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Abstract

Malaysia is ranked the T2ichest country for its biological diversity of plant
specieshby the Convention on Biological Diversity and this paij@ims to

contribute to existing knowledge of Malaysian raingtrelants, Acalypha
wilkesiana, Duabanga grandiflora, Archidendronpéitum and Pseuduvaria

macrophylla, for the treatment of cancer.

A wilkesiana (Euphorbiaceae) whole plant EtOH andAt extracts inhibited
growth of breast cancer MDRB-468 cells (Gdo: 22.7 and 15.Qug/ml) and
revealed preference over non-transformed MRC5 fibrobl&3ks:(46.6 and
53.3 ug/ml, respectively). EtOH and HEX extracts were able to impair cell
survival and colony-forming abilities in MDMB-468 cells after 24 h.
Detection of increased DA-MB-468 sub-G1 cell populations after 48 h
treatment to EtOH and HEX extracts, suggest thast caky be undergoing

apoptosis.

A ellipticum (Leguminosae) crude polar bark and keefacts inhibited MDA-
MB-468 cell growth Glsoof bark EtOH, EtOAc extracts: 1.7 and 4@Q@/ml,
respectively and leaf EtOH and EtOAc extracts: 9.3 &h3 pg/ml,
respectively). However, MDAMB-468 cell growth was unaffected by HEX
extracts ¥ 200 pg/ml). Separation of crude extracts revealed sub-fractions of
greater activity, in particular &0-fold enhanced potency in sub-fractions of
HEX extract thus overcoming masking or antagonistvey in the crude
mixture. Following 24 h, bark and leaf extracts imgaiMDA-MB-468 cell$
proliferative and colony-forming abilities at 1X and ZXso values suggesting
significant damage was induced leading to obsenefidlar senescence and
inhibition of cell proliferation. After 48 h exposaito EtOH and HEX extracts
MDA-MB-468 cells accumulat cellular damage, possibly affecting
microtubule functions resulted in activation of afogs as shown by increased
of sub-G1 and G2/M MDAVIB-468 cell populations and presence of
phosphatidyl serine on the outer membrane of cellodest levels of
flavonoid and phenolic compounds were found in baudk leaf extracts, which

correlated to moderate level of free radical scavengitigity observed.



D. grandiflora (Lythraceae) bark and leaf extracts aa growth inhibitory
effects against colorectal cancer HCT116 ceBds{ of bark Water, EtOH,
EtOAc and HEX extracts: 42.4, 37.5, 21.69 and 28/8nl, respectively; leaf
Water, EtOH, EtOAc and HEX extractSlso: 38.0, 40.9, 24.7 and 200 ug/ml,
respectively). Separation of crude bark extracts rebsuitéractions of greater
activity, whereas separation of leaf extracts rewkateduced activity
suggesting synergistic activity in the mixture. Baling 24 h, bark and leaf
extracts impaed HCT116 cells proliferative and colony-forming abilities at
1X and 2X G¥o values indicating significant damage incurred lagdio
observed cellular senescence and cell proliferationbitiim. After 48 h
exposure to D. grandifiora extracts, increased sutdGT 116 cell population
and a G1/0 cell cycle block accompanied by decceaé&eand G2/M cell
populations were measured. Detection of phospylas@ine on cells’ outer
membrane and activated apoptotic caspase 3 pratafiroed D. grandiflora
extracts indued apoptosis. Highest levels of flavonoid and phenoli
compounds were found in polar bark and leaf D. gramdiflextracts, which

may correlate to the highest free radical scavengitigity measured.

P. macrophylla (Annonaceae) extracts collectively ldiggd greatest HCT116
cell growth inhibition (EtOH, EtOAc and HEX extrad®so: 5.2, 1.6 and 5.4
pg/ml) and separation of EtOH and EtOAc extractsrevealed even greater
activity in sub-fractions. After 24 h, polar extracts at 2X €lcompletely
impaired HCT116 cells proliferative and colony-forming abilities suggesting
extract-induced significant damage led to inabila§ cells to proliferate.
Analysis of cell cycle distribution revealed incredssubGl HCT116 cell
population and high levels of early apoptotic HCT1ds following 48 h
exposure to P. macrophylla extracts coupled with dliete of caspase 3
activation confirming execution of apoptosis. Maddesels of flavonoid and
phenolic compounds were detected in EtOH, EtOAcCHBX extracts, which

correlated to modest free radical scavenging activity.

The findings in this project should justify furtheeparation and in vitro

investigations.
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Introduction

1.1 The history of the application of medicinal plants in

treatment of diseases
Prehistoric evidence has revealed mankiragbplication of natural products to
treat various symptoms as well as benign and maltgdnia;leasﬁ Ancient
accounts, dated approximately 2,600 BC, originatnagnfthe Sumerians and
Akkaidians describe uses for approximately 1,000 tplaand their derive
substances such as oail, resin and jEﬁeOur ancestors chewed on particular
herbs to relieve pain, used plants as tinctures @sargs to heal wounds and
also used plants as pois@.Several surviving ancient recipes of plant-based
treatment of diseases are still in use, for exampleethgtian Ebers Papyrus
dated around 1550 to 2900 B.C, which includes oved dfugs and 800
formulae consisting of plants, animal organs and sonmerals. The Chinese
Materia Medica dated from circa 1100 B.C describesube of over 600
plants in treating diseasﬁ%l Natural products used traditionally for treatment
could incorporate entire or parts of organisms sugbla#s (flower, stems or
roots), animal products (glands or organs), microorgan@nisorganic salts
without extensive processiﬁFﬂ The selection and application of natural
products for human well-being have prospered andvedobver the centuries
through a process of trial and eﬂxnndigenous knowledge and practices (or
systems) are passed down generations worldwide for @&arraditional
Chinese Medicine (TCM; China), Japanese Chinese Muweicr Kampo
(Japan), Korean Chinese Medicine (KCM; Korea), Jamudofhesia),
Ayurvedic Medicine (India), and more recently PhytotlpgréEuropeﬂ The
World Health Organisation (WHO) defines traditional noate (TM) as

indigenous practice, which “incorporates plant, animal, and/or mineral based



medicines, spiritual therapies, manual techniquesl @&xercises applied
singularly or in combination to maintain well-bejngs well as to treat,
diagnose or prevent illnéﬁ TM is also known as ‘complementary and
alternative’ (CAM) or ‘non-conventional’ medicine in countries where TM is
not a part of the country’s national health care systemli"j At present, an
estimated 80% of the world’s population, primarily in undeveloped countries,

is reported to use TM as their primary healthﬁah&hereas the other 20% of
the world’s population, primarily in developed countries, is being prescribed
drugs that are derived directly from natural productsesighed from semi-
synthetic natural product pharmacoph«ﬁsince there is an extended record
of using natural products for human consumption aratrtrent of diseases, it
deems rational to investigate plant materials asuacedor biologically active
therapeutic compou nﬁ.

Nevertheless, mankind’s desire to pursue a better life-style has led to increased
commercial pressure for habitable areas, food sowrdsemployment (e.g.
farming). As a result, there is an ever-growing coma®/er the effect of the
deforestation and industrialisation of the planet tbe natural habitat of
wildlife and plant species. The decline and po&ngixtinction of species
could result in the loss of interesting novel theraigecompounds as well as
the gradual loss of indigenous traditions and ethtaotical knowledgEIEI
Therefore the race to identify useful natural compowuddd ease commercial
pressures and preserve natural habitats if goversnaamd authority bodies

enforce stricter regulations on deforestation.



1.2 Advances in traditional medicine: Ethnopharmacology and

Molecular Pharmacognosy

Herbal remedy recipes are rich sources of phytochemicals (the term ‘phyto-’ is

derived from the Greek word for plant) and thus prewgdidance for potential

drug-leadg’[*| The observation of natural productse by indigenous groups

accompanied by the scientific investigation of herkaipes to identify active
phytochemicals is an area of drug research termed pmarmacologﬂ
Ethnopharmacology is enhanced by multicultural expmsand global
communication enabling methodological collection aalidation of medicinal
valuable ethnobotanical eviderﬁa.ln the 18" century when medicines were
mainly limited to natural products, Johann Adam Siclin{1759-1809)
adopted the term ‘pharmacognosy’ to incorporate the area of drug knowledge
and ‘ethnobotanic medicine’lj EI EI Consequently, pharmacognosy has
advanced to incorporating various disciplines such etdnobotany,
phytochemistry, biochemistry, organic chemistry, taxog and pharmacology.
Each discipline contributes to the accurate idetiion of plant species (plant
selection), extraction of plant materials, verificatminbiological activity and
the isolation and structure elucidation of novelveectompounds or of already
known active compounds by validating on compoundaloses (de-
replication); this is termedmolecular pharmacognosy’, which “explores
naturally occurring structure-activity relationsti(cAR) with a drug potential

to increase chances of finding new structures, bicédgctivity and targets
Figure 1-] EI
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Figure 1-1: Explanatory model for molecular pharmacognosy

At the beginning of the ®century, approximately 80% of all medicines were
derived from different plant sections e.g. root, lead/ar barlﬁl For instance,
Solanum dulcamara bark extract is used in TCM for itdgasic properties to
relieve pailﬁl By the late 19 century, aspirin (or acetylsalicylic acid) (1),
from the bark of Salix alba was developed. Aspisnthe first synthetic
pharmaceutical drug for the relief of minor pains, vhibighlights the
significance of nature in drug developnﬁrﬁ”j Upon tissue damage,

algogenic chemicals such as prostaglandins aresezled® cause hyperalgesia,

1 £5-29

and aspirin acts to inhibit the biosynthesis of suncbleculeg. Later,

morphine was isolated from opium poppy, Papaver semum, and the search
and isolation for new drug leads continues today wafproximately 75% of

drugs for infectious and parasitic diseases consistingatural products or

natural product derivatives]”
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Figure 1-2 The chemical structure of acetylsalicylic acid (1).

Between 1981 and 2002, 52% of the 868 new chemic¢dlesn(NCES) were
natural products, natural product derivatives or camps containing a
pharmacophore from natural prodﬁs.ln 2004, 70 natural product-related
compoundsvere in clinical trialsﬂ Recently, approved drugs based on natural
products include arteether (isolated from Artemisia annua L. (Asteraceae)
used in TCM), galantamine (isolated from Galanthus wowa Losinsk
(Amaryllidaceae)), calanolide A (isolated from Caloptmyil lanigerum var.
austrocoriaceum (Whitmore) (Clusiaceae)) and nitisingmedified from
mesotrione, from Callistemon citrinus Stapf. (Myrtag@awhich are available

in the United States (U.S.) for indicatiossch as malaria, Alzheimer’s,
HIV/AIDS and tyrosinaemia, respectiv@. Patients commonly acquire
resistance to their treatment e.g. malaria patientgeldp resistance to
chloroquine (2) over prolonged use, therefore drug dewabmt is a continual
process to ensure new leads such as cryptolepine r(3Jkaloid from the
African Cryptolepis sanguiolenta, with an alternatmechanism of action will

be available as another treatment op@n.
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Figure 1-3: The chemical structures of chloroquine (2) and crypioke (3).



Fabricant and Farnsworth (2001) outlined several key cbobgs of
investigating plants for therapeutic compounds, inclgdhe use of isolated

bioactive compounds as direct drugs, structural tetepléor semisynthesis,

pharmacologic tools and/or using the crude plant lasrbal remedy’{“| The

number of unexplored higher plant species, angiospamd gymnosperms, in
the world is estimated between 215,000 to 50Q:p0POf these, only 6% have

been screened for their biological activity and < 288%e been subjected to
laboratory investigation for potential therapeutice Sneader (2005)
suggested that < 3,200 (1%) plant species are usé&#linhighlighting that
there are many unexplored areas in drug discovery fptant specieﬁ.
Interestingly, Farnsworth et al. (1985) identified thaft the 122 active
compounds found in 94 different ethnomedicinal plapécies, 80% of the
active compounds have been used to treat identicaélated indications to
their ethnomedicinal use. Consequently, attestixgracts’ traditional

application could provide direction and selectionnudre specific assays for

the plant speci

1.2.1 Approaches to Natural Product Drug Discovery

Many different approaches are available to identify dgaally active
phytochemicals. Random collection and screening lftqehemicals is
perhaps one of the most economical and popular appesato isolate
phytochemicals such as flavonoids, alkaloids, isaffanates, triterpenes ﬂc.
DEIEI In vivo and in vitro bioassays could be employed to deteenthe

activity of crude plant extracts prior to committing éatensive extraction,

isolation and characterisation procedures for activetibng.[>*| Alternatively,

guidance from archived literature documenting trada@lomedicinal systems
could assist in identification of plants (extractgjhwinteresting bioactivity
followed by isolation and charactsdion of compounds present to enable
investigation of their potential application in dassﬁl Collection and
organisation of ethnomedicinal information shouldilfiate the identification

of possible positive hiEI



Between the period 01970 and 1990, the emergence of high-throughput
screening (HTS) and generation of chemical compoundarigs via

combinatorial chemistry enabled identification offided molecular targets

and NCEs, respectivdiy=>] These technologies have the potential to produce

and screen numerous drug candidates where typi@llgmall team of
researchers can screen over a million of samples dpnubhis is appealing
compared to natural product drug discovery and dewsdop (NPDD) which
often demand high expenditures, long discovery imesl high possibility ©
re-discovery and sourcing of natural products as aglthe fierce competition

between big pharmaceutical companies to deliverifirsiass drugs with well-

defined mechanism of actign¥>’| HTS enabled vast numbers of plant species

to be validated, and companies with such facilitiege the ability to screen
thousands of plant extracts per week. Hence Lipinski’s ‘rule-of-five’ (ROS5)
criteria were established to rationalise and respmnchumerous chemical
compound libraries and to assess the relationshipvdeet a compounds
chemical structure and biological properties. Lipinski’s ROS5 predicts and

selects for orally active compounds by fulfilling tbeteria shown in Table 1-
]

Table 1-1 Lipinski’s Rule of Five (ROS) criteria for predicting orally active

compoundg?]
Lipinski’s Rules Criteri on
Molecular weight (MWT) <500
Log P <5
Hydrogen bond donors <5
Hydrogen bond acceptors <10

In 2004, Lipinski suggested other factors for exantpte number of aromatic
rings, number of rotational bonds and topological pslarface area (TPSA)
should be included. Collectively, physicochemicahtiees affecting drug
absorption, distribution, metabolisraxcretion (ADME) and interaction with

target receptor will impact the quality of lead-like ngmounds used in

screening libraries such as small molecule fragmethicaemical librarigs:]*>”

However, applying the RO5 on a single combinatiocia¢mical core will



restrict the structural diversity of combinatorial libesiand satisfying the
RO5 does not guarantee a drug-like compﬁrﬂhang et al. (2007) reported
that just over 50% of the 1,204 US Food and Drug Aidstriation (FDA)-
approved orally administered small-molecule drugsydilee RO5, therefore
the RO5 should be followed with caution and its cafiplity in rational drug
design and development should be re-evaluated.slalheady been stated that
natural products do not comply witlipinski’s ROSEI Kumar and Soni (2010)
revealed statistical results from their data coltettsuggesting medicinally
useful natural products tend to contain physicochahfeatures violating the
Lipinski’s ROS5 criteria (Table 1-3.

Table 1-2 Physicochemical properties of medicinally usefultunal

productF‘I

Lipinski’s Rules Criteri on
Molecular weight (MWT) 201 <MWT <600
Log P -2<logP<5
Hydrogen bond donors (HBD) 0<HBD <5
Hydrogen bond acceptors (HBA) 2<HBA<I16
Nitrogen atoms 0 < nitrogen atoms <6
Oxygen atoms 2 <oxygen atoms < 7
Topological polar surface area (TPSA 26 <TPSA <225
Aromatic rings 0 < aromatic rings <2
Rotatable bonds 0 <rotatable bonds < 12

Lee and Schneider (2000) have cross-analysed 1,748@ndlifferent ring
systems from natural products (in the BioscreenNP dmi®cand from trade
drugs (in the Derwent World Drug Index (WDI)), respeely. Interestingly,
results emphasised the diversity of natural produmictires revealing that
approximately 35% of trade drugs contained a ring systkso present in the
natural product collection whereas only 17% of natpratiucts share the same
ring system present in trade dr@sNatural products have significantly higher
numbers of chiral centres and greater steric comp@it Therefore,

information gained from the structure of natural produei introduce



diversity and increase opportunities for strong drugdadates not necessarily
complying with the RO5, hence encouraging new drugsh wiovel
mechanisms of actitﬁ”fl This revived interest could be due to the low
success rate of chemical libraries over the last tvoadkes, with only one de
novo compound approved byethDA in 2005. Sorafenib (BAY43-9006;
Nexavaf) is an oral multiple kinase inhibitor for the treatmeftadvanced
renal cell carcinoma from Bayer Pharmaceuticals. Des$pe short discovery
timeline of 11 years, more systematic approachesIdhibe employed to
maintain the progression of drug discoﬁy.This could be achieved by
changing from large libraries to using smaller focudidaries (termed
Diversity Oriented Synthesis (DOS)) with approximatedp0 to 3,000
compounds, and most of which are structurally rel&tethtural producﬁl
Additionally, natural product skeletons could actesplates in combinatorial

chemistry to generate compound libraries of novel napradwct scaffolds for

screening’[>| The extended history of phytochemicals used in niegliand

evidence of their structural complexity could be deemaslrprising since the

co-evolution between plants and animals has resuttedmpatibility between

the building blocks present in both specjes (Fighfé“fl Natural products

have structural homogeneity across many plant spebesce sharing

comparable structural domains to biological tarﬁetﬁl Therefore
phytochemicalsnay fit better into the ‘chemical space’ of target proteins e.g.

interaction with targets in human signal transducp'aﬂnwayﬁl

1.2.2 Purposes and classes of phytochemicals

Plants produce phytochemicals to serve different pugpaseluding self-
protection from destructive toxins and predators eagcinogens or mutagens.
Several tree species produce tannins as their defesd®mmsm in response to
damaged leaves caused by predators or for commuomncaith neighbouring
plants to increase their survival charﬁﬁm As previously mentioned,
exploring phytochemicals can offer advantages suchnasvering new drug
leads or additional sources for currently available cmmrjﬂ Nonetheless,
undesired side effects are also associated withophgmicals because their

purpose is to enhance survival and competitivenesglaofts by defending

9



against possible threats and not for treating humseadgs|“’| Many natural

products possess structures that are beyond the inmagindesigns of
scientists and often contain multiple stereocentres, ‘chiral centres, aromatic
rings, complex ring systems, degree of moleculersdion, and number and
ratio of heteroatoms EI Phytochemicals can be grouped in different ways such

as by their chemical structures, physiological effeatshy their biosynthesis

mechanisrrﬁl

1.2.2.1 Shikimic acid derivatives

Shikimic acid (4) is a common precursaf aromatic amino acids
(phenylalanine, tryptophan and tyrosine) as welltasrgoroteins and peptides,
alkaloids, phenols, coumarins, chromones, xanthosgbenes, flavonoids,
lignans and gallic ac Gallic acid is the precursor for many types of tannin,
which is abundant in all plants, and forms insctutbmpounds with proteins.
Tannins can be obtained from galls produced on varmgants and used to

treat diarrhoea and bleeding gums.

O O

H HO
© OH OH

HO HO
OH OH
4

Figure 1-4: The common chemical structures of Shikimic gdid

1.2.2.2 Carbohydrates

Carbohydrates, {H.0), are the main constituents of living organisms arel
present in abundance on cell surfaces with divduselamental functions
including molecular recognition and signal transctmm In plants,
carbohydrates are one type of photosynthetic produetsyse functions
include providing structural support (e.g. cellulgsa)d energy storage (e.g.
starch). Carbohydrates can be grouped into monosadebd3 to 9 carbons),

disaccharides, oligosaccharides (2 to 10 monosaceharidlecules) and

10



polysaccharides (over 10 monosaccharide molecule®ne example of
medicinal use of mucilage (polysaccharide) from Latse (flax; Linum

ustatissimum L. (Linaeceae)), is use as a Iaxﬁ/e.

1.2.2.3 Acetate derivatives

Acetate (5) is a common precursor for fatty acidgdui@ted and unsaturated
triglycerides), fats and waxes, phospholipids, poliglest, monoterpenes,
sesquiterpenes, diterpenes, triterpenes and sterSigiethetic steroids are used
for cancer treatments and to reduce adverse readiionhemotherapy. Low
doses of glucocorticoids can treat adverse reactsoich as chemotherapy-
induced emesis and dyspnoea in cancer patients ndaraction with
intracellular glucocorticoid (steroid) receptors (GR) tagger signaling

pathways and down-regulation of ﬁl

)ko/ R

5
Figure 1-5: The chemical structure of the acetate group (5).

1.2.2.4 Alkaloids

Alkaloids are derived from amino acids and there arer 3,000 known
alkaloids such as cocaine, vincristine and vinhteesti Alkaloids are naturally
occurring organic compounds that have nitrogen asgbatheterocyclic ring
system. Only present in some plant families, yipes$ of alkaloids range from
pyridine and piperidine, tropane, isoquinoline, irdauinolone and imidazole.

Common alkaloids include caffeine and nicotine.

11



1.2.3 Common procedures in Natural Products Drug Discovery

Application of modern technologies such as analytisauctural chemistry
and various ‘-omics’ techniques has enabled thorough studies to be conducted
into compounds’ SARs and their biological effects. Collecting and verifying
such information has resulted in comprehensive daesbasuch as the
Dictionary of Natural Products (DNP), which has 4ZID0 entries of natural
compounds and their derivati\@.Rational design of chemical compounds
could offer a secondary role for natural products in drugcadiery and
development by providing a template for combinatorideroistry and
molecular biology. Only by addressing the challeng®uld the enormous
potential to discover novel compounds from naturalreses be unlock
Bruhn and Bohlin (1997) mentioned four possible relatigossbf a bioactive
compound: known activity and known structure, knoaativity and new
structure, new activity and known structure or nevivagtand new structure;
the last being of greatest interﬁt.

There are thousands of reports of antiviral, antibedtand antifungal drugs
derived from plants that are used to treat variougcatidbns. Newman and
Cragg (2012) published a comprehensive list of NCEs waitbompanying
plants source and treatment indicatioﬁts).Interestingly, several plants
containing anticancer compounds were also used wadity as anticancer

agents. Diseases such as cancer where resis@mmmimon will require

continuous efforts to find novel compounds Table | 1H8strates a

compilation of the anticancer agents that are eithierctly from nature or

natural products-derived in clinical use betweenpirgods of 1981 to 2010.

12



Table 1-3 A list of drugs derived from plants with their corregspling uses and source discovered between the @atsand 2010.

Ethno-medical

Plant Source of Natural Phytochemical

Drug o Main Target(s) correlation/
Product-derivatives compound class Reference
Andrographolide
Andrographis paniculata Diterpenoid Caspase-3 pazn7d 8, pl6, p2 Yes[*]
Artemisia glabella Sesquiterpene Raf kinase cascade No[™J
Belotecan hydrochloride
Camptotheca acuminate Decn Alkaloid Topoisomerase | No[*]

13



Cabazitaxel
Hco QO §CHs

} /5 Taxol derivative Diterpene Tubulin a-1 and B-1 chains No[™
- o -
: o)
H o Hé —
¢
Camptothecin
O
=( N Camptotheca acuminate Decn Alkaloid DNA Topoisomerase | No[*T*]
N1 © P P
N
HO-_O
Docetaxel
>‘\ HO OHO
o
O)\NH 0 o
R _ [ 5P Taxol derivative Diterpene Tubulin -1 chain, VEGF No[X
ey O\\ T
M OO::HO%
O
Demecolcine
=0
o O~ 30S ribosomal protein S9
g O Colchicum autumnalk. Alkaloid and 30S ribosomal protein Yes[™

o )
/

O _NH

S4
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Elliptinium acetate

H
, \ N Bleekeria vitensis Alkaloid DNA Topoisomerase lé No[™
F =0
@)
)LO' OH
Etoposide

Etoposide phosphdte

Podophyllotoxin derivative Alkaloid DNA Topoisomerase ld Yeslﬂ
Glaucium flavwum Crantz Alkaloid DNA No [F1%]

15



Homoharringtonine
Omacetaxine mepesuccinate

Cephalotaxus harringtonia var
drupacea

Alkaloid

80S ribosome (eukaryotes

No [*]

Irinotecan (prodrug)
Irinotecan hydrochloride

Camptothecin derivative

Alkaloid

DNA Topoisomerase |

No [*%

Masoprocol
Nordihydroguaiarectic acid

HOOH
HO

Larrea divaricata Cav.

Phenolic

Arachidonate 5-
lipoxygenase

No [*T%

Monocrotaline
HO OH

Crotolaria sessiliflora L

Alkaloid

Microtubules

Yes[™

16



Paclitaxel
Paclitaxel nanoparticles

Taxus brevifolia Nutt

ool derivative Diterpene Tubulin B-1 chain and Bcl-2 No [T
: Structure used for
Podophyllum peltaturh. Alkaloid derivatives Yes[7
Solanum incanum Alkaloid TNFR and Bcl-2 No[™
L]

17



Talaporfin sodium

Chlorophyll Aspartyl chlorin Tumour tissues No [
Podophyllotoxin derivative Alkaloid DNA Topoisomerase lé Yes["]
o)
S \“'ko “'OH
\ ! " oH
Topotecan hydrochloride
Camptothecin derivative Alkaloid DNA Topoisomerase | No

18



Vinblastine

Tubulin -3, $, -6, -Y and

Cantharanthus roseus (L.) G. D Alkaloid -¢ chains and Transcription No[™
factor AP-1
Cantharanthus roseus (L.) G. D Alkaloid Tubulin o-1 and  chains No [

19



Vinflunine

Vinca alkaloids derivative

Alkaloid Tubulin No[™]

Vinca alkaloids derivative

Alkaloid Tubulin chain No*]

The listed anticancer compounds are either isolatezttty from
ethnomedical correlation is noted for each plant anddtive com

plants or are a plant derivative from tberiod of 1981 to 2010. The
pound(s). Information regarding thema@ism of action of each drug was

obtained from DrugBank, the NCI and/or the given refeedf- ] |

20



1.2.4 Selection of plant materials

The selection of plants (or specific plant sections)rf@estigation could begin

with searching random collections, literature and/dhnepharmacology

systemp’{*°| The accuracy of documentation and authenticatiormefplant

specimen should be verified by experts prior to siasided methodical
processes. Specimen selection based on ethnopl@ogi@al evidence
should acknowledge the intellectual property (IP) ef tfaditional healers. A
record of collection including harvest time (day aeming), season (month,
weather and soil condition), age of the plant andtioa (specific area) should
be kept because inconsistency will lead to differenaesphytochemical

compositions between samples. Furthermore, thendodgatus of the plant
and deforestation status are factors affecting the collector’s judgment to

investigating certain plants for their therapeutic pm'pﬁ The order of

procedures from selection to identification of activanp extracts using bio-

guided fractionation and subsequent structure eltioiaof the active

compound(s) has been extensively desciiBéd.The following procedures in

this chapter were adapted from Houghton and Raman (1$28huelsson
(1999) and Arnason et glL995): 4™ 1*/

1.2.5 Preparation of crude extracts

In general, the starting plant material must be redutstze through processes
such as grinding and pulverisation prior to extractidihere are three types of
extracts: dry i.e. prepared without solvent (extrasteca), soft (extracta

spissa) and fluid (extracta fluida) which are prepavéh solvents of varying

polarity (Table 1-4E| The choice of solvent determines which type of

phytochemicals are eluted from the crude extract thedpolarity provides
indication of the electron distribution across the molecule such as © electrons
(aromatic rings, carbon-carbon double bonds and cattgyoups) and lone-
pair electrons (electronegative atoﬁ Other pressures on solvent selection
include boiling temperature, reactivity, viscositgpour pressure, safety, cost
and recovery. Plant extracts should be checked for contamination e.g

microorganisms, prior to preservation of samples. HEmeptes could be dried
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either by leaving in a warm, dry atmosphere or bgZeedrying then stored in

the dark and at a sub-zero temperature.

Table 1-4:Polarity of solvent molecules used for UNMC extractoocess.

Chemical class

Solvent Structure Polarit
y extracted
waxes, fats and
Hexane NN Non-polar fixed oils
(volatile ails)
o Moderate polarity; alkaloids,
Ethylacetate )J\O A~ electrons (m and aglycones,

lone-pair) on oxyger glycosides

Ethanol ~"SOH Polar glycosides

Water H/O\H Polar, no lipophilic s.ugars, aml_no
non-polar areas | acids, glycosides

1.2.6 Extraction methods
The selection of a suitable extraction method isregdeas this will impact on
(active) phytochemicals present in the crude plantturéxfor validation in

bioassays. Many extraction methods are availablextact chemicals from

plant extracts (s¢e Table 1-5). Description of geretmaction procedures are

adapted from Houghton and Raman 1998, Gunnar and ésson 1999 and
Arnason et al.1995 and will be briefly descri@lﬂ
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Table 1-5: Common methods employed for extracting chemicals foonde
plant extracts.

Extraction method Procedure

Coarsely powdered extract is soaked in a sol
contained in a sealed container at room tempere
Maceration for at least three days. Material should be stirretdl (
soluble matter has dissolved before straining; hén
pressed and filtered with liquid.

Like maceration plant materials undergo intermitte
Infusion exposure to cold and boiling water and soluble me
should be contained in the solution.

Like maceration, plant material is subjected to kge

Digestion . . .
g heating during the whole extraction process.

The material is boiled in a specified volume
Decoction menstruum for a set period at a fixed ratio. 1
macerated material is then cooled and strained.

The material is placed in a sealed container wit
specified volume of menstruum and incubated for 4

Percolation then packed into a percolator with added menstruu
macerate overnight. The liquid is allowed to d
slowly.

The material is placed in folded filter paper then
apparatus where heat is applied to small volumg

Soxhlet menstruum so the vapours condense and
condensed extractant drips into another chambe
collection.

The sample is soaked for a specified time to en

Fermentation . :
fermentation, hence alcohol is formed.

The materials processed into a slurry and fine sam
Counter-current | prior to being placed with a solvent in a cylindric
extractor and moved in a unidirectional manner.

The ultrasound frequency used ranges from 20 kH
Sonication 2000 kHz to extract chemicals from material followi
disruption of permealising cell walls.

The use of C@or argon as the extracting fluid mea
Supercritical Fluid | a low temperature can be used as well as recyclig
solvents.

A technology using fluorocarbon (1,1,2,
Phytonics Process | tetrafluoroethane) solvent for the extraction of pl
materials.

Description of extraction processes are adapted from H20@& "] The term
material refers to the crude plant material and menstedens to the extraction
solvent. Some of the techniques are used in theviega system.
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A series of other procedures will follow extraction sachfiltering the extract
obtained from the residues following extraction (mane)l &pray drying to
obtain a dry powd Extracts should be stored cortlgcat low temperatures
(< -20°C) and away from light to minimise deteriorationcdmposition and

formation of artefacts to allow identification of cafnsent compound(s).

1.2.7 Activity-guided fractionation

Extract fractions should be tested in the appropriteitro systems so any
extract fractions that are more active than the crexteact @an be further
separated and re-tested until the active substgnise(solated and identified.
With respect to anticancer drug discovery, many cadlebl assays intend to
measure cancer cells’ viability after exposure to an investigational compound
since cancer cells are commonly associated withedydated cell proliferation
and death; results could be indicative of an effecéimécancer candidﬁ.
Alternatively, mechanisnof-action-based bioassays can be used where the

agent is directed to a molecular target of inteeegt proteasome inhibition

assay-1°°1>°

It is of interest to determine the characteristics @y @bserved cytotoxic
effects induced by the extracts such as those consisith the hallmarks of
cell death e.g. the loss of plasma membrane integragmentation of cells
into apoptotic bodies or the fragments taken updighbouring cells. Several
assays can indirectly test for induced cytotoxicity hgasuring biochemical
processes of viability markers since a reduction itab@ism is expected in
dying ceIIsF_gI A common approach to assessing in vitro cell vigbik to
measure its ability to inhibit vital dyes from crogsgithe intact plasma
membrane. Vital dyes are used in a variety of teghes such as those that
only label dead cells (e.g. trypan blue, propidiwdide and 4°,6-diamidino-2-
phenylindole (DAPI)) by entering the cell viaa compromised plasma
membrane. These dyes are widely adopted in flow ogtomtechniques. In
contrast, fluorogenic esterase substrates (e.g. calae@ioxymethylester
(calcein-AM)) are taken up by viable cells and hygseldd by intracellular
esterases to its active fluorescent form to be cagptbre microscoplg_"'l

Alternatively, the loss of plasma membrane integryutting in the release of
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intracellular protein such as glucose-6-phosphateydtegenase (G6PD) and
lactate dehydrogenase (LDH) or intracellular ATP cotregions could be
measured using conventional assay kits to assésgiatality. Furthermore,
several colorimetric assays such as sulforhodamine B)Y@Rd tetrazolium
salts are dependent on the binding between thentatéoninoxanthine (pink
dye) to basic amino acids in the cells or viablésaedducing tetrazolium salts
to formazan compounds, respectively, and the absoedatensity measured is
proportionate to the cell numbers (indicating cell gigwiability or deat

% Since the abovementioned cell death detection rdstiould be subjected
to interference from other intracellular processeis, important that the results
are validated in a subsequent assay, which measura bde cell death

markers such as phosphatidylserine or (cleaved) ADIp(ribose) polymerase

(PARP proteiﬂ

Assays that are simple, effective and economical ldhbe considered for
initial screening. The choice of cytxicity assay is also of importance to

avoid false negatives since active compounds mgyrésent in trace amounts

or their activity may be masked by other toxins in thede extragt]™| Since

1990, the NCI has been screening for potential activepounds using in vitro
screening methods comprising a panel of 60 differamtan tumour cell-lines
from nine organ sites, (including leukemia, melaacand cancers of the lung,

colon, brain, ovary, breast, prostate and kidney) andsimple cell

97

viability/cytotoxicity assay (e.g. SRB and tetrazoliwalt assayj-[*'| Since

Jo

1990, this programme has allowed the screeafrg80,000 compoungs

1.2.8 Isolation, structure elucidation and de-replication of

active compounds
Analysis of active compounds can be assisted byntguks such as solid
phase chromatography, nuclear magnetic resonance (NINtR) performance
liquid chromatography (HPLC or LC) linked to ultraviol@VV) absorption
detector and mass spectroscopy (S)’.hese well-established technologies
can be °‘linked’ together, otherwise known as ‘hyphenated’ methods, for

facilitating the separation, isolation and identifica of phytochemicals in
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mixtures. The combined, hence hyphenated, use PEG] NMR, gas
chromatography (GC) and MS systems (e.g. LC-NMR, LC-MG;NMR-
MS) are becoming increasingly common in facilitgtithe drug discovery
process. These systems provide information on theguldr mass, carbon
skeleton and proton distribution and characteristiesg.( polarity) of
compounds, which enable accurate determination mpoond structur
Furthermore, hyphenated techniques minimise wastedsby supporting the
process of de-replication (e.g. avoiding re-discoyetg reconciliation with
established databases of already known compoundspiioritising unknown
or novel compounds for further testlﬂﬁﬁl A thorough investigation
concluded that approximately 80% of several glolsahlbase entries regarding
plant information, genome, phytochemical compositio taxonomy,

ethnomedicinal uses and authentication informatiom iaaccuratﬁl For

instance, approximately 75% of the GenBank plant recard incorre¢t.]™

At present, lack of reliable genomic data for thetabhelomes of medicinal
plants proves unaccommodating to creating autheetic libraries of
‘metabolite fingerprints’ of plantsl-i”l Metabolomic analysis is a very useful
tool to avoid de-replication, misidentification ar8lAR determination of
metabolomes from medicinal plants, the latter canrowg estimation of the
efficacy and toxicity of investigational compoundsfdre commercial
developmerfffl Employment opportunities are promising if medicipints
are to be grown on a larger scale for pharmaceutisaland may persuade
growers of ‘illegal plants’ to cultivate these profitable crops insteﬁ
Nevertheless, the issue of inaccurate and insufficiglaint records is
acknowledged and considerable efforts are being indesteo creating
accessible international databanks of informatiochsas The Plant List for
validated entries of informati@
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1.2.9 Synergism in phytomedicine

Crude plant extracts contain a mixture of secondaryabudites, which are
biologically active. Whole plant extracts represesgtme of the most
therapeutic drugs in the market and may rely on tinergystic effect of these
bioactive compounds including their by-prod\ﬁﬂﬁl Synergy is an
overall greater effect caused by using a combinatiodro@s than the total
effect of using a single compo Williamson (2001) presented several
examples whereby volunteers given ginseng and gingkgether hee

improved cognitive function compared to those wheravonly given one of

éUb 1U0]

the extracts. There are two broad types of synergy described biyeBai

(2002), which are pharmacodynamic or pharmacoki@ic.

Pharmacodynamic synergy occurs when two compoumradgegeting a similar
receptor target or physiological system. Pharmactkinefers to absorption,
distribution, biotransformation, or elimination of ethdrug e.g. some

polyphenols can facilitate absorption of ag S'ﬁHEUTW Interaction between

phytochemicals can also evoke antagonism, whereovieeall effect is less
than that of a single compound or potentiation whewrabynactive compound
can further increase the activity of an active conmgou Another possible
outcome is ‘masking’ where two compounds with opposing effects cancel each
other out therefore, resulting in no net efﬁlBerenbaum’s isobol method is

used to “differentiate between real synergy and additiorfiects of a mixture

of two plant constituents or extrats “’4] Recently, a multidrug approach is

preferred over monodrug therapy in conventional medicifids could be due

to activation or inhibition of multiple targets signaling pathways giving rise

104110

to synergistic effects. Hence, perturbation of multiple modes of action

could increase therapeutic efficacy allowing use afeo dosagﬁl Also
using a lower dose of multiple agents acting vidimtts mechanisms of action
could reduce toxicities as well as minimise emecgemf acquired drug
resistance. However, this approach (common in standaytotoxic
chemotherapy use) raises concerns in natural produdicimed use as it is

difficult to rationalise and standardise treatmenthwut identifying the

15}

mechanisms that generate the synergistic effedts.
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1.3 Cancer

1.3.1 Cancer: a global problem

Cancer is a group of fatal diseases with more tlfdhcncer types and each
are quite distinct to each other (e.g. secretionyesgion and or mutation of
different proteins), of which the most common are lreeslorectal, lung,

prostate and stomach cancers, however the highedence of mortality rates

occurs within lung, breast, stomach, liver and cattal cancets.” ] In 2011,

WHO published a Global Status Report, which reveaiadcer accounts for
approximately 7.6 million (13%) world deaths in 2@ There are

approximately 6 million new cancer incidences worldisviper year, those
figures are predicted to increase to 27 million neamcer cases and 57.

million cancer deaths by 20 Around 325000 people are diagnosed with
cancer annually in the United Kingdom (UK) andsithe second leading cause
of death in the L§"**"

1.3.2 Molecular biology of cancer and possible targets

The process of carcinogenesis is a multistep psoceguiring initiation,

promotion and progression and metastasis. Cellsrgoohg unregulated
growth within a specific tissue of any organ couldemtrme, usually decades,
accumulate further mutations. As a result, acquiting ability to invade

surrounding areas and metastasise to distant sitbégamking vessels formed

by tumour angiogenests. ~q This process presents various opportunities to
intervene at the different stalfl Cancers arising from epithelial cells
(carcinoma) are the most common (85%) compared te tlosn mesoderm

layer (sarcoma) or glandular tissue (adenocarcinﬁspuring treatment
tumour cells may progress into a more aggressive giye@ and become
resistant to conventional anticancer drugs, therefotecaater drugs with
original modes of action e.g. that molecular targetect desired and so
constant efforts to discover novel agents are neediée. biology of cancer is
very complex and its surrounding microenvironment isadly as important in

tumourigenesis. Different types of cancers acquiffergint genetic mutations
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and phenotypes, however there are several essempabilities shared by most,

if not all, cancers enabling neoplastic cells to goess in multistep
carcinogenes@ The hallmarks of cancer described by Hanahan and
Weinberg (2011 and 2000), unveil promising pathways targets for
therapeutic anti-cancer interventﬁ.l'z’l These hallmarks include self-
sufficiency in growth signals, insensitivity to agtiowth signals, apoptosis
evasion, sustained angiogenesis, tissue invasiah rastastasis, limitless

replicative potential, evasion of immune destructio aeprogramming of

energy metabolisth (Figure Iﬁl

EGFR Cyclin-dependent
inhibitors kinase inhibitors

o ’ Sustaining Evading —
Aerobic glycolysis proliferative growth Immune activating
inhibitors \ signaling Suppressors anti-CTLA4 mAb
Deregulating Avoiding

immune
destruction
Y <
\ Engblmg Telomerase
\ replicative Inhibitors
immortality

promoting
mutation inflammation

4 AN

PARP Inducing Activating Selective anti-

inhibitors angiogenesis invasion & inflammatory drugs
metastasis

1 a

Inhibitors of Inhibitors of
VEGF signaling HGF/c-Met

Figure 1-6: Depiction of Hanahan and Weinberg’s hallmarks of cancer
illustration. The diagram illustrates the cancerrhalks as representative of
drug targets and thexamples of compounds that interfere with the targets’
functions. Many drugs under development are founietdoth intentionally
and unintentionally directed to interfere with thhaﬁmarkﬂ

/" Proapoptotic  \ Resestlmg
\ BH3 mimetics cel
> . death

Genome
instability &

Self-sufficiency in growth signals:Transformed cells, unlike normal cells, are
self-sufficient in mitogenic growth signals, whichstin continuous cell
proliferation. Cancer cells may produce growth factgarids, which act

autonomously on their own receptors or by increadime level of protein
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receptors on the cell membrane enabling capture nbt@inormal levels of

growth factors, translating into an exaggerated responAn example is the
mutation of the ras gene, which is present in 30%lloiuman cancers. The
Ras proteins are membrane-associated guanine ndeldotiding proteins,

and its activation requires the transient bindingaaof extrinsic ligand e.g.

growth factors, resulting in cell proliferation. Howves, mutated Ras is
permanently in its activated conformation and is petelent of GTP binding

resulting in constitutive activation of downstreamgnsiling cascade (Ras-Raf-
MEK-ERK) and cell proliferatioﬁ

Insensitivity to anti-growth signals: Transformed cells are unresponsive to
antigrowth signals e.g. soluble growth inhibitorsdammobilised inhibitors,
that are found on the surface of neighbouring celldeatisregarding such
anti-growth signals will maintain the transformedl€@h a permanently active
statﬁ An example is the loss of the retinoblastoma pnogeRb) function
where pRb is a mediator of anti-proliferative signdlsa hypophosphorylated
state, pRB is bound to E2F (transcription factor) taltiering its function and
inhibiting cell cycle progression from;Ghase. Mutations in the pRB gene
caused by the human papillomavirus (HPV) E7 oncoproliéerate E2F

allowing transcription hence celyde progression through the restriction ‘R’
point into S phaﬁ

Evading apoptosis: Homeostasis is maintained by a balanced levelelif ¢
proliferation and cell attrition (e.g. apoptosis). Camcells acquire various
mechanisms, which overcome cell death such as dghrdlie loss of tumour
suppressor proteins (TSPs) and overexpression of surpnredeins. For
instance, the wild-type p53 protein is a DNA damagesor and a component
of the apoptotic signaling pathway. Loss of p53tgiro (a consequence of
point mutation in p53 gene) is found to occur in ov@¥5of human cancers
and 75-80% of colon carcinomas are without both ﬂﬁﬂeﬂ One of the
roles of b3 act as a regulator of cell cycle by making necessaltycgele
arrests at @S phase and binding to any damaged DNA, repaitbeaimitiated
before commitment to the entire cycle upon passiegR point. If the damage

is irreparable then p53 can initiate apops.Over-expressions of certain
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anti-apoptotic Bcl-2 family members e.g. Bcl-2, BGl- and Mcl-1, are
essential in inhibiting apoptosis, hence supportagregulated oncogene

expressions.

