR-Chk1-Cdc25 pathway (Adamsetnal., 2005; Yamanet al., 2004). At this
checkpoint, down-regulated Cdc25A, Chk1, Chk2 arieBd regulates Cdk2 activity
and consequently G2 arrest, alongside p53/p21 wisctistinct from the G1/M
checkpoint activities (Matsuda al., 2006). A second pathway can be initiated at the
G2/M checkpoint (intra-S-phase checkpoint) namaAljM initiates phosphorylation

of NBS1 of the M/R/N complex, SMC1, BRCA1 and FANEZ[Freieet al., 2004).

1.3.2) Current plant-derived anti-cancer drugs

1.3.2.1) Paclitaxel and docetaxel

Paclitaxel (Taxol) and docetax@laxotere) are diterpenoids originally extractemiir
the bark of théaxus brevifolius (Taxaceae). Paclitaxel binds to the microtubutes a
inhibits their depolymerization (molecular disasbém into tubulin (Schiff and
Horwitz, 1980). This inhibiting the cells ability tbreak down the mitotic spindle
during mitosis and consequently cells cannot divide two daughter cells causing
G,-M arrest (Schiff et al., 1979; Schiff and Horwitz, 1981). Paclitaxel isal
associated with down-regulatiofi CDK4 (Yoo et al., 1998) with concomitant &S
arrest. However, the primary effeaft paclitaxel is to interfere with the assembly of

the mitoticspindle, resulting in the failure of chromosomességregate (Long and
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Fairchild, 1994). Paclitaxel is an intravenous dthgt is most effective against
ovarian carcinomas and advanced breast carcingkdasrse reactions include major
breathing problems, edema, abnormally low neuttppdinormally low platelet

counts and anaemia.

Docetaxel also prevents the mitotic spindle frormppebroken down by stabilizing
the microtubule bundles, but clinical trials ind&a is two times more effective than
paclitaxel in this process (Vacehal., 2002). Docetaxel, is also an intravenous drug,
that is being tested on carcinomas of the bladmix, lung, and ovaries. Thus far,
side effects of docetaxel therapy include oederbagm@mnally low neutrophil counts,

and peripheral nervous system disorders.

Figure 1.9.The chemical structure ofA] paclitaxel andB) docetaxel
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1.3.1.2) Camptothecin and topotecan

Camptothecin is a quinoline-based alkaloid isolatedm the bark of the
Camptotheca acuminata (Nyssaceae). Camptothecin and its close chemitatives
aminocamptothecin, CPT-11 [irinotecan], DX-8951fdatopotecan are S—phase-
specific anticancer agents that inhibit #uotivity of the enzyme DNA topoisomerase-

I (Morris and Geller, 1996).

In 1996, the FDA approved topotecan (manufacturgdSmithKline Beecham
Pharmaceuticals and sold under the trade name Hydams a treatment for
advanced ovarian cancers, and irinotecan HCI (naatwfed by Pharmacia & Upjohn
and sold under the trade name Camptosar) as angehfor metastatic cancer of the
colon or rectum. Thus far, the major side effeétsamnptothecin drugs are potentially

severe diarrhea, nausea, and lowered white bldbdaets.

Figure 1.10.The chemical structure oAj Camptothecin and) Topotecan.
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1.3.1.3) Colchicine

Colchicine, a water-soluble alkaloid, was isolafesm the @lchicum autumnale

(Liliaceae) It suppresses cell division by inhibiting mitosig binds to the tubulin
molecule, thereby inhibiting its assembly into microtubulesdaconsequently it
inhibits the development of spindles as the nuatei dividing. Cancer cells divide

more rapidly than normal cells, thus cancer ceksmaore susceptible to being

Figure 1.11.The chemical structure of Colchicine.

poisoned by mitotic inhibitors such as colchicipeg¢litaxel, and the Vinca alkaloids
(Jordan and Wilson, 1998). However, colchicine pias/en to have a fairly narrow
range of effectiveness as a chemotherapy agerits smly FDA-approved use is to
treat gout (trade name ColBenemid, an anti-gougy ednarketed by Merck & Co.).
However, it is used in veterinary medicine to tr@aimal cancers. It is also used as an
anti-mitotic agent in cancer research involving celtures. Thus far, the major side
effect of colchicine is abnormally low leukocytevéds that can rebound to an

abnormally high level.
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1.3.1.4) Podofilox and etoposide

Podofilox was extracted from theéPodophyllum peltatum (Berberidaceae)
Podophyllotoxin (podofilox) and its derivatives,opbside and teniposide, are all
cytostatic (antimitotic) glucosides. Etoposide aewciposide both block the cell cycle
in two specific places i.e. the G1 phase and tiph&e and act by causing breaks in
DNA via an interaction with DNA topoisomerase IIClérke et al., 1993).
Podophyllotoxin (podofilox) is used in creams s@shOclassen's Condylox for the
treatment of genital warts that are caused by thmam papillomavirus (HPV).
Human papillomavirus (HPV) has been associated wdhcers of the genitals
(squamous cell carcinomas) (Edwaretsal., 1988). Etoposide (manufactured by
Bristol-Myers Squibb and sold under the trade n&®PResid) is used mainly to treat
testicular cancer that has failed to respond terotteatments and is also a first-line
treatment for small-cell lung cancers, chorioniacocemas, Kaposi's sarcoma,

lymphomas and malignant melanomas (Henwood anddérgdl990).

-0

Figure 1.12.The chemical structure oA Podophyllotoxin andR) Etoposide.
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Major side effects include hair loss, nausea, atayeliarrhea, and low leukocyte and
platelet counts. It can also cause genetic damageray increase a patient's risk of
developing leukemia. The less popular teniposidee haimilar side effects to

etoposide, but is mainly used to treat lymphomas.

1.3.1.5) Vinblastine, vincristine, vindesine and wiorelbine

Vinblastine and vincristine are alkaloids found Qatharanthus roseus (formerly
classified ad/inca rosea). These vinca alkaloids, vindesine, vinorelbind #re semi-
synthetic derivatives of vinblastine, all work knhibiting mitosis (cell division) in
metaphase. These alkaloids bind to tubulin, thesgnting the cell from making the
spindles it needs to be able to move its chromosoaneund as it divides (this is
similar to the action of colchicine) (Ngaeh al., 2001). Although these intravenous
drugs are very similar in structure and have tlmesbasic action, they have distinctly

different effects on the body.

Vinblastine (marketed as Velban by Eli Lilly) is mky useful for treating Hodgkin's
disease, lymphocytic lymphoma, histiocytic lymphoradvanced testicular cancer,
advanced breast cancer, Kaposi's sarcoma, andnméeukéBleyer et al., 1991,
Groninger et al., 2005; Stokoeet al., 2001). It also seems to fight cancer by
interfering with glutamic acid metabolism. Sideeefs include hair loss, nausea,
lowered blood cell counts, headache, stomach paimbness, constipation and
mouth sores. Bone marrow damage is the typical-tlosgéng factor (Uchidaet al.,
1997). Vincristine (marketed as Oncovin by Eli yjlis used mainly to treat acute

leukemia, rhabdomyosarcoma, neuroblastoma, Hodgkidisease and other
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lymphomas (Engertet al., 2007; Kanget al., 2007). The typical dose in 1.4
milligrams per square meter of body surface oneeeak, and neurotoxicity is the
dose-limiting factor (it can cause damage to thepperal nervous system). Side
effects include those found with vinblastine, phesvous system problems such as
sensory impairment; some people may also develeatting problems or lung
spasms shortly after the drug is administered (Bramnet al., 1991; Carpentieri

and Lockhart, 1978).

Figure 1.13.The chemical structure oAj Vinblastine andB) Vincristine

Vindesine (marketed under the names Eldisine altté$in) is used mainly to treat
melanoma and lung cancers (carcinomas) and, tagetitle other drugs, to treat
uterine cancers (van Luijkt al., 2007). Its toxicity and side effects are similar
those of vinblastine. Vinorelbine (marketed as Nlawe by Glaxo Wellcome, Inc.) is
currently in Phase 1l clinical trials as a treatm&ar ovarian cancer (Rothenbegy
al., 2004). It however seems to have a wider rangatifumor activity than the other

vinca alkaloids. In preclinical trials, it showgaomise in treating patients with
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epithelial ovarian cancers and, in combination Wit chemotherapy drug cisplatin,
in treating patients with non-small-cell lung carscéJulienet al., 1999). The side
effects of this drug include diarrhea, nausea, laad loss; it seems to be less of a

nerve poison than vindesine.

Figure 1.14.The chemical structure ofAj Vinorelbine andB) Vindesine.

Current plant derived anti-cancer drugs primardyget cell division components,
resultantly; their toxicity is not restricted tonz®r cells. Clinical application of these
drugs has been partially successful as they hage ddministered in phases and in
combination with other anti-cancer agents. Phasmirastered drugs allow the
patients body to recuperate between doses. Thie dependent administering of
conventional drugs is however, acutely life threatg to patients. Many
conventional drugs also induce genetic damage daatitself be carcinogenic. A
segment of the research community is thus focusimg identifying novel
chemotherapeutic agents in plants,that do not mdine destructive effects of

conventional cytotoxic therapeutic agents.
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CHAPTER 2: MATERIALS AND METHODS

2.1) General chemicals and assay kits

Active Caspase — 3 FITC Mab Apoptosis Kit

Agarose

Ampicillin

Annexin V- PE Apoptosis Detection Kit 1
APORercentage™ apoptosis assay
Bacteriological agar

Boric acid

Bromophenol blue

Chloroform

Crystal Violet

Dichloromethane

DAPI (4', 6'-diamidino-2-phenylindole)
DMSO (Dimethyl sulphoxide)

EDTA (Ethylene diamine tetra acetic acid)
Ethanol

Ethidium Bromide

Ethyl acetate

Gel Band Purification Kit

Glacial acetic acid

Glycerol

BD Riesices
Promega
Roche
Pharminge
Biocolor Ltd
Merck
Merck
Sigma
BDH
Sigma
BDH
Sigma
Sigma
Merck
BDH
Promega
BDH
Amersham Biosciences
BDH

Merck
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Hydrochloric acid

llustra GFX'™ PCR DNA

Methanol

N-Butanol

Paraformaldehyde

pGEM®-T Easy Vector System
Propan-2-ol

Proteinase K

Silica gel 60 Es4

Sodium chloride

Tris (Tris [hydroxymethyl] aminoethane)
Triton X-100 (iso-octylphenoxypolyethoxyethanol)
Tryptone

Xylene cyanol

Yeast extract

2.2) Stock solutions and buffers

BDH
Amersham Biosciences
BDH
BDH
Sigma
Promega
BDH
Roche
Merck
Merck
BDH
odhe
Merck
BDH

Merck

10xTBE: 0.9 M Tris, 0.89 M boric acid and 25 mM EDTA, pt88

10xTE: 0.1 M Tris-HCI, and 0.01 M EDTA, pH 7.4.

Chloroform:isoay! alcohol: 24 parts chloroform and 1 part isoamyl alohol

LB agar: 109/l Tryptone, 59/l Yeast extract, 59/l NaCl add/l Bacteriological agar

L Broth: 10g/l Tryptone, 5g/l Yeast extract, 5g/| NaCl

Loading Buffer: 0.25 % Bromophenol blue, 0.25 % Xylene cyanolGr?® glycerol
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NR desorh 1 % Glacial acetic acid, 50 % ethanol and 49 %QiH

Pl Master Mix: PI (40pg/pl) and RNase A stock (100pg/pl) in PBS.

RNase A (DNase free):A 20 mg/ml stock solution was prepared in a buffer

containing 0.1 M sodium acetate and 0.3 mM EDTA#B, with acetic acid). This

stock solution was boiled for 15 min. and cooledicawater, dispensed into aloquots

and stored at -2C.

TTE: 1XTE, pH7.4, with 0.2 % Triton X-100

Turks reagent: 0.02 g of crystal violet and 7.2 % glacial aceitad in dHO

2x CTAB buffer (1.4M): 1.4 M NaCl, 100 mM Tris-Cl pH8.0, 20 mM EDTA, 209/

CTAB, 109/l PVP40.

2.3) Tissue culture media and cdll lines

Invitrogen supplied tissue culture media:
Dulbecco’s modified eagle medium (DMEM)
Ham’s F12 media

RPMI 1640 medium

PBS

100x penicillin streptomycin

Foetal calf serum (FCS)

with 4.5g/L glucose, Glutamak
with L-glutamine
with L-glutamine

with CaCland MgC}

Complete Ham’s F12 = Ham’s F12 + 0.2 % penicilliregtomycin + 5 % FCS

Complete DMEM = DMEM + 0.2 % penicillin streptompct 10 % FCS

Complete RPMI = RPMI + 0.2 % penicillin streptomyei 10 % FCS
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Table 2.1.The cell lines used:

Species Cell lines Medium Serum
Hamster CHO 22 Hams F12 5% FCS
Human HelLa DMEM 10 % FCS
Human MCF7 RPMI 1640 10 % FCS

2.4) Culturing of cells

2.4.1) Thawing of cells

The vials of frozen cells were removed from storagje150C and immediately
thawed in a 37C water bath. The contents of the vials were thansferred into a 15
ml tube containing 5 ml Hams F12 media. The 15ubktwas centrifuge for 2min. at
300 xg. The supernatant was discarded whilst tHietpeas resuspended in 5 ml
Hams F12 media and transferred to a 2&ésaue culture flask for incubation. All the

cell lines used were adherent and were incubat&¥°&t in an atmosphere of 5 %

CO;.