Sustained angiogenesisCancer cells can initiate angiogenesis and generate
blood vessels from the existing capillary netwaitkis ‘angiogenic switch’ is

vital for tumour growth and metastasis. The tumaam enodulate its own
supply of angiogenic factors, classed into activa{erg. vascular endothdlia
growth factor (VEGF) and angiogenin) and inhibitorgy(eghrombospondin
and angiostatin); production levels are increaseti decreased by the tumour
cells, respective‘ﬁ However, the tumour vasculature formed under the
influence of VEGF is of poor quality and highly diganised leading to

hypoxia and additional VEGF production hence legdm a more aggressive

phenotypﬁl

Tissue invasion and metastasistransformed epithelial cells can invade local
tissues and metastasise via various processes such as the ‘epithelial-
mesenchymal transition’ (EMT) process. Although less than 0.01% of
metastatic cells are successful in colonisatiorthat distant site, metastases
confer a highly unfavourable patient prognosis, andresponsible for >90%
of cancer deatiﬁl A tumour cell can acquire the ability to remodel tioest
tissue extracellular matrix (ECM) and secrete proteasech as matrix
metalloproteinases (MMPs). Increased MMPs levelsMMP-2, MMP-9 and
MMP-13, in cancer cells can facilitate the detachineériumour cells from the
primary site, cell migration towards the lymph anddd vessels, degradation
of the vascular basement membrane and penetratiore ofastular lumen to
invade a distant siﬁl

Limitless replicative potential (immortalisation): Normal cells are
constricted to undergo a finite number of replicasiqHayflick number) and
enter senescence due to the degradation of the pvetetap of DNA,
telomeres (a repeating DNA sequence TTAGGG), foundthat end of
chromosome arms. Eventually, the shortened chromesends will be
exposed resulting in chromosomal fusion and apoq;@iApproximately 85-

90% of cancerous cells become immortalised by upatiggl telomerases
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(DNA polymerase) to replenish telomeres on the chromes, hence cells

become capable of unlimited cycles of replicatli?ls.

Evading immune destruction: The immune system offers several
mechanisms to prevent or detect and eliminate tuncells by infiltrating
tumour masses e.g. eliminating virus-induced tumoauhsch account for 20%
of tumours. Secondly, during inflammation many gitoviactors, survival
factors, pro-angiogenic factors and enzymes fatitigy EMT and ROS are
released into the tumour microenvironment contributongumourigenesis and
progressioﬁl Also, immune immunoediting, which is based on tlbacept
of detection and elimination of tumour cells expregsitumour-specific
antigens or stress-induced antigens, consists ofe tim@ases: designated
elimination, equilibrium and esca@ Firstly the immune system will
eliminate the detected tumour cells, however elinnmamay only be partial
therefore the remaining tumour cells may exist m equilibrium state.
However, the immune system will continue to elimenahy tumour clones that
continue to grow and accumulate further alterationasteding to antigen
expression. Any tumour clones that escape elinonadre more resistant and

surpass immune surveillarl%l

Reprogramming energy metabolism: The rate of cancer cell metabolism
should support the rate of rapid neoplastic cell pna@tfen, resulting in further
accumulation of genetic alterations and instabiliyhich may translate to
additional cancerous traits. A subpopulation of earmgells can reprogramme
‘switch’ their metabolism to glycolysis even in the presence of oxygen, and it
has been shown to be associated with activatedgemes Ras, Myc, P13K
(phosphatidylinositol-3-kinase) and mutated TSPsS3, @3TEN @hosphatase

Ildb 159

and tensin homolggand NF-1 Qeurofibromatosis type Adoption of

glycolysis may present several advantages for caredky such as providing
macromolecules and organelles for new cells formatisraaesult of the
upregulation of glucose transporters and enzymeseogjtycolytic pathway as

well as providing various glycolytic intermediates fearious biosynthetic

L ZA 157

pathways.
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1.3.3 The role of medicinal plants in treating cancer

A series of publications by Dr J. Hartwell has ddsali the traditional
application of over 3,000 plant species in canceattnerﬁ"fl The task of
cancer diagnosis is not straightforward therefore uatadn of historical
evidence of plants in cancer treatment should belat@ld using appropriate
techniques. During the peak of NP drug discovery betwl 960 and 1982, the
NCI collected and tested over 114,000 plant-derivedraeted for their
cytotoxicity. Introduction of new screening techogiks in the following years
(1986 to 2004) led to the establishment of the Natbdratlucts Branch of the
Developmental Therapeutics Program (DTP) by the NCl.e TAP has
collected approximately 60,000 highplant samples worldwide for screening
in a cell-line panel consisting of 60-tumour celhds and further in vivo
evaluation. More recently extensive reviews by Nenwrand Cragg (2007 and

2012) classified all the therapeutic compounds madkeetween 1981 and

2010 into to their treatment category and ovll‘t‘;‘ n.| NCEs approved between

1940 to mid-2006, have been subdivided into theowadlhg categories
biological (B), natural product (N), natural product deii@ (ND), totally
synthetic drug (S), synthetic drug with a natural padpharmacophore (S*),
natural product mimic (NM) and vaccine (V). Of the84INCEs, 174 are
anticancer agents related to natural products (52%; 30, 4% S*, 10%
S*NM, 5% N, 23% ND) and the majority are inspired by natural products
(48%; 4% V, 14% B, and 30% .There have been reviews highlighting that

the compounds in the synthetic category are esdlgnisosteres of peptide

15

substrates and therefore act as sEF‘ﬂ Chemotherapy for many common

solid tumours has limited anti-solid tumour actwtithout significant effects
on patients’ survival rates; moreover, many tumours will acquesistance to
currently available antineoplastic treatmﬁs‘.l’herefore a continuous effort
to search for novel active compounds from natureréate a library for high
throughput screening is vital in order to impede cargenesis. Such a goal

has inspired this project combined with a longdrigtof successful anticancer

drug candidates from natytg:™
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1.3.4 Classes of anticancer compounds
Since the 1940’s, > 60% of all the available anticancer drugs introduicgo

the clinic are related to natural products and > &f%ompounds in clinical

trial in 2004 were related to natural prodiéts.*{ The sources of these active

natural products is not limited just to plants blgoainclude microorganisms
and marine organisms as well since many marine oamgs possess antibiotic
and anti-inflammatory properties and as such could/ @ role in cancer
treatmerﬂ The current plant-based anticancer drugs used inlithie can be

categorised into four main classes of compounds: v(ocaCatharanthus)

alkaloids, epipodophyllotoxins, taxanes, and cammgt@ns (shown in Table 1-

3) 11100y 14U

The success of natural compounds is reflected by wweeth in the

global anti-cancer marker of over $2.75 billion US @ddlin ZOOEI

1.3.4.1 Vinca alkaloids

Vinca alkaloids isolated from the Madagascan peklein Catharanthus
roseus G. Don. (Apocynaceae), were the first natumlyzt-based anticancer
agents to be used cIinica@. Vinca alkaloids such as vinblastine (7) and
vincristine (8) were found to be active against mutymephocytic leukaemia.
This discovery led to development of semi-synthatialogues of these active
agents vinflunine, vinorelbine and vindesine, whigte used in multidrug
therapy to treat various cancers including leukagntyasphomas, advanced
testicular cancer, breast and lung cancers and Kaposi’s sarcomalﬁ Vinca
alkaloids and their derivatives bind to tubulin leaygito microtubule

depolymerisation in metaphase therefore they actnéisnmacrotubule, anti-

mitotic agents: [+

7; R=CHjs3 8; R= CHO

Figure 1-7: The chemical structure of vinblastine (7) and vinanist(8).
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1.3.4.2 Taxanes

Paclitaxel (taxdl) isolated from the bark of the Pacific Yew, Taxusvifodia
Nutt (Taxaceae), is used to treat several cancetseobrieast, ovary and non-
small cell lung cancer (NSCL@ Paclitaxel (9) was discovered during the
NCTI’s screening program and serves as a precursor for 23 analogues, which are
currently in pre-clinical development for various cascerdications. The
taxanes bind to and stabilise microtubules to belt division at the G2v
phase of cell cyc.

(0]
>—O OHO
(0) NH O A
v O\" < N
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9 10
Figure 1-8: The chemical structure of taxol (9) and docetaxe).(10

1.3.4.3 Epipodophyllotoxins

Podophyllotoxin and other closely related lignans latgal from the
Podophyllum species (Podophyllaceae) revealed ambitu activiy
accompanied by serious toxicity. This observatiesulted in development of
safer semi-synthetic analogues such as etoposidetemposide. These
analogues exert cytotoxicity against lymphomas, th@ and testicular
cancers via DNA strand breaks, induced by permandmntiding to DNA
topoisomerase Il in the G2 phase of the cell @e.
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Figure 1-9: The chemical structure of podophyllotoxin (11), etside (12)
and teniposide (13).
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1.3.4.4 Camptothecins

Camptothecin is isolated from the Chinese Camptothemaminata Decne
(Nyssaceae), which contains anrhydroxylactone system and an unsaturated
conjugated pyridine moie Initial studies demonstrated severe bladder
toxicity and therefore more water soluble and potetvatives topotecan and
irinotecan were developed for treating advanced owaaiad small cell lung
cancers and metastatic colorectal cancers, respb@ The mechanism of
action involves selectively inhibiting topoisomerasenhich interferes with the

cleavage and reassembly of DNA.

16

Figure 1-10: The chemical structure of camptothecin (14), topotét&hand
irinotecan (16).

Many other compounds from plants with antitumounatgstinave already been
used traditionally such as homoharringtonine (Cephalstdarringtonia var.
drupaecea), an active alkaloid administered to chranyeloid leukemia
(CML) patients. Homoharringtonine and its analogueth weéduced methyl
groups can inhibit DNA topoisomerasﬂ.lt also inhibits CDK9 and protein
translation, downregulating the survival proteiIM. It is thought that CDK9
inhibition contributes to anticancer activity. Sal\8pecies roots and rhizome
extracts have shown to inhibit proliferation of cancell lines of the liver,
colon (colon-205), cervical (HelLa), nasopharynx (KBJ darynx (Hep-Zﬁl
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Extracts from several other plant species includingc8ay Euphorbia, Rubia,

Cocculus trilobus, Curcuma (turmeric) and Maytenus aewssd in therapy.

Many analogues of existing anticancer drugs isol&tad plants are in clinical

trials and many are found to affect the cell c;1c|e (FedLeL1).

Vinblastine and Vincristine
Mitotic inhibitors to prevent microtubule

formation

Genistein & Herbimycin cemggg)m cycle begins
Tyrosine kinase inhibitor
cell prepares Q a \j
to divide ; :_ cell grows

continue

Rapamycin

®‘ Kinase and translation
& inhibition

Triazenes & Nitrosureas | )
Alkylating agents to induce R\ Tunicamycin
DNA damage il - celldecides  Protein glycosylation
of DNA whether to thit

inhibition

Figure 1-11. A simple representation of the cell cycle phrases,S5 G, M,
and the corresponding anticancer compounds thadttatigose specific phases.

A totally synthetic flavone, flavopiridol (17), wayrghesised based on the

structure of the natural product rohitukine, which wasally found to induce

cell-cycle arrest and apoptosis in murine ovarian gaoceds, OCA#I_WH_Bqu
Flavopiridol is the first cyclin-dependent kinaseibitor in clinical trial;

146-144

Flavopiridol is currently being investigated in eigbh Phase | and Phase I

clinical trials either alone or in combination witther chemotherapy age

17

Figure 1-12: The chemical structure of the cyclin-dependent kinabk#itor,

flavopiridol (17@
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1.3.5 Chemoprevention
Besides importance as drugs, natural products can b#ak source of

compounds to “suppress, arrest or reverse carcinogenesis, ineatdy

staged" || A balance between oxidants and antioxidants (phymitals)

obtained from diets rich in fruits and vegetables essential for an optimal
physiological statl-ez""fl Many epidemiologic studies support the proposed
inverse correlation between increased consumptidrui$ and vegetables in
the diet and cancer ri@ E Several phytochemicals possess
chemopreventive properties that act on various patBwdgpoptosis,
angiogenesis and metastasis) and targets (oncoganesjrtsuppressor genes
(TSG) etc.) to maintain cellular health and homedstas Certain
phytochemicals act on normal cellular processe$ ax cell division, and
hence inhibit proliferation of (cancer) cells. Further cdesations to facilitate
drug discovery from plants include improved sourciagd advances in
combinatorial biosynthesis, microbial genomics andttsgtic biology by

addressing issues of complex structural synt‘ﬁsis.

Healthy cell

Oncogene suppression Apoptosis Inducers
Tanshinone 1A Triptolide
Quercetin Rhein

Berberine Betulinic acid
Magnolol Paeonol

Cancerous cell

Anti-oxid and ch
Resveratrol
Green tea polyphenols
Sulforaphane
Curcuminoids

Natural cytotoxics
Vinca alkaloids
Taxanes
Camptothecin
Podophyllotoxin

inhibitors Inhibitors of tumour i

Betulinic acid Soy isoflavones
Grape seed extract Tanshinone llA
Withaferin A Green tea polyphenols

Berberine Ganoderma lucidum

Figure 1-13: Diagram displaying some relevant targets for anticeamctivity
and examples of phytochemicals which interact witbséhtargets, adapted

from Williamson (201(ﬁ|
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Phytochemicals have the ability to modulate certawmliecules in key signal
transduction pathways relating to cancer such astickear factorkB (NF-

kB), receptor tyrosine kinases, mitogen-activated pndtease (MAPK) and
cyclooxygenases (CO Additionally, phytochemicals may modulate the
immune system and possess antimicrobial, anti-inflatory, anti-asthmatic
and anti-anaphylactic activlﬁ Exogenous antioxidants found only in
plants can be classed as water-soluble or lipidbdel e.g. vitamin C an@-
carotene respectivei@ Sufficient amounts of antioxidants are required to
counteract endogenous free radicals otherwise thétings oxidative stress
could lead to oxidative damage to macromolecuipild, proteins and DN
Iﬂlfl Data from in vitro measurements and cell-free modeiggest that
compared to other cellular processes such as matryladeamination and
depurination, oxidation from normal metabolism cautiee highest levels of
DNA bases (around 26,000) loss daily subsequentlgingato an increased
risk of developing chronic diseases such as c@ Many research
projects such as that of the National Cooperative Dugrovery Group
(NCDDG) are characterising potential anticancer compodraia plantsof
the tropical rainforest to isolate compounds from lediplant species and
dietary supplemerﬁ Several clinical trials are being conducted by the NCI
on potential cancer chemopreventive agents inctudurcumin (phenolic acid;
Phase | colon), genistein (flavonoid; Phase | breast endometrial), soy
isoflavones (isoflavonoid; Phase Il prostate), epigaflechin gallate
(flavonoids; Phase Il breast, Phase | unspecifieccararPhase Il bladder

recurrence) and resveratrol (alkaloid; Phase | unspe(deﬁaderEI

Phytochemicals can be classified into the categaiderpenes, carotenoids,
phenolics e.g. flavonoids, alkaloids, nitrogen-comntey compounds and

organosulfur compounds, which may be sub-divided imtther categories
(Figure 1.15E|
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a-Carotene
B-Carotene
Crytoxanthin
Carotenoids == Lutein

" Gallic
Zeaxanthin Hydroxy-

Astaxanthin benzoicacid ——  Yannilic
Lycopene Syringic
p-Coumaric

t lic acids Hydroxy-

Caffeic
Ferulic

cinnamic acids

Quercetin

Flavonols Kaempferol

Galangin

Phenolics o
Flavonoids Apigenin

Flavones — Chrysin

Phytochemicals )
Alkaloids Luteolin

—— Catechin
Nutru_ge_n- Epicatechin
containing epigallo-
compounds catechin

Coumarins

Flavanols — se—

Eriodictyol

Flavanones

Hesperitin
Naringenin
Tannins
Cyanidin
Anthocyaniding s Peonidin
Malvidin
Isothiocyanates
Organosulphur Indoles Genistein

compounds Allylic sulphur
compounds Daidzein

Isoflavonoids

Glycitein

Figure 1-14: A flow chart listing some sub-families of phytochesaik
carotenoids, phenolics, alkaloids, nitrogen-contagni compounds and
organosyphur compoun

1.3.5.1 Terpenes

There are over 600 different caroteniods identifiedwbich there are two
main classes: xanthophylls (oxygen containing) aatbtenes (non-oxygen
containingfigl This predominant pigment possesses provitamin and
antioxidant activities. The basic structure usuatigntains a 40-carbon
skeleton structure of isoprene units and often occthrarall-trans forrEI The
number of double bonds determines the shape, chiermegetivity and light-
absorbing properties of caroten@.Carotenoids have the ability to quench
and inactivate reactive oxygen species (ROS) prewgergenomic instability
and carcinogenefln_’—fl Diets rich in carotenoid pigments (vitamin A

(retinol)) e.g. eggs and carrots can prevent the developmergragdession of

epithelial cancers] 9 However, studies have suggested that in the long-

term high levels of retinol are associated withrasreased risk of osteoporotic

hip fracture in women due to reducing bone minerabtﬂﬁ
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Figure 1-15. The chemical structures of carotenoids suclw-aarotene (18)
B-carotene (19), B -cryptoxanthin (20), lutein (21), zeaxanthin (22), astéxan
(23) and lycopene (2

1.3.5.2 Phenolics

Phenolics are protective secondary metabolites pradibge plants. Their
structure consists ot 1 aromatic ring(s) with> 1 hydroxyl groulﬂzl The
phenolic ring can exist in an oxidised or reducetestgiving rise to a quinone
or phenol, respective@ Phenolics can be grouped into phenolic acids
(hydroxybenzoic acids and hydroxycinnamic acids), flerds (flavanols,

flavones, flavonols, flavonones, anthocyanidins #&uaflavonoids), stibenes,

coumarins and tannins, as shown in Figur&6li and| Figure 17| It is

estimated that 2/3 of the phenolics consumed irdatr(in foods such as nuts,

fruits, vegetables, red wine, coffee and tea) congishainly flavonoids and
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1/3 phenolic acioEI Flavonoids may also have a role in chemotherapy to

induce or inhibit the metabolism of drugs by interigriwith the function of
cytochrome P450 (CYP) enzyn%ﬂ

0 0 0
Nt ﬂ”““i”u Ok ALz HI =" TOH *Dwﬁ’“ﬂf’%f‘h“m
HO™ HO™ S HO™
e 28 27
O 0
JDH‘T%‘T'#LL‘DH HO. - ],,Lx & HO 0
HO™ Y HO™ T .
0
28 29 30

Figure 1-16: The chemical structures of phenolic acids such asicadigd
(25), ferulic acid (26), sinapic acid (27), syringic acid (38ptocatechuic acid
(29), 34-dihydroxyphenylacetic acid (3

However, tannins may act adversely on health by fegngtomplexes with
proteins, starch and digestive enzymes, thus lowenuagitional values.
Tannins may also have an adverse effect on the alwsoid amino acids and
alkaloidsflmlfl The net effect may include “a decrease in food intake,

growth rate...net metabolisable energy, protein digestibility...damage of the
mucosal lining of gastrointestinal tract and altema of excretion of certain
cations, and increased excretion of proteins amsergml amino acid’slﬂj
Paradoxically, certain tannins also appear to possgsEmopreventive
properties and together with the above mentioned radvactivities make

tannins a concern for use.
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Figure 1-17: The chemical structures of flavonoids such as flavwi{8l),
flavones (32), flavanols (catechins) (33), flavanone$, (84thocyaniding35)
and isoflavonoids (

1.3.5.3 Alkaloids

Alkaloids are nitrogen-containing compounds and thads have been
identified, and many have been used for their medicialue for centuriefg’jl
Examples of alkaloids used medicinally include atmep cocaine, hyoscine,
morphine, emetine and ergomet.As discussed, vinca alkaloids are used
in treatment of cancers such as leukaemias andhgmas. Currently under
Phase II/lll clinical trial for chronic myeloid leukemi@&ML) is the plant

alkaloid homoharringtomnie (6), which functions by inhibiting protein synthesis

at the ribosome levgt]™
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1.4 A megadiverse country: Malaysia

Malaysia has been ranked thé"Ir&chest country for its biological diversity of
plant species according to the National Biodiversitgex (NBI), which is
evaluated by the World Conservation Monitoring Cefte&CMC)[™>[*>9 In

Malaysia, the estimated 40,000 plant species cansuie-divided into
approximately 12,500 flowering plants, 15,000 highlem{s and over 1,100

ferns and related spedes ™

Malaysia’s favourable climate offers a variety of habitats to suit diverse life
forms. The majority of the total land area (3%.5 59.9%) is forest area of
which large proportions (57%) are tropical rainforests the hills and
mountain Areas in Pasoh, Peninsular Malaysia, Lambir, Sabak, a
Sarawak contain particularly dense forests with hundoddsee speciﬁ
The lowlands have been largely converted to agricdltlanad, mainly for
growth of cash crops, oil palm and rubber. Apart fraime crops such as
coconut, rice and sugar cane, the agricultural lovdlasdpport pineapple,
cocoa, tapioca, maize and coffee plant growth. The e@nomic product of
Malaysia’s forest is timber and the most important timber prodgdamilies

are the Dipterocarpaceae and Legumin@xe.

1.4.1 Plant profiles
Colleagues from the University of Nottingham Malay€ampus (UNMC)

collected various plants in Malaysia, and the follagvhave been selected for

investigation.
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1.4.1.1 Acalypha wilkesiana Mdll, Arg. (Euphorbiaceae)

Latin name: Acalypha wilkesiana Mull, Arg.

Synonymous name:A amentacea f. circinata (Mull, Arg.) Fosberg, A
Wilkesiana (Mull, Arg.) Fosberg, A. compacta Guilix €.T. White, A
godsefiana Mast, A godseffiana var. heterophyllaH.L Bailey, A
hamiltoniana Briant, A macafeeana Veitch, A musaact, A tricolor Seem,
A triumphans. Linden & Rodigas, A wilkesiana f.p@pndiculata J.W. Moore,
A W|IkeS|ana f. cwcmata (Mall, Arg.), A wilkesiaa f. illustris J.J. Sm, A
’ ; " wilkesiana f. macrophylla J.J.Sm, A
wilkesiana var. marginata E. Morren, A
wilkesiana f. monstrosa J. J. Sm, A
wilkesiana f. triumphans (Linden &
Rodigas) J. J. Sm, Ricinocarpus
wilkesianus (Miill, Arg.) KuntzgT]

® Vernacular name: Beef steak plant,

copper plant (leaf), fire dragon and

Jacob’s coatliTI

Order: Malpighiale

Family: Euphorbiace

Genus: Acalyph

Species: Acalyph

Description: Tropical bush of up to 1.5 m high with red spiraMes Flowers
are apetalous and without a nectary disc. The mdlleréscences are spikes

found at the top whilst the female are found at theeb Fruits are three-lobed
capsules splitting into 3 valvﬁl

Distribution: Asia-Paciﬁ:EI

Uses:In Malaysia, this plant is boiled in goat’s milk and the milk is drank to
lower blood pressure, treat fever and pimples andvelcoughs or it is boiled
in sugar to treat thrombocytopaenic purpura and allgrgipura. In Nigeria,
the leaves are boiled in water and given to thosk gastrointestinal disorders
or suffering from skin infections such as Impetigo comtsg Candida

intetrigo, Pityriasis versicolor, Tinea corporisTinea pedis and Tinea
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versicolom It is also recognized as an abortifacient herb igieNa besides

its common use to treat headache, common cold andimg@

Constituents: Anthraquinone, corilagin, gallic acid, geraniin, kgderol- and
quercetin-3-0-rutinosiﬂ

Pharmaceutical Interest: It has shown antibacterial and antifungal propsrtie
in the aqueous and ethanolic extracts by inhibiting growth of bacteria
(Staphylococcus aureus) and fungus (Candida albidaichiophyton rubrum,
Trichophyton mentagrophytes and Aspergillus fla@ It has been shown to
cause apoptosis in lymphocytes and stimulate treasel of tumour necrosis
factor a (TNF-a), interleukin (IL) -5 and -6 and interferoﬂ

The collection took place in May 2007 at Broga farééalaysia. The whole
plant was extracted in increasing polarity solvehéxane (HEX), ethyl acetate
(EtOAc) and ethanol (EtOH).

1.4.1.2 Archidendron ellipticum (Blume) Hassk. (Leguminosae)

[ ot
-~ 5

x> \\ “Q  Latin name: Archidendron ellipticum

e

(Blanco)

Synonymous name: Abarema elliptica
(Blanco) Kosterm, Abarema elliptica
%. (Blume) Kosterm, Albizia asciculate
: (Benth.) Kurz, Inga elliptica Blume,
Pithecellobium ellipticum (Blanco) Hassk,
Pithecellobium ellipticum (Blume) Hassk,
Pithecellobium  fasciculatum  Benth,

Pithecellobium waitzii Koster i7"

Vernacular name: Langir (antu), Borneo
Indelebah, Jaring, Jering-jeri

Order: Fabale

Family: Fabace
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Genus: Archidendrofr "1™

Species: EIIipticunE

Description: A small flowering tree which can grow up to 20 m gght and
50 cm in diamet The leaves are flat and the rachis can be betwesand4

15 cm bearing yellow and yellowish-green flowers (013 in diameter). The

fruits are orangeed (13.8 cm) containing black se¢dd.™]

Habitat: It is found in lowland primary and secondary rain $or@long

rivers, on hillsides with sandy soils and in areflsnoestong.” {4

Distribution: Widespread in Malaysian states: Johor, Kedah,aitah,
Melaka, Megeri Sembilan, Pahang, Perak, Penang, Pedisngor, Singapore,
Terengganu and Langkawi. Also found in Nicobar IsaiRkeninsular Thailand,
Sumatra, Java, Borneo and PhiIipp@ls.

Uses: The fruits of this plant can be consumed for food flaimy, the leaves

are used for lice problems and the roots are useseiipig: |

Constituents: Possibly djenkol acid, rotenoids, coumarins, lignderpenoids,

polyacetylenes, alkaloids, saponins, toxalbuminkiclyv are present in other

piscicidal plants.”[**4

Pharmaceutical Interest:  Traditional healers often employ many piscicidal
plants in their practice. Previously, active antitimoompounds have been
isolated from several piscicidal pla. Kunitz proteinase inhibitors were
identified in the seeds and are commonly used tabinhhe digestive
proteinases of insects leading to possible staw@) Whereas, trypsin
inhibitors of Glycine max inhibited 50% of MCF-7 breasancer cell
proliferation at a low concentration of 4.3 uMIfI

Plant material was collected on *2WApril 2008 in Sg. Congkak forest,
Malaysia. The bark and leaf specimens were extragctedolvents of
increasing polarity: HEX, EtOAc and EtOH.

47



1.4.1.3 Duabanga grandiflora Walp. (Lythraceae)

. Latin name: Duabanga grandifiora (DC.) Walp

Synonymous name: Duabanga sonneratioides
Buch.-Ham, Lagerstroemia grandiflora Roxb. Ex
DC and Leptospartion grandifiorum (Roxb. ex

DC.) Griff["]™

! Vernacular name: Khykan, Hokol, Lomatia,

Magasawih, Bondraphulla

Order: Myrtalefi"l
Family: Lythraceag ™™
Genus: Duabangg
Species: Grandiflo

Description: A fast-growing flowering tree of

30 - 40 m in height with straight trunks, light

brown branches with leaves of 25 cm in length
and 10 cm broad. The flowers are 5-7cm in size
and are white in colour with a strong unpleasant
smell. The calyx is bell-shaped and separated
into six segments with many stamens. The fruit

+ contains many seeds in a leathery capsule and

can be collected in Apfit°~

Habitat: They live in mixed evergreen and deciduous forastan altitude

range of 650- 1450 M, also commonly found in stream vaI‘é 57

Distribution: Eastern Himalayas (riverbanks of sub-Himalayan yalle
southwards through Assam to Burma, Andaman lIslanda,idalaysia and

Bangladesh, the Philippines, Japan, Thailand, Nepaltan, Cambodia,

Eastern India, Laos, Myanmar, Northern Thailand aretndny.*[~>7*"

Traditional value: In Nepal, the bark of D. grandifiora has been used as
piscicideFjI The leaf extracts are used traditionally in Thai miedidor their
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skin whitening, anti-aging and anti-inflammataryopertieﬁl Additional

dermatological properties include improving sagginggnb, liver spots and
dullness. In Northern Thailand, the seeds of D. giflond are used
traditionally for abdominal pain, food poisoning andpfpe uIcem The

timber is used for furnitu@

Constituents: Eugeniin (ellagitannin), ellagic acid, hentriacoman
hentriacontanol, hentriacontanone, b-sitosterolmgrm, epioleanolic acid,
epifriedelinol, lignoceryl ferulate, betulinic acid¢caetin, tetramethylellagic

acid, quercetin 3-glucoside and 3-galactoside, wankn and gentianin 40-

galactosidg’>

9(11),12-diene, 3b-hydroxy2-oleanentl-one, oleanolic acid, 3-O-(E)-
coumaroyloleanolic acid, 3b-hydroxyolean-9(11),12adie hyptatic acid,

Furthermore,duabanganals, latifolinal, 3b-hydroxgnes

betulenic acid 12, divergioic acid, (E){8-form-ylvinyl)-7-methoxy-2(3,4-
methylenedioxyphenyl)benzofuran, 3,4-O-methylenedi®@y0,50-tri-O-
methylellagic acid, vanillin, b-sitosterol, b-sitesdl glucoside, 3-hydroxy-4-
methoxycinnamaldehyde and 5-formyl- furﬂ@ Eugeniin (37) has also

been isolated from Geum japonicum and Syzygium altmnm

HO OH

A @' e
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Figure 1-18: The chemical structure of eugeniin §37

Pharmaceutical Interest: The extracts contain antioxidants and can inhibit
collagenase activity, fat accumulation and meldommation. Eugeniin has

been shown to stimulate strong dose dependent tygelldgen productiolﬁl
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Eugeniin is also found in the bud of Syzygium araostand possesses
virucidal effects against herpes simplex virus (HS®)s¢: 10 pg/ml) and type
A influenza viru Antiviral activity is achieved by hindering RNA and

DNA replicatio Further investigations on the antiviral properties of

Eugeniin have been publishetf:=”] Antimicrobial activity was seen in a

range of Gram-negative and Gram-positive bacteria e.golEand S. aureys
respectivel Cytotoxicity in Walker Carcinosarcoma 256 has also
reporte(ﬁl Recently, crude methanolic extracts of D. grandifidrave been

shown to act as a repellent for rice weevil, Sitophduyza@

The plant material was collected on*2April 2008 at Semenyih Dam,

Malaysia. HEX, EtOAc, EtOH and water bark and leaf extracts were pe€elpa

1.4.1.4 Pseuduvaria macrophylla (Oliv.) Merr (Annonaceae)

Latin name: Pseuduvaria macrophylla
(Oliv.) Merr<"'1*°

Synonymous name: Mitrephora

209

macrophylla Oliy""

Vernacular name: Unknown

Order: Magnoliale
Family: Annonace
Genus: Pseuduvar
Species: Macrophyllg < *

Description: A small tree with a wide spread growing up toﬂDhlEI
Pseuduvaria genus could be informally classed io&sal grade, long branch
clade (47 genera and 1,500 species) and short braad (0 genera and 700
species) based on the differing rates of molecular gerese recorded.The

flowers appearance resembles three sepals and twdswiiothree petals,
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usually unisexual. The inner petals are differendiatgo a blade and basal

claw and usually longer than the outer peﬁiﬁls.

Distribution: Malaysia hosts 12 species of the short branch clafdehich,

eight are endemic. Found in the lowland and hite$éd of Pulau Tioman,

Peninsular Malaysia, Sungai Air Besar and southemildind. [

Traditional value:  P. macrophylla has been reported to treat cougter,fe

Z1

nausea and vomitirlfgj.L

Constituents: Dioxoaporphine alkaloid: 1,2,3-trimethoxy-4,5xie6a,7-
dehydroaporphine and O-methylmoschatctﬁjre.l,2,3-trimethoxy-4,5-dioxo-
6a,7-dehydroaporphine (yellow colour, melting point 12@t °C) was also

isolated from Peperomia sui and Pseuduvaria ﬁoa.

38 39

Figure 1-19: The chemical structures of 1,2,3-trimethoxy-4,5-di&eg7-
dehydroaporphine (38) and O-methylmoschatoling.(39

Pharmaceutical Interest:  Antimicrobial activity was seen in a range of
Gram-negative and Gram-positive bacteria such as Esbie coli and
Staphylococcus aureus, respecti@.Due to the decreasing endemic status
of this species, not many reports have been puldlishehis speci Other
dioxoaporphines such as cepharadione and artabothaee shown

artimicrobial activies as well as anticancer activétyainst P-388 leukaemia

cell lines, respective

The collection took place on™8August 2007 at Sg. Congkak forest in
Malaysia. Extracts from whole plant were preparediX, EtOAc and EtOH.
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1.5 Research aims and objectives

Mankind has a long history of using natural productsprevent and treat
diseases such as cancers. The biology and cheroistrgtural products and
their associated mechanisms of action are becorbetter understood as
research methods and technologies progress. Prbyidusited reports
described antitumour activities of A ellipticum afd grandifiora extracts
whereas P. macrophyllaas never before been examined for its biological
activity therefore these plants’ extracts are worthy of investigation to validate
their use(s), to build on existing knowledge and esplthe potential of these

traditional medicinal plants for treatment of canced/another diseases.

The aims of this project were to investigate selkdialaysian Rainforest
plants for their potential antitumour properties amsgible mechanism(s) of
action. The rationale for selecting the aforememibplants for investigation
Is based on the lack of available data on the biokldctivities of the species
in generalor the lack of scientific evidence for it as a potah&nticancer
activity specifically. Plant specimens were selgéd@ coincide with studies
being conducted by University of Nottingham, MalayS€ampus (UNMC)
colleagues. A systematic approach was taken ty ghese plant extracts. It
is the major goal of this project tetermine whether UNMC plant extracts
contain active phytochemicals, which may affect thevisal of cancer cells.
This project isin its infancy and will require interdisciplinary slalland
techniques to evaluate the in vitro biological @ties of UNMC plant extracts.
This will support mechanistic studies of the UNMC plartracts in order to

justify the use of these plants to treat malignaseaise.
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The objectives of this thesis are:

1. To evaluate the in vitro growth inhibitory actiw8 of crude extracts in
a panel of cancer cell lines by measuring the cability and analysing
cell cycle distribution. The assays employed toi@ahthe objectives
are:

i.  MTT assay
ii.  Clonogenic assay
iii.  Flow cytometric techniques using fluorescent stagrnoh DNA

with propidium iodide (PI)

2. To investigate whether the UNMC plant extracts indageptosis and
to confirm any positive findings in a sensitive delk.
I.  Using flow cytometric analysis to measure dual Annéxand
Pl florescent staining
ii. Confirmation of apoptosis by Western blotting techieis by
employing specific antibodies to detect caspases samvival

proteins.

3. To evaluate additional putative anticancer propertaf extracts
including the ability to

i.  Inhibit cancer cell migration adopting the wound-hezl
(scratch) assay.

ii. Induce cellular senescence, an irreversible procesdirlg to

cell death. The assay employed to achieve thigatibe is

intracellular detection the senescence marker B-galactosidase.

4. To evaluate potential chemopreventive properties dIMC plant
extracts by determining extract chemical contentselsag measuring
the in vitro free radical scavenging activity. Ttodowing methods
were employed:

a. Aluminium chloride method to determine the totalvhaoid

content
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b. Folin Cioulteau methods to determine the total jpliercontent

c. DPPH assay to measure the free radical scavengivgyact

5. To conduct initial activity-guided fractionation ofucle extracts to
enable identification of fraction(s) containing possiblactive
components, if any. The following methods were lerygd:

i.  Crude fractionation of UNMC extracts using extraction
cartridge then analysing the collected material viRL8
techniques.

ii. To determine growth inhibitory properties of the crudéact

fractions in selected cell lines using the MTT assay

A literature search was performed on the medicinals used chemical
constituents of A. wilkesiand. macrophyllaA. ellipticum and D. grandiflora
For instance D. grandiflora extracts have been tsdkat stomach pain and
for skin whitening through traditional practice in Tlaad and its activity has
been verified by identifying eugeniin, the activemgpmund responsibE"I
There is a lack of evidenad P. macrophylla's biological activity, however it
was found to possess high levels of compounds psiagesalkaloid
functionalityl?_nllﬂ A range of phytochemicals such as alkaloids found in
plants possess therapeutic properties, thus suggetstm aforementioned

plants are worthy of further investigation into theiotgntial anticancer

SZy691 2109

properties (refer to Plant profiles 1.)1?1
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2

The influence of Acalypha wilkesiana, Duabanga grantiora,
Archidendron ellipticum and Pseuduvaria macrophylla crude
extracts on cell viability

Approaches to select natural compounds as soufqesential anticancer drug
leads include evaluaity evidence of medicinal plants used in traditional
systemsor through random screening of natural compounds. eEgipproach
would require validation via rapid, inexpensive anbust methods. Assays
assessing cell viability are widely adopted in iveliminarily selection to
identify those extracts with good activity. For instarthe sulforhodamine B
(SRB) assay is currently employed by the NCI in vieaicancer-drug
discovery progralm Other popular cell viability assays used in smalllesca
assessment of cancer cell viability after exposutiavestigational compounds
include tetrazolium salt-based assays such as 2;@mnhethoxy-4-nitro-5-
sulfophenyl)2H-tetrazolium-5-carboxanilide (XTT) and 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  broneid (thaizolyl Dblue;
MTT)EI Identification of ‘active extracts in primary screening would

facilitate selection of ‘active’ crude extracts to undergo further investigations.

2.1 Selection of UNMC plant extracts for investigation

Following the literature search, it was proposed thatprimary screen
investigating the anticancer activity of the plaextracts would enable
preliminary selection of UNMC plant extracts. A rargfébioassays has been
considered and the robust and inexpensive, MTT dmaogenic assays were
employed to examine in vitro growth inhibitory angtatoxicity effects of the
extracts in human-derived cancer cell line#\ cell panel was employed
consisting of two breast adenocarcinoma cell lib@s ovarian carcinoma cell
lines, two renal carcinoma cell linggvo colon carcinoma cell lines and a non-

transformed lung fibroblast cell line. Non-transformedRC-5 fibroblasts
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were employed as a preliminary control to assesgtitegtive selectivity of the

in vitro growth inhibitory and cytotoxicity effects ofNMC plant extracts to

cancer cells.

A cervical cell line, SiHa, contagihuman papilloma virus

(HPV) was included in the cell line panel to testgbandiflora extracts due to

previous reports of anti-viral activity by euge . Subsequently, sensitive

cell lines were selected to conduct further in viegwamination to assess

potential anticancer effects of UNMC plant extractshe Tetails of each type

of cancer cell line and the specific cell linesiaétl are shown |n Table 2

Table 2-1:Mammalian cell lines used for primary selection.

1.

Cel Cell line Characteristics Reference
type
Er; p53; express WNT7B
g oncogene. Growth is inhibite
2 TNF-o. ATCC no’: HTB-
(&) - . . . .
@ MCE=7 Cellular products: insulin-like 22, Brooks et al.
Q . . 197
ol growth factor binding protein: EI
9 BP-2, BP-4 and BP-5. Isolate
@ from adult Caucasian female.
%)
§ MDA-MB- Er; PR; Her Z; expression ol ATCC no’: HTB-
o 468 EGF and TNFw. Isolated from  132; Cailleau et
African female. al. 197@
E z
o IGROV1 Isolated from adult female. Be{'ggﬁet al.
‘O
§ Blood type B (RH). Isolated
5 from adult Caucasian femal ATCC 10’ HTB-
2 SK-OV-3 ReSISta_nt to TNFe and_ severgl 77: Frogh et al
< cytotoxic drugs including 197
= diphtheria toxin, cis-platinun
5 and adriamycin.
& Blood type O (RH. Contains
S many microvilli, few filaments,
(3] many small mitochondria, well ATCC no': HTB
E . .- no : -
S Caki-1 developed Golgi and ER, lipi
©
(&)
©
c
&)
04

droplets and  multilaminat
bodies, secondary lysosome
Isolated from adult Caucasic
male.