2.4.2) Trypsinization of cells

The cells were trypsinized once cells reached cenfty. The Hams F12 media in the
flask was discarded. Cells were washed with trypienallowed to trypsinize with
3 ml of 0.0625 % Trypsin at 8C. Cells completely trypsinized in 3 min. 12 ml of
Hams F12 media were then added to stop trypsinizafihe cells were split into

three 25critissue culture flasks for incubation in Hams F12liae
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2.4.3) Freezing of cells

To store cells, cells were trypsinized and cengefil after which the cell pellet was
re-dissolved in a 10 % DMSO and 90 % Hams F12 meiilkéure. The suspensions

were aliquoted into 2 ml cryo-vials, then stored1&(°C.

2.4.4) Seeding of cells

Once cells were thawed and incubated in a 25tsBUe culture flask, cells were
incubated at 3 for 48 h to 72 h to grow to confluency, Cells iven trypsinized,
centrifuged to remove supernatant and re-suspeimd&ml of Hams F12 media.
Cells were counted using a Hausser Scientific FuBlmsenthal Ultra Plane
Hemocytometer and seeded at a concentration oil@%ells per well. When 6, 24
or 96 well plates were used 2 ml, 500 ul or 100futells were seeded respectively.

Cells were incubated overnight at’87and were ready for testing.

2.5) Tests authenticating the induction of apoptosis

2.5.1) Cytotoxicity assay

CHO (Chinese Hamster Ovary) cells were seeded wé&btissue culture plates and
tested for 24 h with varying concentrations inlicigte. The supernatant was removed
from the wells, cells were washed with 2 ml PBS 400 pl of neutral red (NR)
solution (100 pug/ ml, in serum free media) was dddeeach well. The plates were

incubated for 2 h at 37°C. Wells were washed rgpidith 100 ul, 1 %
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paraformaldehyde. The NR dye was extracted frontéie by adding 100 ul of NR
desorb to each well, plates were incubated for itb, then placed on a shaker for an
additional 30 min. before determining the opticehsity at 540 nm (Ofg) on a

multiwell spectrophotometer. Cytotoxicity is cdkted as follows:

Abs of negative control — Abs of treated cells
Abs of negative control

% cytotoxicity =

2.5.2) APORxcentage™ assay

The APORrcentage™ dye was prepared by adding 15.9 ml F12 (Hams) antedd.1
ml APORercentage’™ dye. Cells were seeded in 24 well tissue cultuatep and
tested for 24 h with varying concentrations of plaxtract in triplicate. After the cells
were treated with the plant extract, the extractsewtranfered to 15 ml tubes. Cells
were washed with 1 ml PBS and trypsinized with 8D8ypsin that were both added
to the removed extract. Cells were centrifuged Gl g for 5 min. Cells were re-
suspended in 200 ul of the prepared AB@ehtage™ dye, followed by incubation
for 30 min. at 37°C. The cells were washed with|PBS to remove excess dye. The

cells were analyzed by flow cytometry.

2.5.3) Annexin V- PE Apoptosis Detection assay

The assay was performed using the Annexin V-PE Asip Detection Kit (BD

Biosciences). The manufacturers' protocol was ¥ad. CHO cells were seeded in
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24 well tissue culture plates and cells were induagth extract for 6 h. After the
cells were treated with the plant extract, thescelere washed with cold PBS. The
cells were then trypsinized and re-suspended inH0D x binding buffer. To each
suspension 5 ul of Annexin V-PE and 5 pl of 7-AARssadded. Suspensions were
then gently vortexed and incubated for 15 min.oair temperature in the dark. The

cells were analyzed by flow cytometry.

2.5.4) Active Caspase 3 - PE Mab Apoptosis

The assay was performed using the Active caspaB& FApoptosis Kit (BD

Biosciences). The manufacturers' protocol was Wadid. CHO cells were seeded in
24 well tissue culture plates and cells were induagth extract for 6 h. After the

cells were treated with the plant extract, wellseverashed with PBS; cells were
trypsinized and re-suspended in 0.5 ml Cytofix/@gtan, then incubated on ice for
20 min. The cells were centrifuged at 500 xg fonih. The cell pellets were washed
twice with 0.5 ml Perm/Wash buffer followed by adfutgation. Each sample was re-
suspended in 100 pl of Perm/Wash buffer and 20f @ahbbody. The samples were
then incubated for 30 min. at room temperature. §draples were washed with 1 ml
Perm/Wash buffer, and re-suspended in 0.5 ml PeasiMbuffer. The cells were

analyzed by flow cytometry.
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2.5.5) APO-DIRECT™ Kit

The assay was performed using the APO-DIREEKit (BD Biosciences). The
manufacturers' protocol was followed. CHO cellseveeeded in 6 well tissue culture
plates and cells were induced with 5 mg/ml plarttaext for 48 h. After treatment
with the plant extract, cells were trypsinized aaesuspended in 5 ml of 1 % (w/v)
paraformaldehyde in PBS and placed on ice for Ih fiine cells were centrifuged at
500 xg for 5 min. and the supernatant was discar@etls were washed in 5 ml of
PBS followed by centrifugation at 500 xg for 5 mirne wash step was repeated. The
cells were re-suspended in 0.5 ml of PBS, to whiciml. of ice-cold 70 % (v/v)
ethanol was added. Cells were stored af€Z6r 48 h. The cells were centrifuged at
500 xg for 5 min. and the supernatant was discarédh cell pellet was re-
suspended in 1 ml of wash buffer. Samples wereribey¢d as before and the
supernatant was removed by aspiration. The waghveas repeated. The cells were
re-suspended in 50 ml of the staining solution iacdbated for 60 min at 8. 1 ml

of Rinse Buffer was added to each tube and cege&tduas before. The supernatant
was removed by aspiration. The cell rinsing steps wepeated. The cells were
resuspended in 0.5 ml of the Propidium lodide/RNasslution and incubation in
the dark for 30 min. at room temperature. The cekse analyzed in Propidium

lodide/RNase solution by flow cytometry.
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Table 2.2APO-DIRECT" kit staining solution

Staining Solution 1 Assay (ul) 4 Assay (ul)
TdT reaction 10 40

TdT enzyme 0.75 3
Fluorescein-dUTP 8 32
dH,O 32 128
Total volume 50.75 203

2.6) Phylogenetic studies

2.6.1) 2x CTAB DNA extraction

Liquid nitrogen was added to 50 mg of leaf matetwafacilitate the grinding of the
leaf material to a fine powder. 1 ml of 2 x CTABftau preheated to 62°C was mixed
with the fine powder to obtain a consistent sluffityis mixture was incubated at 62°C
for 30 min., then allowed to cool for 10 min. abno temperatue before 10 ul of 10
mg/ml Proteinase K was added. The samples werédbated at 37°C for 30 min.
Equal volumes of CIA was added to each sample i@tb by gentle mixing. The
sample was centrifuged at 10 000 xg for 10 min. fBipeaqueous layer was collected
and 2/3 v/v ice-cold isopropanol was added to tbkected aqueous layer. The
samples were mixed by inversion, then samples wengbated at 4°C for 20 min.
The samples were centrifuged at 10 000 xg for 10. riien the supernatant was
discarded. The cells were washed twice with 50&¢tcold 70 % EtOH. The cells
were air-dried, re-suspended in 100 — 200 pl THebufontaining RNase (0.0625
mg/ml final concentration) then incubated at 378%€ 30 min. The DNA was re-

precipitataed with 0.5 v/v 7.5M NjAc and 2.5 v/v cold Abs EtOH was added. The
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sample was incubated for 30 min. at -20°C. The $&snpere centrifuged at 10 000

xg for 10 min. The DNA was air-dried and re-suspehioh TE buffer.

2.6.2) Polymerase Chain Reaction (PCR)

PCR reactions were performed in 10x reaction bufféde enzymelag polymerase
was used at 0.2 units per reaction. The primersewpeesent at 1 pmol, Mggl
concentration was 1.5 mM and 10 ng of DNA templass used in each reaction.

Table 2.3 describes the experimental set up of B&fR reaction.

Table 2.3.Experimental set up of the PCR reactions

Final
Concentrations

10x Reaction buffer 1x
dNTP's 100pM
Forward primer 1uM
Reverse primer 1uM
dH,O
Taq 0.2u
DNA template ~10ng
Total reaction volume

The PCR cycling conditions were as follows: 95°C 10 min.; 95°C for 30 sec.;
56°C for 30 sec.; 72°C for 30 sec.; repeated focyfles; followed by 72°C for 7

min. The successes of the PCR process were as$gsagdrose gel electrophoresis.
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2.6.3) Agarose gel electrophoresis of DNA

To 2 pl of the DNA sample prepared (as per methetdosit in 2.5.5.1), 2 ul of
loading buffer was added. Samples were loaded sidagthe molecular weight
marker on a 1.5 % agarose gel containing 1 pl BEr100 pl 1 x TBE buffer. The
samples were electrophoresed at 10 V/cm in 1 x bBfer. DNA was visualized

with a UVP transilluminator.

2.6.4) Purification of DNA fragments

The PCR product was visualized under a UV lampautaut of the agarose gel with
a sterile single-use carbon steel surgical blatie. FCR product or DNA fragments
were macerated followed by purification using thestra GFX" PCR DNA and Gel

Band Purification Kit (according to manufactur@nstruction).

2.6.5) Cloning PCR fragments into pGEM-T Easy

PCR fragments were cloned using the pGEMEasy Vector System (Promega).

Table 2.4 describes how the ligation reactions weteip.
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Table 2.4.Experimental set up of the ligation reaction

Final

concentrations
2x Rapid ligation buffer 1x
pPGEM®-T Easy (1ng/ pl) 0.1ng
PCR product 0.05ng
Control insert 0.05ng
dH-0O
T4 DNA ligase (1 unit/ pl) lu
Total reaction volume

The ligation reactions were briefly mixed and inatddl overnight at 4°C. For the
transformation process, 100 pl competEntcoli cells were added to the ligation
reactions. The mixtures were incubated on ice fbnn. The cells were then heat
shocked at 42°C for 30 sec. followed by incubatonice for 5 min. Each tube was
filled up to 1 ml with pre-warmed L-Broth and inaibd at 37°C with shaking. After
30 min., 100 pl of the transformed culture waseauaan LA agar plates containing

100 pg/ ml ampicillin and incubated at 37°C ovelnhig

2.6.6) Colony PCR and sequence analysis

Following the transformation process, colonieseésbreened were removed from the
plate and re-suspended in 100 ul deionised watetoli colonies were screened for
the presence of the insert by colony PCR. Table d&&cribes the colony PCR

reactions.
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Table 2.5.Experimental set up of the colony PCR

Final
concentrations
10x Reaction buffer 1x
dNTP's 100puM
M13 Forward primer 1uM
M13 Reverse primer 1uM
dH,0
Taq 0.2u
Colony cell suspension
Bacterial cell suspension
Total reaction volume

The PCR cycling conditions were as follows: 95°C 0 min.; 95°C for 30 sec.;
95°C for 30 sec.; 58°C for 30 sec.; 72°C for 30;s@peated for 35 cycles; followed
by 72°C for 7 min. The successes of the colony REétess were assessed by

agarose gel electrophoresis.

.The colony PCR product were spread on L-agar $latel grown at 37°C. Positive
clones were sent for sequencing at Ingaba Bioteahmindustries (Pty) Ltd, South
Africa. Glycerol stocks were prepared of the pusittlones, by dilution of the culture

with an equal volume of 80% sterile glycerole. The®re then stored at -80°C
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2.7) Methods of fractionation

2.7.1) Agueous extraction

The plant material was cut to increase the suréamea, and then dried in an oven at
40°C overnight. The dried plant material was blendedatpowder and 10g was
weighed out and mixed with 500 ml distilled wafEnis mixture was then stirred for
16 h. The supernatant containing the extracted nelcy metabolites was then
removed and the extraction step was repeated wvidhe same plant material. The
extracted mixture was then filtered, frozen at°@@nd then freeze dried. The dried
extracted secondary metabolites were weighed awlisselved in distilled water to

produce a 40 mg/ml stock solution that was stote@dQ@iC.

2.7.2) Organic solvent extraction

The active aqueous extracts were individually fomated by organic solvent
extraction. The aqueous extract was mixed vigdyowsth acetone in a 1:4 ratio.
The solvents were then placed in a separation fuane allowed to phase separate.
The acetone was removed; another 80 ml of acet@seadded to the 20 ml aqueous
extract in the separation funnel. The extracti@p svas repeated in triplicate on the
same aqueous extract. The same extraction procedaseused for other solvents
with increasing polarity (except that a 1:1 ratiasnised). The other solvent used was
n-butanol 3.9, ethyl acetate4.3, chloroform 4.4, petroleum ethel5 (polarity of

solvents represented by bold numeric followinggbkrent name). The solvents were
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then evaporated using a rotary evaporator anddheentrations of the extracts were
established. The extracts were re-dissolved inl eitstate, as it had been determined
that 1 % ethyl acetate is not toxic to the cellsug, for testing purposes 0.5 % ethyl

acetate concentrations were used.