46; Frogh et al
197%
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Human spindle cell carcinom

TK-10"isolated from adult male. Bear etal 19
TGFB-1"; P53 (wild-type) and
g mutation in codon 13 of ra ATCC no*: CCL
no: -
S HcT11e Protooncogene. Cellula ©) o 0 i et
S products: keratin anc | 108
) carcinoembryonic antiger ' ﬂ
(&)
= Isolated from adult male.
5
S ~ Goldwasser et al.
3 HoC2gg9g P03 (mutated) and K-ras (wilc 199E|a_md
type) Kobayashi et al.
199
5
o ®© P53; pRB"; HPV-16 (1 to 2
g E copies per celll. Grade | .. . .o
== . squamous cell carcinoma wil ", PO - BT
o 9 SiHa . 35; Durst et al.
= ® an abundance of tonofilamen 199
ol in the cytoplasm. Isolated fror
29 adult Asian female.
@)
g
(D)
L :
S g Isolated from 14 weeks gestatic ATCC no*: CCL
. no: -
gg MRC-5 Caucasian male. Onset 171: Jacobs et al
28 senescence occurs after 42 to 197
=T o population doublings.
E c
c =
@)
p

Information on the human cell lines useahte obtained from American Type
Cell Culture (www.atcc.org) and National Cancer Institute
(http://dtp.nci.nih.gov).
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2.1.1 In vitro growth inhibitory and cytotoxicity effects of

UNMC plant extracts in a cell line panel

An established method to observe the cell viaboita cell line after exposure

to a compound of interest is the MTT ag$ay->| The method is mediated by

substrates of mitochondrial dehydrogenasash as succinate, NADH and
NADPH in viable cells to reduce soluble MTT dyeanhsoluble formazan
with adsorption range between 510 and 57(‘?1‘"(1?‘ Therefore, the MTT

assay can be used to investigate the effect of phrdcts on cell viability and
proliferation in a panel of cancer cell lineShe mean absorbances were used
to construct a dose-response curve, from which teemated extract
concentration inducing 50% growth inhibition @glvalue) was calculated.
The selection criteria fofactive’ crude extracts ar@lso values ok 20 pug/mi

from in vitro assa

The cell lines were exposed to serial dilution dfiMC extracts for 72 h
followed by the addition of MTT. The cells were thimcubated for 4 h at

37 °C before absorbance at 555 nm was read according td1ihe assay
protocol outlined in Section 9.2.3The absorbance of formazan for the cells at
time of treatment (J) was also measured to determine basal level formazan
produced by the viable cells. Thg Value then allowed the calculatiofhthe
concentration of plant extract required to inhibitl qaloliferation by 50%
(Glsp). Furthermore, the anti-carcinogenic flavonoid, geén, was used as a
positive contrﬂ Quercetin was used to ensure that any activiy der the
extracts was not due to experimental error. Therefguercetin was tested

against the cell line panel (n = 4) in at leastéhrelependent experiments.

2.1.1.1 In vitro growth inhibitory and cytotoxicity effects of Acalypha
wilkesiana extracts in a cell line panel

A wilkesiana (whole plantEtOH and EtOAc extracts have demonstrated

growth inhibitory effects across the cell line panglsaown i@Z (see

appendix 1 for dose-response curves). Interestirgth breast MCF-7 and

MDA-MB-468 ovarian SKOV-3 and CRC HCT116 cell lines appear to be
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amongst the most sensitive to the growth inhibiteffects of the EtOH and
EtOAcC extracts

Table 2-2:In vitro growth inhibitory effects of A wilkesiana eatts in a cell
line panel revealed by the MTT assay.

Mean Gl 5o values (ug/ml)

@ 8 o

g2 ~ 5 3 I < g 3§ g v

¢ s LL = @) O i 0 s N O
=g O . X N s X 5 9 X
<

=

T 4341 2267 4466 4180 64.23 7799 3598 88.74 46.60
o + + + + + + + + +
w 985 3.66 147 7.29 451 718 153 3.71 8.03
éf 35.96 15.88 60.32 46.23 120.99 52.23 39.14 79.86 53.26
o + + + + + + + + +
w 127 428 813 852 2034 596 0.84 342 9.23

X

% >200 >200 >200 >200 >200 >200 =>200 =>200 =>200
£

‘g’ 533 2288 9.66 4.49 503 1453 2147 20.76 18.56
> + + + + + + + + +
8, 631 808 024 1.37 048 124 926 1261 9.25

Extract concentratiofug/ml) at which cell growth is inhibited by 50% (GIsg)
after 72 h exposure. MeandgValues (ug/ml) = SEM were obtained from > 3

(n = 4) individual experiments where active crude extr§Gilsp values < 20
pg/ml) are highlighted in bold, extracts + SEM values that could be considered
active are highlighted in italics; the lowé3lso values are underlined

Fingerprint graphg (Figure 2-1) highlight MDMB-468 as the most sensitive
cell line to EtOH and EtOAc extractwith mean G150 values &2.67 pg/ml

and 15.88ug/ml, respectively. However EtOH and EtOAc extracts i
demonstrate selectivity between cancer cell lines BHRIC-5 fibroblasts
EtOH and EtOAc extract-treated MDMB-468 cells produced G values of
22.67 ng/ml and 15.88 pg/ml, respectively, which are near or lower than the

selection criteria set (~ 2@z/ml).
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EtOH

MRC-54
HCC29984
HCT1164
TK-104
Caki-14
SKOV-34
IGROV-14
MDA-MB-4684
MCF-74

L) L) L]
-0.50 -0.25 0.00 0.25 0.50

Log,,

Cell lines

Mean cell line paneBl,: 51.79ug/ml

EtOAc

MRC-54
HCC29981
HCT1164
TK-10+
Caki-1+
SKOV-34
IGROV-14
MDA-MB-4684
MCF-74

-0.50 -Ol.25 0.00 0.l25 0.50

Log,,

Cell lines

Mean cell line panébl;,: 55.99ug/ml

MRC-54
HCC299¢
HCT1169
TK-104
Caki-1+
SKOV-34
IGROV-14
MDA-MB-468 <
MCF-74
-0.50 —OI.25 0.00 (;.25 0.50
Log,,

Cell lines

Mean cell line paneBlg,: > 200ug/ml

Figure 2-1: NCl-style mean fingerprint graphs for A. wilkesiana extracts
EtOH, EtOAc and HEX extracts were screened against dicelpanel and the
bars represent the individual means{Value of the cell line. The overall
mean Gipvalue of all the cell lines was set to the cented){Call values were
to the function of logy. Bars to the left indicate cell lines that areslsensitive
than the mean and bars to the right indicate cedislithat are more sensitive
than the mean to the extract.
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In addition, HCT116 cells revealed modest sensititidywards EtOH and
EtOAc extracts with Gb values of 35.98 and 39.14y/ml, respectively. The
difference between EtOH and EtOAc extract-treated meelh line panel
(Glsg) is 4.20ug/ml, suggesting growth inhibitory and cytotoxic effectdoth
extracts are similar. There was no difference betweemean G valuesfor
cell lines exposed to HEX extracts 280 pug/ml) since no growth inhibitory

effects were demonstrated at the concentrations used.

2.1.1.2 Invitro growth inhibitory and cytotoxicity effects of Arch idendron
ellipicum extracts in a cell line panel

Glsp values for A. ellipticum extracts were determinechgghe MTT assay

and are summarised |in Table R-3 (see Appendix 1 dse-desponse curves).

EtOH bark and leaf extracighibited the growth of cancer cell lines at low
concentrations, MDAMB-468 (1.73 and 9.3Z21g/ml), Caki-1 (21.71 and 5.07
pug/ml), HCT116 (11.65 and 3.5{1g/ml) and HCC29983.74 and 2.94 pg/ml)
cells, respectively. To a lesser extent, growthowarian SKOV-3 cells
responded to EtOH bark extract (10400ml), whereas renal TK-O cells ony
respondedo EtOH leaf extract (28.7dg/ml).

In comparison, growth inhibitory effect of EtOH extradppeared to be
greater than EtOAc extracts as represented by nedhline panelGlso (EtOH
bark: 45.28 and EtOH leaf: 45.73; EtOAc bark: 54.4@ BtOAc leaf: 138.82
pug/ml). Whereas> 2-fold observed difference between the mean cell line
panel G values of EtOAc bark (54.47 pg/ml) and EtOAc leaf (135.82 pg/ml)
extracts. Data fro@% revedl EtOH bark and leaf extracts
demonstrated comparable activit@l§, values) in MDAMB-468, SKOV-3,
Caki-1, TK-10, HCT116, HCC2998 and MRC-5 cells (Figw#)2

Overall, EtOH extracts induced the greatest growtlbitdry effects across the

cell line panel, particularly, in renal and CRC caiels. It is interesting to note
comparable mean &lvalues was observed across the cell line panehik b
and leaf extracts of the same solvents, e.g. EtOK $4d5.73 pg/ml and leaf =
45.28 ug/ml; HEX bark = 189.81 pg/ml and leaf = > 200 pg/ml) extracts. In
general, cell growth remained unaffected by HEX extramten at high

concentration of 200 pg/ml, which is 10X greater than the NCI’s selection
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criteria for crude extract activity.Furthermore, MRC-5 fibroblasts responded
to EtOH and EtOAc bark and EtOH leaf extraatdow Glso values: 3.82,
18.80 and 3.29g/ml, respectively.

Table 2-3:In vitro growth inhibitory effects of A ellipticum erects in a cell
line panel revealed by the MTT assay.

Mean Gl sp values (ug/ml)

S ! ©
338 N~ Q Ay N - o 9 =2 o
gf & 28 3 3 = I # 88 ¢
s ¢ &Y § 8 ¥ g 8 ¢E
o Q
T | 15185 1.73 1742 10.00 21.71 2877 11.65 3.74 3.82
) + + 1+ + + + t t +
w 5.82 1.52 19.37 4.01 6.78 3.29 2.43 0.26 1.78
4 2 82.35 40.43 53.78 62.26 75.22 3245 7224 52.68 18.80
9 + + + + + + + + +
o | 407 713 1280 11.17 7.38 298 221 426 5.0
=< 166.93 141.36
L >200 >200 + >200 >200 >200 + >200 >200
* 10.46 10.07
T | 9764 932 24205 4251 507 524 351 294 3.29
Q * + + + + + + x +
w 2.67 5.98 4.97 449 059 0.50 0.16 51 0.42
TR 9.28 19850 108.12 12222 19.97 69.73
< 5| >200 + +  >200 >200 @+ + +
- w 1.16 26.67 7.10 5.89 9.66 0.95
< 193.42
L =+ >200 >200 >200 >200 >200 >200 >200 >200
T | 1452
£
§ 5.33 2288 9.66 449 503 1453 2147 20.76 18.56
5 + + + + + + + + +
8, 6.31 8.08 024 137 048 124 926 1261 9.25

Extract concentration (ug/ml) at which cell growth is inhibited by 50% (&)
after 72 h exposure. Meandgbalues (ug/ml) = SEM were obtained from > 3

(n = 4) individual experiments where active crude exsrgCtlso values < 20
pg/ml) are highlighted in bold, extracts £ SEM values that could be considered
active are highlighted in italics; the lowe3ls, values are underlined
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Figure 2-2: NClI-style mean fingerprint graphs for A. ellipticum extracts.
EtOH, EtOAc and HEX extracts were screened against dicelpanel and the
bars represent the individual meansgaValue of the cell line. The overall
mean Gipvalue of all the cell lines was set to the cented)(Qall values were
to the function of logy. Bars to the left indicate cell lines that areslesnsitive
than the mean and bars to the right indicate cedislithat are more sensitive

than the mean to the extract.
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2.1.1.4 In vitro growth inhibitory and cytotoxicity effects of Duabanga
grandiflora extracts in a cell line panel

The in vitro growth inhibitory and cytotoxicity aetiies ofD. grandifiora bark

and leaf extracts across the cell line panel arensannsed ir} Table 214 (see

Appendix 1 for dose-response curves). Interestimgiar Waer bark extracts
induced growth inhibition only in breast cancer MCFellat concentrations
within NCI’s selection criteria 19.53 pg/ml). Growth inhibition of renal
cancer Caki-1 and CRC HCT116 cells was observed ass@reextent when
expoed to EtOH bark extract Glsp values: 34.40 and 37.54g/ml,
respectively). EtOAc bark extract demonstrated greaeswth inhibitory
effects across the cell panel, in particular, MCF}9.87 ug/ml), HCT116
(21.69 pg/ml) and HCC2998 (4.65 ug/ml) cell lines The cell lines most
susceptible to growth inhibitory effects of HEX bark extra were breast
cancer MCF-429.70 pg/ml) and CRC HCT116 (28.88 pg/ml) cells.

Overall, EtOAc and HEX extracts appeared to induce tromhibitory effects

in the greatest number of cell lines amongst the batfacts. In comparison,
EtOAc leaf extract emerged as effective in inhibitifge tgrowth of CRC
HCT116 (24.73.1g/ml) and breast cancer MDA-MB-468 (33.24 pg/ml) cells at
similar concentrations to bark extracts. However, ttead was not seen in
cells under the influence of Watleaf extract treated e.g. MDIB-468 Glso
37.40 ug/ml) and HCT116 (Glso 38.02 pg/ml) cells and EtOH leaf extracts-
treated breast cancer MOFR34.47 pg/ml) andHCT116 (40.92 pg/ml) cells.

A lack of cellular response to HEX leaf extract waseobad at the highest
concentration tested (> 2Q@/ml). In general, bark extracts presented the
most number of active extracts against the cell parel with mean cell line
panel Gy values of 65.04, 105.54, 31.58 and $6aad pg/ml for Water,
EtOH, EtOAc and HEX extracts respectively, as comgaio 79.80, 61.41,
43.78 and> 200 pg/ml for Water, EtOH, EtOAc and HEX leaf extracts,
respectively. D. grandiflora bark extracts demonstrated broader growth
inhibitory properties against the cell line panel pamed to leaf extracts
suggesting different components are embedded inxthaeces. MDAMB-468,
MCF-7 Caki1, HCT116 and HCC2998 cells have shown broad sensitivity
towards D. grandiflora extracts; contrarily IGROV1, 8KA3 and TK-10

cells were less sensitive to D. grandiflora extrdEigure 2-3. Undesirably,
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low Glso (ug/ml) values of 7.37 and 20.88 in MRC-5 fibroblasts were obtained
in both EtOAc and HEX bark extracts, respectively.

Table 2-4:1n vitro growth inhibitory effects obD. grandifiora extracts in a cell
line panel revealed by the MTT assay.

Mean Gl s values (pg/ml)

©
é n':\ - @ © X
E8 N S > > - S = > © w0
cg LL r©o O ®) = ' = N T O
5 2 4585 z 8 E b 8§ B g
c.) @ = s 9 [9p] T T =
o)
74.9
o 19.53 47.28 69.98 63.93 46.69 113.6 42.44 106.94 1+
© + * + + + 5+ * * - 128
= 397 734 7.83 6.12 338 11.03 3.28 11.07 2‘
64.
T 146.0 40.04 194.1 135.6 34.40 153.3 37.54 14146 76 67.1
o 9+ + 5+ 9+ + 6+ + + + 2+
v w 935 3.32 15.77 8.00 1225 2206 568 1831 94 3.60
o 1
5
&9 19.87 36.24 29.49 71.60 3153 61.78 21.69 4.65 69.01 7.37
e) + + * + + + + + + +
L 143 410 3.00 8.00 1066 056 0.64 213 354 132
< 29.70 34.95 31.47 56.59 5293 36.65 28.88 35.22 67.06 20.8
i + + + + + + + + + 8+
T 053 179 257 7.63 497 579 155 327 328 1.34
88.3
5 57.85 37.40 79.9 66.58 8852 150.1 38.02 111.34 8+
< * + * + * 7+ + + - 15‘7
= 640 545 378 364 271 29 325 20.11 9'
T 34.47 4459 71.01 49.65 40.79 108.4 40.92 91.23 49.21 715
) + * + + + 8+ * * + 8+
'?<" u 278 784 740 912 736 1299 514 845 8.63 296
ul
- <(E) 4752 33.24 49.36 36.13 43.05 62.85 24.73 66.33 73.62 30.7
o) * + + + + + + + + 7+
[IN] 277 737 394 487 886 232 111 7.72 3.05 483
>|.|IJ< >200 >200 >200 >200 >200 >200 =>200 =>200 >200 >200

Extract concentration (pug/ml) at which cell growth is inhibited by 50% (Glsg)
after 72 h exposure. Meandgvbalues (ug/ml) = SEM were obtained from > 3

(n = 4) individual experiments where active crude ex$rgGtlsp values < 20
pg/ml) are highlighted in bold, extracts + SEM values that could be considered
active are highlighted in italics; the lowe3lsy values are underlined
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Figure 2-3: NClI-style mean fingerprint graphs for D. grandiflora extrads.
Water,EtOH, EtOAcand HEX extracts were screened against a cell line panel
and the bars represent the individual meag, @hlue of the cell line. The
overall mean G value of all the cell lines was set to the center)(Call
values were to the function of lag Bars to the left indicate cell lines that are
less sensitive than the mean and bars to the nightdte cell lines that are
more sensitive than the mean to the extract.
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2.1.1.5 In vitro growth inhibitory and cytotoxicity effects of Pseuduvaria
marcophylla extracts in a cell line panel

The MTT assay demonstrated P. macrophylla extra@geskin vitro growth

inhibitory activity in all the cell line panel: patey EtOAc > EtOH > HEX

(summarised i@% and dose-response curvehavnen in Appendix 1).

Table 2-5: In vitro growth inhibitory effects of P. macrophylla exdis in a
cell line panel revealed by the MTT assay.

Mean Gl 5o values (pug/ml)

g 3

=N 5 ©

58 ~ o ¥ ¥ ¢ g 3 3 9
°g LL s @) @) = ' = N @)
o O - x N 8 IE O 8 x
£o = <DE S n I T =

o =
T 416 536 6.59 373 453 6.98 516 396 5.01
Q + + + * + * + + +
- 1.84 245 107 1.17 149 304 107 159 1.13
g 123 1.15 538 152 147 212 161 200 1.71
o) + + + + + + + + +
w 0.61 037 0.12 0.66 0.66 048 039 1.08 0.57
< 18.72 6.49 9.32 588 1295 13.10 541 9.82 26.23
i + + + + + + * + +

400 094 206 198 6.92 581 158 234 6.82

'% 533 2288 966 449 503 1453 2147 20.76 18.56
S + + + + + + + + +
> 631 808 024 137 048 124 926 1261 9.25

Extract concentration (pug/ml) at which cell growth is inhibited by 50% (Glsg)
after 72 h exposure. Meandgtalues (ug/ml) £ SEM was obtained from > 3

(n = 4) individual experiments where active crude extrg@lko values < 20
ug/ml) are highlighted in bold, extracts + SEM values that could be considered
active are highlighted in italics; the lowé&3lso values are underlined

EtOAc extract yielded G} values < 2 pg/ml in MCF-7, MDA-MB-468, SK-
OV-3, Caki-1, HCC2998 and HCT116 cancer cells as wellnapMMRC5H
fibroblasts. The activity between the EtOH and HEXtracts showed
comparable growth inhibitory effects. HEX extracts esed moderate
selectivity (~ 5-fold) towards cancer cell lines MDMB-468, SKOV-3 and
HCT116 Glsovalues of 6.49, 5.88nd 5.41, pg/ml, respectively), over non-
transformed MRC-5 fibroblasts (6lvalues:26.23 pg/ml). However,EtOAC
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and EtOH extracts did not demonstrate selectivity atols cancer cells

compared with MRC-5 fibroblasts (Figure 2-4Subtle differences in cell

panel Gk, values were observed in cell line panels@G¥alues following
treatment with EtOH Glso value:5.05 pg/ml) and EtOAc (Glsp value:2.02
pug/ml) extracts whereas cancer selsensitivity towards HEX extract varied
(Glspvalues5.41 to 1872 pg/ml).
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Figure 2-4: NCI-style mean fingerprint graphs for P. macrophylla extracts.
EtOH, EtOAc and HEX extracts were screened against dicelpanel and the
bars represent the individual means@GValue of the cell line. The overall
mean Gipvalue of all the cell lines was set to the cented)(all values were
to the function of logy. Bars to the left indicate cell lines that areslsgnsitive
than the mean whereas bars to the right indicatke liogls that are more
sensitive than the mean to the extract.
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2.1.1.6 Summary of the in vitro growth inhibitory and cytotoxicit y effects
of UNMC extracts in a cell line panel

The MTT assay was used to examine in vitro growthibition ard

cytotoxicity of UNMC plant extrast effects in human-derived cancer cglls

extracts’ selectivity against cancer cell line was comparedchamntransformed

fibroblasts.

Acalypha wilkesiana Extracts of A. wilkesiana primarily affected breast
cancer cell line, MDAMB-468 (Glso values EtOH: 22.67 and EtOAc: 15.88
ug/ml, respectively) and MCF-breast cancer (EtOH: 43.41 and EtOAc: 35.96
ug/ml, respectively). In support of this finding, Blssing et al. (1999 axed
the verification of ethnopharmacological use of Alkesiana seeds to treat
breast tumours and inflammation owing to their cyato and
immunomodulatory effects via generation of reactive gexy intermediates
(ROI), release of pro-inflammatory cytokines TNFand IL-6, T-cell-
associated cytokines IL-5 and MEI This could be due to the presence of
amphiphilic saponins in the extracts, which hasitgbib permeabilise cell
membranes.

Another study has reported means@lalues of 28.03 and 89.68/ml for
U87MG (grade IV human gliobastoma) and A549 (humanrglgarcinoma)
cells following 72 h exposure to A wilkesiana EtOéxtracts. U87MG cells
required almost two times greater concentration of Et@#tracts to induce
growth inhibitory effects when compared to MOMB-468 cells treated with
EtOAc extracts (Gb 15.88 Mg/ml)m Both US7MG and A549 cells were
insensitive to EtOH and HEX extracts ¢gValues between 166.30 to > 300
ug/ml), which corresponded to the trend observed for HEX etdrge¢ Tabls

A\1%4

2-2), suggesting unseparated components in crude EbEdact to be least

effective in inducing growth inhibitian

There was minimal selectivity between MOMB-468 and MRC-5 cells. No
evidence of growth inhibition was seen in HEX-teghtell lines. The absence
of oestrogen (ER) and progesterone (PR) receptors on MBA468 cells
may not to be a factor teells’ sensitivity towards thee extracts suggesting
the active constituents may not be in the phytoébaintlass of isoflavonoids

(phyto-oestrogens) or flavonoids (anti-oestrogens). ulRefrom MTT assays
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revealed MDAMB-468 cells to be among the most sensitive to tlewvtr
inhibitory properties of A wilkesiana extracts; theref0MDA-MB-468 cells

were selected for further study with this plant.

Archidendron ellipticum: EtOH extracts from A. ellipticum demonstrated good
activity across the cell line panel. With the exeap of ovarian carcinoma
SK-OV-3 cells, the same cell lines responded to growttibitory effects of
EtOH bark and leaf extract (MDMAB-468 > HCC2998 > MRC-5 > HCT116
> TK-10 > Cakid, in order of sensitivity), suggesting similar compouads
embedded.MDA-MB-468 cellswere sensitive to EtOH and EtOAc extracts at
low concentrations between 1.73 - 9.32ml. Only MCF-7 and IGROV1
cells revealed less sensitivitgwards growth inhibitory effects of the extracts.
Comparable G} values suggest that similar phytochemicals mighpresent

in the EtOH bark and leaf extracts based on the arsgnsitivity observed in
MDA-MB-468, SKOV-3, Caki-1, TK-10, HCT116, HCC2998 and MR-
cells.

Beutler et al (1997) stated that in vitro cytotoxiciify several crude legume
extracts from the NCI natural product repository wenagarable to that of A
ellipticum, such as Albizia zygia and Albizia adtima, sharing similar mean
fingerprint patterns with saponins from A ellipticgiil. Many leguminous
plant seeds contain biologically active compourdd tould inhibit proteases
and amylases. Kunitz (serine) proteinase inhibitghich is present in
germinative tissues of A ellipticum and many Mimos@ae species possesses
dual functions as storage proteiid a part of the plant’s defensive mechanism
against seed predatEI Inagaki et al. (2012) identified Kunitz-type
protease inhibitors may affect ion channels,(Kla” and C&") and inhibit
MMP2 activity hence may have a role in cancer ma@sﬁnhibitio@

Results from MTT assays revealed MDMB-468 cells to be among the most
sensitive to growth inhibitory properties of A etlgum extracts; therefore
MDA-MB-468 was selected for further study with this plant.

Duabanga grandiflora: EtOAc bark extract of D. grandifiora exerted greatest
activity across the cell line panel with growth iition in 70% of the cell line

panel at near 2@g/ml (NCI’s selection criteria), in the order of sensitivity:
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HCC2998 > MRC-5 > MCF-7 > HCT116 > IGROV-1 > Caki-1 > MDvB-
468. Overall, HCT116 cells were most sensitive to D.rgliflora extracts
EtOAc (bark) > EtOAc (leaf) > HEX (bark) > EtOH (bark) > Wat(leaf)
extracts withGlso between 21.69 38.02 pug/ml. Interestingly, HEX extracts
appeared to induce broad activity against MRC5 > HIGI'* MCF-7 >
IGROV-1 > MDA-MB-468 > HCC2998 I K-10 cells (in order of sensitivity)
with Glsp values between 20.88 t86.65 ug/ml. In contrast no growth
inhibition was observed in cells exposed to HEXf legtracts even at 200
pug/ml. The unresponsiveness of cells to HEX leaf extraa@0(>pg/ml) could
either indicate a lack of potent compounds presetitarextract or the masking
of activity by other compounds present.

It is noted that the cervical cell line, SiHa, contag copies of HPVEE (DNA)
virus was included in the cell line panel due to repaentifying an anti-viral
compound, eugeniin, present in D. grandiflora extracEugeniin interferes
with HSV DNA polymerase therefore it is also a reasontest if these
conserved DNA reading proteins are also affected FPN Traditional uses
e.g. for anti-aging and anti-whitening, were suppbrby Tsukiyama et al.
(2010) as the active hydrolysable tannin, eugeniin could state type IlI
collagen productiﬁﬁl It was found that 2.74ig/ml of eugeniin was
effective at inducing cytotoxic effects against 50%@lanoma cells (RPMI-
7951@ Another study revealed EtOH bark extract of D. graadifl fram
India to be active in Walker carcinosarcoma 256 im@ Conversely,
eugeniin extracted from leaf extracts using MeOH indugealvth of human
skin cells, normal human fibroblast (NHF) cells at camtration range between
31 - 125 pg/mllTiGI The constituents, oleanane triterpene (pentacyclic
triterpenes) and lupine triterpene (betulinic acid) ade® cytotoxic activity
against an acute lymphoblastic leukaemia cell IM@LT-3, (Glso: 9.5 and
14.1 uM) and a hepatocarcinoma, HepG2 (Glsp: 19.9 and 11.0 uM) cell line.
These constituents were found to be inactive agéidist > 50 uM) HuCCA-1
(human chlolangiocarcinoma), A549 (human lung canceglaH(human

cervical carcinoma), and MDMB-231 (hormone independent breast cancer)

cell IinesE?I
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However, MTT results did not reveal any extract poyeagainst or ability to
promote proliferationof SiHa cells which may be due to the ‘masking’ or
antagonism of eugeniin’s activity by other compounds in the mixture.

Results from MTT assays revealed HCT116 cells to tm@ng the most
sensitive to growth inhibitory properties of D. gratadif extracts, therefore

this cell line was selected for further study with tbiisnt.

Pseuduvaria macrophylla: The order of P. macrophylla extracts potency can
be ranked as follow EtOAc > EtOH > HEX based on meahline panelGlsg
values (5.05, 2.02 and 11.99 pg/ml, respectively). Remarkably, P.
macrophylla extracts were able to inhibit growthoser the cell line panel at
concentrations lower than those observed for A witkegiD. grandiflora and

A ellipticum hence the most active plant in th@lection. Good selectivity
was observed between cancer cells and MRC5 fibroblesased with HEX
extract. P. macrophylla plant extracts are the masteaagainst cancer cell
lines and exhibited G effects < 10ug/ml, which is lower (i.e. more potent)
than selection requirement. There are no prevatudies on the biological
activity of P. macrophyll@ Aporphinoid (38) isolated from aerial parts of
Pseuduvaria setosa has reveal cytotoxicity in soadlllung cancer cells, NCI-
H187 at ICsp value of 3.0 ug/ml. Whereas reduced activity was observed in
KB (epidermoid carcinoma) and BC (breast cancer) céllg:(+ 20 ug/ml)m
CRC HCT116 cells were amongst the most sensitive to tirawhibitory
properties of P. macrophylla extracts, in particular ®XHextract; therefore
this cell line was selected for further study of P. ropbylla in vitro

anticancer properties.

Further examination of in vitro activity of plant extts were explored using
other comparable cell-based assays. Growth inhibi@s seen in most
cancer lines treated with the above mentioned UNN&tpextracts; HCT116
and MDA-MB-468 cell lines were amongst the most sensitivelices hence

chosen for further investigations into in vitro adiyvof UNMC extracts
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2.1.2 Influence of UNMC plant extracts on cell survival and

clonogenicity
The clonogenic assay is another established mathedamine the abilities of
cancer cells to survive, proliferate and form coloni€ytotoxic agents may
exert their effects via various mechanisms includinduction of cell cycle
arrest or apoptosis leading to a loss of proliferatie¢emtial and protein
degradation, respectivlﬁ This bioassay determines survival and

subsequent proliferative and colony formation capaafty single cells

following brief exposurg~ 24 h)to extracts of interest:1°*1 The end-point is

considered when the control populations contain50 cells per colony.
Subsequently, cell colongg are fixed with methanol then stained with
methylene blue dye then quantified by cour1ﬁ .| Plumb et al. (1987) and

Carmichael et al. (1987) have reported the positiveetation between the
clonogenic and the MTT as@lfl Hence both assays were used in
conjunction to compare the cytotoxic effects of thereentioned plant
extracts on the cell survival and proliferation of a gdaof cancer cell lines.
The cell lines and treatment concentrations (0.5X,ald 2X Gko values)
chosen to examine the sensitivity to the UNMC extraatre guided by results
of MTT assays.Dunnett’s multiple comparison (One-way ANOVA) analysis
was used to compare each extract-treated group teahieol group. Any

statistically significant values are denoted: * 813< p < 0.05

2.1.3 Influence of Acalypha wilkesiana extracts on MDAMB -

468 cely’ survival and clonogenicity
Due to the unavailability oEtOAc extract only the clonogenicity of A
wilkesiana EtOH and HEX extracts were assessedsults from clonogenic

assay illustrated decreasing colony formation capaditMDA-MB-468 cells

with increasing extract concentration shown|in Fig@® Significant

inhibition of colony formation was observed with E{CGextract at 36 and 72
pg/ml (1X and 2X Glsg) where < 40% of the cells formed colonies whenat 1
Glsp EtOH and > 50% colony formation inhibition at 2&lso. Likewise,

inhibition of colony formation following exposure ioX and 2XGlso of HEX
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extracts was determined to be significant when coatpéo the control (p <
0.05) Although HEX extracts were able to inhibit colonyrrf@tion, the
treatment concentrations us@d0, 200 and 400 ug/ml) were> 5-fold greater

than EtOH extract concentrations used.

Gl conentration

100-
Il Contol [0]
T
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Figure 2-5: Effects of A. wilkesiana extracts to MDAMB-468 cells
survival and clonogenicity. Bars (error bar = SEM) denote the mean % of
HCT116 colotes formed after 24 h exposure to whelgracts from > 3 (n =

4) individual experiments; plating efficiencies were > 80% per experiment.
Dunnett’s multiple comparison (One-way ANOVA) analysis was used to
compare each extract-treated group to the contraipgroAny statistically
significant values are denoted: * = 0.01< p < (a@8*** = 0.001 < p < 0.01

Colony (%)

2.1.4 Influence of Archichendron ellipticum extracts to MDA-

MB -468 cells’ survival and clonogenicity

Dose-dependent inhibition of MDMB-468 colony formation was determined

after 24 h exposure to A. ellipticum extragts (Fig@r6). Constituents from

bark EtOAc extractions appeared to be most activmmsigareast cancer MDA-
MB-468 cells with only 24% of treated cells retaining egfdorming ability at

0.5X Glsp, which is significant compared to the control. W4as EtOAc leaf
extracts at ~ 5-fold less concentration than EtOAK letracts significantly

inhibited colony formation. MDAVIB-468 cels’ colony formation inhibition
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ability was comparable at the same treatment rand&t@H and EtOAc leaf
extracts (4.5, 9 and 148/ml). Conversely, no significant difference in colony
formation was observed when cells were exposed tdHEa®@d HEX bark
extracts at 0.5X Gb (77% and 88% control respectively; p > 0.05).
Comparable numbers of MDRKIB-468 colonies (%) were counted after
treatment with HEX extracts. Colony formation was a#dcby HEX leaf
extract at high treatment concentrations (100, QD400 pg/ml), which were

up to 100-fold higher than other extracts used.
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Figure 2-6: Effects of A. ellipicum extracts on MDA-MB-468 cell$
survival and clonogenicity Bars (error bar = SEM) denote the mean % of
HCT116 colonies formed after 24 h exposure to barkleaftbxtracts from > 3

(n = 4) individual experiments; plating efficiencies wer80% per experiment.
Dunnett’s multiple comparison (One-way ANOVA) analysis was used to
compare each extract-treated group to the contraipgroAny statistically
significant values are denoted: * = 0.01< p < 0057 0.001 < p < 0.01 and
*** = p < 0.001.

Overall, bark and leaf EtOH and EtOAc extracts were tneffective in
inhibition of MDA-MB-468 colony formation with consideration of the low
concentrations uge(EtOH bark: 1, 2, and 4 pg/ml; EtOH leaf: 4.5, 9 and 18
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ug/ml; EtOAc leaf: 4.5, 9 and 18 pg/ml), and verified to be statistically
different from colony-forming ability of DMSO-treatembntrol cells (p < 0.05).
Again, a general dose-dependent trend of decreadedyctormation with
increasing extract concentration was observed. édittnents of A ellipticum
EtOAc extracts affected MDAMB-468 cells’ ability to proliferate (p < 0.05).

2.1.5 Influence of Duabanga grandiflora extracts on HCT116

cells’ survival and clonogenicity

The effect of D. grandiflora extracts on HCT116 coldoymation is shown in

Figure 2-1. Polar Water and EtOH extractions appeaoethe the most

effective in inhibiting HCT116 cell survival and clagenicity in comparison
to EtOAc and HEX extracts.

Significant inhibition of colony formation was notedth 1X and 2XGlsg
treatments of polar bark and leaf extracts, revealirfdp% colony formation
inhibition. Overall, greatest cell response was agati with D. grandifiora
EtOH extracts at all concentrations tested and vdrifie be statistically
different to the DMSO control cells (p < 0.001). HC®1dells responded in
similarly to both HEX extracts in regards to the n@mbf colonies formed,
however concentrations of HEX bark extract (14.5, 29 a8dig/ml) used
were almost 7-fold lower than that of HEX leaf extrat®@, 200 and 400
pug/ml). Therefore, polar extracts demonstrated greatest colonyation
inhibitory effects on HCT116 cells.
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Figure 2-7: Effects of D. grandiflora extracts to HCT116 ciés’ survival and
clonogenicity. Bars (error bar = SEM) denote the mean % of HCT116
colonies formed after 24 h exposure to bark andde@icts from > 3 (n = 4)
individual experiments; plating efficiencies were > 80% per experiment.
Dunnett’s multiple comparison (One-way ANOVA) analysis was used to
compare each extract-treated group to the contraipgroAny statistically
significant values are denoted: * = 0.01< p < 0057 0.001 < p < 0.01 and
** = p<0.001.

2.1.6 Influence of Pseuduvaria macrophylla extracts to HCT116

cells’ survival and clonogenicity
The effects of P. macrophylla extracts on HCT116 cofongation after 24 h
exposure are summarised in Figure 2-8oth P. macrophylla EtOH and
EtOAc extracts significantly inhibited HCT116 colofgrmation (P < 0.001)
at 0.5X Gko (47.35% and 42.87% colony counted, respectively), Gl
(2.75% and 3.33% counted, respectively) and 2%, ®0.75% and 0.50%
counted, respectively). Contrastingly, there was ndenge to suggest HEX
extract induced significant inhibition of HCT116 cojoriormation at the
concentrations tested 2t pg/ml. Effects of HEX extract at 1X and 2XGls
(5 and 10 pg/ml) revealed only a ~ 5% difference in the number of el®

formed. Whereas a greater ~ 40% difference in colonydbon inhibition
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was observed between EtOH and EtOAc extracts trezdtsl at 1X and 2X
G|5o.
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Figure 2-8. Effects of P. macrophylla extractson HCT116 cell$ survival

and clonogenicity Bars (error bar = SEM) denote the mean % of HCT116
colonies formed after 24 h exposure to whole ex{rdrom > 3 (n = 4)
individual experiments; plating efficiencies were > 80% per experiment.
Dunnett’s multiple comparison (One-way ANOVA) analysis was used to
compare each extract-treated group to the contralipgroAny statistically
significant values are denoted: * = 0.01< p < 02055 0.001 < p < 0.01 and
** = p<0.001.

2.1.6.1 Summary of the effects of UNMC extracts on cancer cell cahy
formation
The clonogenic assay examined the in vitro antlHgrative and clonogenicity
of human-derived cancer cells post exposure to UNMEaebs, hence reveals
the ability of individual cancer cells to survive UIC extract challenge (24 h)
and form colonies post-treatment, hence repopuldtareur. HCT116 cells
were exposed to D. grandifiora and P. macrophyliaaets, whereas MDA-
MB-468 cells were treated with A wilkesiana and Wpgcum extracts for
reasons stated earlier. Although significant inhiloitof colony formation as
observed in several extracts, further experiments apessary to conclude

whether the growth inhibition is a consequence odstasis or cytotoxicity.
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Acalypha wilkesiana EtOH and HEX extracts at 1X and 2Xdgbignificanty
inhibited > 50% MDA-MB-468 colonies, however, HEX extract required
concentrations of > 5-fold higher than that of EtOskd to achieve similar
colony formation inhibitory effects. Significant colp formation inhibitory
effect following exposure of cells to EtOH extracts isngistent with
irreversible cytotoxicity. EtOH extract concentratiohibited MDA-MB-468
colony formation by 50% (163) at 35.51 ug/ml, therefore comparable to the
Glsp value (35.98 pg/ml) obtained in the MTT assay.

Archidendron ellipticum: Remarkably, EtOH extracts induced good inhibitory
effects in MDAMB-468 cells at 20-fold and 100-fold less concentratizan
EtOAc and HEX extracts, respectively. The presenteEt©Ac extract
resulted in fewest colonies formed (5.8 %) suggestitQAE possesses
irreversible growth inhibitory (cytotoxic) effects (seen MTT assay).
Although, HEX extracts of A ellipticum bark and ledéémonstrated modest
anti-proliferative activity in MDAMB-468 cells, the concentrations used were
very high. At higher concentrations (1X and 2Xs4glcells treated with bark
and leaf polar extracts failed to recover suggestimgvarsible cytotoxic
effects; the cells may have died or failed to prolifer@nd remained as a single
cell. The IGp (ng/ml) values for EtOH, EtOAc and HEX bark extracts were
13.31, 18.93 and 69.78, respectively; EtOH, EtOAat HEX leaf extracts 16
values were 2.71, 61.22 and > 200, respectivelyes€ values varied slightly
from those obtained from the MTT assay. The diffeeent 1G5, values
suggests that HEX bark extract of A. ellipticum maot affect cell viability
even at high concentrations yet cells’ ability to proliferate and recover after

treatment was affected, which could lead to senescence

Duabanga grandiflora: Inhibitory effects of D. grandiflora bark extracts in
order of highest activity (lowest kg) onHCT116 colony formation was Water
>EtOH >EtOAc >HEX. EtOH leaf extract showed the Hegt anti-
proliferative activity even at a low concentration (20.5 pg/ml, 0.5X Gkg) and
colony forming ability was almost completely inhdxt by EtOH extracts at 1X

and 2X Gko. The presence of significantly fewer colonies witiva/ing cells
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and maintained proliferative capacity after initialuhsvith polar extracts may
suggest extracts to contain compounds, which exemsersible cytotoxic
effects. Intriguingly, at 1X and 2X &l treatment of bark and leaf polar
extracts, HCT116 cells failed to recover suggestingvémgble cytotoxic
effects; cells may have died or remained as a sirgdle @he 1Go values for
Water, EtOH, EtOAcand HEX bark extracts were 15.02, 25.49, 16.47 and
18.09 ug/ml, respectively; these values are comparable to MTT Glsg values:
42.44, 37.54, 21.69 and 28.Yig/ml, respectively. The 1Go values for Water,
EtOH, EtOAc and HEX leaf extracts ve240.69, 16.95, 16.48 and200 ug/ml
were also comparable taalEG sy 38.02, 40.92, 24.73 and200 ug/ml.

Pseuduvaria macrophylla: Both in vitro assays revealed the same order of
potency of P. macrophylla extracts against HCT116 ¢&tOAc > EtOH >
HEX) based on Gb (1.61, 5.16 and 5.41 pg/ml) and ICso values (0.33, 2.24
and 3.57 pg/ml, respectively). Less than 10% of cells were able to form
colonies after exposure to EtOH and EtOAc extractsxaadd 2X Gky and
modest anti-proliferative activity was observed in HEXtract. Results
illustrated EtOH and EtOAc extracts induced signiftcanhibitory effects and
the growth inhibitory effects of extracts observed inf™ assay were
irreversible. Comparable EtOH and EtOAc extracts-treated HCT116 cell
proliferation profiles suggest that similar phytocheatscmay be embedded in
these extracts. The anticancer activity of 1,2,8wthoxy-4,5-dioxo-6a,7-
dehydroaporphine (38) has been previously reported axtiee against NCI-
H187 Glso: 5.6 pg/ml). Interestingly, a similar dioxoaporphine with N-methyl
substitution have shown increased activity agaiSt-H187 cells (Gdo: 0.8
ug/ml)l’_ﬂl Aristolochic acids and aristolactam share distinotilarrity to the

chemical skeleton of aporphinoids are known immutoesgants and

anticancer ager@

In summary, greatest anti-proliferative effects observath wow extract
concentration used resides with D. grandifiora baud leaf EtOH and Wat,
A ellipticum bark EtOAc and P. macrophylla wholEt and EtOAc extracts.
Extracts active in both MTT and alogenic assays suggest cells’ viability is

affected and therefore their ability to proliferate aedover after exposure.
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Results illustrating modest activity in the MTT as$a 20 pg/ml to inhibit
50% of cell growth) yet high activity (almost com@etolony formation
inhibition) in the clonogenic assay could Bee to the extracts’ ability to
induce irreversible anproliferative properties without affecting cells’ viability
e.g. A wilkesiana EtOH, A ellipticum bark EtOAc, Qrandifiora polar bark
and leaf (Water and EtOH) extracts. Therefore, singlbleiaells with
inhibited proliferative abilities could be present Ifail to be detected, which
may be the effects of more polar D. grandifiora ba®Heand Water extracts.
Therefore, cytotoxic and cytostatic effects of the etfacould be
distinguished by comparing results from MTT and clpemc assays
furthermore, if MTT results reveal a lower cell deyshan the seeding density
it could imply a cytotoxic effect.

Overall, the 1Gp values and Gp values vary but are not too dissimilar and this
may be due to low seeding densities, however tHeesastill reveal anti-
proliferative effects of UNMC extracts and a trend of daseel colony

formation ability with increasing extract concentration
Flow cytometric techniques were adopted to further estigate the

observations of UNMC extracts on sensitive cell dife determine whether

embedded compounds halt cell cycle or exert cytoityxi
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3

The influence of UNMC crude extracts on cell cycle and

apoptosis induction

Flow cytometry is a widely used technique wherglgirtell particles in sheath
fluid are delivered rapidly to a focused light sour@aser beam). The
fluorescence or photons scattered by particles ¢elts sorted by their DNA
content) are deflected at different angles, then gassigh a series of optical
filters, are captured by photomultiplier detectarsnverted to digital signals
(that are proportional to the strength of emitted dtedeed light) and sent to
the computef?_?l

Agents that are effective modulators of cell cycle (kpemts)can drive cells
into apoptosis and potentially have a role on cagﬂ*imesi It is now
evident that aticancer agents can exert their activity by interfgnwith cell
cycle mechanisms; camptothecin, etoposide and dbionu are S-phase
blockers and inhibit cyclin-dependent kinases (CE@) One common
application of flow cytometry is the measurement of ADNontent to
understand cell cycle distributions. Fluorescetains such as propidium
iodide (PI) bind stoichiometrically to nucleic acidsdaemit enhanced signals
that can be detected by the instrur@t.The detection of DNA-bound PI
hence DNA content (hypodiploid, diploid, hyperdipdloand tetraploid
compared to control cells) can reveal the cell cptiase of the cell population
l.e. sub-G1, G1/0, S and G2/M, respectively. Angruptions in the DNA
histograms (representative of the cell cycle) cannblécative of investigative

agents having an (cytotoxic or growth arresting) effecthe cell cycl@
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3.1 UNMC plant extracts effects on cell cycle distribution

The effect of UNMC plant extracts on cell cycle disttibn was measured
after 48 h exposure, usingn Epics XL-MCL flow cytometer. Cells and
treatment concentrations chosen to examine effectfNdi@ extracts on cell
cycle distribution were guided by results from tletestion assays, and were
1X, 2X and 4X Gip concentrations. The samples were kept overniglat in
solution containing buffer, detergent and ribonucle&sprior to analysis. The
results were established from threenmre individual experiments (> 15,000
cells per sample, n = 2 per experimenData are represented as histograms
and processed using EXPO32 software. Further amalykeell cycle data
were conducted using cell cycle analysis softwarelchCgd. Dunnett’s
multiple comparison (One-way ANOVA) analysis was usedompare each
extract-treated group to the control group. Anyistiaally significant values
are denoted: * = 0.01< p < 0.0Regretfully, the investigation of A. wilkesiana

EtOAc extract could not be examined due to a lacsupply.

3.1.1 Acalypha wilkesiana extract$ effects on MDAMB-468

cell cycle distribution
MDA-MB-468 cell populations detectad sub-G1 phase increased with A
wilkesiana extracts concentrations, which is india@if apoptotic cell death
Table 3-1). Following 48 h exposure to EtOH andXHé&xtracts at 4X G,
the cell population in sub-G1 population (2.7% arP2 respectively) was at

similar levels as control cells (2.4%) accompaniedalsfight decrease in the

G2/M population.
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Table 3-1: Cell cycle distribution of MDAMB-468 cells after exposure to. A
wilkesiana extract

A. wilkesiana

Cell cycle phase

extract
concentration SubG1 G1/0 S G2/M
Glspvalue [pg/ml]

DMSO
[0] 24+03 451+53 151+1.6 369+3.4

control
1X[36] | 1.6+0.0 496+1.0 158+1.0 32.7+1.3
EtOH | 2x[72] | 3.8+1.2 482+88 17.7+7.05 30.3+0.6
AX[144]| 2.7+123 47.1+55 154+12 344+538
1X[200]| 3.0+1.0 454+17.8 17.8+1.50 33.2+2.7
HEX |2X[400]| 4.9+0.0 43.0+0.0 184+0.0 34.0+0.0
4X[800]| 2.3+1.3 421+0.1 16.8+0.8 394+26

Mean MDA-MB-468 cell population (%) in each cell cycle phase (x SEM)
obtained from DNA content histograms analysis geedray flow cytometry.
Control (DMSO treated) samples were compared with extraated groups
using Dunnett’s multiple comparison (One-way ANOVA) analysis. Any
statistically significant values (p < 0.05) are highliedbold.

Figure 3-1 illustrates that at lower concentrations &hd 2X Gk, 36 and 72

pug/ml, respectively) of EtOH extractshe % of cell population in sub-G1,
G1/0, S and G2/M were comparable to the control céllse %of MDA-MB-
468 cell population in each of the cell cycle phasésontrol cells were

comparable to HEX extract-treated cells at very highcentrations (200, 400

and 800 pg/ml), as shown ip Figure 3t2There seem to no overall significant

effects induced by extracts on MDW¥B-468 cells cycle.
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Figure 3-1: MDA-MB-468 cell cycle distributions after 48-hour exposure
to A. wilkesiana extracts. Bars (error bar = SEM) denote the mean cell
population (%) in each cell cycle phase after eypwso EtOH (A) and HEX
(B) extractsfrom > 4 (n = 2) individual experimentsDunnett’s multiple
comparison (One-way ANOVA) analysis was used to comgach extract-
treated group to the control group. Any statisticalgnificant values are
denoted: * = statistically significant (p < 0.05).
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Figure 3-2: Detection ofPI staining of MDA-MB-468 cellular DNA content

after exposure to A. wilkesiana extracts at 4X G concentration for 48
hour. Data is represented as histogram of cellular DNAtemnrevealing %
events in each cell cycle phase; images from desmegresentative experiment
are shown. The samples were kept chilled overniglat solution containing
buffer, detergent and ribonuclease A prior to analy$ise results were
established from three > 15,000 cells per sample and processed using EXPO32
software. Image is representative of cell cycle distributiohome sample
following treatment with UNMC extract as describedaho
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3.1.2 Archidendron ellipticum extracts’ effects on MDA-MB -

468 cell cycle distribution
MDA-MB-468 cell cycle distribution after exposure to A elliptio extracts

varied between extracts and concentrations used, shgWwable 3-2. Flow

cytometric analysis of cells exposed to EtOH barkaext revealed increased
G2/M cell population (> 2-fold), which coincided with significant decrease in
G1/0 cell populations (p < 0.05), while no compadeathanges were noticed in
sub-G1 and S phases (p > 0.05). Exposure of MIBM68 cells to high
concentrations of EtOAc bark extra&0(and 160 pg/ml) caused increade

sub-G1 events by 3.8% and 8.6%, respectively, apaomd by decreased

G1/0 cell populations compared to control cells (iFeg 3-3). There is

insufficient evidence to suggest changes in G1@n@&G2/M cell cycle phases
were influenced by EtOAc bark extract (p > 0.05Foncentrations of HEX

bark and leaf extracts used were very high and apgeanable to cause
perturbatiorto the distribution of the cell cycle.

Interestingly, EtOH bark and leaf extracts displayenhilar trends where

increased levels of sub-G1 and S phase cell paopotatvere accompanied by
a significant decrease in G1/0 and G2/M phase matulations (p < 0.05)

The slight changes in cell cycle distribution of Et©Aeaf extract were

statistically insignificant when compared to thentrol cells. Again, at very

high concentrations of HEX leaf extracts (193 to 772 pg/ml), no significant cell

cycle distribution perturbation was observed with HEeaf treated cells

Figure 3-4) Overall, comparable cell cycle distributions were esbed

following exposure to A. ellipticum extracts; therefoit is probable that

similar extracts are present in the respective extracts
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Table 3-2: Cell cycle distribution of MDAMB-468 cells after exposure to A
ellipticum extracts

A. ellipticum extract
concentration

Cell cycle phase

G|50V2lllle [pg/ml] Sub-G1 G1/0 S G2/M
DMSO [0] 22+03 50.0+17 321+10 157+1.4
control

1X[2] | 26+0.4 356+23 350+24 26.8+0.8

EtOH 2X[4] | 26+05 33.1+21 369+31 27.4+12

4X[8] | 35+1.1 33.0+30 36.1+27 27.4+24

= 1X[40] | 3.9+0.8 475+22 323+12 163+05

- EtOAc | 2X[80] | 6.0+1.1 442+26 325+27 17.3%1.0

4X [160] | 10.8+1.2 43.3+3.1 25.8+3.3 20.1+3.7

1X[200] | 3.1+1.1 46.4+42 31.7+24 188=+1.7

HEX 2X [400] | 25+0.4 48.7+35 314+24 176+1.7

4X[800] | 2.8+1.2 441+39 37.2+3.0 159+1.2

DMSO [0] 22+03 50.0+17 321+10 157+1.4
control

1X[9] | 32+1.7 326+27 349+27 224+36

EtOH 2X[18] | 3.7+1.8 333+14 359+27 21.0+34

4X[36] | 53+1.7 29.4+15 41.2+0.8 24.1+0.9

ks 1X[9] | 40+13 459+45 339+26 16.1+1.1

= EioAc | 2X[18] | 32404 506+21 320+17 143+11

4X[36] | 3.0+04 51.9+20 31.0+1.7 14.2+0.4

1X[193] | 35+1.2 51.6+22 29.8+24 150+1.3

HEX 2X[386] | 3.8+0.9 50.6+26 306+3.2 150+0.6

AX[772]) | 4.7+14 528+24 275+25 150+1.0

Mean MDA-MB-468 cell population (%) in each cell cycle phaseSEM)

obtained from DNA content histograms analysis geedraty flow cytometry.
Control (DMSO treated) samples were compared with extraated groups
using Dunnett’s multiple comparison (One-way ANOVA) analysis. Any
statistically significant values (p < 0.05) are highliedbold.
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Figure 3-3: MDA-MB-468 cell cycle distributions after 48-hour exposure
to A. ellipticum extracts. Bars (error bar = SEM) denote the mean cell
population (%) in each cell cycle phase after exposorEOH, EtOAc and
HEX extracts from > 4 (n = 2) individual experiments. Dunnett’s multiple
comparison (One-way ANOVA) analysis was used to com@ach extract-

treated group to the control group. Any statisticalgnificant values are
denoted: * = statistically significant (p < 0.05).
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Figure 3-4: Detection ofPI staining of MDA-MB-468 cellular DNA content
after exposure to A. ellipticum extracts at 4X Gép concentration for 48
hour. Data is represented as histogram of cellular DNA cdntevealing %
events in each cell cycle phase; images from deshegresentative experiment
are shown. The samples were kept chilled overniglat golution containing
buffer, detergent and ribonuclease A prior to analy®&sults were established
from three > 15,000 cells per sample and processed using EXROB®are.
Image is representative of cell cycle distribution arfe sample following
treatment with UNMC extract as described above.
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3.1.3 Duabanga grandiflora extracts effects on HCT116 cell

cycle distribution
HCT116 cell cycle distribution after exposure to Dagdifiora extracts varied
between extracts and concentrations used sho@. The % of cells
measured in sub-G1 phase following exposure to berias (Water, EtOH,

EtOAc and HEX) was significantly higher than the ecohtpopulations and
accompanied by decreased cell populations in Seph&kCT116 cells treated
with HEX bark extracts displayed cell cycle distriloutithat is statistically
different to the control population, with at least 2086 cells in sub-G1 (p <
0.05) and S-phase populations accompanied by dgogeaell populations in
G1/0 and G2/M phasegs (Figure B-B3tOAc bark extract induced similar cell

cycle response to HEX extracts in HCT116 cells.

Overall, HCT116 cells exposed to D. grandifiora bawtracts displayed
general trends, which includes emerging events inGliphase, accumulation
of G1/0 events accompanied by decreased S and @GRask events. Whereas,
high HEX leaf extract concentration@00, 400 and 800 pg/ml) caused a
decrease in G2/M cell populations (12.6, 12.6 ar@l &). Cell cycle
perturbation effects of D. grandiflora bark extracts welstinctly more
prominent than leaf extracts in HCT116 cells. Theas wmsufficient evidence
to suggest that cells treated with Water, EtOH BttdAc leaf extracts induced
any significant perturbations in cell cycle comparethithe control population
Overall, D. grandiflora leaf extracts appeared to tpady influence sub-G1
and G1/0 populations accompanied by decreasing HCTEl§ in S and
G2/M phases.
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Table 3-3: Cell cycle distribution of HCT116 cells after exposuce D.
grandiflora extracts.

D. grandiflora extract
concentration

Cell cycle phase

Gl sovalue [pg/ml] Sub-G1 G1/0 S G2/M
DMSO [0] 09+01 379+34 418+231 193%1.9
control

1X [42] 19+04 514+23 315+21 152+1.8
Water 2X [82] 2305 478+35 330+18 16915
4X[168] | 29+10 431+6.3 364+t44 17620
1X [38] 21+04 472+32 349+18 158+1.9
‘% EtOH 2X [76] 39+13 40.7+50 369+19 18527
o 4X[152] | 3.1+08 395+6.7 416+6.1 15809
1X [22] 29+07 46.1+42 341+30 16919
EtOAC 2X [44] 48+12 499+45 319+50 134+%1.1
4X [88] 54+19 607+23 223+29 111+2.1
1X [29] 41+09 577+35 273+34 109%1.0
HEX 2X [58] 90+16 578+43 234+41 9706
4X[116] | 85+19 60.1+34 231+30 8209
DMSO [0] 1.1+03 437+23 356+26 196+1.6
control
1X[38] [1.3+0.2 50.7+15 33.1+25 50=+2.1
Water 2X[76] |1.6+04 49.1+19 331+25 6.0+2.1
4X[152] | 1.7+0.3 47.6+3.8 335+26 7.2+26
1X[41] |27+09 480+19 31.0+1.0 84+1.8
“g EtOH 2X[82] |3.6+1.2 36.0+45 426+58 7.8+2.3
— 4X[164] | 4.7+1.3 335+45 418+47 0.0+21
1X[25] 11.3+0.2 50.2+21 335+20 51+15
EtOAC 2X[50] |26+06 56.0+3.2 276+19 39+13
4X[100] | 35+03 484+39 30.7+41 17514
1X[200] | 1.5+05 51.7+29 343+20 26+1.3
HEX 2X[400] {1.2+0.3 58.0+4.2 28.1+35 26+3.0
4X[800] | 1.8+0.4 64.7+49 247+35 .8+1.7

Mean HCT116 cell population (%) in each cell cyclagh (+ SEM) obtained
from DNA content histograms analysis generated by ftgytometry. Control
(DMSO treated) samples were compared with extractelegroups using
Dunnett’s multiple comparison (One-way ANOVA) analysis. Any statistically
significant values (p < 0.05) are highlighteadld.
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Figure 3-5: HCT116 cell cycle distributions after 48-hou exposure to D.
grandiflora extracts. Bars (error bar = SEM) denote the mean cell population
(%) in each cell cycle phase after exposure to W&it€H, EtOAc and HEX
extracts from > 4 (n = 2) individual experimentsDunnett’s multiple
comparison (One-way ANOVA) analysis was used to comgach extract-

treated group to the control group. Any statisticalgnificant values are
denoted: * = statistically significant (p < 0.05).
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Figure 3-6: Detection ofPI staining of HCT116 cellular DNA content after
exposure to D. grandiflora extracts at 4X Gko concentration for 48 hour.

Data is represented as histograhtellular DNA content revealing % events in
each cell cycle phase; images from a single reptasee experiment are
shown. The samples were kept chilled overnigh&isolution containing
buffer, detergent and ribonuclease A prior to analysiEhe results were
established from three > 15,000 cells per sample and processed using EXPO32
software. Image is representative of cell cycle distributiohome sample
following treatment with UNMC extract as describedabo
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3.1.4 Pseuduvaria macrophylla extract$ effects on HCT116 cell

cycle distribution
The change in HCT116 cell distribution after expostoeP. macrophylla

extracts is illustrated ‘n Table 3-4. Flow cytomeaialysis of HCT116 cells

treated with P. macrophylla extracts revealed a fogmit rise in sub-G1

populations of ~ 1% - 8 % compared to control pogarta(0.9 %), shown in

Figure 3-7. In general, cells exposed to low cotregions of EtOH, EtOAc

and HEX extracts displayed increased G2/M cell pajpahs accompanied by
a decreasing G1/0 cell populatioMoreover, the level of sub-G1 events is
significantly higher than the control when exposed hmher extract
concentrations (p < 0.05). Overall, similar cell eydistribution patterns were

observed across P. macrophylla extract-treated HCTéls|(Figure 3-8).

Table 3-4: Cell cycle distribution of HCT116 cells after exposuto P.
macrophylla extracts

HCT116 cell cycle phase

P. macrophylla
extract concentration

Ol ovaue g/ SUPGL GO S G2/M
DMSO [0] | 09+01 37.6+17 395+07 22.1+09
control

IX[5] | 22+03 449+37 350+1.35 179421

EtOH | 2X[10]| 9.0+0.0 29.2+09 33.0+06 288+0.4

4X[20] | 8.4+02 257+09 422+13 23.7%0.1

DMSO [0] | 21+06 41.1+25 384+14 184+22
control

1X[2] | 34+0.9 253+40 447%35 26627

EtOAC | 2X[4] | 55+1.0 224+21 37.7+38 344+52

4X[8] | 74409 258+3.0 411+26 257+3.0

DMSO [0] | 21+06 411+25 384+12 184+22
control

1X[5] | 32+05 357+30 362+1.6 249+23

HEX | 2X[10] | 47+09 349+20 39.8+21 206%2.1

4X[20] | 6.2+1.0 334+29 38133 226+25

Mean HCT116 cell population (%) in each cell cyclagd (x SEN obtained

from DNA content histograms analysis generated by figtometry. Control

(DMSO treated) samples were compared with extractelegroups using
Dunnett’s multiple comparison (One-way ANOVA) analysis. Any statistically
significant values (p < 0.05) are highlighteadld.
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Figure 3-7: HCT116 cell cycle distributions after 48-hou exposure to P.
macrophylla extracts. Bars (error bar = SEM) denote the mean cell population
(%) in each cell cycle phase after exposure OHEtEtOAC and HEX extracts
from > 4 (n = 2) individual experiments. Dunnett’s multiple comparison (One-
way ANOVA) analysis was used to compare each extraaté¢d group to the
control group. Any statistically significant valuase denoted: * = statistically
significant (p < 0.05).
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Figure 3-8 Detection ofPI staining of HCT116 cellular DNA content after
exposure toP. macrophylla extracts at 4X Gk concentration for 48 hour.
Data is represented as histografhcellular DNA content representation of cell
population % in each cell cycle phase; images feorsingle representative
experiment are shown. The samples were kept clolednight in a solution
containing buffer, detergent and ribonuclease A priontdysis. Results were
established from three experimemtsl5,000 cells per sample (n = 2) and
processed using EXPO32 softwardmage is representative of cell cycle
distribution of one sample following treatment withNMC extract as

described above.
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3.1.5 Summary of cell cycle analysis after exposure to UNMC

extracts
The measurement of DNA content (hypodiploid, diplaidd hyperdiploid)
after exposure of cells to UNMC extracts revealed distaces in specific cell
cycle phases i.e. sub-G1, G1/0, S and G2/M

Acalypha wilkesiana Inhibition of HCT116 cell growth and clonogenicity was
observed following exposure to EtOH extract, thislddue associated to an
increase in sub-G1 (apoptotic) cell population at hbig treatment
concentrations, hence inability to proliferate and faohonies. Overall, 2X
and 4X Gko EtOH and HEX treatment were more active in increasiaty
numbers in sub-G1 and G1/0 phases and less adatigausing G2/M arrest.
This could be that compounds in EtOH extract are D8Efnaging agents
hence cell cycle halted at G1 phase to allow repAiDNA damaged cells
before proceeding in the rest of the cell cycle.c8ino significant differences
were observed between DNA histograms of extract-tdeagdls and DMSO
control cells, which can suggest DNA repair mecbansi are in place or that
extracts might be eliciting a cytostatic effectNeutral and alkaline comet
assays have previously shown that U87MG and A548 éallowing 72 h
exposure to EtOAc and HEX extracts contain single @mable DNA strand
breaks resulting in apoptosis at concentratis low as 0.1 pg/ml in a dose-
dependent manr@ Bussing et al. (1999) have shown induction of apoptosi
in Ficoll-isolated lymphocytes following treatmenithv A wilkesiana seeds
extract (1 -100 ug/ml) as a possible consequent of granulocytes recruitmen
leading to excess ROI production hence cell @h.

Archidendron ellipticum: MDA-MB-468 cells treated with EtOH extracts
revealed greatest levels of G2/M cell population agmanied by a decreased
G1/0 cell population, which suggests that cell&l0 phase could not proceed
past mitosis, i.e. G2 block. Compounds which enbathe G2 block and
pushing the cell to override G2/M block (e.g. disroptin mitosis) can
enhance cytotoxicity of DNA damaging agents hemealing to the observed
apoptotic sub-G1 cell population (treated cellsuh-G1 phase (%) - 8 %
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greater than control). Interestingly, EtOH leaf aradkbextracts displayed
similar cell cycle effects, and is suggestive of Emiphytochemicals are
present in the extracts to arrest cells in the G2islsp. There was not enough
evidence to suggest EtOAc and HEX leaf extractsaffiecting the cell cycle

distribution.

Duabanga grandiflora: Growth inhibitory effects of bark extracts complement
effects seen in cell cycle profiles where a simileentd of potency was
observed EtOAc > HEX > EtOH > Water. Cell cycle lgss revealed
increased sub-G1 populations in all D. grandiflaegtracts treated cells,
however no significant differences was detected betweell cycle
perturbation measured in D. grandiflora leaf extractd @ontrol population.
Increased sub-G1 and G1/0 populations in the presehdmrk extracts is
accompanied by decrease S and G2/M phases, whictlicative of cell death
hence cells not proceeding pass G1/0 phase i.€ Bldtk. Together with
clonogenicity results revealing HCT116 cells weresabl overcome the G1/0
block when extracts were removed from the cellss timay suggest DNA
damage in cells are reversible and upon DNA repells could proceed in the

cell cycle.

Pseuduvaria macrophylla: An emergence of HCT116 cells in the sub-G1 and
G1/0 phase was observed in association with demde&s and G2/M cell
populations after exposure to P. macrophylla exdraBesults imply cell death
was induced by the extracts, and as sub-G1 celteased, fewer cells were
able to enter and progress past G1/0 phase. Geanerdhact-treated cells
displayed increased G2/M cell populations accongzhiy decreasing G1/0
cell populations, whichs evidence of a G2/M block preceding cell death; as
well as significantly higher levelsf sub-G1 events (> 5-fold) when compared
to than the control. The high potency and lack of clonogenicity suggests

compounds may induce permanent cellular damage.

In summary, UNMC extracts contributed to increasing-&1 (hypodiploid)
cell populationhowever further analysis was required to confirm if sob-G1

populations were apoptotic cells induced by UNMCnplextracts since it is
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unclear whether DNA fragmentation was a result of &apenzyme cleavage
or DNA damaging agents. Apoptosis seraseral purposes throughout
development in life e.g. when in response to patfiod and physiological
stimuli, cells respond by triggering signaling cas=sadltimately resulting in
caspase activati Characteristics of apoptosis include morphological
changes (cell shrinkage) and biochemical features aadhe degradation of
DNA into oligomers (180 bp) by endonuclease; thislddbe measured and
determined as hypodiploid (sub-G1) c@ls.
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3.2 Detection of apoptotic cells after exposure to UNMC plan

extracts

Dysfunction of the apoptosis mechanism is often agtat with cance

One of the hallmarks of early apoptosis involves thenstacation of
phosphatidylserine (PS) from the inner to the intader plasma membrane.
The membrane integrity of an apoptotic cell dimingskéen progressing into
late apoptosis/necrosis. A calcium ion {Galependent phospholipid-binding
protein, annexin V, possesshigh PS binding affinﬁlﬂ Dual staining with
annexin V (conjugated to FITC, a green fluorescent dpd)PI was employed
to detect and distinguish early apoptotic (FITRT) and late apoptotic/necrotic
(FITC'/PI') cell populations using flow cytometric techniquesHence,
detection of PSis one method of confirming apoptosis in cells tedawith
UNMC plant extrac[E?IThe cell lines and treatment concentrations chtsen
examine the ability of UNMC extracts to induce apoistosere guided by
results from the selection assays, 1X, 2X and 4X%, Gloncentrations.
Dunnett’s multiple comparison (One-way ANOVA) analysis was used to
compare each extract-treated group to the contralpgroAny statistically
significant values are denoted: * = 0.01< p < 0.08egrettably, due to the
unavailability of A wilkesiana extracts it couldtrme determined whethereh
significant increase in sub-G1 cell population ealiby EtOH extracts was a

consequence of cells undergoing apoptosis.

3.2.1 Time-dependent apoptosis induction in MDAMB-468

cells after exposure to Archidendron ellipticum extrats
The increase in healthy cells (FITEI") entering apoptosis and progressing to

late apoptosis/necrosis during exposure to A edlijpti extractss shown in

Figure 3-9. At 24 h, the levels of apoptosis i©Bt EtOAc and HEX bark

extract-treated cells were greater than that seahancontrol population by
36.1%, 26.5% and 35.6%, respectively (p < 0.05).twBen 24 h to 48 h,
EtOAc bark extract caused an overall 1.6% increasmarly apoptotic MDA-
MB-468 cells progressing to late apoptosis/necrosonversely, a longer

exposure period to EtOH and HEX bark extracts revehigdthere were fewer
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apoptotic cells measured than at 24 h (-2.4% arfdebrespectively; shown in

Figure 310). Likewise a longer exposure period to EtOH and HIEXf

extracts displayed fewer apoptotic cells than at 24-16.1% and -3.3%,
respectively; shown i|n Figure B3). In addition, the decrease in healthy cell
populations treated with EtOH, EtOAc and HEX leaktracts was

accompanied by increased apoptotic cell populatiéd@8%, 26.5% and 37.4%,
respectively. Between 24 h and 48 h, HEX leaf exttaased an overall 3.3%
increase of early apoptotic MDMB-468 cells progressing to late

apoptosis/necrosis.
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Figure 3-9: Phosphatidylserine detection in MDAMB-468 cells after exposure to A. ellipticum bark (top) andeaf (bottom) extracts at 4X
Glso concentration after 24 and 48 hour exposure.Dot plots of annexin V-FITC (green dye) and Pl (red dgealysis from a single
representative experiment is shown. Dual stainingl®CFRand Pl were used to determine the number of cel)stligd are healthy (FITGRI;
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Figure 3-10 Apoptosis induced in HCT116 cells by A. ellipticum etracts
after 24 and 48 hour exposureCells were exposed to 4X gglconcentrations
of bark and leaf extracts and stained with annexiRl' W and PI. Bars denote
the mean % cell population (+ SEM) in early apopt¢asimexin V-FITC /PI)
(top). Bars denotes the mean % cell population (x SEMRrly apoptosis, late
apoptosis/necrosis (annexin V-FIT@PI") and healthy (annexin V-FITGPI)
(bottom).> 4 independent experiments (> 15000 cells/sample; & 3) were
performed.Dunnett’s multiple comparison (One-way ANOVA) analysis was
used to compare each extract-treated group to thérotogroup. Any
statistically significant values are denoted: * tatistically significant (p<
0.05).
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3.2.2 Time-dependent apoptosis induction in HCT116 cells

after exposure to Duabanga grandiflora extracts
There was a gradual progression of early apoptotis ¢lelver right quadrant)

to late apoptotic/necrotic cells (top right quadraam) exposure period to D.

grandiflora extracts increased (FigurdB- Following 24 h exposure to bark

extracts, approximately83% to 49 % of HCT116 cells underwent early

apoptosis (FITGPI) as illustrated ip Figure 32| Early apoptotic HCT116
cells were detected: 33.8%, 39.7%, 41.3%, and4®5total population when
exposed to Water, EtOH, EtOAc and HEX bark extraetspectively; this is at
least twice as many than that of early apoptoticrobieell population (16.8%).
Between 24 h and 48 h, in the presence of WaterHE@d EtOAc and bark

no considerable increase levels of early apoptotic to late apoptotic/necrotic
HCT116 cells (< 7%) was observed.

A gradual progression of early apoptotic cells te Epoptotic/necrotic cells as

the cellular exposure period to D. grandiflora leafraots was observed

Figure 311). At 48 h, the percentage of early to late apoptatitséncreased

significantly by 24.1%, and 38.1% in the presenc&t@H extract and Water
leaf extracts, respectively, when compared to thérobpopulation (p < 0.05)
The apoptotic/necrotic cells induced by Water leadracts at 48 h is
significantly higherby 50.3% than the control population and comparable to
the level of apoptotic cells following treatment witVater bark extract
(49.9%). Overall, the concentrations used and cytotoxic effetistOH and
Water extracts were comparable with only minor differenice@poptotic
populations of 5.76% (24 h) and 5.23% (48 h), respelgtivThere was no
considerable increase in the level of early apoptmtilate apoptotic/necrotic
HCT116 cells treated with EtOAc leaf extract betw@dnh and 48 h (6.7%);
this is comparable to activity seen in EtOAc barkaott|(Figure 3t2). The

percentage of early to late apoptotic cells increasgaificantly by 31.9% in
the presence of HEX leaf extracts (p < 0.0B)EX leaf extract at the highest
concentration (800 pg/ml) appeared to be less active than lower concentrations
of HEX bark extract (116 pg/ml).
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Figure 3-11: Detection of apoptotic populations of HCT116 cells after exgsure to D. grandiflora bark (top) and leaf (bottom) extractsat
4X Glso concentration after 24 and 48 hour exposure.Dot plots of annexin V-FITC (green dye) and Pl (red)dyealysis from a single
representative experiment is shown. Dual stainingl®CFRand Pl were used to determine the number of cel)stligd are healthy (FITGRI;
lower left quadrant), undergoing early apoptosis, (FIPC, lower right quadrant) and late apoptosis/necrosis (FAICtop right quadrant).
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Figure 3-12: Apoptosis induced in HCT116 cells by D. grandiflora gtracts
after 24 and 48 hour exposure.Cells were exposed to 4X §glconcentrations
of bark and leaf extracts and stained with annexin’MaFand PI. Bars denote
the mean % cell population (+ SEM) in early apopt¢asisexin V-FITC /PI)
(top). Bars denote the mean % cell population (x SEMarly apoptosis, late
apoptosis/necrosis (annexin V-FIT@I") and healthy (annexin V-FITGPI)
(bottom).> 4 independent experiments (> 15,000 cells/sample; n > 3) were
performed. Dunnett’s multiple comparison (One-way ANOVA) analysis was
used to compare each extract-treated group to thérotogroup. Any
statistically significant values are denoted: * tatistically significant (p<
0.05).

107



3.2.3 Time-dependent apoptosis induction in HCT116 cells

after exposure to Pseuduvaria macrophylla extract
The numbers of healthy cells (FITEI") entering apoptosis and progressing to

late apoptosis/necrosis as the exposure period toneRrophylla extracts

increases is illustratad|Figure 313

24 hour 48 hour
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DMSO
Control
V'g.?;# Ky '84% s1a.3%
Too% | ] “Toa%  J215%
EtOH
[20]
: :'13.@,5\50& &u
“Toa% | 15% ] T Toow |17.3%

! EtOAc
/\ "3 - (8]
i 'w”’s : "ok o108, o

(] -
=
i) _
Q 0.0% |1.3% i
o 0.0% |[11.2%
E 4
=
4] Hex
Y : 3 [20]
— ]
Q—4 wif P 0o
G e

— [ Annexin V-FITC >

Figure 3-13: Phosphatidylserine detection in HCT116 cells after exsure
to P. macrophylla extracts at 4X Gko concentration after 24 and 48 hour
exposure Dot plots of annexin V-FITC (green dye) and PI (rge)danalysis
from a single representative experiment is showral Btaining of FITC and PI
were used to determine the number of cells (%) thathaalthy (FITQPI;
lower left quadrant), undergoing early apoptosis, (FIPC, lower right
quadrant) and late apoptosis/necrosis (FVPC top right quadrant).
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Following 48 h exposure, cell populations undergolatge apoptosis were
evident, < 20% viable cells (FITC-/ PI-) were detectedcells exposed to
EtOH extracts and < 40% viable cells following expesto EtOAc and HEX

extracts|(Figure 34). During 24 h and 48 h, the decrease in healthly cel

population was accompanied by an increase in apoptell populatioms:
33.6%, 13.5% and 15.4% for EtOH, EtOAc and HEX exsamtspectively.
At both time points, all P. macrophylla extracts sai significantly increased

levels of early apoptotic HCT116 populations (p <§).0

24 hour 48 hour

Annexin V-FITC'/ PI cell population (%)
Annexin V-FITC'/ PI cell population (%)

B3 AnnexinV-FITCH/ A+
E= AnnexinV-FITC' /A~
EZ AnnexinV-FITC / A~

EZE AnnexinV-FITC /A
E= AnnexinV-FITC / PI-
B3 AnnexinV-FITC' / AI*

Cell population (%)
Cell population (%)

Extract cancertration [ug/ml] Extract concertration [pg/mli]

Figure 3-14. Apoptosis induced in HCT116 cells by P. macrophylla
extracts after 24 and 48 hour exposure Cells were exposed to 4X &l
concentrations of extracts and stained with annexiRIMG and Pl. Bars
denote the mean % cell population (+ SEM) in earlgppsis (annexin V-
FITC" /PI) (top). Bars denotes the mean % cell population (+ BEMearly
apoptosis, late apoptosis/necrosis (annexin V-FI/RT) and healthy (annexin
V-FITC /PI) (bottom).> 4 independent expeaiients (>15,000 cells/samplen
> 3) were performed. Dunnett’s multiple comparison (One-way ANOVA)
analysis was used to compare each extract-treateg do the control group.
Any statistically significant values are denoted: $tatistically significant (g
0.05).



3.3 Identification of caspase 3 and Mcl-1 protein expressis
Detection of changes in protein expression in cell®viong their treatment
with UNMC extracts could provide information on possimechanism(s) of
action. As mentioned in section 1.3.2, cancerscgdlin the ability to evade
apoptosis therefore disrupting homeostasis. Apoptasico-ordinated by
initiator and executioner proteins involved in two maipoptotic pathways,
known as the intrinsic (mitochondrial) and extrinGeath receptor) pathways.
Both pathways eventually converge on the same ee&cpathway, which is
irreversibly initiated by executioner caspase 3. @asp3 is activated by
cleavage commonly by multiple death signals and #Hativation is essential
for apoptosis-associated DNA frag menta@.

The overexpression of anti-apoptotic (pre-survivatt@ins of the Bcl-2 family
e.g. Bcl-2, Bcl-XL and Mcl-1 can inhibit apoptosassi\d enable deregulated
oncogene expression. Apoptosis failure is a magamtributor to
tumourigenesis; therefore induction of cancer cell opapsis by
inhibition/downregulation of survival proteins is an important goal of

experimental cancer therapies.

Western blot analysis was employed to detect poeseri proteins within

cellular extracts. Proteins could be extracted frammes, denatured and
separated according to molecular weight by gel elphtesis. Analysis of
band densities as relative density to control wasied out using Image J

software.

3.3.1 Effect of Duabanga grandiflora and Pseuduvara

macrophylla extracts on protein expression
The in vitro anticancer properties of P. macrophft®H and EtOAc extracts
and D. grandifiora EtOH and HEX extracts were exadinWater an@&tOAc
extracts induced anti-proliferative effects, which woubd worthy of
investigation, however stocks remaining weiresufficient for repeating
independent experiments. HCT116 cells were exposembntrol treatments

(DMSO and camptothecin) and available UNMC extradhole cell lysates
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were prepared 48 h later and SDS-PAGE/Western hlalysis was performed

to examine Mcl-1 and caspase 3 expressjons (FRyuiGand Figure 3L5).

Caspase 3 expression was examined in UNMC extraatettdHCT116 cell
lysates after 48 h exposure. Distinct full length aledved forms of caspase 3
were expressed in P. macrophylla EtOAc and D. gifiena EtOH and HEX

extract-treated HCT116 cells (Figurel?}. Caspase 3 expression was not

detected in DMSO treated cells, however expressiofull-length caspase 3

protein was detected in camptothecin-treated cells.

P. macrophylla D. grandiflora
Control EtOAc EtOH HEX
+ - 1IX 35X 1IX 35X 1X 35X Caspase 3
— —— . — Full length 35 kDa
mm «— Cleaved 19 kDa
, ¥ (Cleaved 17kDa

I -

Figure 3-15 Caspase 3 protein expressions after 48-hour exposute D.
grandiflora and P. macrophylla extracts. HCT116 cells were treated with P.
macrophylla EtOAc extract and D. grandiflora EtOH &telX extracts for 48
h. Western blots of whole cell lysates represergabf two independent
experiments are presented. DMSO (-) and camptoth@@girwere used as
control.

Noticeably, relative density of bands illustratintpaved caspase 3 in cell
lysates treated with 1X @J of D. grandiflora EtOH and HEX extracts
increased as concentration increased to 5%, @hd was accompanied by
decreased relative density of full-length caspapeoBein expression, therefore
suggesting dose-dependent cleavage and expressicasgase 3. A similar
trend was observed with P. macrophylla EtOAc extrabtgher relative

densities of cleaved caspase 3 bands were noticenimpanied by lower
relative density of full-length caspase 3 band (netaband density of 1X Gg¢:

1.08 and 5X GJ»: 0.96). Expression of Mcl-1 in negative controllsevas

illustrated as a band that is ~6-fold higher in regmtdensity than positive
control cells. D. grandifiora EtOH and HEX (1X 4g)l treated cell lysates
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illustrated Mcl-1 expression similar to relative badehsity of negative control
(1.0). Whereas at HEX 5X &l treatment resulted in Mcl-1 expression that
was less than half of the relative band density & that detected in lysates

of negative control.

In lysates of P. macrophylla EtOH extract-treatedscécl-1 expression was
comparable to that in control lysates (relative barmshsdyl.l and 1.0,
respectively), whereas lysates prepared from cel@sed to EtOAcC extracts

revealed bandgsf lower relative density (0.7).

P. macrophylla D. grandiflora
Control EtOH EtOAc EtOH HEX
+ 1IX 35X 1X 55X 1IX 35X 1IX 5X Mcl-1

— ——— e ——— " /D
e e —— ] 50 42 03
Figure 3-16: Mcl-1 protein expressions after 48-hour exposure to D.
grandiflora and P. macrophylla extracts. HCT116 cells were treated with P.
macrophylla EtOH and EtOAc extracts and D. grandiflat®H and HEX
extracts for 48 h. Western blots of whole cell lysatgzesentative of two

independent experiments are presentet¥SO (-) and camptothecin (+) were
used as control.

3.4 Summary of studies to investigate UNMC extract-induced
apoptosis

Morphological changes in cancer cells were appaneder a phase-contrast
microscope after 24 h and 48 h exposure to UNMC etdraA proportion of
cells appeared smaller, circular and ‘blebbling’ of the cell membrane was
evident. Morphological observations accompanieddbgl staining of cells
with annexin V-FITC and PI confirmed the induction gdoptosis. The
apoptosis-inducing capacity of UNMC extracts was hgyited by increased
numbers of cells displaying FIT@I fluorescence compared with the DMSO-
treated control cells after 24 h and 48 h exposurigsi{& 314). Furthermore,
Caspase-3 is susceptible to activation by any oifrtitiator caspases (caspase -

8, -9 or -10). Detection of caspase 3 fragments st tjes execution pathway
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has been initiated, however it is not certain whethigiation of caspase 3 was
a consequence of the extrinsic or the intrinsic payhacivation. Activatio
of caspase 3 would lead to DNA fragmentation andehiesults are agreement
with the sub-G1 cell population (lower DNA contentjet#ed in the cell cycle
distribution with apparent morphological chang&3uantifying expression of
caspase 3 initiators e.g. caspase 8 or caspasel® remeal information on
possible pathways employed by compounds in the @stra Whereas,
detection of anti-apoptotic Mcl-1 protein in D. graflasta or P. macrophylla
treated cells may suggest that Mcl-1 is not an imfiiad factor in induction of
apoptosis and that compounds embedded do not firduik+9.

It is noted that Mcl-1 and caspase 3 proteins espyaswere detected in D.
grandifiora- and P. macrophylla-treated HCT116 galates.

Archidendron ellipticum: Timedependent induction of apoptosis by A
ellipticum extracts in MDAMB-468 cells (increased sub-G1 cell populations)
was confirmed by Annexin-V FITC/PI staining. At 48dignificantly higher
levels of early and late apoptotic HCT116 cells weegected than in control
cells. Previously observed enhanced levels of E&Qtract-treated G2/M cell
populations at 48 h suggested inhibition of or ifeiemce with mitosis;
however, cellular/DNA repair mechanisms may be opsgato overcome
damage leading to the observation of slightly fewempagtic cells or cells may
remain viable but unable to proceed to G2/M phaBamiliar examples of
marketed anticancer drugs, which demonstrated siefifacts on cells include
taxol, an inhibitor of B-subunit of tubulin, which binds to the inner sudamf
microtubule leading to inhibition of microtubule mdymerisation and disrupts
the normal dynamic reorganisation of the microtumédavork causing G2/M
cell cycle arrest and consequently interference wittotic spindles resulting
in cell deatlﬁl Additionally, effects of docetaxel are prominently absel in
G2/M phase of the cell cycle and have minimal tibxi@gainst cells in G1
phase. Contrastingly, vinca alkaloids can affectscky inhibiting mitotic
spindle assembly and reducing tension at the kihetes of the chromosomes,
also resulting in G2/M blocklt has been reported that taxanes can cause cell
arrest in G2/M phase (by inhibiting of depolymerisaji@and phosphorylate

Bcl-2 proteins and this provides additional basisntestigate possible pro-
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apoptotic activity induced by UNMC extracts as cgltle data of A ellipticum
revealed G2/M block and increased sub-G1 populatiumtiz inhibitor found

in A ellipticum is able to activate caspase 3 @&p)dvhich is suggestive of
extrinsic pathway activation. Acacia genus of tlad&ceae family, which is
also rich in saponins, has demonstrated apoptosissimgl abilities in Jurkat
cells via permeablisation of mitochondrial membraneandgtdependent

cytochrome C release) and caspase 3 activation.