The stock solution was diluted with Hams F12 metha produce different
concentrations of the extract for testing purpo3dwse different dilutions of plant
extracts were filtered (through a 0.22 micro-poaeneo filter) before screening for

induction of apoptosis.

2.7.3) Thin Layer Chromatography (TLC)

2.7.3.1) Determining the solvent system need to septe extract by TLC

Before performing TLC or LCC, the solvent systemeded to separate the
compounds was determined. TLC aluminium sheetsx(20 cm; silica gel 60 Js4)
were cut into 10 cm x 1.5 cm rectangles. A light@kline was drawn 1 cm from the
bottom and top edge of the chromatographic plate Jample was spotted on this
line (<0.5 mm in diameter) and placed in a develgpthamber. The solvent was
allowed to migrate up the plate via capillary actimtil the pencil line drawn across
the top edge was reached. The plates were thenime@mnder ultraviolet (UV)
light. A solvent that results in strong mobility tife extract and one in which the
extract remains stationery are combined in differetios. The ratio that best
separates the extract into different layers iSzetil as the solvent system for TLC

and/or LCC.
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2.7.3.2) Concentrated compound fractionation by TLC

A TLC glass plate (20 x 20 cm; silica gel 684 was used for the fractionation of
compounds. A light pencil line was drawn 1cm frdme bottom and top edge of the
chromatographic plate. A capillary was used toatréhe extract across the bottom
edge as thinly as possible. A developing chamberfillad 0.5 cm with the solvent
system established above. The solvent migratetielplate via capillary action until
it reaches the pencil line drawn across the togedige TLC plate was removed from
the developing chamber, and allowed to air-dry. Ppletes were examined under
ultraviolet (UV) light and the layers were outlinedth a pencil. The Rf values for
each layer were calculated (illustrated in figurgé)2as unknowns can be identified
using Rf values. Each layer of silica/ extract wsasapped off the TLC glass

separately.

Salvent fromnt S T

C

/ Starting pairxt\ || "|' 4
|2
-_____—— Solveni level

A (6
Rf = the distance of the starting point to tibye of the spot

the distance of the starting point t sblvent front

Figure 2.1. lllustration of how the Rf was calculated. The Ruals the distance of
the starting point to the top of the spot dividgdtlve distance of the starting point to

the solvent front.
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To separate the silica from the extract, a cotttmpmer was firmly placed in a
column, followed by the silica/extract, and ther) @ of the solvent in the solvent
system was poured into the column. The extraceelut the solvent that is captured
in a beaker placed beneath the tap of the columactibns were then dried by rotary

evaporation and re-dissolved in ethyl acetate astddtl for apoptosis activity.

2.7.4) Liguid Column Chromatography (LCC)

A chromatography column was set up and approximatéPbo of the column was

filled with silica. A 1-2 cm layer of silica was r&d with extract then the mixture
was dried by rotary evaporation to bind the exttadhe silica. The layer of extract
bound silica was placed on the clean silica inablemn. A cotton plug was placed
on the silica to prevent the extract from re-digsag into the solvent system. A small
quantity of solvent system was added slowly todbleimn to settle the cotton plug.
The column was filled with solvent and the solviewel was maintained. The eluting
solvent was captured by a fraction collector. Tiaetions collected were spotted on

TLC plates to establish distinction in fractiondlected. Fractions were then dried by

rotary evaporation, re-dissolved in ethyl acetaie tested for apoptosis activity

2.7.5) Reverse-Phase High Performance Liguid Chrontagraphy (RP-HPLC)

Samples were monitored and fractionated using teekiBan HPLC system in
combination with the chromatography station withndéws, Clarity™ DataApex

and collected using the FOXY JR 202F20077 fractioltector. The Beckman HPLC
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system consisted of an autosampler 501, organ#@r B x solvent delivery system

module 110 and the Knauer variable wavelength roanit

The chromatographic conditions for the analytical G18 250 x 4.6mm Luna 5u
(Phenomex) Mobile phase solvent A consisted of 1 % acetiicl &c water (v/v)
mobile phase solvent B consisted of 100 % methdra. gradient was premeditated
as followes: the column was equilibrated with 10@68fvent A and 0 % solvent B for
5 min. then solvent A was decreased to 60 % anegsbB was increased to 40 % for
10 min. Solvent A was then decreased to 40 % ahlersoB was increased to 60 %
in 2 min. This solvent system remained constantlformin. Solvent A was then
further decreased to 20 % and solvent B was inetceas80 % in 2 min. This solvent
system remained constant for 10min. Solvent A wagehsed to 0 % and solvent B
was increased to 100 % in 2 min. This solvent sygtemained constant for 10 min.
Solvent A was decreased to 100 % and solvent Binzasased to 0 % in 2 min. and
remained constant for 5 min. to re-equilibrate #@umn in preparation for

subsequent fractionations.
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CHAPTER 3: SCREENING INDIGENOUS SOUTH

AFRICAN PLANTS FOR PRO-APOPTOTIC ACTIVITY

3.1) Introduction

The use of traditional medicine has a long histang is still the major source of
medicine in developing countries. Approximately 90 of the South African
population consults traditional healers, perpetwgathe need for scientific appraisal
of traditional medicine as a means to establistefiisiency and safety (Puckrest
al., 2002). Also, pharmacological and phytochemicsights into several plants have
led either to the discovery of novel chemicals #ratefore novel drugs, or to novel
chemical structures that can serve as lead compdentplates for the design of new
drugs (section 1.3.1). Natural product researchthas been developed specifically

for the isolation of secondary metabolites witheatigular biological activity.

Plants contain two classes of compounds namelyngmsi metabolites that are
required for the livelihood of the plant i.e. thiamis machinery, and the secondary
metabolites that are not a necessity for the plaussival. Some secondary
metabolites protect plants against fungi, bactenagects, and viruses. Extracted
secondary metabolites have been used as food flavisy colour dyes, poisons,
perfumes, industrial products (e.g. oil) and prgsion drugs, however the functions
of majority of the secondary metabolites are naiviim (Wink, 1999). Plant derived
secondary metabolites and their derivatives hase been a major source of anti-

cancer drugs.
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The identification and purification of bioactive cemdary metabolites from plant
extracts can be a tedious and expensive operdtican attempt to cut down on the
cost of drug discovery and to increase the prolluf identifying useful secondary
metabolites, research methodology allows the sergesf multiple natural products
for prospective drug development. One approach s&teen plants with well-known
ethno-medicinal value, although it has been estaédl that the ethno-medicinal data
obtained for a plant extract is not necessarilglalle source (Crage al., 1994).
However, there also seem to be a greater posgilfitfinding biological activity
among plants with ethno-medicinal value rather tiram plants randomly selected
(Chapuiset al., 1988; Cordelkt al., 1991). The second approach is to use the rapid,
inexpensive and highly automated bioassay screengthods. With respect to anti-
cancer drug screening it is believed that cytotioxiand cell viability assays provide
important preliminary data to help select plantr&otis with potential anti-cancer
properties for future work (Cardellireh al., 1993). This strategy is based on the fact
that these assays measure cell death or inhibaficrell growth and that a potential
anti-cancer drug will either inhibit cancer growdh kill cancerous cells. However,
most of these assays do not discriminate betweeic tell death and cell death
induced by apoptosis. Colorimetric bio-assays, sagithe APO& centage™ assay,
specifically detect and quantify apoptosis, makihgm better high-throughput,
inexpensive accurate preliminary screen of pro-tgapactivity. However, accurate
quantification of the pro-apoptotic activity is kaeg. This dilemma has been solved
by analyzing APO&centage’™ assay results by FACScan. The conventional
APORercentage™ assay requires 100 pl of 1/20 dilution of AR®dentage™ dye

per reaction whereas, AP@fentage’™ assay/FACScan only require 100 pl of 1/160

52



dilution of APORrcentage™ dye. The APO& centage™ assay/FACScan results are
thus more laborious to obtain but preferable ag #re quantitative (Johnsa al.,

2003).

The objective of this section was to do comparasigeeening of poisonous native
South African plants with and without ethno-medatinalue (listed intable 3.1).
Thus, the present enquiry reports on the cytotoxi¢using the neutral red
colorimetric assay) and apoptosis activity (usifge tAPORrcentage™ assay,
Biocolor Ltd) of the aqueous extracts of nine nat8outh African plants on three cell
lines namely MCF7 (human breast adenocarcinoma)laHéuman cervical
carcinoma) and the 'normal’ animal cell line, CHChihese Hamster Ovaries). All
experiments were repeated thrice to ensure thaethats obtained were accurate and
reproducible. The cytotoxic and apoptotic actiwias used to identify the plant
extract with the most significant anti-cancer atyivThis plant pro-apoptotic activity
was demonstrated with more specific markers of tqsip namely the externalization

of phosphatidylserine, caspase-3 activation and Didgmentation.

The nine plants screened were; the poisonGatyledon orbiculata, Oxalis pes
caprae, Echium plantagineum, Cissampelos capensis, Euphorbia mauritanica,
Haemanthus pubescens, Cynanchum africanum and the non-poisonous Lessertia
frutescens and Elytropappus rhinocerotis (see the pictorial representation figure

3.1). Some of these plants are used as traditionatders to treat cancer. Except for
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Table3.1.Plants screened to treat conditions consistentegtiter symptomatology

Plant species (family) Common namg Distribution Tradtional medicinal uses Some reported pharmacologicativies References
Cotyledon orbiculata (Crassulaceae) pigs ears Southern Africa boils, inflammation, eagacyphilis, |four bufadienolides; orbicusides A, B, C

ulcers and tyledoside C causes ‘krimpsiekte’ in stock |Steyn et al. 1986
Oxalis pes caprae (Oxalidaceae) yellow sorrel | Western Cape arthritis, asthma, boils, burnsancer, |oxalates are poisonous to humans and animals Brunk389

tuberculosis, tumors
Echium plantagineum (Boraginaceae) Western Cape Province n/a heliosupine, echimidine, bimie etc.these

toxins accumulatively cause liver damage in anifvn Wyk et al. 2000

Cissampelos capensis (Menispermacea  |dawidjies Western parts of South Africq  diabetesetablosis, urinary stones,| nla

stomach and skin cancer
Euphobia mauritanica melkbos Southern Africa; western n/a cause fatal nerwss disorder in sheep characterizgd

parts and dry interior by muscle tremers, bloat, diarrhoea and fever Kreligr et al. 1988

Haemanthus coccineus April's fool ulcers, anthrax, edema, diuretic, astéjm/a
Cynanchumafricanum (Asclepiadacea  |bobbejaantou |Cape Peninsula: Namaqualand to |n/a cause cattle and sheep poisoning called cynaishiiellerman et al. 1948

Lessertia frutescens (Fabaceae)

Elytropappus rhinocerotis (Asteraceae)

cancer bush

renosterbos

Port Elizabeth

Southern Africa: Western Cdpe, chickergiabetes, hemorrhoids,

Estern Cape, Namibia, Karoo
Western Cape and Eastern

rheumatism, cancer
flu, indiyeditack of appetite, ulce,

Cape

and stomach cancer.

L-canavanine has documented anti-cancer actij§waffer et al. 1995

s rhinocerotinoic aeidiiterpene with anti-

inflammatory properties

Dekker et al. 1988
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Figure 3.1. Pictorial representation of the nine indigenous South African plant screened for apoptosis activity.
A represents Cotyledon orbiculata. B represents Oxalis pes caprae. C represents Cynanchum africanum. D
represents cytotoxicity and apoptosis activity induced by Lessertia frutescens. E represents Echium
plantagineum. F represents Cissampelos capensis. G represents Haemanthus pubescens H represents
Elytropappus rhinocerotis. | represent Euphorbia mauritanica.



L. frutescens none of these plants have reported anti-cancertgctAn anti-cancer
compound inL. frutescens has been identified as L-canavanine (Crooks and
Rosenthal, 1994; Swaffaet al., 1994). L. frutescens displays significant pro-
apoptotic activity on numerous cell lines includim@HO, Jurkat (human T cell
leukemia) and MCF7 (Chinkwo, 2005; Tatial., 2004).Cotyledon orbiculata, Oxalis

pes caprae, Echium plantagineum, Euphorbia mauritanica and Cynanchum

africanum has been documented to be poisonous to anifalsg 3.1).

3.2) Aqueous extraction of plant secondary metabolites

Traditional remedies necessitate the extractiorplaht secondary metabolites by
boiling in water. This extraction method allows ttke indiscriminate extraction of

the secondary metabolites, a method perfectly @apthfe screening of an unknown
secondary metabolite. Efficiency of the aqueousaekon process was ensured by
the effective drying, blending and grinding of thlant material, as this process
assists with the penetration of the solvent toplaat cellular structure to dissolve the
secondary metabolites i.e. it increased the yiekktraction by increasing the surface

area (Cannell, 1998).