Duabanga grandiflora: The presence of sub-G1 HCT116 cell populations
were observed following exposure of cells to D. gifioré extracts and the
Annexin-V FITC assay confirmed the sub-G1 cell popafato be apoptotic
cells. The observed G1/0 block is indicative of possible DMamage
resulting in inability to progress past G1/0 and dpsis. Significant levelsfo
early apoptotic HCT116 cells were measured in ajfandiflora treated cells,

in particular, following polar Water and EtOH extraatsatments. The level
of apoptotic/necrotic cells emerging following exposaofecells to Water and
HEX bark, Water and EtOH leaf extracts were time-ddpahand significant
compared to untreated control populatigps 0.05). This is supported by the

detection of cleaved caspase 3 proteins.

Pseuduvaria macrophylla The ability of P. macrophylla extracts to induce
apoptosis in HCT116 cells was evident iristlseries of in vitro assays
(potency: EtOH > EtOAc > HEX). Initially, early ap@sis was detected in all
P. macrophylla extracts treated cells at significamels (39 % to 48 %) As
exposure time increased, a distinct progression rbf epoptotic cells into late
apoptosis was noticed hence appearance of apopetiotic cells was time-
dependent (62% to 86 %; 24-h48 h). An aporphinoid, liriodenineBH-
benzo[g]-1,3-benzodioxolo[6,5,4-de]-quinolin-8-ong)milar to that isolated
from P. macrophylla revealed cytotoxicity against485lung cancer cells
between 2 and 20 uM of liriodenine causing G2/M cell cycle arrest, together
with 67% and 80% early apoptosis (Annexin-V FITC+/Ptells),
respectivel As previously mentioned, liriodenine, similar 38 isolated
from P. macrophylla has revealed the ability toaeke PARP in A459 cells,
which is suggestive of caspase 3 activ@.Both aporphinoids could be
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exerting their cytotoxicity via similar mechanismece similar trends of cell

cycle perturbations were also observed.

Cell cycle perturbations and appearance of apoptoli€ lcave been detected,
which suggest involvement of proteins such as aystdependent aspartate-
directed proteases caspases (executors of apopttisigs been reported that
Fas, caspase -3 and -8 are involved in PS exteati@n facilitating non-
inflammatory phagocytic recognition hence uptakepufdotic cell

Overall, detection of cleaved (activated) caspase 3Wmstern blot and
Annexin V positive, Pl negative cells by flow cytometprovide robust
evidence of cells undergoing early apoptosis. Bethk sf data together with
evidence of morphological changes can confirm caspapendent apoptosis;
these preliminary results illustrating execution pbptosis provide support for
further investigation of constituents in UNMC plants @otential anti-tumour

agents.
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Effects of UNMC plant extracts on cell migration

The ability of malignant cells to migrate and invaderrounding tissue,
vascular beds, ECM is crucial to cancer metastaBigasion and metastasis
represent one of the hallmarks of cancer. It is intergesiiat the cancer cells’

acquired resistance mechanism to VEGF inhibitoradde to enhanced

migratory capacitﬁl

4.1 Effects of UNMC plant extracts on cell migration

A simple in vitro assay was used to mimic in viwl enigration during wound
healing. A ‘wound’ is created in a cell monolayer and observations (images
captured) at timed intervals will enable analysis it migration rate of the
cellsifl Wound imagegn = 2) of the marked section were analysed using
ImageJ and the wound area was measured as areeddq9g). At O h, the
wound is considered as 100% and over time, the afetheowound can
decrease (as cells migeptincrease (cell death; floating cells) and/or remain
the same (migration inhibition)if necessary, medium was replenished to
remove floating cells for clearer images of the wournithe end point was
considered when wound size of the control celBsregardless of the wound
size of treated cells. Dunnett’s multiple comparison (One-way ANOVA)
analysis was used to compare each extract-treategh do the control group.
Any statistically significant values are denoteds 0.01< p < 0.05 Certain
extracts were selected for anti-migration activitiesedasn the acquired

growth inhibitory/cytotoxicity data and extract availay.
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4.1.1 Effect of Archidendron ellipticum extracts on HCT116 cell
migration
The investigation of in vitro anticancer propertiesHEX bark extract was

terminated due to the lack of supply.

At 24 h treatment period, significant differences in wbwarea (%) were

observed between bark extract-treated and contrdé ¢Bigure 4-1). A

comparable migration rate in EtOAc bark and EtOH ledifagt-treated cells
was observed after 24 h treatment, however EtOH dadkEtOAC leaf extract
treatment led to emergence of a larger wound areavdzkas a consequence
of detached cells (p < 0.05) . This result supportsotigervation seen in the
MTT assay that EtOH bark and EtOAc leaf extracts wilee most active
against MDAMB-468 cells. At 56 h, remaining wound area of MDWB-468
cells at 62.2% and 87.9% after exposure to low canagons EtOH bark
extracts (2 and 8g/ml) revealed strong anti-migration properties.

The remaining wound sizes of 42.1% and 43.5% afeatinent of cells with
1X and 4X Gk, EtOAc bark extract, respectively, were significant paned to
control cells; statistical analyses have shownisggnt differences in wound
size (p = 0.005 and 0.020, respectivelyJo a lesser extent, a steady cell
migration rate was observed following EtOH leaf extra@atment than
compared to control cells until 64 h where a sigaific wound area was
observed, ~ 30%, with both concentrations of EtOHraex. Whereas
following 24 h treatment, similar effects of EtOAc leaftract at 1X Gy
illustrate a steady migration rate comparable to therobcells. Only at 4X
Glsp treatment, were cells unable to migrate completaky @ cytotoxicity of
EtOAc extracts; the cell monolayer was lost due tbdmath. Anti-migration
effects of HEX leaf extracts were only observed at Jy@gh concentrations
(772 pg/ml) in MDA-MB-468 cells. It is interesting to note that betw@eh
and 48 h, the healing (migration) rate of MDAB-468 cells supersedes the

control cells under the influence of HEX extract (p €5).
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Figure 4-1: Inhibitory effect of A. ellipicum bark and leaf extracts on
MDA-MB-468 wound healing (%) overa 64 h period. Cells were exposed
to 1X and 4X Gidp concentrations of EtOH (A), EtOAc (B) and HEX (C)
extracts measured at specific sections every 24 mifored closely when
wound is ~ 10%). Mean measurements are from Jomwdent experiments (n
= 2). Dunnett’s multiple comparison (One-way ANOVA) analysis was used to
compare each extract-treated group to the contralpgroAny statistically
significant values are denoted: * = statisticallyngficant (p< 0.05).
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4.1.2 Effect of Duabanga grandiflora extracts on cell migration
The investigation of in vitro anticancer propertieSEdOH and HEX bark
extracts was carried out. Water datDAc extracts induced anti-proliferative
effects, which would be worthy of investigation, howevsupply was
insufficient to allow for repeadindependent experiments.

A positive correlation was observed between extractsicentration and
potency against HCT116 cell migration inhibition asrpinent effects were
observed (Figure 4}2 At 56 h, EtOH extrastat 38 and 152 pg/ml were able

to significantly inhibit HCT116 cell migration as walirarea remained at
38.6% and 53.6%, respectively (p = 0.005). A steathbition of HCT116
cell migration under the influence of EtOH bark extraeis revealed; wound
areas of > 50% remained without the loss of cell may®i, suggesting that
cells are viable but reluctant to migrate. Inhibit@ffects on cell migration
were observed when HCT116 cells were treated witlGls HEX extract, as
wound sizes remained constant at 81.4% to 75.0%ile\Wetached dead cells
were noticed with HEX extract treatment at 4X¢3tesulting in a significantly
greater wound area (> 100%); HEX extracts appearebtetaytotoxic to
HCT116 cells as the cell monolayer was lost duringyéorireatment times (>

48 h; represented by a wound area of > 100%
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Figure 4-2: Inhibitory effect of D. grandiflora bark extracts on HCT116
wound healing (%) overa 56 h period. Cells were exposed to 1X and 4X
Glsp concentrations of EtOHA) and HEX (B) extracts and measured at
specific sections every 24 h (monitored closely wheamd is ~ 10%). Mean
measurements are from 3 independent experiment2}n Bunnett’s multiple
comparison (One-way ANOVA) analysis was used to comgach extract-
treated group to the control group. Any statisticalgnificant values are
denoted: * = statistically significant 0.05).
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4.1.3 Effect of Pseuduvaria macrophylla extracts on HCT116

cell migration
The rate of wound healing decreased when HCT116 ealte treated with
EtOH and EtOAc extractsvhen comparedo control cells at 56 h; hence
results suggest the anti-migration effects were indumgdP. macrophylla

extracts. There was no significant difference in wound areavbeh EtOH

extract-treated and control cells (p < 0.05) betwebrafid 48 h (Figure 4{3).
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Figure 4-3: Inhibitory effect of P. macrophylla extracts e HCT116 wound
healing (%) over a % hour period. Cells were exposed to 1X and 4Xsgl
concentrations of EtOH (A) and EtOAB) extracts and measured at specific
sections every 24 h (monitored closely when wound-id40%). Mean
measurements are from 3 independent experiment2§n Bunnett’s multiple
comparison (One-way ANOVA) analysis was used to comgach extract-
treated group to the control group. Any statisticalgnificant values are
denoted: * = statistically significant 0.05).
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At 56 h, the remaining wound ar@a cells exposed to 5 arid ug/ml EtOH
were 33.7% and 42.5%, respectively and cell mignatieas significantly
inhibited by 2 and 8ig/ml EtOAc extract with remaining wound size of 42.1%
and 43.5%, respectively compared to control celltatiSical analyses have
shown significant differences in wound size after 40 bxposure (p = 0.005

and 0.020, respectively).

4.1.4 Summary of migration inhibition properties of UNMC

extracts
A wound-healing assay was performed to assess tiddJbktracts ability to
inhibit cell migration as this could have potentiaérapeutic uses specifically
for cancer metastasishibition and also to overcome acquired resistamce t
VEGF inhibitors.

Archidendron ellipticum: Comparable migration rates to the control cells
were observed in MDAMB-468 cells following 0 h to 48 h exposure to EtOAc
bark and EtOH leaf. To a greater extent, this trend &alao observed with
EtOAc leaf extracts with remaining wound size of(#8. However, cell
migration could no longer be observed due to losebfigonolayer (> 100%
hence cell death) at higher concentrations of EtOA€ éxtract. EtOH bark
induced greatest significant anti-migration effectslawest concentrations
used compared with wound area of control cells; tloeind area of cells
following EtOH bark treatment (40 and 160 pug/m) remained at 46.1% and
46.5%, respectively. It is interesting to note #ranced migration rate of
MDA-MB-468 cells under the influence of HEX extract, sisgige embedded
compounds could encourage cell migration prior to i effects at longer
exposure time. It is anticipated that HEX bark extmgould have comparable
low anti-migration effects as to HEX leaf extract basedprevious in vitro
assays results of HEX extracts on HCT116 cells e.§T Mcell cycle and
annexin-V FITC.
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Duabanga grandiflora: Inhibition of HCT116 cell migration was observed
following treatment with EtOH and HEX bark extract8. steady decrease in
wound area was observed with EtOH-treated HCT116.cefflsom 12 h
onwards, inhibition of HCT116 cell migration followingdEX extract
treatment was evident as the remaining wound arees pveserved at 75% to
82%. Following 24 h, detachment of cells was cleabserved following
replenishment of medium containing extracts, sugaggstytotoxicity with
high concentrations of HEX extract where wound arep\#s measured &t
100%, which indicated cell deathit may be expected that EtOAc bark and
leaf extracts would induce greater inhibitory effeots HCT116 migration,
based on previous in vitro assays results of EtOAmets on HCT116 cells

from e.g. MTT, cell cycle and annexin-V FITC assays.

Pseuduvaria macrophylla: Extracts exhibited a gradual inhibition of cell
migration with slightly greater effects seen with EtO@xtract than EtOH
extract: larger wound areas were observed at loweterdrations of EtOAc
applied. It is expected that HEX extract may indsiceilar inhibitory effects
on HCT116 migration, based on previous in vitro assaults of HEX extracts
on HCT116 cells (e.g. MTT, cell cycle and annexir-M C) which yielded

comparable results to EtOH and EtOAc extracts.

Overall, inhibition of cell migration was observed several of the UNMC
extracts. It is speculated that compounds preserithenextracts could be
influencing the TNFe pathway resulting in lack of survival and inflammatio
signals via inactivation oNF-«xB signaling and induction of apoptosis/
caspase 3 activati ﬁ TNF-o can induce cytokines, angiogenic factors and
metalloproteinases (MMPs). Polyphenols such as pigadlocatechin-3-
gallate (EGCG) can modulate MMP-2 aldP-9, which affect the basement
membrane turnover and tissue remodeling that areciasso in tumour

invasion and metastasis, which requires changirg diilnamics of extra

cellular matrix (ECM) to gain motility>9"
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4.2 Effect of UNMC plant extracts on cellular senescence
Cellular senescence describes the irreversible growtstarwhich is the
underlying mechanistic cause of aging in normal sanells upon reaching
their Hayflick replicative limit; hence senescenseiso a tumour suppression
mechanism. Many tumours possessing unlimited areltended replicative
potential, hence escaping mortality, can progregsdbgnant transformation;
however several chemotherapeutic agents can induescace in tumoﬁ
The biomarkerp-galactosidase, present in the lysosomes of sereselénhas
been measured to determine the effects of UNMC plari@&s on senescence
and, indirectly, cancer cell immortalitylncreased detection of blue-green-
stained B-galactosidase within the cytosol of cells undemgoisenescence
following incubation of cells with X-gal has been dge determine senescent
cells. The level op-galactosidase in cells treated with UNMC plant extad
1X and 2X Go was determined by counting the number of blue/gicais
under the microscope as a result of the binding @hlXto B-gaactosidase in

senescent cells. DMSO and RHPS4 were used as veegatil positive control

treatments for the detection of senescence in HCT116 (feégure 4-4).

Pentacyclic acridine RHPS4 is a telomere-targeted agjeat stabilises G-
guadruplex structures within telomeric DNA, hence prgwng telomere-
telomere interacti@ Dunnett’s multiple comparison (One-way ANOVA)

analysis was used to compare each extract-treateg do the control group.

Any statistically significant values are denoted: 6.01< p < 0.05

Figure 4-4: Images of B-galactosidase positive (senescent) HCT116 cells.
Senescence of HCT116 cells treated with DMSO as ivegedntrol (left) and
RHPS4 as positive control (right) were assessed ustggl staining. Cells
were exposed to DMSO and RHPS4 (1 uM) for 8 dfysalactosidasecells
appearing blue/green in colour. Images shown wegucad by Nikon
Coolpix camera (100X magnification).
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4.2.1 Effect of Archidendron ellipticum extracts on cellular
senescence

EtOH bark and all leaf extracts were investigated femescence-inducing

activity. The level of senescence in MDMB-468 cells induced by A

ellipticum extracts is illustrated [n Figure 4-5 gndjufe 4-§. All extract-

treated cells have significantly higher numberg-galactosidase positive cells
than the DMSO control population (1.9%) b9 to 23-fold. The percentage
of senescent cells was significantly higher thantwd cells by 21.7% and

25.3% when exposed to 1X and 2Xs60f EtOH bark extract (2 andig/ml).

Bark Leaf Il Contol [0]
100-

B EOH [2]

s EtOH [4]
] X EtOH [19]
50 BN EoH [38]
T EtOAC[9]
257 EtOAC[18]
Bl HEX [200]
0-Lotpy - HEX [400]

Extract concentration [pg/ml]

Senescent cells (%)

Figure 4-5: MDA-MB-468 cells undergoing senescence after exposure to A.
ellipticum extracts. Cells were exposed to 1X and 2Xsgtoncentrations of
bark and leaf extracts for 7 days then stained withaKfgllowed by 24h
incubation at 37 °C in the darRlue/green B-galactosidasecells were counted
under a light microscope. Bars represent mean measuatenare from 3
independent experiments (n = 2Punnett’s multiple comparison (One-way
ANOVA) analysis was used to compare each extractedegroup to the

control group. Any statistically significant valuase denoted: * = statistically
significant (p< 0.05).

Levels of senescent cells were more significant falgwtreatment with
extract at high concentrations of EtOH and EtOAc &edfacts (< 0.05) The

difference in the levels of senescent cells after supoto 1X Gy (26.5%)
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and 2X Gko (34.1%) EtOH leaf extracts was 7.7%.larger 14.5% difference
in the level of senescence cells between 1 @8.8%) and 2X Gb (43.3%)
between EtOAc leaf extracts was observed. Signifioambers of senescent

cells were induced at very high concentrations of H&2 extracts (p < 0.05).

Images of MDAMB-468 cells were captured to illustrate the appeararice

senescent cells (Figure 4-6); cells exposed to ftielim EtOH bark extracts

appeaed to have swelled up and are more circular whereaallsr circular
shapes were seen with the EtOAc-treated MmB-468 cells, which is
suggestive of apoptotic bodies. Following statadtianalysis, significant
differences in the level of senescence observed betweteact treated cells

and control was measured.
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Figure 4-6: Images of p-galactosidase positive (senescent) MDMB-468 cells.Senescence was assessed using X-gal stainings \ale
exposed to 1X and 2X Gl A ellipticum extracts concentrationsd B-galactosidasecells appearing blue/green in colour (highlighted by
arrows) were counted under a light microscope. Imagew/n were captured by Nikon Coolpix camera (100X mifaggition) and are from a
single representative experiment (n = 2).
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4.2.2 Effect of Duabanga grandiflora extracts on cellular

senescence
The investigation of in vitro anticancer propertiesVdater and EtOAc bark
and leaf extracts was terminated due to the lackupply. EtOH and HEX
bark extracts were investigated for senescence-indacingty.

The level of senescence in HCT116 cells induced bgrBndiflora extracts is

illustrated in Figure 447. All extract-treated cedippeared to have a higher

level of senescence than those measured in the DM®B@ot population
(1.5%) by 2- to 5- fold. Levels of senescent HCT11& dellowing exposure
to EtOH bark extracts (38 and 76 pg/ml) were measured at 5.8% and 6.0%,
respectively. The % of senescent HCT116 cells treatiéd 1X Glso HEX
bark extracts (29 pg/ml) was 2.2% higher than the control population and
greater effects were seen at 2XsGof HEX extract (58 pg/ml) treatment
yielding a significant senescent population of 5&8mpared with control cells

Images of HCT116 cells were captured to illustrate gpearance of senescent

cells (Figure 4-8). Observation of single cells uwdiially enabled careful

examination of each cell to determine not opigalactosidase status but also
morphological changes. HCT116 cells became longérfianoblast-like with
long spindle-like protrusions. Following statisticanalysis, significant
differences were noticed between control and HEX lextkact-treated cells,
however there was no significant difference in thel®f senescence observed
between the EtOH and low concentrations of HEX ektteated cells (p >
0.5).
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Figure 4-7: HCT116 cells (%) undergoing senescence aftexposure to D.
grandiflora extracts. Cells were exposed to 1X and 4 Xs@toncentrations of
extracts for 7 days then stained with X-gal followed 23 h incubation at
37 °C in the dark. Blue/green B-galactosidasecells were counted under a light
microscope. Bars represent mean measurements are 3ramependent
experiments (n = 2). Dunnett’s multiple comparison (One-way ANOVA)
analysis was used to compare each extract-treategh do the control group.
Any statistically significant values are denoted: $tatistically significant (g
0.05).

Control EtOH Hex

1X G,

2X Gl

Figure 4-8: Images of p-galactosidase positive (senescent) HCT116 cells.
Senescence was assessed using X-gal stainings Wealé exposed to 1X and
2X Glsg concentrations of D. grandiflora baektracts and p-galactosidase
cells appearing blue/green in colour (highlighted dryows) were counted
under a light microscope. Images shown were captbyedlikon Coolpix
camera (100X magnification) and are from a single pr@tive experiment
(n=2).



4.2.3 Effect of Pseuduvaria macrophylla extracts on cellular

senescence
EtOH and EtOAc extracts were investigated for senegeamicing activity.

The level of senescence induced in HCT116 cells.bydtrophylla extracts is

illustrated in Figure 4-9. All extract-treated cdhiad greater levels of X-gal
(B-galactosidase) staining than the DMSO control pdmria(1.5%) by 2- to
5- fold. The percentage of senescent cells wagegrbg 2.0% and 5.9% when
exposed to 1X and 2X & of EtOH extract (5 and(®@pug/ml) than control

population. Similarly, EtOAc extracts induced gredd¢sels of senescent cells
compared to control cells by 3.2% and 7.0% at 24amglml, respectively.

The difference in the level of senescent cells affgrosure to 1X G (3.5%)
and 2X Gk (7.4%) EtOH extracts was9%. A larger difference in the level
of senescence cells between 1X%43U.7%) and 2X Gb (8.5%) EtOH leaf
extracts was 3.8%. There was not enough evidenceotlude P.
macrophylla extracts induced significant levels ehescence in sensitive
HCT116 cells (Figure 4)9

Images of HCT116 cells were captured to illustrate gpearance of senescent

cells (Figure 4-B). rcreased number of ‘blue/green’ cells covering a wider

area can be observed in extract-treated HCT116 ce'aysreF4-10P and extract-

treated cells appeared small and circular whichatbelindicative of apoptotic
bodies. A low level of naturally occurring senesceaitscwas detected in the
control population, which may be due to high cealhsity in certain sections.
Statistical analysis revealed significant differemecehe level of senescence

observed between extract treated cells at 23§ &id the control (p < 0.5).
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Figure 4-9: HCT116 cells undergoing senescence aftexpssure to P.
macrophylla extracts. Cells were exposed to 1X and 2X sglextract
concentrations for 7 days then stained with X-gal fe#id by 24 h incubation
at 37 °C in the da&r B-galactosidasecells appear blue/green in colour and
were counted under a light microscope. Blue/green B-galactosidasecells were
counted under a light microscope. Bars represent mezasurements are
from 3 independent experiments (n = 2). Dutirenultiple comparison (One-
way ANOVA) analysis was used to compare each extraatéd group to the
control group. Any statistically significant valuage denoted: * = statistically
significant (p< 0.05).
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Figure 4-10: Images of B-galactosidase positive (senescent) HCT116 cells.
Senescence was assessed using X-gal stai@etis were exposed to 1X and
2X Glso concentrations of P. macrophykatracts and p-galactosidasecells
appearing blue/green in colour (highlighted by arrowsje counted under a
light microscope. Images shown were captured byoNikCoolpix camera
(100X magnification) and are from a single represemgaxperiment (n = 2).
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4.2.4 Summary of migration inhibition properties of UNMC

extracts
The detection of-galactosidase in senescence cell populations efi@osure
to UNMC plant extracts at 1X and 4X &lwas determined by counting the
numbers of blue/green (senescent) cellow levels of naturally occurring
senescent cells seen in the control populationdcduk to high cell density in

certain areas

Archidendron ellipticum: All extracts examined were capable of inducing
senescence in the cells at a significantly higheellahan control cells.
Considering the concentrations of A ellipticum extsaand corresponding
senescencetOH bark extract (2 and 4 pg/ml) appeared to be the most potent
since higher concentrations (of ~ 1> 22 —fold) of EtOH (9 and18 pg/ml),
EtOAc (9 and 18 pg/ml) and HEX (200 and 40Qg/ml) leaf extracts induced

only slightly greater levels of cellular senescence.

Duabanga grandiflora: The ability of extracts to induce senescence in
HCT116 cells was observed and in particular HEaXk extract (58 pg/ml;
7.1%) causing significant senescence comparedetddMSO control sample
(1.5%). Slight increase in senescence was obsentadcigher concentrations
of EtOH bark extract (76 pg/ml).

Pseuduvaria macrophylla: EtOAc extract was slightly more effective at
inducing cellular senescence than EtOH extract evéowaer concentrations.
The level of senescent cells measured after exposrenacrophylla extracts
was similar to cells exposed to D. grandiflora exsabhowever A. ellipticum

extracts were most active at inducing cellular sesresein cells.

Certain compounds present in UNMC extract cells mayadadow levels of
DNA damage in cells which activate DNA repair meckars resulting in a
slower transition through the S and G2/M phase, ramimg G1 phase
senescence equilibrium, as shown by some sesquiterpkctone

dehydroleucodirﬁ Previous results also suggest accumulated damadbe wi
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stimulate the activation of apoptosis and impair gaibliferation. A
telomerase inhibitor, telomestatin, isolated fromeftomyces anultus can bind
to the terminal G-quatert of a DNA quadruplex thus diifiegcthe binding of
protective capping proteins with telomerase; this nmduce a DNA damage

response leading to cell growth arrest, senescenceéeath by inhibiting

Z90))

telomerase activities (e.g. elongation of telomere)°
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5

Chemical content and fractionationof Pseuduvaria macrophyllg
Archidendron ellipicum and Duabanga grandiflora crude

extracts

5.1 Chemical content and free radical scavenging ability of
UNMC crude extracts

Plants live in a conspecific and heterospecific emment. This can depend
on complex phytochemical interactions to increasevigal chances for
themselves and surrounding plants. Plants are t@blproduce and emit
phytochemicalso fend off harmful or unfavourable conditionRecent reports
explain that some plants are also able to emit s@tatile compounds to
‘communicate’ to neighbouring plants in order to reduce harm caused by
herbivoreﬁ For many years, these phytochemicals have beeniwgloy
mankind to treat many adverse biological conditiang. use as chemical
structures templates to synthesise and develop thgiapcompounds. Plant
extracts were subjected to analysis for their flavorasd phenolic contents
using the aluminium trichloride and Folin-Ciocalted&C) colorimetric
methods. Bbsequently, their corresponding antioxidant activityswaeasured

using the DPPH assay.

The aluminium trichloride (AIG) colorimetric method was adapted from
Meda et al. (200 and Chang et al. (20@ AICl3 can form acid-stable
complexes with reactive groups of flavones and fleoke and form acid-labile
complexes with the flavonoids. Quercetin is a wdéistributed flavonoid
found in nature hence was employed as a standardessure against the
UNMC extracts for total flavonoid content determinatiosecondly, an FC
colorimetric method was adapted from Singletonle{199) and Meda et al.
(ZOOSE FC reagent contains phosphomolybdate and phosphoaegs
which reacts with reducing substances such as pehglic compounds.

Gallic acid (GA) is a widely distributed phenolic conomd found in nature
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and is the chosen standard used to measure adgernstNtMC extracts for total
phenolic content determinationPearson’s correlation analysis was used to
calculate the coefficient (r) to determine the stthraf the association of the

quercetin and gallic acid standard curves; a stemssgpciation is considered if r

= ()L

Phenolic compounds also act as antioxidants anceege free radicals, hence
the 2,2-diphenyl-1-picrylhydrazyl radical (DPBHassay was employed to
determine antioxidant capacity of UNMC extracts. i@xidant activity is
correlated to phenolic content. In brief, DPiFHa stable free radical, which
can be used to indirectly assess the radical scangagtivity of plant extracts.
On reaction with an antioxidant such as polypherahgounds, DPPHis
reduced to the molecular form (DPPHH) resulting in sowolchange from
yellow to purple. This change in absorbance can det U0 measure the
radical scavenging power of the plant extracts. ThHevitng method was
adapted from the method described by Amic et al. (@and Nara et al.
(2006@ Antioxidants play a crucial role in the prevention cironic

diseases such as heart disease, cancer and Alzheimer’s disease by reducing
oxidative streﬁ

Extracts of UNMC plants A. ellipticupD. grandifiora and P. macrophylla
were tested for their chemical contents and free radicavenging activity.

There was insufficient A. wilkesiana extracts for itgggtand the latest batch of
A wilkesiana specimen have been collected froniffardnt location and was
not subjected to analytical tests to determinechemical profile and the

variability between batches.
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5.1.1 Flavonoid and Phenolic content and free radical

scavenging activity of Archidendron ellipticum extracts
Flavonoid and phenolic contentagdetermined using 1 mg of A. ellipticum

extracts. There were comparable quantities of flavanadietected in the leaf

and bark extracts, shown|in Table b-1. The totalofteids in bark extracts
(EtOH, EtOAc and HEX) were estimated to be 2.65, 2a8id 2.44 mg

quercetin equivalent/g, respectively, which is tdig lower than the total

flavonoids detected in leaf extracts: 3.57, 3.56 &f5 mg quercetin
equivalent/g, respectively Pearson’s correlation analysis suggests a strong
association of the quercetin standard curve, r =.0Bdnked in the order of
highest flavonoids present in bark extracts: EtOAdOHE> HEX and in leaf
extracts: EtOH > EtOAe HEX.

Table 5-1:Flavonoid content in Archidendron ellipticum extract

Total flavonoids as Total phenolics as gallic

A. ellipticum extract guercetin equivalent  acid equivalentmg/1g

mg/ 1g extract (QE) of extract (GAE)
EtOH 2.65 +0.00 1.03 £0.01
E EtOAc 2.87 £0.00 4.23 +0.02
HEX 2.44 +0.00 3.09+£0.04
EtOH 3.57 £0.00 2.44 +0.02
Eﬁ» EtOAc 3.56 £ 0.00 0.69 +0.00
HEX 2.65 +0.00 0.69 £0.01

Flavonoid and Phenolic contents from 1 mg of A pélium extracts are

presented as quercetin equivalents (QE), mg/ granxtcdat and gallic acid

equivalents (GAE), mg, /gram of extra¢h = 3). Pearson product-moment
correlation coefficients were 0.84 and 0.83 for flavonomsd phenolic

standard curves, respectively.

Phenolic compounds were detected in the leaf and éatracts, shown in

Table 5-1. The levels of phenolic compounds vabetiveen bark and leaf

extracts. The total phenolic compounds in A dllipin bark extracts (EtOH,
EtOAc and HEX) were estimated to be 1.03, 4.23 arfi® 3ng GAE/g,

respectively; this is considerably less than thel tpt@enolic compounds
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detected in leaf extracts: 2.44, 0.69 and 0.69 mg GAE/g. Pearson’s correlation
analysis suggests a strong association of thecgadld standard curve, r = 0.83.
Ranked in the order of highest phanalontent in bark extracts: EtOACHEX

> EtOH and in leaf extracts: EtOH > EtOAHEX. Previously, Beutler et al.
(1997) reported detection of a series of new sapomng\ ellipticum
ChCl;:MeOH extracts; plants of this genus have beenddarcontain sterols,

triterpenes and coumarins, which may contribute tmpﬁrecontenlﬁjl

A ellipticum extracts displayed modest direct axilant behavior (Table 5}2);

EtOH extracts emerged as the most active and HEX é&driacts were least
active compared with the other extracts. Ranked inotider of highest free
radical scavenging ability (%) in bark and leaf exsacespectively: EtOH
(43.8, 66.7) > EtOAC (24.1, 41.8) > HEX (3.9, 24.1). fallea corresponding
order of extract potency arfd of radical scavenging ability as observed in
leaf extracts. No particular trend was noted between antioxidativigc and

the amount of phenolics present in the bark extractd the amount of

flavonoids present in the bark and leaf extracts.

Table 5-2:Free radical scavenging ability of Archidendronpgitium extracts.

A. ellipticum extract Free radical scavenging (%)
EtOH 43.8 +£0.5
= EtOAC 24.1+0.6
“ HEX 39126
EtOH 66.7 £ 0.5
ki EtOAC 41.8+0.6
- HEX 241+2.6

Average % free radical scavenging ability of extractSEM are shown; the
antioxidant content was determined using a standamne of quercetin (6 1.2
mg/ml). Pearson product-moment correlation coefficieas wsed to measure
correlations of free radical scavenging (%) between etgrséhree independent
experiments were performed (n = 4).
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5.1.2 Flavonoid and Phenolic content and free radical

scavenging activityof Duabanga grandiflora extracts
Flavonoid and phenolic content were determined usimgg of D. grandifiora
extracts. There were considerably greater amountsawebribids detected in
the leaf extracts compared to bark extracts, showT ablé¢ 5-3). The total
flavonoids in D. grandiflora bark extracts (Water, BtCEtOAc and HEX
were estimated to be 3.01, 0.08, 0.97 and 0.08 ueycgtin equivalent/g,
respectively. This was considerably less than the favonoids detected in
leaf extracts: 2.39, 3.17, 3.20 and 2.35 mg querazjuivalent/g, respectively.
Ranked in the order of highest flavonoids presentark kextracts: Watep
EtOAc > EtOH = HEX and in leaf extracts: EtOAc > EHG Water > HEX.
Phenolic agents were detected in the leaf and bar&atg. The total phenolic
compounds in D. grandiflora bark extracts (Water, HEt@tOAc and HEX)
were estimated to be 12.73, 34.87, 9.57 and 2.20gatigc acid equivalent
(GAE)/q, respectively. This is less than the totaéolic compounds detected
in leaf extracts: 12.60, 27.81, 17.92 and 0.37 mde(gArespectively. Ranked
in the order of highest phenolics present in bark etaraEtOH > Water >
EtOAc > HEX and in leaf extracts: EtOH > EtOAc > Water > HEX he
levels of phenolic compounds varied; however, th&iranorder of phenolics
present was comparable between corresponding extiradbark and leaf
Overall, HEX extracts contained the least flavonorai @henolic content.
Othman et al (2011) found appreciable amounts of pleagents in EtOH
bark and leaf extracts whilst moderate amounts werectiet in EtOAc bark
and leaf extracts.There were appreciable amounts of flavonoids in EtOAc
bark and EtOH leaf extracts whereas trace amounts matieed in EtOH bark
extracﬁl Additionally, Othman et al (2011) investigated theegance of
alkaloids, tannins, saponins, steroids and tritegpen D. grandiflora extracts;
the aforementioned chemicals were detected in Dndjflara EtOH bark and
leaf extracts excluding alkaloids and triterpenesheY®as, trace amounts of
saponins and triterpenes and steroids and triterpeeesfound in EtOAc bark

and leaf extracts, respectiv
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Table 5-3:Flavonoid and Phenolic contents in Duabanga gremdifextracts

Total flavonoids as Total phenolics as gallic

D. grandiflora . . . .
quercetin  equivalent acid equivalent mg / 1 g

extract mg/ 1g extract (QE) of extract (GAE)
Water 3.01 £0.00 12.73 £ 023
x EtOH 0.08 £0.00 34.87 £0.03
& EtOAc 0.97 £0.00 9.57+0.01
HEX 0.08 £0.00 2.20+0.01
Water 2.39 +£0.00 12.60 £ 0.05
45 EtOH 3.17 £0.00 27.81+0.01
3 EtOAC 3.20 £ 0.00 17.92 +0.01
HEX 2.35+0.00 0.37 £0.00

Flavonoid and Phenolic contents from 1 mg of D. giford extracts are
presented as quercetin equivalents (QE), mg/ granxtcdat and gallic acid
equivalents (GAE), mg, /gram of extragt= 3). Pearson product-moment
correlation coefficients were 0.84 and 0.83 for flavonomsd phenolic
standard curves, respectively.

Table 5-4:Free radical scavenging ability of Duabanga graowdifiextracts

D. grandiflora extract Free radical scavenging (%)

Water 944+04

« EtOH 38.3+0.5

QCE EtOAc 86.3+0.6
HEX 28.7+2.6
Water 95.3+0.1

= EtOH 96.3+0.1

4 EtOAC 95.7 1.1
HEX 94+1.0

Average % of free radical scavenging abilities of exgyacSEM are shown;
the antioxidant content was determined using adstahcurve of quercetin (0
1.2 mg/ml). Pearson product-moment correlation coefficierals used to
measure correlations of free radical scavenging (%oldeat extracts; three
independent experiments were performed (n = 4).



D. grandifiora extracts displayed direct antioxiddrghavior in the DPPH

radical scavenging assfy (Table|5-4), with WaterEet@Ac extracts emerging

as the most active (> &b and leaf extracts with greater free radical
scavenging ability in general. Ranked in the ordehighest free radicals
scavenging ability (%) in bark extracts: Water (94.4)0At (86.3)> EtOH
(38.3)> HEX (28.7) and in leaf extracts: EtOH (96.BtOAc (95.7)> Water
(95.3> HEX (9.4).

The results suggest that flavonoid levels in barkagex$ correlated to their
ability in free radical scavenging ability, which svalso observed with Water,
EtOH and EtOAc extracts possessing high levels ofoflaids. However it
was interesting to observe that HEX leaf extractt@ioed similar levels of
flavonoids to Water leaf extract, and did not yieldmparable antioxidant
activity as expected; this maybe due to the diffeeeincdifferent flavonoids,
hence difference in activity. There was a generaltipescorrelation between
antioxidant activity and phenolic compounds in #hracts; the amount of
phenolics detected in leaf extracts correspondedetel|of free radical
scavenging activity. Whereas no obvious correlation was observed between
phenolics level in bark extract and the level of fredtaa scavenging activity.
In general, the extracts (Water, EtOH and EtOAc) withhar quantities of
phenolic agents displayed greater levels of DPPHeswging ability.

5.1.3 Chemical content and free radical scavenging ability of

Pseuduvaria macrophylla extracts
Flavonoid and phenolic contents were determinedhgusi mg of P.
macrophylla extracts. Flavonoid contents in thef ad bark extracts is
shown ir} Table 56. The total flavonoids in whekract (EtOH, EtOAc and
HEX) were estimated to be 2.39, 2.39 and 1.71 @igqg, respectively.

Pearson’s correlation analysis suggests a strong association of the quercetin
standard curve, r = 0.84. Ranked in the order ofdsgHavonoids present in
whole extract: EtOAc = EtOH > HEX.
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Table 5-5:Flavonoid content in Pseuduvaria macrophylla ex¢ract

Total flavonoids as  Total phenolics as gallic

P. macrophylla . . . .
Py quercetin equivalent  acid equivalent mg/1 g

extract

mg/ 1g extract (QE) of extract (GAE)
EtOH 2.39+£0.00 7.09 +0.07
EtOAc 2.39+0.01 5.72 £0.02
HEX 1.71 £0.00 4.06 £0.02

Flavonoid and Phenolic contents from 1 mg of P. mgploylta extracts are
presented as quercetin equivalents (QE), mg/ granxtcdat and gallic acid
equivalents (GAE), mg, /gram of extragt= 3). Pearson product-moment
correlation coefficients were 0.84 and 0.83 for flavonomsd phenolic
standard curves, respectively.

Phenolic compounds were detected in whole extraotyshn| Table 5-5. The

total phenolic compounds in P. macrophylla extréiet®H, EtOAc and HEX
were estimated to be 7.09, 5.72 and 4.06 mg GAE/g, respectively. Pearson’s
correlation analysis suggests a strong associatiameofgallic acid standard
curve, r = 0.83. Ranked in the order of highest phen@resent in extracts:
EtOH > EtOAc> HEX. Othman et al. (2011) reported phytochemical tests
alkaloids, tannins, phenolics, saponins, flavonoisteroids and triterpenes
were performed revealing moderate amount of alkaloids @renolics, trace
amount of saponins and appreciable amount of stewithén EtOH extracts
In addition, moderate quantities of alkaloids, tasrand steroid, trace amount
of triterpenes were present in EtOAc extr@}s.Several of these
phytochemicals were found in bark and leaf P. macylitgliEtOH and EtOAc

extracts.

P. macrophylla extracts varied in their direct antiexit ability summarised in

Table 5-2, with EtOH extracts emerging as the mesva Highest DPPH

radical scavenging ability was observed in the E®dtact (58.9%), whereas
the EtOAc and HEX extracts shared similar antioxidactivity (9.8% and
8.9% respectively). A positive correlation was noted between antioxidant

activity and phenolic content.
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Table 5-6: Free radical scavenging ability of Pseuduvaria mauyiép
extracts

P. macrophylla extract Free radical scavenging (%)
EtOH 58.9+15.9
EtOAc 9.8+2.9
HEX 8.9+3.0

Average % of free radical scavenging ability of exisacEEM are shown; the
antioxidant content was determined using a stanclamece of quercetin (6 1.2
mg/ml). Pearson product-moment correlation coefficient was usadeasure
correlations of free radical scavenging (%) between etdrahree independent
experiments were performed (n = 4).
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5.1.4 Summary of chemical contents and free radical

scavenging activity in UNMC extracts
In general, UNMC extracts do possess moderate amounphesfolic and
flavonoid compounds and displayed potent antioxidartivity. As previously
mentioned, many of the already known plant-derivedgd are naturally
occurring phytochemicals e.g. Wlanoids and phenolics and it is known that

compounds with antioxidant activity can be usedhemopreventio'ﬁ‘_f_sl

Archidendron ellipticum: Similar quantities of flavonoids were detected
across the bark (~ 2.5 mg QE) and leaf (~ 3.5 mg GAEaets. The level of
phenolic compounds varied across the extracts and ddricts contained
greater amounts than leaf extrackeaf EtOH extract contained good levels of
flavonoids and phenolics and demonstrated greatestHDscavenging activity
(66.7%). EtOH and EtOAc bark and EtOAc and HEX leadrazts
demonstrated modest antioxidant activity (24.1% t8%3. HEX bark extract
was the least active in free radical scavenging (3.9% was interesting to
observe that HEX leaf extract demonstrated greateroxadd@nt activity
(24.1%) to HEX bark extract that are of similar levelghe aforementioned

extracts.

Duabanga grandiflora: In general, Water bark extract and Water, EtOH and
EtOAC leaf extracts contained ~ > 2.35 mg of flavonoids (as QE) and ~ > 12.60

mg of phenolics (as GAE) and yielded > 94 % free radical scavenging activity.
Interestingly, EtOH bark extract contained the greéaa@sount of phenolics
and the least amount of flavonoids, however theoaitant activity was only
38.3%. Whereas, EtOAc bark extract contained madesunts of flavonoids
(0.97 mg) and phenolics (9.57 mg) yet the antioxidattvity was 86.3% a
compared 94.4% Water bark extract (flavonoids: 3.01 and phenolics:
12.73). Both HEX extracts contained the least amafnflavonoid and

phenolic compounds accompanied by lowest % of DB&#¥enging.