A 40 mg/ml stock solution of aqueous extracted fpé&tract was prepared using the
method described in section 2.6.1 and was stored0&€C. The aqueous extraction
produced yields between 4 % and 10 % of dry plantlyct compared to the mass of

the dry plant product used as the starting mata@niahe extraction (&ble 3.2).
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Table 3.2Yields associated with the aqueous extraction efdity plant material

Plant species Time of Area of Dry weight | Plant Yield

collection collection (9) part (%)
C. orbiculata May Cape Flats 10 If 5.8
O. pes caprae May Cape Flats 10 If,st 4.2
E. plantagineum May Cape Flats 10 If,st 6.4
C. capensis July Cape Flats 10 If,st 4.2
E. mauritanica July Cape Flats 10 If,st 6.1
H. coccineus July Cape Flats 10 If 5.7
L. frutescens July Wellington 10 If,st 6.0
C. africanum July Cape Flats 10 If,st 5.4
E. rhinocerotis July Tulbagh 10 If,st 8.2
E. rhinocerotis September Tygerberg 10 If,st 7.3
E. rhinocerotis September Helderberg 10 If,st 7.1
E. rhinocerotis September Blaauwberg 10 If,st 7.6
E. rhinocerotis September Kirstenbosch 10 If,st 7.3

*If - leaf; st - stem




3.3)Analysis of the cytotoxic and pro-apoptotic effects of plant extracts

3.3.1) Screening cytotoxic effects of plant agueoestracts using the neutral red

(NR) assay

The neutral red (NR) cytotoxicity assay is a cédlibiity assay, based on the ability
of viable cells to incorporate and bind the NR dy® is a weak cationic dye that
penetrates cell membranes by non-ionic diffusibractumulates intracellular at the
anionic sites in the lysosomal matrix. Alteratioms the cell membrane or the
sensitive lysosomal membrane leads to lysosomagilifsa(Borenfreund and Puerner,
1985). As a consequence only cells that are itaible will bind NR dye i.e. the
viable cells with an intact lysosomal membrane tdldye stained with the dye while
the dead cells with lysosomal membrane damage nuill be labelled. They dye
trapped within live cells can be releasd, quartdi&d expressed as a function of cell

death.

Cells were plated in 96 well tissue culture plaassdescribed in section 2.5.1. The
cells were treated with aqueous extract of all gslarsed for 24 h. The concentrations
ranged between 0.625 mg/ml and 5 mg/ml. Cytotoxkieffect was measured by the
colorimetric Neutral red assay. The cytotoxicitguiced by individual plant extracts
are presented on Figure 3.2, 3.3 and 3.4 (in hhat)represent the MCF7, Hela, and

CHO cell lines respectively.
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The aqueous extract @& orbiculata is the only extract tested that displays induction
of noteworthy cell death or high levels of cytotty in the breast cancer cell line
(MCF7) presented in figure 3.2, wheregascapensis, E. mauritanica, H. pubescens,

C. africanum and C. orbiculata display signs of considerable cell death or heytels

of cytotoxicity in the cervical cancer cell line éHa) presented in figure 3.3.
However, cytotoxicity is negligible (below 40 %) the non-cancerous cell line
(CHO) for all plant extracts tested. These resuiticate that cytotoxicity induced
were specific to the cells lines tested as cytaibxis not constantly induced in all
the cell lines. The question now arises, is théd dehth a consequence of pro-

apoptotic activity or necrosis?

3.3.2) Ascertaining if cytotoxicity is as a conse@unce of apoptosis induction

using the APORrcentage™ assay

Apoptosis may be defined as programmed cell dedtdracterized by certain
morphological features such as membrane asymmathyadiachment, condensation
of the chromatin, and internucleosomal cleavagdDNA. In apoptotic cells, the
membrane phospholipid phosphatidylserine (PS)tisrealized to the outer-leaflet of
the plasma membrane (Fadekal., 1992). The APO&centage’™ assay is a dye
uptake assay which stains apoptotic cells withdadsee (Biocolor Ltd).The exposure
of the PS allows the unidirectional uptake of thPO¥ercentage™ dye. As a
consequence only those apoptotic cells that hadergone the externalization of
phosphatidylserine will be dye labeled, whereasibrenal and necrotic cells that are

present remain unlabelled.
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Figure 3.2. Neutral red assay demonstrating cytotoxicity (repréed by the
blue graphs) and the APOpercentageTM assay kit dsimrating apoptosis
(represented by the pink graphs). Cells were tdeie 24hrs with increasing
concentrations (0.625, 1.25, 2.5, 3.75 and Smgdfmplant agueous extracts on

the MCF7 cell line.



Percentage cell death

Hela

C. Capensis E. mauritanica
100% 100%
80% 4 I 80% 4
60%0 I I I 60% -
40% 11- 40% I I
20% | E E } { { 20% - { {
0% ‘ ‘ % E\IM
0.625 1.25 25 3.75 0.625 1.25 25 3.75 5
H. pubescens C. africanum
100% ‘ 100%
80% ‘ 80% | { {
|
60% | I I { »'i . . i ! 60% I I I
40% 40%
= | 221 {_______{__—s\{/l
0% T - 0% - T T T
0.625 1.25 25 3.75 0.625 1.25 25 3.75 5
L. frutescens C. orbiculata
100% 100%
80%-| 8%, % { ]
—1t
60% 60% -
40% 40% 4
=) 4 R I e
0% I\i ‘ 1 —i& = 0% ‘ ‘ ‘ ‘
0.625 1.25 25 3.75 0.625 1.25 25 3.75 5

Concentration (mg/ml)




Percentage cell death

E. plantagineum O. Pescaprae
100% 100%
80% - 80%
60% - 60% -
40% - 40%
20% 20% I
A/%
ot & —f 0% L —&— :/§_’/H
0.625 1.25 25 3.75 5 0.625 1.25 25 3.75 5

E. rhinocerotis
100%

|

1
80% 1
60% |

] — Cell death
20% = Apoptosis
= /;I-/
%8 a—F ;
0.625 1.25 25 3.75 5

Concentration (mg/ml)
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(represented by the pink graphs). Cells were tdefatie24hrs with increasing
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on the HelLa cell line.
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CHO cells were plated in 24 well tissue culturetgdaas described in section 2.5.2.
The cells were treated with aqueous extract of pddints used for 24 h. The
concentrations ranged between 0.625 mg/ml and SmimgZells were treated,
permeabilized and stained with AP@&entage™ dye, the cells were analyzed on a
FACScan instrument using CELLQuest PRO software @Bsciences). The cell
fluorescence was measured by flow cytometry usiediL2 channel (565 to 605 nm)
and a minimum of 10 000 events was acquired peplahe pro-apoptotic activity
induced by individual plant extracts are presemted-igure 3.2, 3.3 and 3.4 (in red)

that represent the MCF7, Hela, and CHO cell limspectively.

The aqueous extract @. africanum and E. rhinocerotis display noteworthy pro-
apoptotic activity (above 40 %) in relation to tbetracts of the other seven plants
that display pro-apoptotic activity below 10% hetbreast cancer cell line (MCF7)
results presented in figure 3.2. The apoptosis dida by C. orbiculata were
negligible, even at lower concentrations such &5%ig/ml, 156.25:.g/ml and 78.13
pug/ml (results not shown), thus cell death may beféect of necrosis. The agueous
extract of H. pubescens and E. rhinocerotis displayed the highest pro-apoptotic
activity (above 40 %) in the cervical cancer catlel (HeLa) results presented in
figure 3.3. Thus,H. pubescens is the only extract that induced cell death as a
consequence of apoptosis in the HelLa cell line,opgosed toC. capensis, E.
mauritanica, C. africanum and C. orbiculata that may be inducing cell death as a
consequence of necrosi€. rhinocerotis induced pro-apoptotic activity with
negligible cytotoxicity. The aqueous extracts Ef mauritanica C. africanum, L.

frutescens and E. rhinocerotis displayed pro-apoptotic activity (above 40 %) in
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relation to the extracts of the other five plamghe non-cancerous cell line (CHO)

results presented in figure 3.4.

The results for the CHO cell line proved that tiotoxicity test is not reliable as the
extracts ofE. mauritanica C. africanum, L. frutescens and E. rhinocerotis displays
considerable pro-apoptotic activity but negligildgtotoxicity indicating that these
plants would have been unduly eliminated in theeing process. The pro-apoptotic
activity of the nine plants at 5 mg/ml on all thresl lines were further tabulated to
provide a concise visual representation of resigitseasy interpretation (see table
3.3). C. africanum, L. frutescens and E. rhinocerotis extracts induce the highest
degree of apoptosis for the CHO cell line. Alsog t6HO cell line displays the
highest degree of susceptibility to the nine plexiracts, as opposed to MCF7 that
displays the least sensitivity. This is to be expeéas the CHO cell line is a so called
‘normal’ animal cell line that should not have ot rendering it less resistant to
apoptosis inducers. Also, MCF7 has been charaetémath caspase-3 gene mutation
(Kurokawaet al., 1999). From the extensive coverage of the masinocon pathways

in section 1.3.4 it can be inferred that most & gathways commonly converge at
caspase-3. This highlights the reason why the poesef caspase-3 is recognized as a
hallmark of apoptosis and accounts for the highstassce to apoptosis inducers
displayed by the MCF7 cell lin€C. africanum and E. rhinocerotis extracts display
the highest degree of activity in the MCF7 celklit can thus be deduced that @e
africanum andE. rhinocerotis extracts can induce an apoptosis pathway indepénden
of caspase-3H. pubescens, L. frutescens and E. rhinocerotis extracts are the most

active apoptosis inducers for the HelLa cell linbeTHeLa cell line may be more
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resistant to apoptosis inducers as a consequenbeimg infected with the human
papillomavirus (HPV) that synthesizes the proteiodpicts E6 and E7. The E6 and
E7 proteins bind to and inhibit p53 and Rb, thusreasing the HelLa cell line
resistance to apoptosis pathways involving thesegéPhelpst al., 1991; Scheffner

etal., 1991).

Table 3.3.Apoptosis activity induced by the nine indigen®@mith African plants at

5 mg/ml.
Plants Apoptosis ( %)
CHO MCF7 HelLa

C. capensis 42 6 37
E. mauritanica 53 10 31
H.pubescens 34 6

C. africanum 71 34
L. frutescens 8

C.orbiculata 34 7 34
E. plantagineum 24 6 30
O. pes caprae 31 6 31
E. rhinocerotis

The purpose of this section is to identify a leathpound that would be subjected to
combinatorial chemistry techniques after chararé¢ion to develop a future site
specific non-toxic anti-cancer drug. Thug, rhinocerotis aqueous extract that
induced considerable pro-apoptotic activity acrasthe cell lines was tested for
specific hallmarks of apoptosis and active compsuftdm it will be purified and

characterized.
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3.4) Screening E. rhinocerotis aqueous extract for the ability to induce

specific markers of apoptosis

3.4.1) Externalization of phosphatidylserine (PS)

The characteristic externalization of the phosplyéderine (PS) is a prominent
marker of apoptosis. Annexin V-PE Apoptosis Detattiassay allows for the
detection and quantification of the externalizedgghatidylserine (PS) by FACS
analysis. The Annexin V-PE Detection assay is basethe principle that annexin V,
the 35-36 kDa Cd dependent phospholipid binding protein, has a staffinity for
PS. Annexin V can also be conjugated to fluorocle®much as Phycoerythrin (PE)
without affecting its affinity for PS, thus makimgnexin V-PE a sensitive probe for
apoptosis detection. Externalized PS will thuslberéscently labeled by annexin V-
PE (Vermeset al., 1995). Results can be acquired and analyzedanfdim of a
histogram or dot plot. For the results obtainedhistogram form, normal cells will
fluoresce in the first decade ¢}0whilst a fluorescent shift along the x-axis frone
first decade (1Y) to the second decade €L®r third decade (£ is expected for

apoptotic cells.

CHO cells were plated in 24 well tissue culturetgdaas described in section 2.5.3.
The cells were treated with aqueous extracts fienrhinocerotis and known
apoptosis inducerk. frutescens and staurosporine, stained with annexin V-PE and

analyzed on a FACScan instrument using CELLQuesiO Psbftware (BD
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Biosciences). The cell fluorescence was measureftbiaycytometry using the FL2

channel (565 to 605 nm) and a minimum of 10 00&sveas acquired per sample.

Less than 2 % of the cells were stained positiveekternalized phosphatidylserine in
the untreated control presented as figure 3.5A. él@ry as much as 78 % of the cells
were stained positive for externalized phosphasielyhe in cell treated for 1 hour
with 1.3 uM staurosporine presented in figure 3.3Bis increase in externalized
phosphatidylserine is denoted by the shift of tak distribution to the right into the
second decade (30 that is, an increase in the fluorescence of Re externalized
phosphatidylserine was also demonstrated in figus and 3.5D that represents
cells that were treated for 6 h with 3.5 mg/mlEofrhinocerotis and L. frutescens,
respectively. Extracts d&. rhinocerotis andL. frutescens displayed that 71 % and 93
% of cells stained positive for externalized phagplylserine, respectively,
compared to the negligible 2 % of the cells in timreated control. Previous studies
have shown thatL. frutescens contains pro-apoptotic secondary metabolites
(Chinkwo, 2005; Taiet al., 2004). These results show that rhinocerotis also

contain secondary metabolites with pro-apoptotio/iy.

3.4.2) Caspase-3 activation

Another prominent hallmark of cells undergoing dpsfs is the activation of
caspase-3 (reviewed in section 1.3.4). The actimgp@se-3 PE Detection assay
allows for the detection and quantification of eetcaspase-3 by FACS analysis (BD

Bioscience). This assay is based on the prinché¢ active caspase-3 is recognized
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by monoclonal antibodies that were specifically madjainst the cleaved form of
caspase-3. The monoclonal antibodies are conjugatéd the fluorochrome PE
(Belloc et al., 2000). Consequently, the apoptotic cells thataiomactive caspase-3

will fluoresce.

Cells were plated in 24-well tissue culture plaassdescribed in section 2.5.4. After
cells were treated, permealized and stained witkcétifugated polyclonal active
caspase-3 antibody, the cells were analyzed on@G3€An instrument. Less than 2 %
of the cells were stained positive for active caspd in the untreated control
presented as figure 3.6A. However, a noteworthyd®f the cells were stained
positive for active caspase-3 in the cell treated1f h with 1.3 pM staurosporine.
This increase in active caspase-3 is denoted bglitieof the cell distribution to the
right into the second decade f),Ghat is, an increase in the fluorescence of Bie.
externalized phosphatidylserine was also demoestrat figure 3.6C and 3.6D that
represents cells treated for 6 h with 3.5 mg/mEofhinocerotis and L. frutescens,
respectively.E. rhinocerotis and L. frutescens displayed 50 % and 60 % of cells
stained positive for active caspase-3, respectiwagpared to 2 % of the cells in the
the untreated cells. These results clearly showthigasecondary metabolites frdin
rhinocerotis induce the activation of caspase-3. In sectionit3y8as demonstrated
that E. rhinocerotis induces apoptosis activity in the MCF7 cell linattthas been
documented to have caspase-3 gene mutation (Kueoitaal., 1999), indicating that
the secondary metabolites in this extract are imguboth caspase dependent and

caspase independent pathways.
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3.4.3) DNA fragmentation

The fragmentation of the genomic DNA is a late évearing apoptosis. DNA
fragmentation is a result of active caspase-3 nedialeavage of ICAD to activate
CAD which is responsible for the fragmentation loé DNA (Sakahiraet al., 1998;
Zhao et al., 2001). The APO-DIRECT™ Kit allows for the detecti and
quantification of DNA breaks by FACS analysis. Tiesult of DNA fragmentation
during apoptosis is the exposure of a multitude 36hydroxyl termini. This
characteristic can be used to differentiate apaptatils from viable cells by labeling
the DNA breaks with fluorescein isothiocyanate-taygleoxyuridine triphosphate
nucleotides (FITC-dUTP). The enzyme terminal deoxyeotidyl transferase (TdT)
catalyzes a template-independent addition of deleagucleoside triphosphates to
the 3' hydroxyl ends of double- or single-strand®dA (Eschenfeldt and Berger,
1987). Results has been acquired and analyzec ifotm of a histogram or dot plot.
For the results obtained in histogram format, \@abtélls fluoresce within the first
decade (1-10%, whilst apoptotic cells shifts beyond'1@or the results obtained as
a dot plot, the convention is to display DNA contéonear Red Fluorescence) on
the X-axis and the FITC-dUTP (Log Green Fluoresegmn the Y-axis. Acquisition
of the DNA content parameter allows for discrimioatbetween cells in G1 and G2
phase of the cell cycle, since cells in G2 phadkhave double the DNA content of
cells in G1 phase. When analyzing DNA content dfscié is important that only
single cells and not cell doublets or cell clustams evaluated. To achieve this dual
parameter analysis (DNA area signal on the Y-amts RNA width on the X-axis) is
used to exclude DNA doublet events. Single cellshveive a defined area and width,

while cell doublets and cell clusters will have aain higher area and width. It is
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therefore possible to identify the cell doubletsl arell clusters and exclude them
from the analysis. Once single cells have beentifteth and gated, these cells are
evaluated for FITC-fluorescence. Since only thepamic cells are labeled with

FITC-dUTP these cells will display increased FITiGafescence on the Y-axis.

Cells were plated in 6 well tissue culture platesdascribed in section 2.5.5. The
cells were treated, permealized and labelled wittUFP using the APO-DIRECT™
staining kit. Cells were analyzed on a FACScanrimsént using CELLQuest PRO
software. Less than 2 % of the cells stained pasitor F-dUTP in the untreated
control presented as figure 3.7A. However, 43 %hefcells were stained positive for
F-dUTP in the cell treated for 24 h with 1.3 pMuwstasporine presented in figure
3.7B. DNA strand breaks were also demonstratedigaré 3.7C and 3.7D that
represents cells treated for 48 h with 5 mg/mLofrutescens and E. rhinocerotis,
respectively. Extracts df. frutescens and E. rhinocerotis respectively induce DNA
fragmentation in 86 % and 75 % of the cells, coragano the 2 % of the cells in the

untreated cells.

3.3.4) Summary

The aim of this study was to identify plant aque@xdracts with pro-apoptotic
activity and therefore also anti-cancer activithe$e results demonstrate that not all
plant extracts tested in this study have the ptietd induce pro-apoptotic activity.
Furthermore, it also shows that extracts that gtetaxic are not necessarily pro-
apoptotic, that is, cell death induced by theseorsgéary metabolites may be a

consequence of necrotic rather than apoptotic celbeath.
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Extracts from C. africanum H. pubescens, L. frutescens and E. rhinocerotis
demonstrated much higher pro-apoptotic activitynttitee other five plants. Also, the
non-cancerous CHO cells were more sensitive tetieets of the plants extracts than
the cancer cell lines. This is to be expected,esthe CHO is not a transformed cell
line, whereas the cancer cell lines have mutatiehgch make these cells less
sensitive to apoptosis induceks.rhinocerotis andC. africanum are the only plants
that induce apoptosis in the MCF7 cell line thatharacterized with caspase-3 gene
mutation. This result is notable as most apoptosducers require caspase-3
activation.E. rhinocerotis extract also displays the ability to induce speaifiarkers

of apoptosis in CHO cells such as such as; phosiytedrine externalization,
activation of caspase-3 and DNA fragmentation. Tdbgity of the E. rhinocerotis
extract to induce activation of caspase-3 in CH@sand induce apoptosis in the
MCEF7 cell line that is characterized with caspasgefie mutation indicates that this
extract has the ability to induce apoptosis viapaas-3 dependent and caspase-3

independent pathways respectively.

E. rhinocerotis was selected for further study as it was the enlyact that displayed
notable apoptosis activity across all three cekdi It also induced specific markers
of apoptosis and activated more than one apoppagtsvay. This ability to induce
more than one apoptosis pathway may also suggegprésence of more than one

apoptosis inducer in the cru8erhinocerotis extract.
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CHAPTER 4: INVESTIGATING WHETHER THE

VARIATION IN BIOACTIVITY WITHIN THE E.

RHINOCEROTIS SPECIES IS ASSOCIATED WITH

GENETIC VARIATION

4.1) I ntroduction

Previous studies demonstrated that the variatidsidactivity within the same plant
species can be linked to seasonal and geograpfacation (Yang and Loopstra,
2005). For example, it has been demonstrated Ktetots forL. frutescens collected

from different geographical locations display vada in pro-apoptotic activity

(Chinkwo, 2005). The variation in the bioactivity plant extracts within the same
plant species from different geographical locatiamasm be ascribed to the plant
chemistry, that is, the difference in the compositof the secondary metabolites
present. It is possible those environmental factanrs influence plant chemistry or
that genetic mutations in the plant can resultenggic variants with different plant

chemistry.

Several plant extracts were screened for pro-apiopdativity. It was concluded in
chapter 3 that not all these plant extracts congaiorapoptotic activity. AlsoE.
rhinocerotis exhibited the most significant apoptosis actiatross all the cell lines
screened. Therefore, the aim of this section wasotopare the bioactivity oE.

rhinocerotis samples collected from different geographical fioces and to determine
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if there is any genetic variance in tHs rhinocerotis samples collected from the
different geographical locations that may accoumtthe variation in pro-apoptotic

activity.

The genetic variation between plants can be ikdstr by the construction of
phylogenetic tree based on the conservation or €ealution of particular genes
across species (Alvarez and Wendel, 2003). Phy&igemrrelationshipsamong
congeneric species and closely related genera teréseae have been elucidated by
DNA sequence analysis of the internal transcrigter (ITS) of nuclear ribosomal
DNA (nrDNA) (Samuel et al., 2003). This study by demonstrates that the
phylogenetic analysis based on the ITS regionsigeoligheresolution compared to
the phylogenetic analysis based on the maternafgritedtrnL intron, trnL/F spacer,
and matK sequence (Samuet al., 2003). To date only th&nL/F spacer ofE.
rhinocerotis has been sequenced for phylogenetic studiesgeadtistralian National

University, Division of Botany and Zoology (Bayetral., 2000).

The degree of pro-apoptotic activity present En rhinocerotis from different
geographical locations was determined by the A@@dtage™ assay. The
investigation into the presence of genetic variamas determined by the
amplification of the ITS1 region using the univénsamers ITS5 and ITS2 (Whitet

al., 1990).
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4.2) Pro-apoptotic activity of E. rhinocerotis from different

geographical location

E. rhinocerotis was collected from various places in the WesterpeCaamely

Blaauwberg, Helderberg, Tygerberg, KirstenboschBumbagh. Aqueous extractions
of these plants were performed as described inoge2t7.1. CHO cells were plated
in 24-well tissue culture plates as described ttise 2.5.2. The cells were treated
with 5 mg/ml aqueous extract for 24 h. After thédcevere treated and stained with
APOPRercentage’™ dye, the cells were analyzed on a FACScan insmumkhe

results were plotted as a bar graph with the apoptactivity on the Y-axis and the

fractions on the X-axis.

Figure 4.lillustrated that for the untreated control lesentt2 % of the cells were
positive for apoptosis, whilst staurosporine inauegoptosis in 78 % of the cells.
The fractions from Blaauwberg, Helderberg, Tygegbé&rulbagh and Kirstenbosch
induced apoptosis in 42 %, 57 %, 51 %, 71 % andaf %e cells, respectively. This
results show that there was a notable variance t(/%d %) in the bioactivity oE.
rhinocerotis collected from the different geographical locasiofhe extract from the
plant material collected from Kirstenbosch showbd towest activity, whilst the
extract from the plant material collected from Tadh showed the highest pro-

apoptotic activity.
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Figure 4.1 Flow cytometric analysis of the E. rhinocerotidragts from different
geographical locations by APOpercentageTM stain@igO cells were treated for
24 h with 5 mg/ml oE. rhinocerotis collected from different geographical locations.
Experiments were repeated in triplicate. As a pasitontrol cells were treated with
1.3 pM staurosporine. The results were plotted baragraph with apoptosis activity
on the Y-axis and th&. rhinocerotis extracts on the X-axis. The reddish-pink bar

indicates the fraction that displayed the highestgpoptotic activity.



4.3) Genetic study

4.3.1) Cloning ITS1 into pGEM® —T Easy vector

The gDNA of E. rhinocerotis collected from Blaauwberg, Helderberg, Tygerberg,
Kirstenbosch and Tulbagh were extracted as destibeection 2.6.1. The extracted
gDNA was electrophoresed on an agarose gel to saskesquality of the DNA.

Figure 4.2llustrated that all the samples had high molecweight intact fragment.

ITS1 was amplified by PCR using the forward prifiE85 and reverse primer ITS2
as described in section 2.6.2. The amplificationT®&1 was verified by agarose gel
electrophoresisFigure 4.3showed the PCR amplification of ITS1. The negative
control displayed no traces of contaminating DNAor Feach DNA sample
(representing the different geographical locatians)jngle fragment of 870 bp was

amplified.

The PCR products were purified as described inige@.6.4. The purified ITS1

products were cloned into pGEM-T easy vector asrde=d in section 2.6.5. The
transformed colonies were screened for the presehdbe insert as described in
section 2.6.6Figure 4.4showed the colony PCR screen for the presendeeofTiS1

insert. The negative control displayed no tracexmitaminating DNA. For each
geographical location, four single colonies wereesned. Figure 4.4 shows that all
the colonies screened were positive for the presesicthe ITS1 fragment. As

expected the PCR products were bigger than thenatigffS1 fragment, since M13
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Figure 4.2 Agarose gel electrophoretic representation of thBl4 extracted from the
E. rhinocerotis plants collected from different geographical looa. The gDNA

extracted are indicated on the figure.



ITS1

Figure 4.2 PCR screening for the presence of the ITS1 seguefiE. rhinocerotis
plants collected from different geographical looas. The amplified ITS1

sequences are indicated on the figure.
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Figure 4.4 Colony PCR screening for the presence of the I'egfuence oE. rhinocerotis plants
collected from different geographical locationsuFoandom colonies were screened from each

geographical location. The different geographioahtions are indicated on the figure.



primers were used for the colony PCR screen. Ghyetocks of the positive clones
were prepared. These positive PCR clones were atspuenced by Ingaba
Biotechnical Industries (Pty) Ltd. For each plamteocolony was selected and

sequenced in both the forward (5' to 3') and revéSsto 5') orientation.