Pseuduvaria macrophylla EtOH and EtOAc extracts contained the same

flavonoid content (2.39 mg, GE) and in comparisonXH&tract contained ~
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2-fold less flavonoid compounds; and modest levelphenolic compounds
were present in all extracts. The highest antioxXidativity was seen in EtOH
(58.9%) whereas EtOAc (9.8%) and HEX (8.9%) displayedlainievels of
antioxidant activity.  Previously, Mahmood et al. 869 isolated an

aporphinoid from P. macrophylla extracts.

Collectively the ranking of highest level of flavonosdmpounds present in
extracts is: A ellipticum extracts leaf > D. gratalid leaf > A ellipticum
extracts bark > P. macrophylla whole > D. grandifiddak extracts. The
ranking of highest level of phenolic compounds presanextracts is: D.
grandifiora bark > D. grandiflora leaf > P. macrogpdywhole > A ellipticum
extracts bark > A. ellipticum extracts leaf extractie ranking of highest level
of free radical scavenging activity seen in extrast®. grandifiora leaf > D.
grandifiora bark > A. ellipticum extracts leaf > Aliglicum extracts bark > P.

macrophylla whole extracts.
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5.2 Chromotography of UNMC crude extracts and effects of

fractions on cell growth

Compound mixtures can be separated using a mobila atationary phase in
chromatography. Reverse column chromatography sobdephextraction
(SPE) can separate crude extracts using different el¢a&isrying polarity)
and a non-polar stationary phase into phytochemigatsips with similar
physicochemical characteristics such as solubilige,sshape and electrical
chargm Subsequent analysis using hyphenated techniguésas HPLC
and MS can produce a unique spectrum for each extEaatih compound has a
unique profile, which can be matched against in altege. UNMC crude
extracts were separated usiagC-18 extraction cartridge and solvents of
varying polarity; subsequently the fractions were psed using LOMS (see
Appendix 2 for the fraction yields (%)). Fractions wexxamined for their
bioactivity by MTT assay to determine whether concentrating theéveact
component(s) and/or reducing putative antagonistisyoergistic interactions
with other phytochemicals in the complex mixture coathieve greater or the
same activity (active fraction) or lower activity (inaet fraction). The results
could provide fraction leads for further bio-guided drdzxtionation and lead
to possible study into synergistic or antagonisticvaotis and isolation of

active component(s).

5.2.1 Chromotography of Archidendron ellipticum crude
extracts and in vitro growth inhibitory properties of

fractions in MDA- MB -468 cells

HPLC spectra of A ellipticum bark and leaf extractsasuged at 220 and 254
nm, are shown iE Figure 5-1 and the main dominaakpeare represented in

Table 5-1. Due to insufficient HEX bark extracts, fracation could not be

performed on this extract. A solvent peak is ilastd in the spectra at t
~0.32 min. There was no dominant peak present in EtOH crude ddrkcts,
which suggest glycoside compounds are unlikely @opbesent The most
abundant peak detected in the EtOAc bark spectrum avag 3.10 min

amongst several peaks betweg.1L0 to 3.00 min. This implies that alkaloids,
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aglycones and glycosides could be present in tbesge extracts. Similarly,

the spectrum of crude HEX bark extract revealed varianempeaks detected

and a major peak ak B8.09 min at 220 nm (Figure §-1;);Che compounds

embedded in HEX crude extract are likely to be wakats and oils. Both
spectra of EtOAc and HEX bark extracts reveal a pesdcted atg~3.10 min.
The appearance of a major peak-2.10 min in EtOH and EtOAc could be
indicative of similar components present in leafa&sis and not found in bark
extracts. Whereas, the appearance:ef 8.11 min in HEX leaf crude extract
suggests that some of the components are also piasé®e HEX bark crude
extract; a dominate peak at+t 4.97 min was also observed in HEX leaf crude

extract.

Table 5-7: Retention time and colour of Archidendron ellipticiertracs
dominant peaksdng reversed phase chromatography.

A. ellipicum  Retention time (tz, min) an colour of A. ellipticum extracts

extracts Crude F1 F2 F3 F4 F5 F6
2.08 2.41 4.24 215 234 3.75 4.24
EtOH
Golden Clear Pale Golden Yellow Gfee” Clear
brown yellow tint
X 3.10 - - 221 312 3.11 4.15
,58 EtOAc Dark green/ Yellow Yellow  Pale Pale Pale
. . Clear :
brown tint tint tint yellow yellow vyellow
4.09
HEX - - - - - -
Light green
2.10 2.63 4.21 227 247 270 414
EtOH vell Yellow Yellow Pal
Dark green e. ow Clear  /brown Yellow /green e
tint : . yellow
hint tint
43 2.12 4.27 2.64 211 319 405 3.65
©  EtOAcC
- Very dark Clear Clear Clear Ye."OW Dark Green
green tint green
4.97 291 4.23 509 289 312 3.16
HEX
Darkgreen Clear Clear Clear Ye_llow Yellow Pale
tint yellow

Extracts (1 mg/ml in DMSO) in 1:1 distilled water ande@H were analysed
using 10% B for 1 min, 10-98% B over 2 min, at 98% fori@,rPhenomenex
C18 GeminiNX 3u-110A 50x2 mm column). The eluent compounds were
detected at a wavelength of 220 nbata of active fractions are highlighted in
bold, data of inactive fractions are displayed dney and ‘-° denotes not
available data.
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Following chromatography of.Aellipticum crude extracts of varying polarity
into six fractions; in vitro growth inhibitory propees of these fractions in
MDA-MB-468 cells were examined (Table 5-8). HPLC spectrdo® active

3|to Figure [5-6 and tspeaf inactive fractions

fractions are ShOV\in Figure 5

are shown in Appendix 3, Figure 8-15 t@8- Interestingly, fractionation of
crude EtOH bark extract revealed that F4 was the adiive fraction with a
very low Gk value (1.75 pg/ml), almost identical to that of whole extract,
hence it is very likely that the active componenpiesent in this fraction and
is worthy of sub-fractionation. There appears to b@xdure of components in
EtOAc bark F4 and F5 as represented by various peatte HPLC spectra;
F4 and F5 exhibgd greater in vitro growth inhibition in MDAAB-468 celb

compared to crude EtOAc extract.

Table 5-8:In vitro growth inhibition effect of Archidendron eltipum extracts
fractions in MDAMB-468 cells.

A. ellipticum crude Glsp values of A. ellipticumfractions (pug/ml)
extract
Glsovalue[pgm]  F1 F2 F3 F4 F5 F6
EtOH
> 50 > 50 > 50 1.7 > 50 > 50
[1.73] °
E BIOAC 5y S50 =50 2635 3213 =50
o [40.44] ' |
HEX i i i i i i
[>200]
EtOH
> 50 > 50 > 50 2. 7. > 50
[40.92] 00 06
S EtOAC
O
« [24.73] > 50 > 50 > 50 14.26 5.63 7.61
HEX
> 50 > 50 > 50 ) . .
[>200] 4.10 6.02 12.64

Extract concentration (pug/ml) at which cell growth is inhibited by 50% (Glsg)
after 72 h. The mean &lvalues (ug/ml) £ SEM were obtained from > 3 (n =
4) individual experiments. Fractions exhibiting sghalues less than &l
parent crude extract are considered active and hightigim bold, fractions
with Glsp values > B pg/ml are considered as inactive and ‘-° denotes
unavailable extracts.
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Figure 5-1: HPLC traces of A. ellipticum crude bark exracts using
Reversed Phase chromatographyEtOH (A), EtQAc (B) and HEX (C)
extract eluents (1 mg/ml in DMSO) in 1:1 distillechter andMeOH were
analysed using 10% B for 1 min, 10-98% B over 2 minQ&% for 2 min,
(Phenomenex C18 GemihiX 3p-110A 50x2 mm column). The eluent
compounds were detected at a wavelength of 220)rand 254 (ii) nm.
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Figure 5-2: HPLC traces of A. ellipticum crude leaf extacts using
Reversed Phase chromatographyEtOH (A), EtOAc (B) and HEX(C)
extract eluents (1 mg/ml in DMSO) in 1:1 distillechter and MeOH were
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Figure 5-3: HPLC traces of A. ellipticum bark extract ‘active’ fractions
using Reversed Phase chromatographyetOH: F4 (A) and EtOAc: F4 (B)
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compounds were detected at a wavelength of 220)rand 254 (ii) nm.
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Figure 5-6: HPLC traces of A. ellipticum leaf extract ‘active’ fractions
using Reversed Phase chromatographyHEX: F4 (1), F5 (J) and F6 (K) (1
mg/ml in DMSO) in 1:1 distilled water and MeOH wexealysed using 10% B
for 1 min, 10-98% B over 2 min, at 98% for 2 min, (Pheeaex C18 Gemini-
NX 3u-110A 50x2 mm column). The eluent compounds wereatetl at a
wavelength of 220 nm (i) and 254 (ii) nm.
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EtOH leaf F4 and F5 displayed by 20.5- and 5.3- fgléater activity,
respectively against MDMB-468 cells compared to the crude extract;
whereas all the other fractions induced no growth itibib at < 50 pg/ml;
hence F4 and F5 should be further fractionated an@tefpo and anticancer
properties of sub-fractions examined. The spectra@HHeaf F4 revealed an
abundance of peaks betwe@n-t2.10 to 3.16 min at 220 nm. Major peaks at
tr 1.98, 2.23, 2.54 and 2.70 were detected in EtQIifiF& at both wavelengths
(220 and 254 nm), which could be indicative of amawids with aromatic
groups. Likewise, EtOAc leaf F4, F5 and F6 exertetlitro cytotoxic effects
greater than previously observed in the crude extnadt7-, 4.4 and 3.2- fold,
respectively; the spectra of F4, F5 and F6 reveal $keatral components
eluted in these fractions share similar retention timdstoundingly, fractions
from “inactive” crude HEX leaf extracts (Gb> 200 pg/ml) displayed very
potent in vitro activity revealing G value <13 pg/ml where previouslyno

activity was seen in MDAMB-468 cells at 200 ug/ml HEX crude leaf extract

Table 5-8). Two dominant peaks att 2.89 and 3.14 min were detected in

HEX leaf F4as well as in F5 and B6a lower concentration. The peaks which
appeared in all three spectra were measured a2.89, 4.05, 4.20, 4.79 and
4.98 min. Overall, fractionation of A. ellipticum extract yielddractions with
greater in vitro activity than the crude extract.etestingly, EtOH bark F4 was
the only active fraction with an almost identicakieity to that seen in the
crude extract; HEX leaf extract fractions F4, F5 anddiplayed intriguing
activity suggesting that in the whole extract congus interact
antagonistically or the activity of the active compat(s) wasmasked’ by all
the other components and needs to be concentratedsfactivity to be

detected.

Previous NCI 60 screening in the 60 cell line pamelduicted by Beutler et al.
(1997) llustrated in vito cytotoxicity of an elliptoside isolated from A
ellipticum DCM:MeOH (1:1 v/v) leaf extract with meanne Glsp of 1 pg/ml.
This biologically active elliptoside possesses aehostructure yet shares
similarities to saponins reported from other Ieglmaérﬂ The NCI-60 mean

fingerprint graph for saponin of Acer negundo and 8elated cytotoxic
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saponins was reported to have a similar cytotoxipigfile to that of the
elliptoside (40)[(Figure S-ﬁ

Figure 5-7: The chemical structure of elliptoside4Qj isolated from
Archidendron ellipticum.

However, in vivo screening results with a human metaa (LOX) xenograft
model in athymic mice and elliptoside (40) administered biyawmenous ath
intraperitoneal methods only hintetl modest activity, which was expected as
the fingerprint graph reveals that most melanoma ¢teks including
LOX1MV1, are insensitive to compound The fingerprint graphs of
elliptoside (40) and A ellipticum bark extracts revesmilar sensitivity
patterns of the cell lines hence compound 40 coudidlean bark sections of A.

ellipticum plant.
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Archidendron ellipticun DCM:Methanol leaf extract
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Figure 5-8: NCI-60 mean fingerprint graphs for an elliptoside extracted
from A. ellipticum (synonym Archidendron ellipticum) leaf extracts
adapted from Glsp values (logo) published by Beutler etal. (1997FBars
represent the individual mean gglalue to the function of log10 of the cell
line. The overall mean glvalue of all the cell lines was set to the cented)(0.
Bars to the left indicate cell lines that are lessidee than the mean whereas
bars to the right indicate cell lines that are manesgive than the mean to the
extract.
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5.2.2 Chromotography of Duabanga grandiflora crude extracts
and in vitro growth inhibitory properties of fractions in
HCT116 cells

There was insufficient Water extract stock to performalgsis. HPLC spectra

of D. grandiflora bark and leaf extracts were measure228tand 254 nm

Figure 5-9 and Figure 50| respectively) and dominant peaks recorded

Figure 5-2). A solvent peak is illustrated in ghestra at retention timeg|t

~0.32 min. The major peaks in bark extracts werealedeat & 1.97 min
(Water) and 1.96 min (EtOH) and minor peakszd.10 min (Water) and 2.11
min (EtOH); similarly, the major and minor peaks in leafract were revealed
at g 1.96 (Water) min and 1.98 min (EtOH). This suggests\pmunds
(represented by the peaks) present in the crude exglatesl are likely to be
of the same class such as sugars, amino acidslarmkigles. A major peak at
tr 1.99 min and a minor peak at2.10 from EtOAc bark and leaf analyses also
implies that sugars, amino acids and glycosidesddoe present in these crude
extracts. Nevertheless, the spectra of crude HEX bdraatxevealed various
minor peaks detected at 220 nm and several major pedke.09, 4.18, 4.95

and 5.28 min; significant peaks were not detected X leaf extract| (Figurs

U

5-11} D) at 220 nm. Due to the non-polar nature of HEX compounds

embedded in the crude extract are likely to be wagésand oils.
Chromatography of D. grandiflora crude extracts intofsactions, the sub-
fractions obtained were examined for their in vitrowgth inhibitory properties

using the MTT assay. HPLC spectra of the active frastiare shown in

Figure 511jto|Figure 513 Fractions from leaf extracts did not demonstrate

any in vitro growth inhibitiomt concentrations < 50 pg/ml (HPLC spectra of
inactive fractions are presented in Appendix IlI-Mp. Several fractions from

bark extracts displayed growth inhibitogffects at < 50 ug/ml in HCT116

cells (Figure 5t1{to| Figure 513). A major peak atgt~1.97 min and minor

peaks were revealed in F3, F4 and F5 from EtOH achigctions, which
suggest this peak area contains some of the activganents. Althouy

EtOH bark F2 contained the same major peak, the erdrations detected
were much less (2-fold). The presencegf1.97 major peak in inactive F2
and F3 EtOAc was found at a level similar to F1, F&,and F6 of EtOAc
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extracts in which activity was observed, howeverdpectra identifies several
minor peaks suggesting minor components could bensgge for the activity

or other components in F2 and F3 could cause antstgoaffects.

Table 5-9: Retention time and the colour of Duabanga grandiflextracs
dominant peakadng reversed phase chromatography.

D. Retention time (tz, min) and colour of D. grandiflora
grandiflora extracts
extract Crude F1 F2 F3 F4 F5 F6
1.97
water o kbrown ) ) ) - }
1.96 4.25 2.24 1.98 197 198 290
Darker .
EtOH Tan brown an tan Light Clear Clear Clear
brown brown
~ brown
g 1.99 1.99 251 274 200 1.97 2.70
EtOAC ng[ft ‘pine’  Light Pale  ~ lion Golden Golden Yellow
rown brown  brown hint
4.09 4.22 4.22 264 309 412 411
Dark
HEX yellow/ Clear Clear Clear Clear Pale Pale
. yellow  yellow
green hint
1.96
Water o kbrown ) i i i i
1.98 2.12 2.24 4.22 283 413 4.22
Pale
EtOH Medium  Golden Golden yellow/ Cl Yellow
) ear : Clear
brown brown brown brown hint
© hint
i 1.99 2.08 2.06 2.54 291 3.72 3.64
EtOAcC Dark Pale Pale Pale Pale
green/ Yellow Yellow
brown hint yellow  yellow yellow vyellow

4.96 4.21 4.21 422 422 374 4721
HEX Green/

. Clear Clear Clear Clear Clear Clear
brown hint

Extracts (1 mg/ml in DMSO) in 1:1 distilled water anc&e®@H were analysed
using 10% B for 1 min, 10-98% B over 2 min, at 98% fori@,(Phenomenex
C18 GeminiNX 3u-110A 50x2 mm column). The eluent compounds were
detected at a wavelength of 220 nm. Data of actiaetibns are highlighted in
bold, inactive fractions are displayeddneyand ‘-° denotes not available data.

Interestingly, active F5 and F6 of HEX bark fractiorsealed a different set
of minor and major peaksg(t= 4.12 min; 2.75, 3.00 and 3.11 min,
respectively); these peaks were absent from corregppieaf fractions. A
major peak atg ~1.98 min was detected in HEX bark fractions at low

concentrations in F2, F3 and F4 amongst several npieaks at 220 and 254
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nm. Noticeably, D. grandiflor&tOAc bark F1 displayed a conjoined major
peak at ¢ ~1.99 min and a single major peak at~t1.99 in all the other
fractions. This major peak was the only peak dettat HEX F3 at 220 nm.
Comparable spectraf EtOAc fractions containing a conjoined major peak i
EtOAc leaf F1, which is similar to that seen in EtOHe major peak atrt
~1.99 was detected at 220 nm in all fractions. &heere few significant
peaks detected in HEX bark fractions at 220 and Zb4uggesting that there

is a lack of aromatic groups, amide bonds (proteiresmno acids) present.

Table 5-10: In vitro growth inhibitory effects of Duabanga granalifh extract
fractions in a HCT116 cells revealed by the MTT assay

D. grandiflora Gl 5o values of D. grandiflorafractions (ug/ml)
crude extract
Glso value [pug/ml]

F2 F3 F4 F5 F6

[§t7C.)5|1] ~50 =50 3001 2741 1590 >50
E [Eztfgg] 3876 >50 >50 39.30 2899 27.09
[;8%(8] ~50 =50 =50 =50 29.62 41.60
[EBC.)QI-;] > 50 > 50 > 50 > 50 > 50 > 50
§ [Ezt2¢§] >50 >50 >50 >50 >50 >50
[Eoné] >50 >50 >50 >50 >50 >50

Extract concentration@.g/ml) at which cell growth is inhibited by 50% (GIsg)
after 72 h treatmenMean Gkgvalues (ug/ml) + SEM were obtained from > 3
(n = 4) individual experiments. Fractions exhibitinggd3values less than &l
parent crude extract are considered active and hightgim bold, fractions
with Glsp values > 0 pg/ml are considered as inactive and ‘-° denotes
unavailable extracts.



Overall, only F4 and F5 of EtOH bark fractions reveatgdater growth
inhibitory activity than that of the crude extract Wy4- and 2.4- fold,
respectively, therefore these two fractions shouldutgested to further bio-
guided fractionation in order to isolate and identifiye tactive components.
The decrease in activity of EtOAc bark F2 suggest$ tha embedded
phytochemicals interact synergistically. Furthermdt&X bark F5 displayed
a similar Gk value to that of the crude suggesting that the acdmponent(s)
is embedded in this fraction and is wortby further investigation. Since
eugeniin has been isolated from Brandiflora, the presence of aromatic
groups should be expecte@ytotoxic effects of compounds extracted from D.
grandifiora on HUCCA-1, A549, HelLa, HepG2 and MIMB-231 have been
demonstrated by Kaweetripob (2012) I.
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Figure 5-9: HPLC traces of D. grandiflora crude bark exracts using

Reversed Phase chromatographyWater (A), EtOH (B), EtOAc (C) and
HEX (D) extract eluents (1 mg/ml in DMSO) in 1:1 distilled eatind MeOH
were analysed using 10% B for 1 min, 10-98% B over2, ati 98% for 2 min,
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Figure 5-13: HPLC traces of D. grandiflora bark extract ‘active’ fractions
using Reversed Phase chromatographyHEX: F5 (I) and F6 (J) (1 mg/mlin
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5.2.3 Chromotography of Pseuduvaria macrophylla crude
extracts and in vitro growth inhibitory properties of

fractions in HCT116 cells
HPLC spectra of available P. macrophylla crude extragtasured at 220 and

254 nm are shown jn Figurelziand a summary of the main dominant peak is

represented in Table B A solvent peak is illustrated in all spectra @t t
~0.31 min. The major peak present in EtOH, EtOAd HIEX crude extracts

was detected akt~2.18 min. Compounds present in EtOH and EtOAdcdcou

be in the class of alkaloid, aglycone and glycosidenpounds| Figure %4

displayed spectra, which revealed other peaks in éxitacts were aRt~2.40

min and 2.74 min amongst several minor peaks.

Table 5-11: Retention time of Pseuduvaria macrojdnyextracts dominant
peaksudng reversed phase chromatography.

P. Retention time (tz, min) and colour of P. macrophylla
macrophylla extracts
extracts Crude F1 F2 F3 F4 F5 F6

2.40 424 111  2.18 2.76 3.58 271

EtOH  Darkbrown/ Yellow Yellow  Light Light  Light
. . . Tan brown
green hint tint tint brown brown  brown
2.16 2.43 1.11 2.18 2.73 3.58 4.25
EtOAC Darkbrown/ Yellow Yellow Yellow  Yellow/ Vellow Yellow
green hint tint tint tint green hint tint

HEX Green _ _ _ _ _ _

Extracts (1 mg/ml in DMSO) in 1:1 distilled water ance®@H were analysed
using 10% B for 1 min, 10-98% B over 2 min, at 98% fori@,r(Phenomenex
C18 GeminiNX 3u-110A 50x2 mm column). The eluent compounds were
detected at a wavelength of 220 nbata of active fractions are highlighted in
bold, data of inactive fractions are displayed dney and ‘-° denotes not
available data.

Comparable peaks were observed in HPLC spectra of EtQl¢ extract
analysed at 220 and 254 nm suggesting aromatic @omagjs and amide bonds
are present in the fraction; the same observationnetsed for EtOAc crude
extract. Following chromatography of P. macrophylla crude exgraét
varying polarity were separated into six fractionslldvdang freeze-drying and

reconstitution (100 mg/ml DMSO) growth inhibitory pespes of fractions
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were examined in HCT116 cells using the MTT asddi?LC spectra of the

active fractions are shown|in Figurelbito| Figure 517land spectra of inactive

fractions are shown in Appendix 3, Figure 8-22 afrgZB8 P. macrophylla
EtOH and EtOAc F3 displayed potent growth inhibjteffects in HCT116

cells yieldingGlso concentrations lower than the crude extracts by 2d {fo

Table 512). Results from the MTT assay revealed that the nacsive

components in EtOH and EtOAc is embedded in F3stspef F3 illustrated a
major peak atg~2.18 min (254 nm) as well as several minor peakserdh
were many minor peaks detected in EtOH F4 and F@¢chwbluggest the
presence of aromatic groups; however this fraction was &ctive than the
crude extract. The detection of EtOAc F4 at both elevwgths suggests that
components with aromatic rings and amide bonds wesgent in the fraction;
however F4 is less active than the crude extraglahmood et al (1986)
elucidated aporphinoid (1,2,3-trimethoxy-4,5-dioxqQ7edehydroaporphine) in
P. macrophylla and Wirasathien et al. (2006) reporteddame alkaloid in
Pseuduvaria setosa, described as a yellow amorplpmvgder, which may
possibly be present in EtOH F1 and F2 and/or EtOActd-F6 in varying

quantitie]EjI

Table 5-12: In vitro growth inhibition effects of Pseuduvaria maunyglla
extract fractions in HCT116 cells.

P. macrophylla Glsp values of P. macrophylifiactions (pg/ml)
crude extract
Glsovalue F1  F2 F3 F4 F5 F6
[ng/ml]
EtOH 250+  6.48% 8.06 +
[5.16] »100 =100 g7y 127 9 117
EtOAC 075+  3.33%
[1.61] -0 =100 g3 061 0 =10
HEX ] ] ] ] _ _
[5.41]

Extract concentration (pug/ml) at which cell growth is inhibited by 50% (Glso)
after 72 h. The mean &lvalues (ug/ml) £ SEM were obtained from > 3 (n =
4) individual experiments. Fractions exhibitingsg&lalues less than &l
parent crude extract are considered active and hightigim bold, fractions
with Glsp values > 0 pg/ml are considered as inactivead ‘- denotes
unavailable extracts
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Figure 5-15. HPLC traces of P. macrophylla extract fractions using Reversed
Phase chromatography.EtOH: F3 (A), F4 (B) and F6 (C) (1 mg/ml in DMSO) in
1.1 distilled water and MeOH were analysed using E)%r 1 min, 10-98% B over
2 min, at 98% for 2 min, (Phenomenex C18 Gemiki3u-110A 50x2 mm column).
The eluent compounds were detected at a wavel@f@R0 nm (i) and 254 (i) nm.
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Figure 5-16: HPLC traces of P. macrophylla extract fractions usingReversed
Phase chromatography.EtOAc: F3 (A) and F4 (B) (1 mg/ml in DMSO) in 1:1
distilled water and MeOH were analysed using 10%©B1f min, 10-98% B over 2
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Figure 5-17. HPLC traces of P. macrophylla extract fractions using
Reversed Phase chromatographyEtOAc: F3 (D) and F4 (E) (1 mg/ml in
DMSO) in 1:1 distilled water and MeOH were analyssthg 10% B for 1 min,
10-98% B over 2 min, at 98% for 2 min, (Phenomenex C18 iGieNX 3u-
110A 50x2 mm column). The eluent compounds weredaletl at a wavelength
of 220 nm (i) and 254 (ii) nm.
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6

Conclusion and future direction

Selection of UNMC plants Acalypha wilkesiana, Dualengrandiflora,
Archidendron ellipticum and Pseuduvaria macrophyita investigation was
based on different approaches e.g. random screeniptamtfs with unknown
biological activity or selection on the basis of ttemhal use reported in
literature. A range of bioassays and a panel of cancer cell lireze mployed
in systematic examination of UNMC plahttracts, starting with examination
of any untoward activity (cytotoxicity, cytostasis) awgicancer cells. Data
from initial stages of tls project provided direction to explore extrdets
induced growth inhibition observed and the inductidrapoptosido provide
information on the mechanism of action of UNMC extrac&multaneously,
extracts were also tested for activities against gegration (important in
invasion and metastasis), colony formation abilitgansiveness to cell death
signals) and induction of senescence (limiting repheapotential).
Furthermore, preliminary fractionation of UNMC crude tragts was
performed alongside in vitro examination of crudéraots to further explore
anticancer activities of extract fractions angrovide guidance on selection of
isolation of compounds in active sub-fractions in earktages. Malaysian
rainforest plants selected fthis project have revealed interesting and valuable
information from a series of assays and are worthyudhér investigation as

summarised overleaf.
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Table 6-1 Summary table outlining each activity performed

Assay L Most active
e Description
(indication) plant(s)
MTT [0 ug/ml - 200 pg/ml]: A
(viability) wilkesiana, A ellipticum, D.
grandiflora P.
[0 pg/ml - 50 pg/ml]: P. macrophylla
macrophylla
Exposure: 72 h
Clonogenic Glso: [0X, 0.5X, 1X and 2X] D.
(survival) Exposure: 24 h grandiflora
PI staining D.
(cell cycle distribution) | Glsg: [0X, 1X, 2X and 4X] grandifiora
Exposure: 48 h and P.
macrophylla
Annexin V-FITC/PI Glsg: [0X, 1X, 2X and 4X] D.
staining Glsg: [0X, 1X and 5X] grandifiora
Western blot Exposure: 24 hand 48 h and P.
(Apoptosis) macrophylla
Scratch Glso: [0X, 1X and 4X] P.
(Migration) Exposure: 52 hand <64 h macrophylla
B-galactodase detectiol Glsg: [0X, 1X and 2X] L
A ellipticum
(Senescence) Exposure: 7 to 12 days
Aluminium trichloride | Extract concentration [1 mg/ml],
Folin-Ciolteau total flavonoid content as querceti
(Chemical content) | equivalent. D.
Extract concentration [1 mg/ml], grandiflora
total phenolic content as gallic aci
equivalent.
DPPH Extract concentration [1 mg/ml]. D.
(Free radical scavenging grandifiora
HPLC Fractionation using solvent
(Fractionation) gradients consisting of Water,
MeOH and MeCN, a total of 6 L
. . . A ellipticum
fractions of decreasing polarity
Detection wavelengths: 220 and
254
Broth dilution assay | [1-128ug/ml]: D. grandifioraP. D.
(Antimicrobial activity) | macrophylla grandiflora
Exposure: 24 h and 48 h and P.
macrophylla

Summary table listing the assays performed andesgective UNMC plant(s)
that contributed towards the most favourable resultHat assay
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Acalypha wilkesiana (Euphorbiacea€)

Polar (EtOH and EtOAc) extracts of A wilkesiana wabte to cause growth
inhibitory effects across the cell line panel (celelipanel mean GJ (ug/ml):
EtOH = 51.79; EtOAc = 55.99; HEX = > 200). Breast@ar MDA-MB-468
cells without ER, PR and Her-2 expressions revealedgtieatest sensitivity
towards compounds present in EtOH and EtOAc extractsy:(@2.67 and
15.88, respectively) and some selectivity was olexbias GJ, values against
MRC-5 fibroblasts (Gl 46.60 pg/ml and 53.26ug/ml, respectively) was
observed. Inhibition of colony formation induced BYyOH extracts (at 36
pug/ml and 72ug/ml) was observed in approximately 70% of MDAB-468
cells within 24 h. A similar effect was observed wWHEX extracts, however
the concentrations used were too high to be coreildes active according to
the NCI’s active crude extract criteria. Detection of increased sub-G1 cell
population suggests EtOH extract was able to causdlaretlamage leading to
cell death; however this effect was not deemed asfisigmt in MDA-MB-468
cell cycle distribution. A wilkesiana illustrated significant growth inhibito
effects in triple-negative MDAAB-468 cells, therefore, the presence of HER,
ER and PR receptors may not be a factor determirengitévity of cells to
these plant extracts suggesting the active constgusay or may not be in the
phytochemical class of isoflavonoids or flavonoids.

Collectively, results may suggest impaired proliferataord colony formation
inhibition were due to DNA damage leading to cgitle arrest (for repair) or
cell death (irreparable damage); such findings aragreement with data
previously reported of double-strand break (DSB) anthle-strand break
(SSB accumulation and execution of apoptosis by Akem'lanﬂ The
effects observed could be due to cytotoxic constigipreeviously identified in
A wilkisiana extracts that have the ability to iwméuapoptosis such as
anthraquinone (via caspase 8), corilagin (via G2/Mesd)r gallic acid (via
GO0/G1 arrest), geraniin (by up-regulation of Fas Id)akaempferol (by p53
activationEI Since cytotoxic compounds have been previously daarthis
plant, continuing with detailed in vitro investigats may not serve much
purpose (response will be observed due to known @yimtcompandy,
whereas fractionating extracts from this plant wouldobgreater interest to

isolate potential new compounds and investigatepmigntial novel effects.
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Archidendron ellipticum (Leguminosae)

Polar (EtOH and EtOAc) extracts of A ellipticum cantaompounds causing
most potent growth inhibition in MDMB-468 cells (Bark Gh (ug/ml):
EtOH = 1.7; EtOAc = 40.9; HEX = > 200; Le&flso (ug/ml): EtOH = 9.3;
EtOAc = 9.3; HEX = > 20Q) On the whole, bark extracts were more active
than leaf extracts against the cell line panel, h@venly leaf EtOAc extract
demonstrated selectivity between MDAB-468 cells and MRC5 fibroblasts
(Glso = 69.7pg/ml). Separation of bark EtOH extract revealed a siagteve
fraction (F4; Géo ~1.75 pg/ml) causing growth inhibition at the same
concentration of the crude extract £31~1.73 pg/ml), further fraction
separation is justified, towards isolation of singleveccompounds

Although, crude HEX extracts failed to inhibit growdt concentrations as
great as 200 pug/ml, it is intriguing thatextract separation yielded fractions with
significantly enhanced (> 50-fold) growth inhibitorgtiaity in the fractions
(Glsp (ug/ml): F4 = 10.0; F5 = 6.0; F6 = 12.6), which strongly gests
antagonism and/or masking of hydrophobic compoundsemt in the crude
extracts. A. ellipticum fractions illustrated compdeabr greater activity than
their crude extracts, which suggesistagonism or ‘masking’ of activity.
Further fractionation may reveal compounds of greativity in sensitive cell
lines worthy of isolation and testing. A ellipticuttustrated greatest growth
inhibition in triple-negative MDAMB-468 cells, therefore the active
constituents may not be in the phytochemical clagsisoflavonoids or
flavonoids. Polar extracts of bark and leaf were most active agdii3A-
MB-468 colony formation witk> 40% of cells unable to proliferate and form
colonies. This could be as a result of apoptosigation by compounds
present in the extracts, as shown by increasedGdulpopulations and
detection of PS on the outer membrane>im0% of the cells after 48 h
treatment. Induction of apoptosis will lead to the inability afells to
proliferate and inhibit colony growthBark and leaf HEX extracts were able to
induce highest numbers of senescent cells detentembmparison to other
extracts examined. Other compounds in the crude neixfoossibly sterols,
triterpenes, coumarins and saponins can scavengeafleals and it appears
that extracts’ ability to induce senescence is inversely related to their ability to

scavenge free radic@
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Duabanga grandiflora (Lythracae)

Sensitivity of cancer cells varied towards D. gralod# extracts. Modest
growth inhibitory activity and selectivity between MR fibroblasts and CRC
HCT116 cells were seen with polar (Watand EtOH) extracts. Moreover,
EtOAcC extracts were the most active against thelpEreell lines tested (mean
Glsp (ug/ml): bark EtOAc = 31.58 and leaf EtOAc = 43.78). Intenggy,
non-polar bark HEX extract also demonstrated good dramibitory effects
against the cell line panel (§gk= 36.36 ug/ml), which is in contrast to leaf
HEX extract (G4 = > 200 pg/ml). However, lack of selectivity between
cancer cell lines and MRC5 fibroblast was observed e$is polar extracts
Separation of crude bark extracts has revealed anstgomnteraction or
masking of activity in the crude mixture. Itilwbe of interest to priortise
additional fractionation of EtOH and HEX bark fractioms an attempt to
identify sub-fractions with greater growth inhibitorgtiaity in HCT116 cells
than seen with the crude extracts. While loss ofiégtseen in all leaf extracts
following fractionation suggests separated compourmigamed in different
fractions may have been interacting in a synergistenmer previously.
UnexpectedlySiHa cells’ growth was not affected by low concentrations D.
grandifiora polar extracts although studies revealagkmriin activity against
Walker carcinosarcoma 256 in rats, which may be due to ‘masking’ or
antagonism of (a) particular compound(s) activity lblyeo compounds which
comprise the chemical mixtures of crude extracts. Itlavine of interest to
investigate the expression levels of viral proteinslight of reports of
eugeniin’s activity hindering HSV RNA and DNA replication. Accumulation
of sub-G1 and G1/0 cell populations accompaniediégreased events in S
and G2/M suggest cells were unable to progress dgihrdsl phase and as
apoptosis was triggered (positive Annexif/®I” binding and activated caspase
3 protein). These observations imply that damage induced bypoomds
present in D. grandiflora polar extracts were sudfitito affect cell survival
and prevent subsequent colony formation; this efiect seen to a lesser extent
in less polar extracts.

Previously, a range of compounds has been isolamun 0. grandifiora
extracts and some constituents can induce apoiosisas ellagic acid (by G1

phase arrest), hentriacontane, hentriacontanol, kesiths a-amyrin,
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epifriedelinol, betulinic acid, acacetin and tetramyétllagic acid. Similarly, D.
grandiflora EtOH bark fractions and all leaf extraetcfions possessed greater
activity than the crude extract suggesting antagenst masking activity of
compounds in crude mixtures.

Furthermore, D. grandiflora crude EtOH and HEX barkramsts appear to
contain compounds that may inhibit cell migratiopossibly via TNFe

pathway, which maye due to the detected caspase 3 activaﬁion (Figtie 6

A low level of senescence (< 10%) was present in Et@bted cells but was
comparable to the control. Greatest free radical swang (FRS) activity was
seen in D. grandiflora in comparison to all of thENIC plants tested. Free
radical scavenging activity decreased with extracantgt highest levels of
free radical scavenging (~ 95%) was seen with pekéiracts since significant
guantities of phenolics and flavonoids were detectétktraction of plants
using polar solvents (Water, EtOH and EtOAc) yiel@stracts with good to
moderate activity implying compounds such as sugarsno acids, glycosides,
alkaloids, aglycones, glycosides could be presenthé crude extracts. D.
grandiflora bark HEX extracts revealed growth inhibiteffects in HCT116
cells. Compounds of chemical class of waxes, fatsals could be extracted
in non-polar hexane solvent, hence may be responfblthe activity. It is
also interesting to note that in agreement with restudies, D. grandifiora
extracts were able to inhibit both Grame and Gram ¥e bacteria (8- 32

mg/L), which may be due to ellagic acid and betulin:icifl

Pseuduvaria macrophylla (Annonaceae)

P. macrophylla extracts demonstrated the greatest lgrowibitory and anti-
clonogenic effects across the cell line panel (mekp. GtOH: 5.05, EtOAC:

2.02 and HEX: 11.99¢g/ml) in the MTT and clonogenic assays.

P. macrophylla HEX extract-treated cells were abl®tm colonies following

extract removal suggesting cellular damage was ridleysherefore different
compounds influencing different mechanisms may be resple for the

effects observed or longer exposure time might be reqtoreaccumulation of
damage that is beyond repair. Collectively, P. nopbylla crude extracts
may contain compounds that can inhibit cell growtld @olony formation by

inducing DNA damage. This may result in cell cyaheest to allow for DNA
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repair, activation of apoptosis due to irreparable DN#ndge or induction of
cellular senescencer impairing cells’ proliferative potential. Alkaloids
contained in P. macrophylla (Annonaceae) are veryylikelbe accountable
for the observed effects such as increased G2/M celllgigu preceding cell
deatPFE’I In comparison, it is known that vinca alkaloidslased from C.
roseus (Apocynaceae) possess anti-microtubule, atditeractivity leading to
G2/M blocﬂ Subsequently, flow cytometric and Western blottechniques
have confirmed apoptotic cell populations and casgh (cleavage) activation.
P. macrophylla HEX extracts revealed selective ghoinhibitory effects in
HCT116 cells, compounds classes comprising of chéroiaas of waxes, fats
and oils could be extracted in non-polar hexane stlvieence the above
mentioned chemicals could be responsible for theemes activity.
Compound 38 previously isolated from P. macrophyllaymalso be
responsible for the observed effects since similar ictivas observed in NCI-
H187 cells (S.th/ml)lfl However compounds (possibly compound 38) in F3
yielded greater effects in HCT116 cells (0.48/ml). Similarly low levels (<
10%) of senescent cells were observed following E&Did EtOAc treatments
and were similar to levels observed in control cellfRemarkably, P.
macrophylla extracts were able to inhibit both Grawe and Gram w¥e
bacteria at very low concentrations{82 mg/).

In comparison, there is also limited information be biological activity of a
related species Uvaria Macrophylla due to its declin recent years
Nevertheless, U. macrophylla bark and leaf (EtOH, CiHH BIEX) extracts
appeared to be potent against MCF-7 and HCT116 (sfle appendix 4).
CHL and HEX extracts were able to inhibit growth oftboell lines by 50% at
low concentrations (3.25 to 27.Q@/ml). These GJ, values are comparable to
that observedn HCT116 cells exposed to P. macrophylla EtOH, EtGAd
HEX extracts (GJo: 5.16, 1.61 and 5.4Lg/ml, respectively). In general,
similar inhibition of colony formation was observedtiwU. macrophylla
extracts, however EtOH concentrations used wergfold greater than P.
macrophylla EtOH extract. Preliminary cell cycletdsution data suggest
that no changes were induced by U. macrophylla EgddH HEX extracts
(Appendix 4, Figure 10-24), whereas increased sub-GaTHG6 cell

population with CHL extracts is indicative of apojptotells and should be
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confirmed by the Annexin V-FITC assay. Other stgdie China revealed
EtOH root extract from U. macrophylla and isolatedieav dihydroflavone,
macrophyllol as well as uvamalols and uvarimacrophdinhydroflavones,
acetogenins, polyoxgenated cyclohexenes and (kisogyinoline)
aIkanidsFiB”fI Since the Annonaceae family is known for possessing
alkaloids and both Uvaria and Pseuduvaria genuse Haeen previously
identified to possess new compounds, these twapkame worthy of further
investigation such as bio-guided fractionation legdio isolation and structure

elucidation of the active compound(s).

Overall, all of the UNMC plants selected for this istrgation revealed
intriguing anticancer properties worthy for further ewaation. It is important
to continue fractionation of these crude extracts fdep to isolate and
elucidate structures of active compounds. Thiscdad achieved by using
hyphenated methods consisting of e.g. HPLC, MS, Nk&ehnologies that
would provide information of chemical composition ofr@ active compounds
for identification on natural compound databases égdigation). Analytical
results obtained would offer a deeper insight intodlass of chemical group
present; hence enabling estimation of activity (reacgroups) and hypotheses
of mechanism(s) of action(s). It may be consideneeifficient to only
performing bioassays on crude extracts containingixaune of compounds;
likewise, it maybe inefficient to spend significatime conducting only
separation and isolation procedures to identify varioampounds present in
the crude extracts since there may be no suitabletineaor already known)
compounds present. A selection of in vitro testsutd be performed in
parallel with analytical assays, the efficiency of twoocesses may be
improved and decisions regarding pursuit of invetibgacould be facilitated
based on the preliminary biological and analyticahdabtained. This is also
of importance for sub-fractions, which demonstrate agtiwihere the whole
crude extract failed to show activity.