4.3.2) Phylogenetic analysis of ITS1

The ITS1 sequences were aligned with the sequenaligpment programme,
ClustalX. Figure 4.5shows the aligned sequences from the differengrggdbical

locations. Alignment homology ranged between 10@rfd 98 %. Single nucleotide
polymorphisms (SNP) were found at position 156 {TAZ9 (C/A), 180 (T/C), 196

(G/T) and 297 insT for the Kirstenbosch sequendsgofa SNP was found at position
170 (T/C) and 297 insT for the Blaauwberg sequemce a SNP was found at
position 52 (C/T) and a deletion was found at pasg 17 delG and 390 delT for the
Helderberg sequence. Deletions were also foundsitipns 5 delA, 23 delG, 390

delT.

Sequences that are homologous to the five ITS1esegg were retrieved using
BLAST. The homologous sequences retrieved werenalinbers of the Asteraceae
family. These homologous sequences and the fivd I3&uences were re-aligned
using Geneious software. A phylogenetic tree ofrthaligned data was constructed
using Geneious software with 1000 bootstraping #mel Jukes Cantor genetic
distance model by Neighbor-Joining meth&djure 4.6shows the phylogenetic tree

of the re-aligned sequences. The phylogenetidricieates that there are basically 5
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Figure 4.6 Phylogenetic tree of the aligned ITS1 sequenceth®E. rhinocerotis plants
collected from different geographical locations ahdmologous sequences that were
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groups emerging from the root. Of the homologoupusaces generated by BLAST,

P. serpyllifolia is most similar to th&. rhinocerotis consensus sequence.

Also, theE. rhinocerotis sequences representing the different geograptocatibns
are diverging at different times, which highliglgirtheir genetic variance. The
Tulbagh sequence is most analogous to the rootesequ trailed by the Tygerberg
sequence, the Helderberg and Blaauwberg sequeheeBlaauwberg sequence and
the Kirstenbosch sequence diverge at the same pgimmg. The variation in ITS1
sequences in the same species is very signifidéis, this preliminary data suggest

genetic variation.

4.4) Summary

It has been established that the degree of protafiopactivity present inE.
rhinocerotis from different geographical locations differ sifjoéntly. The
Kirstenbosch extract displays the least activityo)7 whilst the Tulbagh extract
displays the most activity (71%). If this variation pro-apoptotic activity correlates
to the genetic variation, it propagates that a In&y exist as genetic variation is

responsible for differences in plant chemistry.

The ITS1 sequence was successfully amplified with universal primers ITS5 and
ITS2; and cloned into the pGEM-T easy vector fogusmcing. The sequence
alignment displayed 100 % to 98 % homology, whiehates significant variation in

the same species. When comparing the genetic ioariaf the ITS1 sequences with
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their corresponding levels of apoptosis activitattls; Tulbagh (71%), Tygerberg
(57%), Helderberg (51%), Blaauwberg (42%) and Iembbsch (7%); a pattern
emerges; the degree of pro-apoptotic activity desge, the more the sequence
deviates from the root sequence. This preliminaatadsuggest a link between the
genetic variation and pro-apoptotic activity. Howevthe difference in genetic
variation highlights the possibility that the diffce may be as a consequence of
subspecies variation. Also, more than one colorgushbe sequenced from each
colony PCR plate to ensure accuracy and a largeplsait required, along with other

Elytropappus species to establish statistical significance.
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CHAPTER 5: THE PARTIAL PURIFICATION OF THE

PRO-APOPTOTIC SECONDARY METABOLITE/S

ISOLATED FROM E. RHINOCEROTIS

5.1) I ntroduction

In chapter 4 it was concluded that the aqueousaeixtf E. rhinocerotis collected
from Tulbagh contains a secondary metabolite(s)h wiro-apoptotic activity.
Therefore, the aim of this section was to isolatd aharacterize this compound(s).
Bio-activity guided fractionation was used to trdabe isolation of the pro-apoptotic
metabolite(s). Fractionation involves the separatba mixture of metabolites based
on their molecular structures and intermolecularcds (Robardst al., 2002).
Examples of separation technology that use theseiples to separate molecules
are; organic extraction, iquid Column Chromatography (LCC), Hin Layer
Chromatography (TLC) andigh Performance_lquid Chromatography (HPLC). At
each fractionation step bio-assays were used tatifgehe fraction containing the
highest activity and therefore the secondary méditalpg) of interest (Sezilket al.,

2005; Wuet al., 2003).

Purification of secondary metabolites from plantrasts can be an expensive and
time consuming process that requires the consideraff many possible problem
areas to ensure its success. For example; it slpeshat the bio-activity observed in

total extracts, is as a consequence of multipleabwdites acting in a synergistic
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fashion. The separation of such secondary metalsdhy fractionation will result in
reduced or lost bio-activity. Furthermore it is egfed, that a portion of the
secondary metabolites of interest will be sacrdickiring the fractionation process.
To maintain a reasonable level of purity, only frection with the highest activity
will be further processed. The less active fradioan be reprocessed to recover more
active material, but these fractions, also contaiher non-bioactive secondary
metabolites/'impurities’ that may be re-introduaett the more active fraction. The
purity of the active, unknown secondary metaba#itef paramount importance as the
99 % pure product may not be responsible for thpmnativity but rather the 1 % of
‘impurity’. This is highly probable especially Iifet ‘impurity’ is an analog of the major
secondary metabolite. This dilemma may be bypalsgewsing synthetic chemistry to
produce an array of analogs of the major seconatabolite that can be screened
comparatively for apoptosis activity and conseqglyetite analog responsible for the
major activity can be identified. It must also beted that NMR and X-ray
crystallography requires at least 95 % and 99 %typuespectively (Cannell, 1998).
NMR and X-ray crystallography also require a spegifeld of '‘pure' compound for
structure determination. The yield obtained at ¢né of the fractionation process
may be insufficient for NMR or X-Ray analysis. Thiproblem can be

circumnavigated by starting the isolation procegh & higher yield of total extract.
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5.2) Organic extraction used to fractionate the aqueous extract from E.

rhinocerotis

The wide array of secondary metabolites extracteddueous extraction, provide a
platform from which the secondary metabolites canfractionated or separated by
organic extraction. In principle, organic extraotiseparate secondary metabolites

based on increasing polarity (Ohetal., 2005).

An aqueous extract of 1 kg dried plant material vpmepared. The aqueous
extraction yielded 2 000 ml extract at 40 mg/mleTh 000 ml agueous extract was
fractionated by organic extraction as describedeiction 2.7.2. The solvents used in
the organic fractionation process were acetoneytarml, ethyl acetate, chloroform
and petroleum ether. The organic fractions wereddly rotary evaporation and re-

dissolved in methanol.

Methanol is toxic to cells. Hence, a methanol desponse was used to determine
the minimum methanol concentration that would nifech the cells. Cells were
plated in 96-well tissue culture plates and expdsethethanol with concentrations
ranging between 0.5 % and 8 % for 48 h. After thiésavere treated and stained with
APORercentage™ dye, the trapped dye was released from the cetlsjaantified by
colorimetric measurement. The results were plaged bar graph with absorbance at
550 nm on the Y-axis and the percentage methandherX-axis.Figure 5.1shows
that methanol concentrations of up to 1 % did natuce apoptosis. At these

concentrations no morphological changes were obderiWlethanol concentrations
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Figure 5.1. Flow cytometric analysis of the effects of methansding the
APOFRercentage™ assay. CHO cells were treated for 48 h with 0.51%6, 2 %, 4 %
and 8 % methanol. As a positive control, cells wesated with 1.3 uM staurosporine.
The experiment was repeated in triplicate. Theltestere plotted on a bar graph with
apoptosis activity on the Y-axis and the conceitnabf methanol on the X-axis. The
reddish-pink bar indicates the fractions that digptl the highest pro-apoptotic

activity.



between 2 % and 8 % caused changes in cell shapgznwhich were accompanied
by increased levels of apoptosis. This result shinasthe methanol concentration of
0.5 % will not have any adverse affects on thescellence, in subsequent

experiments the final methanol concentrations weaetained below 0.5 %.

The organic extracts were prepared at 40 mg/mbbisd in 10% methanol. Cells
were plated in 24-well tissue culture plates asidiesd in section 2.5.2 and treated
with 2 mg/ml of each fraction for 24 h. As a posticontrol, cells were treated with
1.3 uM staurosporine for 1 h. Following treatmentlls were stained with
APORercentage™ dye and analyzed on a FACScan instrument. Theltsesiere
plotted as a bar graph with the apoptosis actieriythe Y-axis and the fractions on
the X-axis.Figure 5.2shows that no significant levels of apoptosis \éigtiwere
detected for the untreated and methanol contratsvever, 78 % of the cells treated
with staurosporine stained positive for apoptosikilst the chloroformnn-butanol,
ethyl acetate, petroleum ether, and the remainjugeus fraction induced apoptosis
in 52 %, 60 %, 11 %, 20 % and 12 % of the cellspeetively. The chloroform and
butanol fractions demonstrated notable apoptosigitgc The n-butanol (nB) fraction

was selected for further fractionation by LCC.

5.3) Chromatography

Chromatography comprises of two phases; the sttyguhase and the mobile phase.
The extract to be fractionated is bound to theastaty phase to which a continuous

mobile phase is supplied. This allows for the sefan of the extract into discrete
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Figure 5.2 Flow cytometric analysis of the organic fractionby
APOPRercentage™ staining. CHO cells were treated for 24 h with @mi of each
organic fraction. As a positive control, cells weteeated with 1.3 uM
staurosporine. The experiment was repeated indaigl. The results were plotted
on a bar graph with apoptosis activity on the Ysaand the fractions on the X-
axis. The reddish-pink bar indicates the fractibat tdisplayed the highest pro-

apoptotic activity.



fractions through the stationary phase. The seagnuatabolites distribute between
the two phases which depend on their relative isigmfor the phases, as determined
by molecular structures and intermolecular fordeeb@rdset al., 1994). Thus, the
secondary metabolites with a lower affinity for th&tionary phase will separate
more rapidly. This differential migration rate dfet secondary metabolites, results in
their separation through the system. Separationldvwrther be affected by; the
nature of the two phases, the temperature and e¢hecity of the mobile phase.

(Robardst al., 1994).

5.3.1) Thin Layer Chromatography (TLC)

TLC is a simple and rapid separation technologyctvhhas modest demands on
equipment resources and has the added advantdggngf able to separate a larger
sample capacity than HPLC. This technique only ireguthe TLC plate, solvent and
a suitable container for development. Evaluationthef plate is feasible with the
naked eye, spray reagents and ultra violet (UWtligt specific wavelengths. TLC
separates the extract based on polarity and tlhidlighase mobilizes as a result of
capillary action. TLC is also used to determine rii@bile phase required for product

separation by LCC (Cannell, 1998).

5.3.2) Liquid Column Chromatography (LCC)

Although LCC is more complex and time consumingntid.C, it has the added
advantage of being able to separate a larger saoggacity than TLC and has

modest demands on equipment resources. The statigi@ase in LCC may be
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packed into a glass or metal column, to which a ileophase is continuously
supplied. The size of the column used depends ervalume of material separated
and the degree of separation required. In colunmronshtography the liquid phase
mobilizes as a result of gravity as apposed to Witich makes use of capillary
action. Detection methods that can be used includelight, GC-MS, NMR and

numerous bioactivity guided assays (Cannell, 1998).

TLC demonstrated that ethyl acetate:hexane (1:3h@smobile phase required to
separate the active nB fraction into discrete foast (results not shown) (Micedt
al., 2005; Seziket al., 2005). The active nB fraction was fractionated U§yC as
described in section 2.7.4. The LCC fractions wdnied by rotary evaporation and
re-dissolved in methanol. Cells were plated in Zitwissue culture plates as
described in section 2.5.4 and treated with 0.50mwhgf each fraction for 24 h. After
cells were treated and stained with ARfientage™ dye, the cells were analyzed on
a FACScan instrument. The results were plotted aaragraph with the apoptosis
activity on the Y-axis and the fractions on the ¥saFigure 5.3shows that for the
untreated control less than 2 % of the cells weositiye for apoptosis, whilst
staurosporine induced apoptosis in 88 % of thesc&lhe nB fraction was separated
into 9 fractions by LCC. The following fractionsBrl and nB 2 were combined as
the concentrations of these fractions were at l|eE3ttimes less than the
concentrations obtained for the other fractionse Tactions nB 1+2, nB 3, nB 4,
nB 5, nB 6, nB 7, nB 8 and nB 9 induced apoptosi2 %, 3 %, 5 %, 19 %, 72 %,
87 %, 35 % and 33 % of the cells, respectively.chwas nB 6 and nB 7

demonstrated notable pro-apoptotic activity. Theseccessive fractions were
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Figure 5.3 Flow cytometric analysis of the LCC fractions b@Rercentage™
staining. CHO cells were treated for 24 h with OB/ ml of each LCC fraction.
As a positive control, cells were treated with L8l staurosporine. Experiment
was repeated in triplicate. The results were plbtie a bar graph with apoptosis
activity on the Y-axis and the fractions on the ¥sa The reddish-pink bar

indicates the fraction that displayed the highestgpoptotic activity.



combined to form fraction nB 67. The Rf of the wetnB 67 fraction ranged between
0.1 and 0.44. The active nB 67 fraction was setefdefurther fractionation by TLC.
The active nB 67 fraction was further fractionated the glass TLC plates as
described in section 2.7.3.2. The solvent systelmad was ethyl acetate : hexane in
a 1 : 9 ratio. This solvent system was determingdguTLC aluminium sheets as
described in section 2.7.3.1. The TLC fractionsendied by rotary evaporation and
re-dissolved in methanol. Cells were plated in Zdtwissue culture plates as
described in section 2.5.4. The cells were treatitd 0.25 mg/ml of each fraction
for 24 h. After cells were treated and stained VAfPORercentage™ dye, the cells
were analyzed on a FACScan instrument. The resglts plotted as a bar graph with
the apoptosis activity on the Y-axis and the fiawdion the X-axigEigure 5.4shows
the untreated and methanol controls induce apaptodess than 1 % of the cells and
that staurosporine induces apoptosis in 74 % ofcélls. The active nB 67 fraction
was fractionated into 5 fractions by TLC. The frans nB 67.1, nB 67.2, nB 67.3, nB
67.4 and nB 67.5 induced apoptosis in 5 %, 82 %, 31 % and 5 % of the cells,
respectively. Only fraction nB 67.2 demonstratengigant apoptosis activity. The Rf
of the active nB 67.2 fraction ranged between Gah8 0.24. The active nB 67.2

fraction was selected for further fractionationHyLC.

5.3.3) Reverse-Phase High Performance Liguid Chrontagraphy

Compared to TLC and LCC; HPLC is more complex, ticoasuming, has a small
sample capacity and requires more expensive equipmesources. HPLC is

exceptional for quantification of compounds and oheson between similar
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Figure 5.4.Flow cytometric analysis of the TLC fractions by @Percentage'
staining. CHO cells were treated for 24 h with @.28g/ml of each TLC fraction.
As a positive control, cells were treated with Ju3A staurosporine. The
experiment was repeated in triplicate. The resméiee plotted on a bar graph with
apoptosis activity on the Y-axis and the fractionsthe X-axis. The reddish-pink

bar indicates the fraction that displayed the hsgipeo-apoptotic activity.



compounds. With HPLC a sample is separated ondhes lof polarity and the liquid
phase mobilizes as a result of the liquid phasegopumped through the column at
high pressure (Robards al., 1994). Samples were fractionated using the Beckman
HPLC system in combination with the chromatogramtgation with Windows

Clarity™ DataApex and collected using the FOXY JR 202F2Géaation collector.

Fraction nB 67.2 was further fractionated by HPLSdascribed in section 2.6.5. The
HPLC fractions were dried by rotary evaporation asdlissolved in 10% methanol.
Cells were plated in 24-well tissue culture plaassdescribed in section 2.5.4. The
cells were treated with 0.025 mg/ml of each frachiar 24 h. After cells were treated
and stained with APG#centage’™ dye, cells were analyzed on a FACScan
instrument. The results were plotted as a bar gvafihthe apoptosis activity on the
Y-axis and the fractions on the X-axiSigure 5.5show that the untreated control
induces apoptosis in less than 4 % of the celldsivtaurosporine induces apoptosis
in 67 % of the cells. The active nB 67.2 fractioaswfractionated in 7 fractions by
HPLC (Figure 5.6C). The fractions nB 67.2.1, nB26Z, nB 67.2.3, nB 67.2.4, nB
67.2.5, nB 67.2.6 and nB 67.2.7 induced apoptos&%, 72 %, 39 %, 10 %, 7 %, 2
% and 3 % of the cells, respectively. Fraction nB2& demonstrated the most
significant apoptosis activity. Purification of treetive fractions identified in this
fractionation process can be monitored by HPLC, Isthihe success of each

fractionation step is screen by serial dilutionr{@all, 1998).

The E. rhinocerotis fractionation process was tracked by HPLC utilizitige

parameters described in section 2.62fure 5.6A represents the active organic
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Figure 5.5 (a) A HPLC chromatograph representing the active TL&&tion, nB 67.2.
HPLC was used to further fractionate the nB 67a2tfon into seven fractions as indicated
by the horizontal blue lines representing the stad end point of each fractiofn) Flow
cytometric analysis of the HPLC fractions by APGfeetagé" staining. CHO cells were
treated for 24 h with 0.025 mg/ml of each HPLC fiae. As a positive control, cells were
treated with 1.3 uM staurosporine. The results vpdoded on a bar graph with apoptosis

activity on the Y-axis and the fractions on the Xsa
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fraction (nB).B represents the active LCC fraction (nB 6Z)represents the active
TLC fraction (nB 67.2.)D represents the active HPLC fraction (nB 67.2.0)e T
chromatograph traces provides a visual presentafitile complexity of the different
subfractions. Figure 5.6 illustrates how the numbérsecondary metabolites is
reduced during the chronological fractionation stefhe final fraction, nB 67.2.2 is
a single peak that may not necessarily be puret asay consist of a group of

extremely similar compounds.

Serial dilutions of each active fraction identifiesh the bioactivity-guided
fractionation process was tested to determine dmeentration of extract required to
induce apoptosis in 50 % of cells over a perio@4h i.e. the L. Cells were plated
in 24-well tissue culture plates as described ctise 2.5.4. The cells were treated
with varying concentrations for 24 h. After celleene treated and stained with
APOPRercentage™ dye, the cells were analyzed on a FACScan instntiniecan be
assumed that the aqueous extract contains 100 %heotbioactive units before
fractionation. Tables 5.1show that during the successive fractionation sstidye
percentage of bioactive units in the total startexgract (one bioactive unit is
equivalent to the LB concentration) decreased from 100 % to 7.5 % éndttive
HPLC fraction nB 67.2.2. This is to be expectedsiit can be anticipated that at
each fractionation step bioactive metabolites widl lost. In contrast, the L
determined for each active fraction (results naivgh) decreased from 3 mg/ml to
0.01 mg/ml, indicating an increase in bioactivetutoncentration in the active
fraction. This implies the successful fractionatamd purification of the bioactive

secondary metabolite(s).
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Table 5.1Serial dilutions of the active fractions used tofyethe success of the purification process.

Conc. of units of %active
' activity per °
Level stock (rlr']D/?% ) 40 mt)g/; /F:nl Volume (ml) Z?\Tgl units
(mg/ml) g retained
Aqueous 40 3 13.3 2000 26667 100
extraction
Organic 40 1 40 500 20000 75
extraction
LCC 20 0.05 400 40 16000 60
TLC 5 0.025 200 40 8000 30
HPLC 2 0.01 200 10 2000 7.5




The verification of a successful purification preséy serial dilution and the HPLC
chromatograph trace of fraction nB 67.2.2 displgya single peak, warranted an
attempt at structure determination by MS/NMR, samib the strategy used by Sezik

etal., (Seziket al., 2005).

5.4) Structure Determination

The sample was sent to the Department of Chemidtmyersity of Stellenbosch, for
structure determination. The sample was dissolme@dDCk and the spectra run on a
600 MHz Varian Inova NMR spectrometer. Thé *°C, *H-'H COSY,'H-*C HSQC
and'H-*C HMBC NMR spectra was collected. The sample comatan was low as
can be seen from thEC NMR spectrum (Figure 5.7) and the HMBC spectrum
(Figure 5.8) in which only weak correlations webserved. ThéH spectrum (Figure
5.9) appeared promising with an acid proton beibgeoved at 12 ppm, a number of
aromatic peaks between 6.5 and 7.5 ppm (which diecllia para-substituted phenyl
ring) and probably methoxy GIs slightly upfield of 4 ppm and peaks at 2.8, aid

5.4 ppm appeared to belong to a single spin syageseen from the COSY spectrum.
However, integration of th&H spectrum indicated that it was probably unlikéigt

the para-substituted phenyl ring for instance wdddin the same molecule as the
spin system of the peaks at 2.8, 3.1, and 5.4 ppiagrations of other peaks also
appeared anomalous. From fie'*C HSQC spectrum (Figure 5.10) it was seen that
though some of the signals in the spectrum that appeared to be due to single CH'’s
(5.4 and 6.1 ppm for instance), they were infact thu at least two groups as they

corresponded to two carbons in th€ NMR spectrum. It is thus clear that a number
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of compounds were present in the sample. This dhootl necessarily be a barrier to
elucidating structures of some of these compouHdsvever, it was found that the
compounds were very similar resulting in overlappjreaks (especially in thid
spectrum) that made distinguishing the compounds fone another impossible.
Also, the low concentration of the sample presemliffitulties in that the HMBC
spectrum did not show as many correlations as wbeldequired to unambiguously

assign the spectrum. Some attempt at structurégatiom was however carried out.

As mentioned above, the presence of a para-suiestitphenyl ring was clearly
observable from th&H spectrum. From the HSQC and HMBC spectra it wasible

to identify the carbons on this ring as well (thésee been indicated in tHel and
13C spectra). The shift of one of the quaternary @aston the ring was significantly
downfield at 156 ppm indicated it was likely tharlobon was connected to an electron
withdrawing group such as an -OH. A long rangealation in the HMBC spectrum
from the phenyl proton at 7.4 ppm to a peak in'fi@spectrum at 79 ppm indicated
the other substitution on the phenyl ring was a [@bbably attached to an O atom
(this region is typical of such carbons). The pnoattached to this carbon resonates at
5.4 ppm in théH spectrum (as determined from the HSQC spectr&noyn the'H-

'H COSY (Figure 5.11) this proton coupled to two déasbtopic protons 2.8 and 3.1
ppm. Their being diastereotopic was clear from H&QC spectrum as they both
showed correlations to the same carbon at 43.23af gpm. Two shifts are given
here as this is an instance where two differentpmmds appeared to be resonating
at the sample position in tf# spectrum (indeed as mentioned above the integfals

the phenyl protons are not in the correct ratith&se protons). Two carbons are seen
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in the*C spectrum both correlating to both of thé signals, i.e. two diastereotopic
CH, groups due to similar molecules. The protons atggm showed a long range
correlation to a C=0 peak in the HMBC spectrum, 'fi@ chemical shift being 196
ppm. At this point no more correlations could b#ofwed to complete the possible
structure of this molecule in the mixture. Thusnfrdhe information gathered it
appeared that a structure similar to the one gh&low was perhaps a possibility
(numbering is arbitrary) (Figure 5.12). The pretlaa that it would be a six-
membered ring attached to the phenyl moiety ratien a branched chain is due to
the chemical shift of C6 being downfield of what v be expected for a chain.
Unfortunately, no other possible clear structurasl@ be elucidated from the spectra
especially as no mass spectral data could be @otdirat could have been correlated

with the NMR data.

’Aﬂ*& SKQEH
I
51%2f?“\ff1nx1(§12
L
!é!.

Figure 5.12: Compound structure 6-(4 -hydroxyphenyl)-2,3-digRahydro-4-

pyran-4-one elucidated by NMR data.

Further purification is necessary for the assignnoétwo side chains and elucidation
of the other compound/s. This may be possible lothén purification of the active

fraction by HPLC using a different column namelye tThermo Hypersil-keystone
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hypercarb (250 x 4.6 mm, 5 u) or attempting to gooystals from the active extract.
Once these side chains are known, the apoptosisitycof this synthesized

compound (if novel) or commercially available corapd must be verified.

5.3) Summary

The aim of this section was to purify the pro-aptiptsecondary metabolite(s) in the

aqueous extract &. rhinocerotis by bio-activity guided fractionation.

These results demonstrated that the aqueous egtadbe used as a platform from
which the secondary metabolites can be fractionatedthe basis of increasing
polarity i.e. by organic extraction. The highestiaty resided in then-butanol
fraction. N-butanol has a polarity index of 4, thus the acteastituent(s) is non-
polar. This active organic fraction was further cfranated by numerous
chromatographic separation techniques namely LA @nd HPLC respectively.
The active n-butanol (nB) fraction was fractionated by LCC gsirethyl
acetate:hexane (1 : 3) as the mobile phase.nfinganol fraction was fractionated
into 9 fractions of which the successive fractidhsaand 7 were the most active
fractions. The fractions were combined to form\aetiraction nB 67. The Rf of the
active nB 67 fraction ranged between 0.1 and QMdive LCC fraction nB 67 was
further fractionated by TLC using ethyl acetateexdme (1 : 9) as the mobile phase.
The nB 67 fraction was fractionated into 5 fracta@irwhich fraction nB 67.2 was the
most active fraction. The Rf of the active nB 6#attion ranged between 0.15 and

0.24. Active TLC fraction nB 67.2 was further friactated by HPLC as described in
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section 2.7.5. The nB 67.2 fraction was fractiedainto 7 fractions of which
fraction nB 67.2.2 was the most active fractione Bequence of the chromatographic
separation techniques is of utmost importance laglayield of total aqueous extract
is essential in ensuring that sample volume isigafft for structure determination.
Thus, the first chromatographic separation was I§CLwhich allows for the
separation of a large volume of material, followsdTLC that separates a smaller
volume but allows for the easy separation of digamgroups of compounds and
HPLC that can further separate the similar compsundhe concentrated active TLC
extract. This process has successfully transformmedmplex mixture of secondary
metabolites represented by numerous peaks on aalwgraph to a single peak. This

single peak warranted an attempt at structure mé@tation by NMR.