On isolation of the active compound, detection of-gpoptotic members of
Bcl-2 family expression e.g. BAX, and BAK and redols of the anti-
apoptotic Bcl-2 proteins to promote apoptosis BAD, NOXA and PUMA,

could provide insight into the possible involvemeoft proteins from the
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extrinsic or intrinsic apoptotic pathways e.g. FaslNFTand TRAIL or
mitochondria-caspase interaction leading to apoptosiﬂ)ectivel Bid is
the common modulator between the intrinsic and extripathways; cleavage
of Bid by caspase 8 (extrinsic pathway) enables comncation with the
intrinsic pathway by activating Bax/Bak protein leaglito cytochrome c¢
release and mitochondrial fragmenta@.Hence it is important to consider
the detection of caspase 8 and cleaved Bid (tBid) pretginession in UNMC
extract-treated cells to distinguish between intcirg extrinsic pathway that
has led to activation of caspase 3. In additiopression of other proteins of
interest may also provide further mechanistic insigidiuding yH2AX, a
marker of DNA double-strand breaksistone YH2AX is phosphorylated on
serine 139 by PI3-family) H2AX protein is also invaliven DNA repair and
regulaton cell cycle division hence possesses a role in gmmtnbilitym
Cytosolic cytochrome C levels would distinguishrimsic apoptotic pathway;
cleaved PARP protein could confirm subsequent aobinaif caspase@
Inhibition of cell migration following treatment of UMIC extracts may be due
to involvement of the TNfe- pathway and subsequently activating caspase 3

activation and inhibition of NF-kB inhibition henpeeventing signals to EMT
induction [(Figure G-FF_”I
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Figure 6-1 The downstream signaling pathways of ThRs illustrated by
Wu and Zhou (2010). TNE-can activate two types of TNF receptors (TNFR 1
and 2). TNFR1 can induce apoptosis by binding caspas Fas-Associated
protein with Death Domain (FADD). TNFR2 can promotéammation and
cell survival via activation of NF-kB and Akt signadj pathways, which can
give rise to EMT and invasion in tumour c.
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Furthermore, another interesting assay to investigassible targets of active
compounds would be using micro-array techniques ablera range of protein
targets to be identified thus generating a fingerppirtfile for the plants.
Similarly, metabolite profiling coulg@rovide information on extracts’ influence
on metabolism pathways in a biological syﬁm Any similarity with
existing profiles could provide suggestions of polgsmechanism of action or
reveal any unigue patterns.

Determination of the type of DNA damage induced lffecent compounds
present in UNMC extracts could provide additionasigit into possible
mechanisms. For example COMET assay would be abteetict whether
single strand breaks or double strand breaks haveredcwithin the DNA
however there will be a need to distinguish betwdnencauses of DNA strand
breaks i.e. a consequence of caspase cleavage (dyaptpsis) or extracts per
se Subsequently, it would be of interesst examine isolated compounds’
abilities to inhibit invasion, angiogenesis and asésis by growing cells on
wells with a matrigel and measure if cells are afolemigrate through this
barrier Additional ‘normal’ cell lines should be used to determine therapeutic
window and any active compounds could be used tasnplate for structural
modification in order to achieve selectivity betwemncer cells and normal
cells.

There is such a huge variety of assays that ardablai however it is
important to consider the nature of compound(s) isdldtom these plants in
order to select purposeful assays to yield more sgamfiresults. In addition,
compounds testing negative for anticancer properties @dot mean they are
unsuccessful candidates for other disease areais i@nchportant to document
both positive and negative findings to avoid repglaa of work and for use by

other researchers.

From this body of work, it is concluded that there aeweral general yet
critical points to be made when investigating natyralducts for therapeutic
use, in particularly as anticancer agents.

These points could be broadly categorised into rmawtigal and practical

concerns.
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Firstly, one of the main concerns in natural prodesearch surrounds the
processes of collection (e.g. random versus literatimedpharmacological
systems, correct verification of specimens and sudidityaof the source) and
standardisation of raw material (e.g. location ance tenvironment,
developmental stage of the plant, storage conditimngollected material,
techniques) as well as the subsequent extraction gsacged. In addition,
publication of results is necessary for de-replamatnd further information on
the plant profile. The lack of supply of A. wilkasa and P. macrophylla from
their primary collection location has highlighted reon-practical concern
experienced in this project as it could mean thatileresting results obtained
so are in vain if endangered P. macrophylla becaxtiact whereasan A
wilkesiana specimen was found and collected frorac@rsdary location and it
is very likely that variability in compounds of the second batch will affect cells’
response and produce different in vitro results. &loee the importance of
standardization is raised; use of analytical equigrteedetermine the variation
between batches is essential, and decisions matteaaseptance of identical
compound profiles or compromise for the most abunhdampounds. This
may be overcome by ensuring enough supply prior #cgeh. Once in vitro
experiments have verified activity, enough specimdmmailsl be collected to
perform separation and analytical analyses. Alterely, if the active
compound(s) is identified then analysis of analytiatia could be focused on
the detection of the active compound(s).

It is important to not cease testing of crude extraaesnaturely and give more
attention to bio-guided fractionation activity ofede extracts; this has been
supported by the differences observed in growth inbibibf cancer cells
when exposed to crude (inactive) and fractionated l#fatieum HEX extracts
(‘active’). Collectively, the results revealed that selectafncell lines are
dependent on the in vitro experiments being perforcherto the characteristic
variability of cell types, hence their different levef sensitivity towards
different compounds, and the indication of the ass&jowever, it is
unnecessary to continuously test crude extracts stgdifferent cell lines in
the early stages of in vitro testing as long as rthieture still proves to be
‘active’ (with reference to the NCI’s guidance) against the cell line(s) being

tested. It is important to employ analytical equgm for bio-guided
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fractionation process, to separate and elucidate sthecture(s) of active
compound(s). Natural product research should aim bi@iro pure active
compounds so that investigation into mechanism wba¢defined targets) can
be conducted, which would be favourable in obtairanigivestigation license
approved by regulatory bodies for clinical developta a defined population
and indication(s), and subsequently a marketing $ieerOn the contrary, it is
difficult to predict the interaction (in vivo) for a mixe of compounds (shot-
gun effect) and adverse events that may arise - haadequate safety profile
and poor benefit-risk assessment of the compound.refdre, the UNMC
extracts examined in this project should be subgette further bio-guided
fractionation and reconcile on verified databasesrégécation). If UNMC
extracts contain active compound(s), which are syesaly verified to be a
novel compounds (or compounds lacking biologicalafdahen it will be
interesting to initiate in vivo studies.

In general, identification and structure elucidatidnaotive compounds and
mechanisms of action are considerably long procesgésout evening
considering antagonistic, masking or synergistiovaigs of crude extracts, so
supply of material is a critical factor. Furthermoteis also important to
acknowledge that the ‘inactive’ fractions may still have a role to play in other
therapeutic areas, therefore it is important to aeathe results, which may
reveal alternative uses and may be followed. Abdlyé¢hds work requires the
experience and expertise of botanists to correctly vepcimens and vigilant
record-keeping as well as international efforts to compaie and maintain an

authenticate database.

For potential therapeutic compounds to be identifredh the diverse botanic
systems, pharmaceutical companies will need to tnegggnificantly into
natural product drug discovery programs or find théat@e with their
investment into high-throughput screening technol®gend compound
libraries. Therefore there is still a prominent role fatural compounds in

drug discovery.
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Materials and Methods

7.1 Materials

7.1.1 Plant collection and identification

Malaysian rainforest flora Acalypha wilkesiana Miull ArgDuabanga
grandifiora Walp, Archidendron ellipticurfBlume) Hassk and Pseuduvaria
macrophylla (Oliv.) Merr were collected in Malaysiarainforests and
authenticated by Dr. Christophe Wiart (Table|7-1). €ktaction of collected

plant specimens was conducted by colleagues of UNBMC School of
Biosciences and School of Pharmacy (chapter 4.2.1)e UNMC plant
extracts were delivered to the University of Nottiagh UK, and kept at
20 °C until use.

7.1.2 Mammalian cell lines
Human-derived cancer cell lines MCF7, MDWB-468, SKOV-3, Cakid,
HCT116 and non-transformed cell line MRCfibroblasts were purchased
from the American Type Cell Culture (ATCC), Rockvilld,S.A. Human
cancer cell lines IGROV 1, TK10 and HCC 2998 and werelased from the
National Cancer Institute (NCI), Bethesda, U.$.A (Tab.

7.1.3 Bacterial strains

Gram-negative bacteria (Pseudomonas aeruginosa, €Rugiaosa) and
Escherichia coli (E. coli)), Gram-positive (Staphylocas aureus (S. aurdas
and Enterococcus faecalis (E. faecalis) and yeastdi@analbicans (C.

albicans) were purchased from ATCC.
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Table 7-1UNMC Plant name and reference number, place of caleeind UNMC plant extraction solvents.

Extraction solvent and Yield (%)

Place d Q
UNMC _ _ _ £ o © _
Genus Species Family collection o c o o 5
Number - S g 3 g =
(Forest) g _<|1__J = £ =
O fw
9 Acalypha Wilkesiana  Euphorbiaceae Broga Whole - 0.32 0.18 3.29 -
20 Pseuduvaria  Macrophylla ~ Annonaceae  Sg. Congkak Whole - n/a n/a n/a -
35 Archidendron Ellipticum Leguminosae Sg. Congkak Leaf - 179 182 233 -
35 Archidendron Ellipticum Leguminosae  Sg. Congkak Bark - n/a 0.10 2.30 -
37 Duabanga Grandiflora Lythraceae = Semenyih Dam Leaf - 254 472 18.27 6.63
37 Duabanga Grandiflora Lythraceae Semenyih Dam Bark - 1.02 064 411 273
- Uvaria Macrophylla ~ Annonaceae - Whole n/a n/a - n/a -

Each plant was assigned a UNMC number and wasdehjéo extraction in solvents of varying polaritplaroform (CHL), hexane (HEX),

ethylacetate (EtOAckthanol (EtOH) and water (Water) and the corresponding yield (%) displayed; several extracts’ yields could not be
determined and indicated as n/a (not available).
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Table 7-2Mammalian cell lines and maintenance conditions

Cell Cell line Reference Supplement
type
£
AT .HTB22
S MCF7 CC no
7S Brooks et al197§™]
S g
L o
@ % MDA-MB- ATCC no. HTB432
2 468 Cailleau et al. 1978
£
-2 IGROV1  Bénard et al198F7]
& 9
§ S RPMI 1640 medium
3 2 ATCC no. HTB77 medi
9@ SK-OV-3 Frogh et al 19@ supplemented with 109
< ' FBS in a humidified
= g Caki-1 ATCC no. HTB46 atmosphere at 37°C in 5¢
c_L; E Froghetal. 1989 CO..
s Qo S
g s TK-10 Bear et al198F*]

ATCC no. CCL247

HCT116 )
IS g Brattain et aI198ﬂ
© 5
% 5 Goldwasser et al.
o ©
© o Hocaoes 9%
Kobayashi et al.
19979
MEME medium
supplemented with  10%
FBS, 7.5% sodium
bicarbonate,1% 0.1 mM
MRC-5 ATCC no. CCL171 Non essential amino acid

Jacobs etal. 1978] 1 M HEPES 1% 200 mM
L-glutamine and 1%
penicillin. Cells are kept ir
Humidified atmosphere ¢
37°Cin5% CQ.

Non-transformed foetal lung
fibroblast

Further information on the human cell lines used canobtained from the
American Type Cell Culture (www.atcc.org) and the NadioCancer Institute
(http://dtp.nci.nih.gov)
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7.1.4 Antibodies

Rabbit polyclonal antibodies (Ab) to histone H2A.phosphor S139; product
code: ab11174) and rabbit monoclonal Almt¥cll (product code: Ab32087)
were purchased from Abcam plc, Cambridge,. URabbit monoclonal Ab to
PARP1 (46D11, site Gly 523; product code: 9532S), tafibito Bax (product
code: 2772S) and mouse monoclonal Ab to Caspaseoc8uglr code: 9668S)
were purchased from Cell Signaling Technology Irdertfordshire, UK.
Anti-rabbit 1gG, peroxidase-linked species-specifibole Ab from donkey
enhanced chemiluminescence (ECL; product code: NA%@te purchased
from GE Healthcare, UKMouse IgG1 Ab to aBcl-2 (produce code: mAB827)
was purchased from R & D systemAll antibodies were stored a0 °C in

the dark in accordance to the manufacturers’ guidance unless otherwise stated.

7.1.5 Chemicals and reagents

2,2-Diphenyl-1-picrylhydrazyl radical (DPPH), 2-mertegthanol, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromidéVTT), 5-bromo-4-
chloro-3-indolyp-D-galactopyranoside (X-gal), [@-hydroxyethyl]piperazine-
N’-[2-ethanesulfonic acid] (HEPES),N,N,N',N'-tetramethylethylenediamine
(TEMED), pB-mercaptoethanol, aluminium chloride (ALl anhydrous
ammonium persulfate (AMPS), bovine serum albumin (B3%omophenol
blue, calcium chloride (Cag)l citric acid, dimethyl sulfoxide (DMSO), foetal
bovine serum (FBS), Folin-Ciocalteau (FC) phenol reaggadtic acid (GA),
glycerol, glycine, L-glutamine, KoddkGBX fixer (for autoradiography films),
magnesium chloride (Mg@l methylene blue, minimum essential medium
eagle (MEME), non-essential amino acids (NEAA) soluti
penicillin/streptomycin polyoxyethylenesorbitan monolaureate (Tw2e0),
potassium ferricyanide, potassium ferrocyanide, propdiiodide (PI),
protease inhibitor cocktailAEBSF: 104 mM, aprotinin: 80 uM, bestatin, 4
mM: E-64: 1.4 mM, leupeptin: 2 mM, pepstatin A: hBl, in DMSO; product
code: P8340), quercetin, ribnonuclease A from boviaecpeas (RNAse A),
Roswell Park Memorial Institute (RPMI)-1640 liquid meuohi (containing B
g/L L-glutamine and 2 g/L sodium bicarbonate), sadibicarbonate, sodium

carbonate NaCOs), sodium chloride (NaCl), sodium citrate, sodium dodecyl
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sulphate (SDS), sodium deoxycholate, sodium phospiNagPO,), sodium
pyruvate, tris(hydroxymethyl) aminomethane (TriZma base),
tris(hydroxymethyl) aminomethane hydrochloride (TriZmhydrochloride)
and triton-X400, trypsin/ethylenediamine tetra-acetic acid (EDTA) dolut
were purchased from Sigma Aldrich Ltd., Dorset UK.

Phosphate buffered saline Dulbecco A (PBS) tablets d8s0dium chloride,
0.2 g potassium chloride, 1.15 g di-sodium hydrogdmosphate, 0.2 ¢
potassium dihydrogen phosphate per litre at pH 7.3) were purchased from
Oxoid, Hampshire, UK. Annexin V-FITC reagent was purchased from BD
Biosciences, Oxford, UK. Coulter Cléh£leaning Agent, Flow Chekbeads
and IsoFloW" Sheath Fluid were purchased from Beckman Coulter, Ltd
Buckinghamshire, UK. Formaldehyde (16%, MeOH free) solution ampoules
were purchased from Thermo Scientific Inc, Rockfoitd, U.S.A. 30% wi/v
acrylamide-bis acrylamide stock solution was pureldafsom Severn Biotech
Ltd, Worcestershire, UK.

MagicMark™ XP Western protein standard, [NovexX’ ECL kit] NovexX® Sharp
pre-stained protein standard, NuPAGE-12% bis tris gel 1.5 mm 15-well
cassette, NUPAGE antioxidant, NuPAGE LDS sample buffer, NUPAGE
MOPS SDS running buffer, NuPAGEsample reducing agent, NuPABE

transfer buffer were purchased from Life Technologies-InvémpdPaisley, UK.
Bio-Rad DC protein assay kit, bovine serum albumin (BSAhdard solution
and polyvinylidene difluoride (PVDF) membrane weregased from Bio-
Rad Laboratories, Hertfordshire, UK. X-ray films processing solutions
(Developer) was purchased from Champion Photochemistigrnational
Limited (CPIL), Brentwood, UK. Analytical grade acetoihe Far UV (ACN),
ethanol (EtOH), ethylacetate (AcOEt), hexane (HEXyuistrial methylated
spirits (IMS), methanol (MeOH) were purchased from Eis8cientific Ltd.,
Leicestershire, UK. All chemicals and reagents vatoeed according to the

manufacturers’ guidance unless otherwise stated.
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7.1.6 Equipment and Software

Class Il microbiological safety cabinet was suppliedBiyMAT2 MDH. Cell
culture CQ incubator Sterisonic GxP supplied by Sanyo-Panasodi¢/Vis
spectrophotometer Ultraspec 2000, orbital shaker ZLE \i&s supplied by
Amersham. Spectrophotometer 2104 multi-label readdrVéallac Evision
software manager was by PerkinElmer Wallac EvisioAllegra® X-15R
bench-top centrifuge, Epics XL-MCY flow cytometer and EXPO3¥
software were purchased from Beckman Coultéficro-centrifuge Heraeus
Fresco 17 was supplied by Thermo Electron Corporati@ell SureLock"
Mini-Cell electrophoresis chamber system, PowerEas@0 power supply,
NovexX’ Semi-Dry blotter were products obtained from Irngen. Nikon
Coolpix 4500 camera wdsy Nikon. UFLCXR system coupled to an Applied
Biosystems API2000 was by Shimadz6trata C18-E (55 pm, 70 A) 1 g/ml
tubes were purchased from Phenom&n&heshire, UK. C18 Gemini-NX 3u-
110A 50x2 mm column purchased from Phenomenex wadlykdonated by
Dr. A. Abdallah. Cylchred program was created by Terry Hoy, University
Cardiff, UK. WinMDI program was created by Joe Trottertloé Scripps
Institute, La Jolla, U.S.A. GraphPad Prism versididSor Mac OS X was
created by GraphPad software Inc. and Software MacKlimageJ program

was created by the National Institute of Health (NIH).

7.2 Methods

7.2.1 Extraction of UNMC plants

The extraction process was conducted at UNMC, Madaygsid was previously
described in Othman et al. (2011) and modified fr&pigno and Marco

(2007)779“""| Collected plant materials were air dried in an esetl room (25-

28 °C) for approximately two weeks. Dried plant sampleg)(ivere refined
using a Warin§ commercial heavy-duty grinder by macerating with aiga
solvent (1:8 ratio) at room temperature (RT) for 24 h. Rantples were then
subjected to sequential extraction solvents of esiregy polarity: HEX >

AcOEt > EtOH > Water Ground samples were macerated with solvents for 24



h before being filtered. The filtrates were then comadad by evaporation of
the solvent in vacuum at 40 °C usimagrotary evaporator (Buchi, USA).
Concentrated crude extracts were desiccated for 1eeksv The dried crude

extracts were kept at— 20 °C in the dark prior to freeze-drying. The known

percentage yields of corresponding plant extracts anersin Table 7-1.

7.2.1.1 UNMC extract stocks

The plant samples were received as dried powder taneldsat 20 °C in the
dark. Ailguots of UNMC extracts were prepared in DM&9O100 mg/ml top-
stocks and kept a0 °C, protected from light until use.

7.2.2 General cell culture and maintenance

All cell culture procedures were conducted aseliyican a Class Il
microbiological safety cabinet with a laminar flow gt The safety cabinet
was disinfected with 70% IMS in d-B prior to each use. Cell lines were
routinely cultured in tissue culture flasks (25%on 75 cnf) in culture media
RPMI-1640 (supplemented with 10% heat inactivated JFBS MEME
(supplemented with 10% FB3,5% sodium bicarbonaté% 0.1 mM NEAA,
1% 1 M HEPES, 1% 200 mM L-glutamine and 1% penigiland grown in a
humidified incubator containing 5% GQOn air at 37 °C. FBS was heat
inactivaed at 56 °C for 30 min prior to additiomto culture medim to
denature complement proteins and cell growth inbibi When the observed
cell growth exceeds approximately 80% confluences tells were sub-
cultured into new culture flasks with fresh culture dien to ensure

maintenance of logarithmic growth when used in expenits

Prior to cell subculture, medium (RPMI-1640 and MEMEyeatl at 4°C were

warmed in a water bath to 37 °C. To subculture saitfiecells, medium was
aspirated and cells were washed with 1 ml PBS. The were treated with 1
ml trypsin-EDTA solution (1X; 1 in 10 dilution in sie¥ PBS) and incubated
for 2-5 min at 37 °C until the cells were visibly delhed from the flask. Cells
were re-suspended in 5 ml fresh medium then 0.5 efl suspension was

transferred to a new flask containing 7 ml of freshureltmedium. The cells
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were returned to the incubator until subsequentidiure or usage. Cells were
discarded once they reached their recommended passageer to minimise

phenotypic drift and assay variation (usually after p@8sages).

7.2.2.1 Cell Preservation

Batches of mycoplasma-free cells were stored in crysvial the liquid
nitrogen cell bank (-180 °C) as stock for future usellsCvere grown in a 75
cnt flask until approximately 80% confluent then the noediwas aspirated
from the cells then the cells were washed with 3stalile PBSfollowed by
incubation in 2 ml 1X trypsin-EDTA solution &T for 2 min. The trypsin-
EDTA solution was carefully removesd cells were incubated for a further 5
minutes at 37°C until they had detached. The detached cells were
suspended in freezing medium (5% DMSO in 1:1 FBS arstium).
Subsequently, 1 ml cell suspension was aliquoteéd Nalgene cryovials.
Cells secured in cryovials were immediately stored28 °C for 24 h then
transferedto -80 °C storage overnight before permanently st@ed80 °C in
the liquid nitrogen cell bank. Frozen cells werieged by thawing rapidly in
a water bath at 37 °C and re-suspending in 7 rflesh culture medium before
incubation at 37 °C for 16 h to allow attachmenthefeafter, liquid contents

were aspirated from the flask and fresh nutrient mediiraduced.

7.2.3 MTT (in vitro cell viability) assay

The following method has been adapted from MosmaB83), exploiting the
colour change upon reduction of MTT by mitchonddehydrogenase in living
cells, froma yellow tetrazoleto purple formazaﬁl Thus the increase in
cellular formazan can be quantified and directly teglato the activity of
mitochondrial dehydrogenﬁ In apoptotic or necotic cells mitchondrial
dehydrogenase activity is lost as a result of irreb&simitchondrial
fragmentatiom The MTT assay can therefore be used to assessiaigility

and determine growth inhibitory or cytotoxic potehti&investigative agents.

Cells were harvested at 70-80% confluence and wamndygsyringed through a

23-gauge needle to obtain a near-single cell suspensihe average number
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of cells counted on a haemocytometer was used tulet¢ the desired cell
seeding density for 72 h treatmedt(3.5 x 16 for MCF7, IGROV1, HCT116
TK-10, MRC-5 cells; 4 - 6 x 1bfor MDA-MB-468 SK-OV-3, Caki-1,
HCC2998 cells Using a 96-well micro-titre plate, cells were seeded80pl
medium per well and incubated overnight at 37 °C G@%). A separate time
zero (To) plate was set-up to measure the initial viabitifycells at the time of
UNMC extract addition After 24 h, serial dilutions of UNMC extract stocks in
culture medium (concentration at 100 mg/ml in DMS@¥e prepared to 10X
the final concentrations required. The final treattmeoncentration range
used for UNMC 20 [0 pg/ml - 50 pg/ml] and for UNMC 9, 35 and 37 [0 pg/ml

— 200 pg/ml] were tested in quadruplicate. To each well, 20 ul extract solution
was added to achieve a final volume of 200 pl (DM®@centration < 1%).
To thepeipheral lanes, 20 pl medium was added to contrd$ @aid cells in
the T plate. Cell viability was quantified at the timeextract addition for §
plate and following 72 exposure of cells to test extract for treated platasgusi
the MTT assay. Initially, 50 pl MTT solution (2 nmgl/ MTT in sterile PBS
stored at 4 °C in the dark) was added to each wellfanther incubated for 4 h
at 37 °C in the dark. The medium and any unconveM@&d were aspirated
then 150 ul DMSO was added to each well and theeplavere placed on a
plate shaker for 2 min. The optical densitp)) was red on a

spectrophotometer at 555 nm using Wallac Envisiotwsoé.

The absorbance intensity is directly proportionatet viability and there is a
linear relationship between cell number and the amnotiformazan present.
The mean absorbance for treated and control celiseatment concentration
range could be used as a quantitative measure ofiablity by constructing a
dose-response curve using the mean absorbancesalde ethe estimated

extract concentration inducing 50% growth inhibiti¢@lso value) to be

calculated| (Equation|1) Additionally, vehicle control (DMSO) was tested to

ensure that DMSO did not compromise cell viabilityextract-treated wells.
Another set of assays using quercetin as a positmwgol was performedThe
Glspvalues established from the MTT cytotoxicity assalf e used in all the

subsequent assays.
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Control or Treatment ODs555 — Ty ODs55
2

+ TO 0D555 = 0D555 at GISO

Equation 1: Following MTT assay, concentration which inhibitlagriowth by
50%, Gkpvalue was determined from optical density readirfgextract
treated and control cells absorbancies.

7.2.4 Clonogenic assayin vitro cell sensitivity assay)

The following method was adapted from the methoctrilesd by Brown and
Wouters (1999) and Plumb (20040 determine cell death or recovery by

determining subsequent proliferative and colony foromttapacity of cells

following brief exposure to investigative aggnt¥-’’

HCT116 cells were harvested at 70-80% confluence asré gently syringed
through a 23-gauge needle to obtain a near-sirgjlesgspension. Cells were
counted on a haemocytometer and the average numbmyuonfed cells was
used to calculate the desired cell seeding defwmitg4 h treatment. HCT116
cells were seeded in 6-well plate at a density of @&ls per well in 2 ml
culture medium and incubated overnight at 37 °C fellutar attachment.
Freshly prepared dilutions of UNMC extract in mediware added to wells in
triplicate to obtain treatment concentrations of Q.8X and 2X Gi, values
DMSO vehicle was added to the control wells. Aftéri2exposure to extracts,
culture medium was aspirated from all wells andscelashed with 2 ml PBS
to remove any remaining extract in the well; 2 ndst culture medium was
then introduced to each well. The cells were keghe incubator at 37 °C to
allow recovery and the end-point was considered wdwnirol cell colonies
size reached 50 cells, usually 8 to 11 days. To quantify the number of
colonies formed, each well was rinsed in 1 ml chilRBS and fixed with 1 ml
chilled MeOH atRT for 10 min. The solvent was removed and the cofnie
were staied with 500 ul methylene blue solution (0.5% methylene blué:ih
MeOH and d.H20 (v/v); stored at 4 °C) for 10 min. eTjplates were washed

gently with d.HO, air-dried and cell colonies were counted. Thatiipd

efficiency for each well was > 90% (Equatiorn 2
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Number of colonies counted

100 = Plati ici 0
Number of cells seeded * ating ef ficiency (%)

Equation 2: % of plating efficiency determined by the numbecalony (ies)
counted in comparison to the total number of ceksied in clonogenic assay.

7.2.5 Flow cytometric techniques

7.2.5.1 Cell cycle analysis

Analyses of cell cycle distributions were performed thgw cytometric
measurement of cellular DNA content using fluorescdges such as
propidium iodide (PI), which intercalates DNA baseasctiometrically. Any
disruption in the DNA histogram, which is representtof the cell cycle,
could indicate a DNA damaging or cytotoxic effect be tell cycle induced
by investigative agents. The following method wedaped from the method
described by Nicoletti et al. (19

MDA-MB-468 and HCT116 cells were harvested at 70-80% cende and
counted on a haemocytometeFhe average number of counted cells was used
to calculate the desired cell seeding density for 4&dtment. The cells were
seeded in 6-well plates in duplicate at a density.® x 1¢ in 2 ml of culture
medium. The cells were allowed 24 h33t°C to adhere and commence cell
division. Freshly prepared dilutions of UNMC extrastibck solution in
medium were introduced to MDMB-468 cells (treated with UNMC 35) and
HCT116 cells (treated with UNMC 20 or UNMC 37) at firncentrations
1X, 2X and 4X Gip values. The cells were treated for 48 h at 37 BMSO
vehicle was added to the control cells. Cell cyatalysis preparation was
conducted at 4 °C. Floating and trypsinised oglise pooled and pelleted by
centrifugation (306 x g, 5 min at 4 YGvashed with 2 ml chilled PBS. Cells
were pelleted again and the supernatant was distai@ells were incubated in
400 pl fluorochrome solution (0.1% sodium citratel%0. triton-X-100, 50
ng/ml Pl, 0.1 mg/ml Ribonuclease A in dp( stored at 4 °C in the dark)
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overnight at 4 °C protected from light. Samples riaet protected from light
on ice and gently syringed prior to cell cycle diaition analysis. Cell cycle
distribution analysis was performed on Beckman Coulter EPICS-XL
MCLTM flow cytometer The FL3 channel was used to detect propidium
iodide (R) and at least 15,000 events were recordgdeéch sample Data

were further analysed using WinMDI and Cylchred soiffesa

7.2.5.2 Apoptosis detection

One of the hallmarks of early apoptosis involves th@ndlocation of
phosphatidylserine (PS) from the inner to the intaxter plasma membrane (as
membrane asymmetry is lost). The membrane integfitgnoapoptotic cell
diminishes when progressing into late apoptosis/sexro A calcium ion
(C&") dependent phospholipid-binding protein, annexirp¥ssesses high PS
binding affinity. Analyses of apoptotic cell poptitans were performed using
flow cytometric techniques. Dual staining of anneXifconjugated to FITC, a
green fluorescent dye) and PI to detect early apoptatinexin V-FITC/PI)
and late/necrotic cell populations (annexin V-FITRT") can be analysed using
flow cytometric techniques. The method was adagtedh the method
described by Vermes et al. (19%).

MDA-MB-468 and HCT116 cells were harvested at 70-80% cende and
counted on a haemocytometeFhe average number of counted cells was used
to calculate the desired cell seeding density of1@and 1.5 x 1®for 24 h
and 48 h treatment, respectively. MDWB-468 and HCT116 cells were
seeded in 6-well plateim duplicate at the aforementioned densitias2 ml
culture medium and allowe@4 h to adhere at 37 °C. Freshly prepared
dilutions of UNMC extract stock solution in mediunere introduced to MDA-
MB-468 cells (treated with UNMC 35) and HCT116 cellsgteel with UNMC

20 or UNMC 37) at final concentrations 1X, 2X and 4X%{lalues. DMSO
vehicle was added to the control cells. Prepardbompoptosis analysis was
conducted at 4 °C. Adt 24 h and 48 h treatment, floating and trypsinicelts
were pooledand wells were washed twice with PBS. Cells were couatsdi 1

x 10° cells were transferred to FACS polyproplene tubes aen prior to
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centrifugation aB06x g for 5 min at 4 °C. The supernatant was discaeshed
the cell pellets were incubated in 1@Dbinding buffer (10 mM HEPES/NaOH
at pH 7.4, 0.14 M NaCl, 2.5 mM CaCh d. H:0; stored at £C) with 5 pl
Annexin V-FITC (stored at 4C in the dark). Pellets were gently vortexed and
kept in the dark for 15 min. Subsequently, 5 pldiitson (50 pg/ml in d.BED;
stored at 4°C) and 400 pl binding buffer were added to the sampibséch
were gently vortexted and kept af@ until analysis. Analysis of intact, early
apoptotic and late apoptotic/necrotic cells wereeded within 1 h on a flow

cytometer.

%
P+ / FITC - cells PI+/ FITC *cells
(Nuclear fragments) (late apoptotic/necrotic cells)
()]
=
o
2
£ Yo
=
=
o
o - +
= PI- / FITC- cells P/ FITC * cells
(healthy cells) (early apoptotic cells)

)

Figure 21: An example of flow cytometry diagram (dot plot) of doubé-
staining with Annexin V-FITC and Propidium iodide. The dot plot is
representation of annexin V-FITC log fluorescence weRiulog fluorescence.
Cells in the top left quadrant (PFITC) represent cells with nuclear fragments,
cells in the lower left quadrant (FHITC) represent living cells, cells in the
lower right quadrant (RFITC") are early apoptotic cells and cells in the top
right quadrant (PIFITC") are late apoptotic/necrotic cells.
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7.2.6 Western blot procedures

Western blot analysis is a widely used quantitativethod for investigating
presence of proteins within cellular extracts. Pratertracted from samples,
denatured and separated according to molecular whigbel electrophoresis.
The proteins are then electrophoretically transferced membrane to allow
protein(s) of interest to be probed using specific parimantibodies, which can
be recognised by a secondary antibody conjugatddhwitseradish peroxidase
(HRP) enzyme. The light released (from illuminatingbstrate 3-
aminophthalate) in chemiluminescence reaction igucag on film. Protein
size can be determined from the bands on the fgairst molecular weight
markers of proteins of known molecular weight. Cartigoin was chosen as
a positive control for apoptosis. A series of procedwadapted from Towbin

et al. (1979) were performed to obtain the proteinAdoumembrane for

detectiorm

7.2.6.1 Celllysis

MDA-MB-468 and HCT116 cells were seeded in 10 cm platasd&nsity of
1.5 x 16 in 5 ml of culture medium and incubated % h to adhere at 37 °C
to allow cells to adhere and reach ~70 % confluendyreshly prepared
dilutions of UNMC extract stock solution in mediunere introduced to MDA-
MB-468 cells (treated with UNMC 35) and HCT116 cellsgteel with UNMC
20 or UNMC 37) at final concentrations 1X, 2X and 4Xs{values.
Camptothecin (300 nM stock solution) and DMSO vehiglese added to the
control cells. Cell lysis preparation was conducted at 4 °C. Attebktime
points, 24 and 48 h, floating and scraped cells wem@ed and wells were
washed with 3 ml chilled PBS. The procedure was itede®X before the cell
suspension was transferred to FACS polypropylene tubser po
centrifugation 806 x g for 5 min at 4 °C). Cell pellets were retained a
incubated with 80 pl NP-40 cell lysis buffer (150 mM®l, 1% Triton-X-100
and 50 mM Tris at pH 8.0) supplemented with proteawgbitor cocktail
(AEBSF: 104 mM, aprotinin: 80 uM, bestatin, 4 mM: E-64: 1.4 mM,
leupeptin: 2 mM, pepstatin A: 1.5mM, in DMSO; Sigdkarich product code:
P8340). The cell pellets in NP-40 lysis buffer werigead gently by pipetting



at 4°C was performed to separate the cell pellet from tipeihatant. The cell
pellet was discarded and the supernatant lysataioomg protein content were
kept in labeled eppendorfs on ice for immediate proteancentration

determination or stored a0 °C.

7.2.6.2 Protein determination

The principle of Bio-Rad DC protein assay kit is thatuction of the
phosphomolybdic-tungstic mixed acid chromogen (@nes Folin-Ciocaltea
phenol reagent) by proteins. The level of reducii®rmproportional to the
amount of protein present in the sample, which terd@ned by measuring the
absorbance on a spectrophotometer® nm. The principle of the assay is
based on the method described in Lowry et al. Protein concentrations
in the lysates were determined using the Bio-R&dprotein assay kit in 96-
well plates according to the manufacturer’s instructions. Briefly, 5 ul lysate
sample, 25 pl reagent and 200 pl reagestwere added into triplicate wells.
Triplicates of BSA standards (concentration range: 0.1rig@ml) were
measured with every set of samples requiring pratetermination. The OD
was analysed by a spectrophotometer at 750 nm udfatlac Envision
software. The protein content in each sample was determinieg) @sstandard

curve using BSA standards against the lysate protwicentration.

7.2.6.3 Sodium dodecyl sulfate polyacrylamide gel electrophasis (SDS-
PAGE)
The separation of protein mixtures could be achiewedoading the protein
sample in an anionic sodium dodecyl sulfate (SDS)gél passing an electric
current through the gel. SDS denatures proteinsth@n peptide chains and
binds to them at a constant ratio of 1.4 g of SDS geoflprotein, which gives
the same chargm-mass ratio of SDS and protein therefore the ability t
migrate through the gel is dependent on the moleeudgght of the protei@
Protein samples were prepared using NuPRGE LDS sample buffer (3.75 -
7.50 pl), NuPAGE reducing agent (1.5 3.0 p) and a calculated volume of
cell lysate equivalent t&00 g of protein; the total sample volunie< 30 pl.

The samples were denatured for 5 min at’@3hen briefly centrifuged and
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kept at 4°C. Samples were loaded on a polyacrylamide gel (B2%)
depending on the size of the protein of interest. lelldar weight markers
were also loaded onto the gel before submersion nning buffer (25 mM
Trizma base, 200 mM glycine, 1.00 g SDS, pH 8.5 HCLL of d.H0).
Proteins were then separated by electrophoresis udly V on a
polyacrylamide gel for 90 min at RT until the dye frartthe loading buffer
reached the bottom of the gel. Pre-made NuPABE-Tris gel (4-12%) and
pre-made NuPAGEMOPS SDS running buffer were used at times in ptdce

the corresponding materials according to manufacturer’s manual.

Table 7-3 Receipe for Sodium dodecyl sulphate polyacrylamidel g
electrophoresis (SDS-PAGE) gel.

Gel
Material Resolving (ml) St?;lr)mg
8% 10% 12% -
10% AMPS 0.20 0.20 0.20 0.10
10% SDS 0.20 0.20 0.20 0.10
30% Acrylamide mix 5.30 6.70 8.00 1.70
TEMED 0.012 0.010 0.008 0.01
Tris 5.0 1.25
(1.5M, pH 8.8) (1M, pH 6.8)

d.HO 9.3 7.9 6.6 6.8

7.2.6.4 Western Blot

The PDVF membrane was calibrated prior to electrablptby being fully
immersed in 100% MeOH for 20 min then in 10 ml of sf@n buffer (25 mM
Trizma base, 200 mM glycine, 0.375 g SDS, pH 7.8p 20eOH, HCl in 1L of
d.H,O) with blotting paper for a further 10 min. Gels ev@vashed with 10 ml
transfer buffer for 2 min. Protein bands on the gels wieretreblotted ora
PDVF membranes at 100 V for 90 min at RT uditmyex® Semi-Dry Blotter.
The membranes were washed using 20 ml TBST (25 mM Tt mM NacCl,
0.05% Tween 20 (v/v) at pH 7.4. To reduce non-spebihiding, membranes
were kept in blocking solution (10 %tffree milk powder in TBST) overnight

at4 °C on a roller. Subsequently, blocked membranes wesheadato remove



excess blocking solution with TBST for 3 min, whiclaswepeated 5 times.
To enable any specific binding of Ab, the membranesewecubated with 10

ml primary (1°) Ab dilution (Table 7-4) overnight aé@ on a roller.

Table 7-4Primary and secondary antibodies used for westertirtgot

) Concentration of
Polyacrylamide

Antibody (Ab) 0 Antibody Blocking
gel (%) (in 3% milk-TBST)

? Caspase 3 10-14 1:1000
£
£ Mcl-1 10-12 1:1000 10%
= milk-
3 Donkey Anti rabbit TBST
S _ - 1:5000
S Goat Anti mouse
N

The membrane was washed again with 20 ml of TBST foir which was
repeated 6 times. After washing, the membrane washated with 15 ml
secondary (2°) Ab (Table 7-4) for overnightd®C on a roller. The membrane
was washed with 20 ml TBST for 3 min and repeatedn®@gi | NoveX ECL

Chemiluminescent Substrate Reagent| Kit was used tehwhe PDVF

membranes and developed onto x-ray film. The reactias stopped after 2

min by washing the membrane with TBST and storeb&t
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7.2.7 Senescence assay (p-galactosidase staining)

Cellular senescence describes the irreversible gramtést, which is the
underlying mechanism cause of aging in normal sonedils upon reaching
their Hayflick replicative limit. Hence senescemg@lso a tumour suppression
mechanism. A biomarkerf}-galactosidase, is present in the lysosome of
senescent cells. Several chemotherapeutic agerablarto induce senescence
in tumourﬂ The assay is based on detecting an increased ateenoff-
galactosidase using X-gal where senescent cellstareed blue-green. The
following method was adapted from the method desdribg Dimri et al
(1995]?_5'1

MDA-MB-468 cells were seeded at 1 X'&hd 5 x 16 for vehicle control and
treatment cells, respectively, in 6-well plates uplicates. HCT116 cells were
seeded at 5 x £oand1 x 10" for vehicle control and treatment cells,
respectively, in 6-well plates in duplicates. MDMB-468 and HCT-116 cells
were seeded into wislcontaining 2 ml culture medium and allowed to ctita
overnight at 37 °C Freshly prepared dilutions of UNMC extract fractioockt
solution were introduced to MDMB-468 cells (treated with UNMC 35) and
HCT116 cells (treated with UNMC 20 or 37) at final centrations of 1X and
2X Glsp values. DMSO vehicle was added to the contrdscahd 5 uM of

RHPS4 was used as the positive control.

At day 7 and 12 of treatment for HCT116 and MD/B-468 cells,
respectively, culture media were aspirated from thelswahd cells were
washed twice with 2 ml PBS to remove any remairexgacts in the well.
The cells were fixed using 1 ml fixative solution%2formaldehyde, 0.2%
glutaraldehyde in PBS) for 10 min then the fixative 8oluwas removed and
1 ml senescence buffer (5 mM potassium ferricyanidenM potassium
ferrocyanide, 150 mM NaCl, 2 mM Mg&£140mM NagPQOy/citric acid buffer
pH 6.0, 1 mg/ml X-gal in DMF in 1L of d. 4#8) was added to each well. The
plates were protected from light and incubated at@7of 24 h. The number
of senescent (blue-green stained) cells and totalbeu of cells in the sample
were counted (observation under phase contrast lighltroscope) and

photographs of the cells were captured using a Ndamera at 200X 400X
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magnification. To quantify the proportion of senesaegit population, cells

were scraped from the wells, syringed and counteal lsmemocytometer.

7.2.8 Cell migration assay (Wound healing)

The ability of malignant cells to invade and migrasecrucial to cancer
metastasis. This simple in vitro assay mimics iwvo \cell migration during
wound healing. A ‘wound’ is created in a cell monolayer and observations
(images captured) at timed intervals enable anabfstee migration wound-
healing capacity rate of the cells. The followingtinogl was adapted from the
method described by Liang et al. (ZC@.

The under side of &=ll culture plates was marked with two crosses ‘x’
aligned in the center. HCT116 cells were harvesteldsaeded at 3 x £0n 6-
well plate containing 2 ml culture medium with reed 7.5% FBS. The cells
were incubated overnight at 37 °C to allow cellld#tachment. The scratch
was created when cells were ~80% cellular confliogreepplying a sterile 200
pl pipette tip through the center, aligned with ‘x’. Dilutions of UNMC extract
stock solution were freshly prepared and introdutedhe cells at final
concentrations 1X and 4X &lvalues. DMSO vehicle was added to the
control wells. Each extract and control sample wested in duplicate. The
scratch was evaluated under phase contrast microszogyimages of the
scratch were captured with a Nikon camera (100X mamatifin) at 0, 24, 48,
52 and 64 h. Images of the wound were taken just above and below the ‘x’
mark to ensure consistency. Occassional replenighafghe medium (with
control or extracts) is required to capture clear image¢be wound. The level
of wound healing was analysed using ImageJ softvigremeasuring the
difference in total percentage wound area (%) of treatdld and untreated

control cells.
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7.3 Phytochemical composition of plant extracts

UNMC plant extracts were tested for phytochemical cositjom using

colorimetric assays.