Integration of the spectra revealed that many am@bmpounds were present in the
HPLC sample represented as a single peak on a atwmgraph. However, only one
structure could be partially elucidated as 6-(4dvoyxyphenyl)-2,3-di(R)tetrahydro-
4H-pyran-4-one, the mixture of compounds were vemilar. Also, no quality MS
data could be generated for correlation with theR\Wata as a result of the mixture
of compounds (MS data not shown). Further puriitzatis necessary for the
assignment of two side chains. This may be possigl@urification of the active
fraction by HPLC and /or the growing of crystalg ftructure determination by

crystallography.
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CHAPTER 6: GENERAL DISCUSSION

6.1) I ntroduction

The cell cycle is regulated by cell cycle checknp®i Genetic mutations that result in
dysregulation of the cell cycle can lead to theamiolled growth of cells. Under

normal physiological conditions the uncontrolledowth of cells that is tissue

homeostasis is regulated by apoptosis. One of ltlgsigdogical roles of apoptosis is
to orchestrate the elimination of mutated or dardaggls. Cancer arises when cells
escape the induction of apoptosis due to secondatgtions in genes that regulate
apoptosis. It is therefore not surprising thatuh#ying concept for the mechanism of

chemoprevention is the induction of apoptosis Bnobtherapeutic drugs.

Many anti-cancer drugs are derived from naturatcsy including marine, microbial
origin and plants. FDA approved plant derived driugdude Combretastatin A-4
phosphate Gombretum caffrum), Taxol (Taxus brevifolia), Velban Catharanthus
roseus) etc. Thus, the aim of this study was to screemaets of nine indigenous
South African plants for the presence of pro-apoptocompounds. Some of these
plants are used in traditional medicine to treaicea. The approach exploited was to
extract the plant secondary metabolites by aquesndsaction followed by the
screening of these aqueous extracts using a cytdioxassay and numerous
apoptosis assays namely; the ARfEntage™ assay, Annexin V-PE Detection
assay, Active Caspase-3 Detection assay and theELUdssay. Any secondary

metabolite that has pro-apoptotic activity can otential anti-cancer agent. Hence,
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the aqueous extract displaying the highest pro-apiopactivity was selected for
bioactivity guided fractionation. The fractionatiar separation technology used

includes organic extraction, LCC, TLC and HPLC.

6.2) Screening extracts of indigenous South African plants for the

presence of anti-cancer compounds.

Pharmacological and phytochemical insights inteesawplants have led either to the
discovery of novel chemicals and therefore noveigdror to novel chemicals that
served as lead compounds for the design of newsdiaghis study nine indigenous
South African plants were screened; the poisoriatgledon orbiculata, Oxalis pes
caprae, Echium plantagineum, Cissampelos capensis, Euphorbia mauritanica,
Haemanthus pubescens, Cynanchum africanum as well as the non-poisonous
Lessertia frutescens and Elytropappus rhinocerotis for the ability to induce pro-
apoptotic activity in the human cancer cell linB&CF7 and HelLa), and the 'normal’

hamster cell line (CHO).

Cytotoxicity and cell viability assays have beerdigxtensively to screen potential
anti-cancer drugs. These assays measure cell deathibition of cell growth. The
rationale is that potential anti-cancer drugs wither inhibit cancer cell growth or
kill cancerous cells (Cardellina al., 1993). Noteworthy is the fact that these assays
do not discriminate between toxic cell death artid=ath induced by apoptosis. As a
consequence many potential anti-cancer drugs wkiaht out as good candidate

drugs based on cytotoxic and cell viability assays out to be too toxic to normal
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cells and can therefore not be used as anti-cagemts. This study did not only
investigate the cytotoxic effects of the plant ats, but also investigated their pro-
apoptotic activity. In this study, apoptosis wastedeed and quantified by the
APORercentage™ assay whilst cytotoxicity was measured by the NRRag. E.
mauritanica, C. africanum, L. frutescens and E. rhinocerotis displayed significant
apoptosis activity but negligible cytotoxicity imditing that these plants would have
been unduly eliminated as potential sources of-@aricer agents if the initial

preliminary screening process was based on cyitgxanly.

The CHO cell line was more susceptible to the pia@t extracts, than the MCF7 and
HeLa cell line. The results shows tl@&tafricanum andE. rhinocerotis displayed the
highest degree of activity in the MCF7 cell linds@é, H. pubescens, L. frutescens and

E. rhinocerotis extracts are the most active apoptosis inducerthioHelLa cell line.
The CHO cell line can be regarded as a 'normdllinel It is also known that cancer-
derived cells such as MCF7 and HelLa are more eediso cell death induced by
various anti-cancer agents. This is most likely tuenutations in genes involved in
the apoptotic pathways. For example, the MCF7 kel in particular has been
characterized with caspase-3 gene mutation andesuli these cells are not capable
of activating apoptosis pathways via caspase-3dkawaet al., 1999). The major
apoptosis pathways converge at caspase-3, highligtite reason why the presence
of caspase-3 is recognized as a hallmark of apptdhis may account for the
increased resistance to the MCF7 cell line to agptinduced by the plant extract.
The Hela cell line is a HPV infected cell line. THEV genes produce the E6 and E7

proteins that bind to and inhibit p53 and Rb. RH pB3 are important regulators of
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the pathways (Scheffneat al., 1991). Since, thé&. rhinocerotis extract exhibited
notable pro-apoptotic activity across all thred beés, it is a good candidate extract
for the bio-assay guided fractionation of secondargtabolites that can induce

apoptosis.

Thus, E. rhinocerotis extract was further evaluated for specific marlarapoptosis
such as phosphatidylserine externalization, acdtimatof caspase-3 and DNA
fragmentation. The study found that CHO cells gddbr 6 h with thée. rhinocerotis
extract showed externalization of phosphatidylseend activation of caspase-3in 71
% and 50 % of the cells, respectively. Externalaratof phosphatydilserine also
implies the possible involvement of tBid and AIR& it is known that tBid activates
AIF and that AIF promotes the externalization obgphatidylserine (Wangt al.,
2007). The fact that thE. rhinocerotis extract was able to induce the activation of
caspase-3 in CHO cells and that the MCF7 cells hvaie caspase-3 negative is also
susceptible to th&. rhinocerotis extract, suggests that the secondary metabotites i
this extract has the ability to induce both casflasgependent and caspase-3
independent pathways. THe rhinocerotis extract also induced DNA fragmentation
in 75 % of CHO cells treated for 48 h. The fragnaéioh of the genomic DNA is a
late apoptotic event that results as a consequehtee active caspase-3 mediated
cleavage of ICAD to activate CAD which in turn esponsible for the fragmentation

of the genomic DNA (Sakahist al., 1998; Zhacet al., 2001).

TheE. rhinocerotis extract activated several markers of apoptosiss&lextracts also

induced significant apoptosis activity in all thesliclines tested. HenceE.
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rhinocerotis was selected for further study to identify the selmyy metabolite

responsible for the bioactivity.

6.3) Investigating whether the variation in bioactivity within the E.

rhinocerotis species is associated with genetic variation

It is not uncommon for plants of the same specielected from different
geographical locations or the same geographicatilmt at different times to display
variation in activity (Yang and Loopstra, 200b).frutescens collected from different
geographical locations demonstrated variation io-gpoptotic activity (Chinkwo,
2005). This prompted an investigation into whetBerhinocerotis displays variation
in bioactivity between isolates collected from difint geographical locationg.
rhinocerotis was collected from various places in the WesterrpeCanamely
Blaauwberg, Helderberg, Tygerberg, Kirstenbosch #@ntbagh. APOBrcentage™
assay results indicate that the extracts of theseEf rhinocerotis samples display a
notable variation in the degree of pro-apoptotitivdg. The Kirstenbosch extract
displayed the least activity (7%), whilst the Tighaextract displayed the most
activity (71%). This is a 10 fold difference in bidivity within the same plant
species. The variation in the bioactivity of plamtracts within the same plant species
from different geographical locations can be astitio differences in the plant
chemistry, that is, the difference in the compositof the secondary metabolites
present. It is possible that environmental factans influence plant chemistry or that

genetic event in the plant gives rise to geneti@awés with different plant chemistry.
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To investigate whether the variation in bioactiwtithin the E. rhinocerotis species
iIs associated with genetic variation, the genegationships amongst th&.
rhinocerotis samples were elucidated. Phylogenetic relatiossdnipong congeneric
species and closely related genera in Asteracese heen elucidated by DNA
sequence analysis of the internal transcribed sg&Es) of nuclear ribosom@®NA
(nrDNA) (Samuelet al., 2003). Thus, to determine if this variation iro{apoptotic
activity is a consequence of genetic variation, Ifi®1 sequences of these fie
rhinocerotis samples were amplified and sequenced. This repeesea first study
analyzing the ITS1 sequence Bf rhinocerotis since only thetrnL/F spacer ofE.
rhinocerotis has been sequenced for phylogenetic studies &(Batyeret al., 2000).
The sequence alignment of the five plants ITSlorglisplayed 100 % to 98 %
homology. It is worth noting that when comparing tenetic variation of the ITS1
sequences with their corresponding levels of amiptactivity that is; Tulbagh
(71%), Tygerberg (57%), Helderberg (51%), Blaauwbgt2%) and Kirstenbosch
(7%); it is found that the apoptosis activity dexses as the sequence deviates from

the root sequence.

This is still a preliminary study which may suggestlink between the genetic
variation and apoptosis activity. However, a mudyér study is needed, along with
a study on otheElytropappus species to establish biological significance adsth

findings.
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6.4) The partial purification of the pro-apoptotic secondary metabolite/s

isolated from the extract of the E. rhinocerotis plant from Tulbagh

E. rhinocerotis plant material collected from Tulbagh was showmawe the highest
pro-apoptotic activity and therefore most probalaligo contains more of the
secondary metabolite/s responsible for the biorgtiihe aim therefore was to
purify the pro-apoptotic secondary metabolite/snfréthe aqueous extract d.

rhinocerotis from Tulbagh by the bio-activity guided fractiorati process and to

attempt to characterize these secondary metaholites

The aqueous extract was used as a platform forothanic fractionation of the
secondary metabolites.. The major activity resigdethe chloroform anad-butanol
extracts. The n-butanol fraction was further fractionated by nuower
chromatographic separation techniques namely LQC, @xd HPLC. The success of
each fractionation step was ascertained by seiialiah as described by Cannell
(Cannell, 1998). The results displayed a decraaske percentage of bioactive units
after each fractionation step and an increase oadbive units concentration in the
active fraction. This signifies the successful fi@tation and purification of the pro-
apoptotic secondary metabolite(s). The hinocerotis fractionation process was also
tracked by HPLC chromatographic traces. The chrogmaph traces provides a
visual presentation of a complex mixture represkritg numerous peaks on a
chromatograph transformed into the active singlekpeB67.2.2. A single peak
represents a single compound or a group of highlogous compounds. Thus, the

single peak warranted an attempt at structure méatation by MS and NMR.
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The sample was sent to the Department of Chemidtriyersity of Stellenbosch, for
structure determination. THel, *C, *H-'H COSY,'H-*C HSQC andH-'*C HMBC
NMR spectra was collected. Integration of thesecsperevealed that many similar
compounds were present in the HPLC sample repesteag a single peak on the
chromatograph. A structure was partially elucidated 6-(4"-hydroxyphenyl)-2,3-
di(R)tetrahydro-#-pyran-4-one. However, other possible clear stmesticould not
be elucidated from the spectra especially as n@sstral data could not be obtained

that could have been correlated with the NMR data.

Further purification is necessary for the eluciolatof two side chains. This may be
possible by further fractionation of the active ctran by HPLC and/or
crystallography. Once these side chains are kntlvenpro-apoptotic activity of this
synthesized compound (if novel) or commercially iNde compound must be

verified.

6.5) Summary

In this study nine indigenous South African plaeidracts were screened for their
ability to induce cytotoxicity and pro-apoptotictiatty in the human cancer cell lines
(MCF7 and HelLa), and the 'normal' hamster cell ((@EIO). This research illustrates
that the cytotoxicity test is not a reliable prahary screen for anti-cancer agents,
and it also demonstrates that the AR@Entage’ assay coupled with acquisition
and analysis by flow cytometry provides a meansn&asure pro-apoptotic activity

directly and provide accurate quantification of tlegree of pro-apoptotic activity.
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Inducers of pro-apaptotic activity are considereabdy lead compounds for the
development of anti-cancer drugs. This study \adifihat of the nine plant extracts
screenedC. africanum, H. pubescens, L. frutescens andE. rhinocerotis displayed the
most notable pro-apoptotic activity and therefdnes tstudy also lends support to
claims by traditional healers that extractd ofrutescens and E. rhinocerotis posses
anti-cancer properties. THe rhinocerotis extract was selected for the purification of
a pro-apoptotic compound/s that may serve as a deatpound or a future anti-
cancer drug. AlsoC. africanum andH. pubescens are highlighted as future prospects

for the purification process.

The research described here demonstrates theeeffisireamlining of the screening
process of plant extracts for anti-cancer compauritlalso demonstrates a successful
bio-activity guided fractionation process. NMR spaaevealed that the single peak
was not pure. However, a structure was partiallgidated as 6-(4"-hydroxyphenyl)-
2,3-di(R)tetrahydro-#-pyran-4-one. In the near future, the complete idaion of
this pro-apoptotic compound may serve as a novei-cancer drug or lead

compound.
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