7.3.1 Total flavonoid content

The aluminium trichloride (AIG) colorimetric method was adapted from
Meda et al. (2005) and Chang et al. (2<P754 Y->1 AICI3 could form acid stable

complexes with reactive groups of flavones and flel® and form acid labile
complexes with the flavonoidsQuercetin is a widely distributed flavonoid
hence employed as a standard to measure againgiNWKC extracts for total
flavonoid content determination.

UNMC extract stock solution (100 mg/ml in DMSO), quentedtock solution
(0.5 mg/ml in DMSO) and 2% Alglworking solution (20 mg/ml in MeOH
(w/v)) were freshly prepared prior to the assay. Dughéonatural pigment of
the extract samples, a set of UNMC control extract sasnplere prepared in
glass vials to account for baseline absorbances @etontrol UNMC extract
samples were prepared in triplicate in glass viad eonsisted of 1998 ul
MeOH to which 2 pl UNMC extracts stock solution wadded to achieve
concentration of 1 mg/ml in a final volume of 2 mMfhe UNMC extract test
samples were also prepared in triplicates in gl&sds, which consisted of 1.98
ml of 2% AICkL working solution to which 20 ul UNMC extracts stockudion
was added to achieve a concentration of 1 mg/ml tota volume of 2 ml.
Both sets of UNMC extract control and UNMC extract skaspvere incubated
for 10 min at RT protected from light.

Quercetin stock solution was diluted with MeOH (totalume of 2 ml) and
prepared at a range of [0-100 pg/ml] to construct @déoration curve. A
‘blank’ cuvette containing 1 ml 2% AIClIz and 1 ml MeOH was used for
calibration prior to each set of readings. The ODquoercetin standard
solutions, UNMC extract controls and UNMC extract sissolutions were
measured at 415 nm using UV/Vis spectrophotometée mean absorbances

of control UNMC extract control samples were deterdiand deducted from
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the mean UNMC extract sample absorbances. The tatadrfbid content in
UNMC extracts was calculated using a quercetin stahdarnve and expressed

as quercetin equivalents (QE)/100 g of extract.

7.3.2 Total phenolic content

The Folin-Ciocaltea colorimetric method was adapted from Singleton et al.
(1999) and Meda et al. (20 FC reagent contains phosphomolybdate and
phosphotungstate, which react with reducing substasach as polyphenolic
compounds. Gallic acid (GA) is a widely distributgdenolic compound and
Is the chosen standard used to measure against tMCUktracts for total
phenolic content determination.

UNMC extract stock solution (100 mg/ml in DMSO), GAck solution (500
png/ml in DMSO), 0.2 N FC working solution (0.40 ml d Rl FC reagent in
19.60 ml of d.HO) and sodium carbonate solutions(mg/ml in d.H0, total
volume of 50 ml) were freshly prepared prior to tlssagy. UNMC extract
control samples were prepared in glass vials ifi¢efes, of which, each vial
consisted 0985 pl d.HO, 500 pl NaCQ and 15 pl UNMC extract stock
solution in a total volume of 1.50 ml. The UNMC extréaest samples were
prepared in triplicate in glass vials by mixing 140d.H,O and 15 pl UNMC
extract solutions then added to 845 ul 0.2 N FC netaged incubated for 5
min at RT protected from light. Subsequently, 500 pCR; was added to all
UNMC extract test samples. Both sets of UNMC extractrab and UNMC
extract test samples were incubated for 2 h at Rfardark. The final extract
concentration was 1 mg/mlin 1.50 ml final volume.

GA stock solution was diluted with d.Bl (total volume 1.50 ml) and prepared
at a concentration range of @0 pg/ml] to construct the calibration curve. A
‘blank”’ cuvette containing 155 pl d.H,O, 845 ul 0.2N FC reagent ans00 pl
NaCQ; was used for calibration prior to each set of readiige OD of GA
standard solutions and UNMC extract sample solutweee measured at 760
nm using UV/Vis spectrophotometer. The mean OD NMC extract control
samples was deducted from the mean UNMC extract tegtlsaabsorbances.
The total phenolic content in UNMC extracts was dali@d using a GA

standard curve and expressed as GA equivalents (G3EY df extract.
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7.4 In vitro free radical scavenging assay

2,2-Diphenyl-1-picrylhydrazyl radical (DPPHis a stable free radical, which
can be used to assess the radical scavenging adiviilant extracts.In the
presence of an antioxidant such as quercetin, DABRHeduced to the
molecular form (DPPHH) resulting in a colour changerirgellow to purple
This change in absorbance can be used to measumadioal scavenging
potency of the plant extracts. The following metheas adapted from the
method described by Amic et al. (Zqﬁhnd Nara et al. (ZOO@

UNMC extract stock solution (100 mg/ml in DMSO), quentetock solution
(500 mg/ml of quercetin in DMSO) and DPPH stock sohut(1 mg/ml of
DPPH in MeOH) were freshly prepared prior to the ass®fPPH stock
solution was further diluted in MeOlt® &84 % working solution. Two 96-well
micro+itre plates were labeled ‘sample+pppy or ‘samplepppr. To determine
UNMC extract test samples’ radical scavenging activity, the sample.pppn plate
was prepared with wells containing 180 pl 4% DPPHkimg solution to
which 20 ul of UNMC extract stock solution were addéic account for the
pigmented UNMC extract control samples, the sarpplg plate was prepared
with wells containing 180 pl MeOH (samplery) to which 20 pl UNMC
extract stock solution were added. All tests weyedacted in quadruplicate
wells. The baseline absorbance was considered hguriag wells containing
solvents only (solveg), such as MeOH, DMSO or MeOH and DMSO.
Quercetin stock solution was diluted with MeOH inder to construct a
calibration curve at a concentration range @f- [100 pg/ml] (samplgpp).
Plates were wrapped in foil and incubated for 15 ni@7a°C then placedn
an orbital plate shaker for 2 min.  Absorbances waralysed by
spectrophotomey at 517 nm using Wallac Envision software. The
absorbances for plates: samgbeyand solvent were taken into consideration
when calculating the free radical scavenging activityhe UNMC extracts.
The average solvenvalues were subtracted from the all UNMC extract test
sample and quercetin measurements. The radical ggagesnctivity could be
calculated using the following equation to creatgaph of radical scavenging

(%) against UNMC concentration:
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Equation 3: % of radical scavenging ability of extracts deteradinfrom
optical density readings obtained from the DPPHass

Solventy—(Sample  pppy—Sample_pppy)
Solvent,

x 100 = Radical scavenging (%)

7.5 Broth microdilution method (anti-microbial assay)

Assessment of UNMC extracts in broth microdilution moet described
below, was performed by Dr. Jaroslav Havlik and frsup from the
Department of Microbiology, Nutrition and Dietetic€zech Universitiy of
Life Sciences, in Prague.

The minimum inhibitory concentrations (MICs) wereatatined by the broth
microdilution method according to the CLSI guidekn(2009) using 96-well
microtitre plates. Briefly, extract samples were twalfdiluted in Mueller
Hinton broth (Oxoid, Basingstoke, UK), inoculatedwitacterial suspension at
a density of 5x10 cfu/ml (5x 1d¢ for C. albicans) and then incubated in
thermostat at 37° C for 24 h (48 h for C. albigansrowth turbidity was
measured by Multiscan Ascent Microplate Reader (TheFisher Scientific,
Waltham, USA) at 405 nm. Extract concentration rangeduwas 1- 128
ng/ml. MICs were calculated based on the densitthefgrowth control and
were expressed as the lowest extract concentratiwas resulted in 80%
growth reduction compared to that of the extract-fpeewth control. The
bacterial strains tested were obtained from Oxoid i(Bssoke, UK) and all
reference antibiotics used were purchased from SigldaeA (Prague, C2).
DMSO (Lach-Ner, Neratovice, CZ) was used as a solventalloextracts
except for C. albicans, MICs of reference antibiotised as positive controls
were in range of acceptable limits as published bylGu&lelines (zooﬁ
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7.6 Fractionation and analysis of UNMC extract fractions

using High Performance Liquid Chromatography (HPLC)

The mixture of compounds embedded within UNMC extraeats be separated
using a mobile and a stationary phase. Reverséttgiohse extraction (SPE)
can separate crude extracts using different eluentsaging polarity) and a
non-polar stationary phase into phytochemicals gsoupith similar

physicochemical characteristics such as solubilize,sshape and electrical

chargﬁl

Crude fractionations of UNMC 20, 35 and 37 extracts weepged in d.KHO
and MeOH at a ratio of 50:50 in a total volume of 1 n#eparation was
performed using Strata extraction cartridge. Prior tatifpaation, each
cartridge was equilibrated using 4 ml MeOH and 4 ni,0. The crude
UNMC extracts were weighed then loaded on a Strata ECXdraction
cartridge (C18-E (55 um, 70 A) 50 mg/ml tube). Glasssviised to collect the
fractions were also weighed. Employing solventsiofeasing polarity MeOH
> MeCN > d.HO, UNMC extracts were fractionated using different solvent
gradients. Fractions were collected in clearly labeled glasssvialA new
cartridge was used for loading a different UNMC extract preven
contamination.Solvents were removed using nitrogen and,@.Mvas removed
by freeze-drying to obtain dried powder compounéty (yield (%) and
description of compounds, see Appendix Il). Thedldgempounds were kept
protected from light at- 20 °C until further examination of the isolated
analytes using HPLC. Extract eluents were dissolmddMSO (1 mg/ml) and
1.1 d.HO and MeOH before analysis using a Phenomenex C18nG&X
3u-110A 50x2 mm column in a HPLC (Shimadzu UFLCXR systupled to
an Applied Biosystems API2000) system. The solvesesiuor the gradient
were solvents A (0.1% formic acid in ¢®l) and B (0.1% formic acid in
MeCN). Samples were run on a solvent gradient of 10fr B min, 1098%
B over 2 min, isocratic elution at 98% for 2 miesequilibrated to 10% B over
0.5 min (0.5 ml/min). The samples were detectedh witUV light ath = 220
and 254 nm.



Table 7-5Solvent gradient used in crude extract separation.

Solvent (%)

Fraction
Water MeOH MeCN
1 100 0 0
2 75 25 0
3 50 50 0
4 25 75 0
5 0 100 0
6 0 0 100

Strata C18-E extraction cartridge was equilibrated wgthaévolume of d. kD
and MeOH prior to loading the cartridge with UNMC extrad he solvents
were passed through the extract and collected therovwed to obtain the
extract fraction for analysis.

Fractions collected required solvent evaporation Weeze-drying and/or
nitrogen gas to separate solvents from extract frastio Once solvent is
removed, the vials were weighed again to calculagedifference in weight,

hence determine the % yield of extract fraction matedbected.

7.7 Statistical Analysis

Data from the assays are presented as the meand!+ Blata analysis was
conducted using GraphPad Prism software (Versionc6.8an Diego, CA,
USA). The differences between treatment groups amdra groups were
deteremined by one-way ANOVA for the following assaginogenic, cell
cycle distribution, apoptosis detection, migrati@enescence; p < 0.05 was
considered to be statistically significanthe correlation of chemical contents
in the extract samples was measured against a reeecampound (standard

cruve) and analysed using the Pearson coefficient.
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Appendices

Appendix |

The MTT assay was used to determine cell viabditer exposure to UNMC
extracts by measuring the conversion of MTT to formaaasstals in viable
cells. The optical density readings were usedtsruct dose-response curves
hence determination of the extract concentration (pug/ml) at which cell growth

Is inhibited by 50% (G) after 72 h exposure.
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Appendix I-A: Dose-response curve of MDMB-468 cells after exposure to
Acalypha Wilkesiana extracts for 72 hour. The optiesdings (n= 4) £+ SE
obtained from a single representative experimentshosvn. The Gi, value
(ng/ml) of EtOH, EtOAc and HEX extracts are: 17.38, 10.51 and >200 pg/ml,
respectively.
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Appendix I-B: Dose-response curve of HCT116 cells after exposure to
Duabanga grandiflora bark extracts for 72 hour. Thecapteadings (n= 4) +
SE obtained from a single representative experinaeetshown. The &
value (ng/ml) of Water, EtOH, EtOAc and HEX and extracts are: 49.00, 36.29,
20.43,27.74 and >200 ug/ml, respectively.
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Appendix I-C: Dose-response curve of HCT116 cells after exposare t
Duabanga grandiflora leaf extracts for 72 hour. Thecaptieadings (n= 4) +
SE obtained from a single representative experinaeatshown. The G
value (ng/ml) of Water, EtOH, EtOAc and HEX and extracts are: 31.53, 39.81,
22.51 and >200 pg/ml, respectively.
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Appendix I-D: Dose-response curve of MDMB-468 cells after exposure to
Archidendron ellipticum bark extracts for 72 hour. Tipgical readings (n= 4)
+ SE obtained from a single representative experiraesitshown. The G§
value (ng/ml) of EtOH, EtOAc and HEX extracts are: 4.76, 49.31 and >200
ug/ml, respectively.
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Appendix I-E: Dose-response curve of MDKB-468 cells after exposure to
Archidendron ellipticum leaf extracts for 72 hour. Tdptical readings (n= 4) +
SE obtained from a single representative experinaeatshown. The G
value (ug/ml) of EtOH, EtOAc, HEX and Water extracts are: 6.1268and
>200 pg/ml, respectively.
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Appendix I-F: Dose-response curve of HCT116 cells after exposure to
Pseuduvaria macrophylla extracts for 72 hour. The alpteadings (n= 4) *
SE obtained from a single representative experinagatshown. The G
value (ng/ml) of EtOH, EtOAc and HEX extracts are: 4.02, 1.63 and 4.50
ug/ml, respectively.
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Appendix I-G: Dose-response curve of MDMB-468 cells after exposure to
Archidendron ellipticum EtOH bark extract fractions 2 hour. The optical
readings (n= 4) = SE obtained from a single represieat@xperiment are
shown. The G} value (ug/ml) of F1, F2, F3, F4, F6 and F6 extracts are: > 50,
> 50, > 50, 1.49, > 50 and > p@/ml, respectively.
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Appendix I-H: Dose-response curve of MDMB-468 cells after exposure to
Archidendron ellipticum EtOAc bark extract fractions #& hour. The optical
readings (n= 4) £ SE obtained from a single represieat@xperiment are
shown. The G} value (ug/ml) of F1, F2, F3, F4, F6 and F6 extracts are: > 50,
> 50, > 50, 19.74, 32.32 and > p@'ml, respectively.
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Appendix I-I: Dose-response curve of MDMB-468 cells after exposure to
Archidendron ellipticum EtOH leaf extract fractiong &2 hour. The optical
readings (n= 4) = SE obtained from a single represieat@xperiment are
shown. The Gb value (ug/ml) of F1, F2, F3, F4, F6 and F6 extracts are: > 50,
> 50, > 50, 2.20, 10.11 and > h@/ml, respectively.
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Appendix I-J: Dose-response curve of MDWMB-468 cells after exposure to
Archidendron ellipticum EtOAc leaf extract fractiofg 72 hour. The optical
readings (n= 4) = SE obtained from a single represieat@xperiment are
shown. The Gb value (ug/ml) of F1, F2, F3, F4, F6 and F6 extracts are: > 50,
> 50, > 50, 2.22 4.61 and 6.08g/ml, respectively.
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Appendix I-K: Dose-response curve of MDMB-468 cells after exposure to
Archidendron ellipticum HEX leaf extract fractions fé2 hour. The optical
readings (n= 4) = SE obtained from a single repretieat@xperiment are
shown. The G value (ng/ml) of F1, F2, F3, F4, F6 and F6 extracts are: > 50,
> 50, > 50, 2.896.50 and 14.23¢g/ml, respectively.
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Appendix I-L: Dose-response curve of HCT116 cells after exposure to
Duabanga grandiflora EtOH bark extract fractions forho2r. The optical
readings (n= 4) = SE obtained from a single repretieat@xperiment are
shown. The Gb value (ug/ml) of F1, F2, F3, F4, F6 and F6 extracts are: > 50,
> 50, 37.75, 26.31, 18.50 and > p@/ml, respectively.
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Appendix I-M: Dose-response curve of HCT116 cells after exposure to
Duabanga grandifiora EtOAc bark extract fractions farhbur. The optical
readings (n= 4) £+ SE obtained from a single repreteat@&xperiment are
shown. The Gb value (ng/ml) of F1, F2, F3, F4, F6 and F6 extracts are:
41.17,> 50, > 50, 35.08, 28.78 and 28ug@lnl, respectively.
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Appendix I-N: Dose-response curve of HCT116 cells after exposare t
Duabanga grandifiora HEX bark extract fractions for ‘@irh The optical
readings (n= 4) = SE obtained from a single repretieat@xperiment are
shown. The G value (ug/ml) of F1, F2, F3, F4, F6 and F6 extracts are50,
>50, >50, > 50, 31.77 and 36idml, respectively.
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Appendix [-O: Dose-response curve of HCT116 cells after exposure to
Duabanga grandifiora EtOH leaf extract fractions for héir. The optical
readings (n= 4) + SE obtained from a single repreteata@xperiment are
shown. The G} value (ng/ml) of F1, F2, F3, F4, F6 and F6 extracts are50,
>50, >50, > 50, >50 and > %(/ml, respectively.

23z



—e— Fraction 1
—a— Fraction 2
—-%-— Fraction 3

3.00

2503 . _._—m—m— ==

2.00 +

1.50 A

OD at 555 nm

1.00 -

0.50 A

0.00 o ey
1.00E-07 1.00E-06 1.0065

Concentration (ug/ml;

—&— Fraction 4
—a— Fraction 5
3.00 - — %= Fraction 6

2.50 A

2.00 ~

1.50 -

OD at 555 nm

1.00 ~

0.50 +

0.00 e
1.00E-07 1.00B6 1.00E-05

Concentration (ug/ml

Appendix I-P: Dose-response curve of HCT116 cells after exposure to
Duabanga grandiflora EtOAc leaf extract fractions forhdir. The optical
readings (n= 4) = SE obtained from a single repretieat@xperiment are
shown. The G} value (ug/ml) of F1, F2, F3, F4, F6 and F6 extracts are50,
>50, >50, > 50, >50 and > %/ml, respectively.
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Appendix I-P: Dose-response curve of HCT116 cells after exposure to
Duabanga grandifiora HEX leaf extract fractions for W&ur. The optical
readings (n= 4) = SE obtained from a single repretieat@xperiment are
shown. The Gl value (ug/ml) of F1, F2, F3, F4, F6 and F6 extracts are50,
>50, >50, > 50, >50 and > 5/ml, respectively.
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Appendix I-P: Dose-response curve of HCT116 cells after exposure to
Pseuduvaria macrophylla EtOH extract fractions for @&rh The optical
readings (n= 4) = SE obtained from a single represieat@xperiment are
shown. The Gl value (ug/ml) of F1, F2, F3, F4, F6 and F6 extracts arel0,
>10, 2.29, 8.73, > 10 and 9467 ml, respectively.
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Appendix 1-Q: Dose-response curve of HCT116 cells after exposure to
Pseuduvaria macrophylla EtOAc extract fractions far hour. The optical
readings (n= 4) = SE obtained from a single repretieat@xperiment are
shown. The G value (ug/ml) of F1, F2, F3, F4, F6 and F6 extracts arel0,
>10, 0.61, 3.83, >10 and ® Lig/ml, respectively.
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Appendix Il

Fractionation of extracts were performed using a St3i&8-E extraction
cartridge equilibrated with equal volume of d:.OHand MeOH prior to loading
the cartridge with UNMC extract. The solvents weresea through the
extract and collected in a pre-weighed glass vidb¥eéd by evaporation of
solvent to obtain the extract fraction. The yield w@#stermined by the
difference in weight of glass vial before fraction ccllen and after solvent

evaporation then subjected to HPLC analysis as destrn Chapter 7.5.

Appendix II-A: The yield (%) of Duabanga grandifiora extract fractions

D. % Yield of D. grandiflora extract fractions
i 0
grandiflora = F2 F3 = E5 6 Total %
extracts (mg)
Water - - - - - - -

EtOH 13.0 155 193 34 0.5 1.9 53.6

(11.1)

x
S EtOAc 203 21 57 60 149 29 51.8
(19.1)
HEX 23 09 35 6.0 234 139 50.2
(14.5)
Water - - - - - - -
EtOH 716 46 44 12 17 1.4 84.8
(23.5)

T
%2 Et0OAc 256 3.8 24 12 244 23 59.6

(16 8)

HEX 218 05 62 11 12 64 47.3
(3.12)

Strata C18-E extraction cartridge was equilibrated wgtaévolume of d. KD
and MeOH prior to loading the cartridge with D. grdieda extracts. The
solvents were passed through the extract and callébtn removed to obtain
the extract fraction for analysis’he weigh (mg) used to determine % yield of
extracts were of the glass vial prior to collectaord after solvent evaporation.



Appendix II-B: The yield (%) of Archidendron ellipticum extract fraats.

% Yield of A. ellipticum extract fractions

A. ellipticum

Total %
extracts F1 F2 F3 F4 F5 F6
(mg)
EtOH 391 44 78 149 26 3.2 24.6
x (72.0)
[q]
@ EtOAc 105 15 86 39 100 1523 9.9
(49.8)
HEX - ; ; - ; ; -
EtOH 104 33 30 65 27 1.2 21.7
(27.2)
§ EtOAc 00 03 20 28 78 62 10.6
(19.0)

HEX 10 00 31 21 87 1.2 10.72
(16.2)

Strata C18-E extraction cartridge was equilibrated wgtaévolume of d. KD
and MeOH prior to loading the cartridge with A eligpim extracts. The
solvents were passed through the extract and callélses removed to obtain
the extract fraction for analysiShe weigh (mg) used to determine % yield of
extracts were of the glass vial prior to collectaord after solvent evaporation.

Appendix II-C: The yield (%) of Pseuduvaria macrophylla extract foars.

P. % Yield of P. macrophylla extract fractions
0,
macrophylla F1 £2 £3 = E5 6 Total %
extracts (mQ)

EtOH 28 11 91 38 17 04 1882
(76.5)

EtOAc 0.2 1.3 8.5 6.5 6.8 0.6 23.8
(27.9)

HEX - - - - - - -

Whole

Strata C18-E extraction cartridge was equilibrated wgtaévolume of d. KD

and MeOH prior to loading the cartridge with P. macnrdlghextracts. The
solvents were passed through the extract and callé¢otn removed to obtain
the extract fraction for analysis. The weigh (mg) utsedetermine % vyield of
extracts were of the glass vial prior to collectaord after solvent evaporation.
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Appendix IlI-A: HPLC trace of Duabanga grandiflora bark extract

‘inactive’ fractions using Reversed Phase chromatographyetOH: F1 (A),

and F2 (B) and EtOAc F2 (C) and F3 (D) (1 mg/ml in DMSQOJ).ih distilled
water and MeOH were analysed using 10% B for 1 nH98% B over 2 min,
at 98% for 2 min, (Phenomenex C18 Gemini-NpBLOA 50x2 mm column).
The eluent compounds were detected at a wavelefi@®0 nm (i) and 254 (i
nm.
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Appendix 1lI-B: HPLC trace of Duabanga grandiflora bark extract
‘inactive’ fractions using Reversed Phase chromatographyHEX: F1 (E),
F2 (F), F3 (G) and F4 (H) (1 mg/ml in DMSO) in 1:1 distl water and
MeOH were analysed using 10% B for 1 min, 10-98% Br @enin, at 98%
for 2 min, (Phenomenex C18 GemikiX 3u-110A 50x2 mm column). The
eluent compounds were detected at a wavelengtB@hgn (i) and 254 (i) nm.
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Appendix IlI-C: HPLC trace of Duabanga grandiflora leaf extract
‘inactive’ fractions using Reversed Phase chromatographyetOH: F1 (A),
F2 (B) and F3 (CY1 mg/ml in DMSO) in 1:1 distilled water and MeOH wer
analysed using 10% B for 1 min, 10-98% B over 2 min9&&o for 2 min,
(Phenomenex C18 GemihNiX 3up-110A 50x2 mm column). The eluent
compounds were detected at a wavelength of 220)rand 254 (ii) nm.
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Appendix IlI-D: HPLC trace of Duabanga grandiflora leaf extract
‘inactive’ fractions using Reversed Phase chromatographyetOH: F4 (D),

F5 (E) and F6 (Ff1 mg/ml in DMSO) in 1:1 distilled water and MeOH were
analysed using 10% B for 1 min, 10-98% B over 2 min9&&o for 2 min,
(Phenomenex C18 GemihiX 3u-110A 50x2 mm column). The eluent
compounds were detected at a wavelength of 220)rand 254 (ii) nm.
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Appendix IlI-E: HPLC trace of Duabanga grandiflora leaf extract
‘inactive’ fractions using Reversed Phase chromatograph¥tOAc: F1 (G),
F2 (H) and F3 (IX1 mg/ml in DMSO) in 1:1 distilled water and MeOH wer
analysed using 10% B for 1 min, 10-98% B over 2 min9&& for 2 min,
(Phenomenex C18 GemihiX 3u-110A 50x2 mm column). The eluent
compounds were detected at a wavelength of 220)rand 254 (ii) nm.
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Appendix IlI-F: HPLC trace of Duabanga grandiflora leaf extract
‘inactive’ fractions using Reversed Phase chromatographyetOAc: F4 (J),

F5 (K) and F6 (LY1 mg/ml in DMSO) in 1:1 distilled water and MeOH wer
analysed using 10% B for 1 min, 10-98% B over 2 min9&& for 2 min,
(Phenomenex C18 GemiNiX 3u-110A 50x2 mm column). The eluent
compounds were detected at a wavelength of 220)rand 254 (ii) nm.
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Appendix IlI-G: HPLC trace of Duabanga grandiflora leaf extract
‘inactive’ fractions using Reversed Phase chromatographHEX: F1 (M), F2
(N) and F3 (O)(2 mg/ml in DMSO) in 1:1 distilled water and MeOH nge
analysed using 10% B for 1 min, 10-98% B over 2 min9&& for 2 min,
(Phenomenex C18 GemihNiX 3up-110A 50x2 mm column). The eluent
compounds were detected at a wavelength of 220)rand 254 (ii) nm.
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Appendix IlI-H: HPLC trace of Duabanga grandiflora leaf extract
‘inactive’ fractions using Reversed Phase chromatographyEX: F4 (P), F5
(Q) and F6 (RX1 mg/ml in DMSO) in 1:1 distilled water and MeOH wer
analysed using 10% B for 1 min, 10-98% B over 2 min9&&o for 2 min,
(Phenomenex C18 GemihNiX 3u-110A 50x2 mm column). The eluent
compounds were detected at a wavelength of 220)rand 254 (ii) nm.
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Appendix llI-I: HPLC trace of Archldendron ellipticum bark extract
‘inactive’ fractions using Reversed Phase chromatograph£tOH: F1 (A),
F2 (B) and F3 (CY1 mg/ml in DMSO) in 1:1 distilled water and MeOH wer
analysed using 10% B for 1 min, 10-98% B over 2 min9&& for 2 min,
(Phenomenex C18 GemihiX 3up-110A 50x2 mm column). The eluent
compounds were detected at a wavelength of 220)rand 254 (ii) nm.
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Appendix 1lI-J: HPLC trace of Archidendron ellipticum bark extract
‘inactive’ fractions using Reversed Phase chromatographyetOH: F5 (D)
and F6 (EX1 mg/ml in DMSO) in 1:1 distilled water and MeOH weanalysed
using 10% B for 1 min, 10-98% B over 2 min, at 98% fori@,rfPhenomenex
C18 GeminiNX 3u-110A 50x2 mm column). The eluent compounds were
detected at a wavelength of 220 nm (i) and 254 (i) n
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Appendix 1lI-K: HPLC trace of Archidendron ellipicum bark extract
‘inactive’ fractions using Reversed Phase chromatographyetOAc: F1 (F),
F2 (G), F3 (H) and F6 (Ij1 mg/ml in DMSO) in 1:1 distilled water and MeOH
were analysed using 10% B for 1 min, 10-98% B overi2, at 98% for 2 min,
(Phenomenex C18 GemihNiX 3up-110A 50x2 mm column). The eluent
compounds were detected at a wavelength of 220)rand 254 (ii) nm.
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Appendix 1ll-xii: HPLC trace of Archldendron eIhpﬂcu m Ieaf extract
‘inactive’ fractions using Reversed Phase chromatography. EtOH: F1 (J),
F2 (K), F3 (L) and F6 (M) (1 mg/ml in DMSO) in 1:listllled water and
MeOH were analysed using 10% B for 1 min, 10-98% Br @enin, at 98%
for 2 min, (Phenomenex C18 GemikiX 3u-110A 50x2 mm column). The
eluent compounds were detected at a wavelengtB@heh (i) and 254 (ii) nm.
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Appendix IlI-L: HPLC trace of Archldendron elliptcum leaf extract
‘inactive’ fractions using Reversed Phase chromatography. EtOAc: F1 (N),
F2 (O) and F3 (P) (1 mg/ml in DMSO) in 1:1 distilleéter and MeOH were
analysed using 10% B for 1 min, 10-98% B over 2 min&¥ for 2 min,
(Phenomenex C18 GemihiX 3u-110A 50x2 mm column). The eluent
compounds were detected at a wavelength of 220)rand 254 (ii) nm.
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Appendix 1lI-M: HPLC trace of Archldendron ellipticum | eaf extract
‘inactive’ fractions using Reversed Phase chromatography. HEX: F1 (Q),
F2 (R) and F3 (S) (1 mg/ml in DMSO) in 1:1 distillediter and MeOH were
analysed using 10% B for 1 min, 10-98% B over 2 min&¥ for 2 min,
(Phenomenex C18 GeniNX 3u-110A 50x2 mm column). The eluent
compounds were detected at a wavelength of 220)rand 254 (ii) nm.
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Appendix IlI-N: HPLC trace of Pseuduvaria macrophylla extract ‘inactive’
fractions using Reversed Phase chromatograph¥tOH: F1 (A), F2 (B) and
F5 (C) (1 mg/ml in DMSO) in 1:1 distilled water andeMH were analysed
using 10% B for 1 min, 10-98% B over 2 min, at 98% fori@,r(Phenomenex
C18 GeminiNX 3u-110A 50x2 mm column). The eluent compounds were
detected at a wavelength of 220 nm (i) and 254 (i) n

258



B i 423 EtOAc
- (ﬁ Fraction 1
. e 2 | /\
D]
o w ||| S L AR 5
< 268 344 AT ——e :
- o A /I a ’\ J,\lv A Prted \
- . B 2e  am yor . ' N L pond V
= A b, § (%% A
- A \/\4/\_//\,*\\/\// A L \'\,
ae
£ s
O ] 3 B = 3 5
Time (min)
249,
0w e "\\
fad . e \
3004 S N
i 2mea 5
Z zom o
= el
25 .. 89 a0 Y 3
Time (ein)
EfOAC
Fraction 2
2.61
.23
23 [laza S \
vl'./" ? 2‘"!:('“ 324 330 B (LSS5, L er ~E2
\\\'/ . \J\,,v\/ A\ INA e N
T T R (et CAD Y = s a5 s
Time (min)
B
A28 - R
e
3 =5 o P
Time (miin)
& o o EfOAc
- A Fraction §
D] |
g
£
osse -
ra
” i aas
- p 1.62
ot ,’\ : 458,
iy = / ! \ WA A
- | Il
1 [ /
] \ 2.7y
[ W
\ R
S —n ~ e R~ Y S R S Sxmm— | Sa— 1
Time (enin)
G 428 4.88
120 E{OAC
{ 2.01 276 l( Fraction 6
n_ ' 2.54 A A/ \ |
- S— \ 27s | 124 /\'n \\ P /
% { A | A / \ o / X
}_ oy { J\ }\\H H ) S / s
4 | > ‘_" ~J \J \/ \
aterd 04 \/) i V \
\/ v s
v 4 J
e e e e e e e e e e e e e
A ¥ B
Time (min)
" = 426 "
H s0a, /™
|
i oead 2.74 o8 A=
vn"
3 | 209f |
2 “ 217 / y
o1 "\~
=
ey -

Y3 3o
Time (min)

Appendix 111-O: HPLC trace of Pseuduvaria macrophylla extract ‘inactive’
fractions using Reversed Phase chromatograph¥tOAc: F1 (D), F2 (E)F5
(F) and F6 (G) (1 mg/ml in DMSO) in 1:1 distilled watand MeOH were
analysed using 10% B for 1 min, 10-98% B over 2 min9&& for 2 min,
(Phenomenex C18 GemihiX 3u-110A 50x2 mm column). The eluent
compounds were detected at a wavelength of 220)rend 254 (ii) nm.
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Appendix IV

IV -1 Antimicrobial activity of UNMC crude extracts

Rapamycin is a well-known antibiotic used in orgamnsplant with
serine/threonine kinase inhibitory effects that carsoalaffect protein
translation, cell proliferation and transcription via imtion of mMTOR
(mammalian target of rapamyc@. Therefore compounds embedded in
UNMC extracts may have multiple functions. Aporgith(38) present in P.
macrophylla has been reported to demonstrate dogirtulosis activity against
Mycobacterium tuberculosis with MIC of 10@/ml, however it is inactive
against Plasmodium falciparum in antimalarial as@/sPreviously, an anti-
herpesvirus compound, eugeniin, was isolated fromgindiflora EtOAc
extracts and has demonstrated antiviral effects on H&¥hs (at 20ug/ml),
inhibition of viral DNA synthesis of HSV strains ineYb cells (at 2Qug/ml)
and dose-dependent inhibition of HSV DNA and IateVHSroteinﬁ
Additionally, D. grandifiora extracts have been shaw inhibit accumulation
of fat in melanoma cells and increase type Il collageoduction in dermal
fibroblastﬂ Therefore, further anti-microbial properties of thesecigseare
justified.

Antimicrobial properties of UNMC extracts were detared using broth
microdilution assay performed by Dr. Jaroslav Hadfid his team from the
Department of Microbiology, Nutrition and DieteticSzech Universitiy of

Life Sciences, in Prague.

The bacterial panel selected consists of both Gragathe (S. aureus and E.
faecalis) and Gram-positive bacteria (P. aeruginogh Eancoli), cocci and
rods, as well as one strain of yeast (C. albicans)erBace antibiotics were
used as positive controls. A. ellipticum extracerevnot assessed in this assay
due to insufficient stock. Two-fold dilutions of easdmple tested were tested
in the concentration range of128 mg/L. Eachwell was inoculated with 5 pl

of microbial suspension at a density of TFU/mI (1& for the yeast strain).
The microtitre plates were incubated overnighB7 °C. DMSO was assayed

as the negative control and has been shown nofféctebacterial growth.
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Growth turbidity was measured at 405 nm and the mimmextract
concentration required to inhibit bacterial growth (Md)Qvas calculated based
on the density of the growth control and were esped as the lowest extract
concentrations that resulted in 80% growth reducttompared to that of

extract-free growth control. All samples were testettiplicate.

IV-2 Antimicrobial activity of Duabanga grandiflora crude

extracts
D. grandifiora bark and leaf extracts revealed comparsthC values agairts
E. faecalis (16 mg/L), P. aeruginosa (8 mg/L), E. ¢&b mg/L) and C.
albicans (8 mg/L) in the broth microdilution assay (Activity against S.
aureus varied amongst the extracts, with polar (WaterEdOH) bark extracts
and leaf EtOH and EtOAc extracts yielding the lowBHC (16 mg/L).
Growth inhibition of Gram-negative bacteria posseagsirgood natural barrier
suggests that these extracts contain compoundsadbéd diffuse through the
bacterial wall and impair its cellular function affieg its growth.
In a recently published screening of Malaysian amtiobial plants, both D.
grandiflora extracts showed highest activity in agara diffusion assay
revealing sensitivity of S. aureus to EtOH bark at@Ac leaf extracts (0.094
mg/ml) and less sensitivity to EtOAc bark and EtGddflextracts (0.75 and
0.38 mg/ml, respectivel@ Higher concentrations of bark and leaf extracts
were need to inhibit E. coli growth (0.751.5 mg/ml). The activity was
among the most potent plants in the test and wasspecific against both
Gram-negative and Gram-positive bacteria. Recentlytimree-dependent
insecticidal study demonstrated D. grandiflora Me&#tiract-treated rice was
toxic to Sitophilus oryzae adults and toxicity ieased significantly with

increasing concentrations (0 - 32 mg/@.
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Appendix IV -A: Antimicrobial activity of extracts against selectextterial
strains.

Minimum Inhibitory Concentration (mg/L)

D. grandiflora

extracts/ Reference Gram-positive Gram-negative Yeast
bacteria au?éus faeliélis aeruF;.inose E. coll aIbic.ans
Water 16 16 8 16 8
x EtOH 32 16 8 16 8
& EtOAc 16 16 8 16 8
HEX 32 16 8 16 8
Water 32 16 8 16 8
e EtOH 16 16 8 16 8
3 EtOAC 16 16 8 16 8
HEX 32 16 8 16 8
Oxacillin 0.25 - - - -
g_f_j Vancomycin - 2 - - -
g;% Ciprofloxacin - - 0.25 - -
S:) % Tetracycline - - - 1 -
Nystatin - - - - 2

The bacterial panel consisted of S. aureus (ATCC 29F.3pecalis (ATCC
29212), P. aeruginosa (ATCC 27853), E. coli (ATCC 25922) weast C.
albicans (ATCC 10231). The minimum extract concentrafiog/L; MIC)
required to inhibit growth of selected bacteria anasyevere determined in the
broth microdilution assay according to the CLSI gliides (2009%%] MICs of
reference antibiotics used as positive controls wareange of acceptable
limits.
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IV -C Antimicrobial activity of Pseuduvaria macrophylla crude

extracts
Similarly, P. macrophylla extracts possess comparabtemicrobial activity
against E. faecalis (16 mg/L), P. aeruginosa (8 mgZL)oli (16 mg/L) and
C. albicans (8 mg/L) in a broth microdilution assay @ctivity against S.
aureus varied amongst extracts, and the lowest MIGn@/&) was seen with

EtOH extract.

Appendix IV-B: Antimicrobial activity of extracts against selectedtesial
strains.

Minimum Inhibitory Concentration (mg/L)

UNMC extracts/ Gram-positive Gram-negative Yeast
Reference bacteria S. E. P. : .
. : E. coli .
aureus faecalis aeruginose albicans

ke EtOH 16 16 8 16 8
>

<

e EtOAC 32 16 8 16 8
3

E HEX 32 16 8 16 8

Oxacillin 0.25 - - - -

)

Q .% Vancomycin - 2 - - -

o : :

o o Ciprofloxacin - - 0.25 - -

§ 5 Tetracycline - - - 1 -
Nystatin - - - - 2

Bacterial panel consisted of S. aureus (ATCC 29213),akcdlis (ATCC
29212), P. aeruginosa (ATCC 27853), E. coli (ATCC 25922) weast C.
albicans (ATCC 10231). The minimum extract concentraiog/L; MIC)
required to inhibit growth of selected bacteria anasyevere determined in the
broth microdilution assay according to the CLSI glifss (2009f%] MICs of
reference antibiotics used as positive controls wereange of acceptable
limits.

Overall, UNMC extracts were potent at very low conceitns against the
panel of Gram-positive and Gram-negative bacteria gedst strains.
Antimicrobial results concurred with previously retsorthat very low
concentration of D. grandiflora and P. macrophyk#raets could inhibit the
growth of Gram-negative bacteria even though they hayeod natural barrier

against antimicrobial compounds.
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Appendix V

Investigating in vitro anticancer activity of Uvaniaacrophylla (Annonaceagce
related to P. macrophyllgperformed by Mr Vijay Raja undeny supervision.
Extraction of U. macrophylla bark and leaf extractsigsolvents (in order of
polarity): EtOH > chloroform (CHL) > HEX was prepareds lJNMC
colleagues. Activity of these extracts has beetedesgainst MCH- and

HCT116 cancer cells in several bioassays.

V-1 In vitro growth inhibitory and cytotoxicity effects of Uvaria

macrophylla extracts in a cell line panel
The growth inhibitory properties of U. macrophyllatrexts in MCF-7 and
HCT116 cells were assessed using the MTT assay folipW2 h exposure (as
outlined in section 7.2.3). Both breast and col@lecarcinoma cell lines did
not demonstrate comparable level of sensitivity tasdd. macrophylla EtOH

extracts as observed4 with P. macrophylla extractis|€Ta:4).

Appendix IV-A: In vitro growth inhibitory effects of Uvaria macroplayl
extracts in breast and colorectal carcinoma cellealed by the MTT assay.

Cell line U. macrophylla Mean Glso Values (ng/ml)
extracts Bark Leaf

EtOH 79.08 +18.58 102.3+£12.88

MCF-7 CHL 11.69 +4.45 5.89+2.12
HEX 472 +1.50 27.03+7.23
EtOH 68.20 +21.80 97.23 £19.97

HCT116 CHL 3.25+0.66 4,55 +0.90
HEX 559+1.16 21.75 £ 8.60

Extract concentration (pg/ml) at which cell growth is inhibited by 50% (Glso)
after 72 h exposure. Mean dg¥alues (ug/ml) + SEM was obtained from > 3

(n = 4) individual experiments where active crude ettdGhko values < 20
ug/ml) are highlighted inbold, extracts + SEM values that could be considered
active are highlighted in italics.

HEX bark extracts demonstrated greater potency thainebdracts by 4 to 6
folds. CHL bark and leaf extracts were the most ad@nst both cell lines
atlow concentrations between (3.25 to 11.68nl). Extracts of CHL (used in

U. macrophylla extraction) and EtOAc (used in P. mphgtia extraction)
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reveal greatest activity against MCF-7 and HCT116 @mey to other
extraction solvents used, therefore it is likely that similar ‘active’ compounds
in this plant family are extracted by solvents thpolarity range.
On the whole, P. macrophylla extracts exerted gregtewth inhibition
activity against cancer cells than U. macrophylldraets. Unexpectedly,
EtOH and HEX U. macrophylla extracts did not yietinparable G}, values

as that seen with P. macrophylla extracts.

V-2 Influence of Uvaria macrophylla extracts on MCF-7 and

HCT116 cells’ survival and clonogenicity
The clonogenic assay was employed to assess themngct of U. macrophylla
extracts on MCFr and HCT116 cells’ survival and colony formation ability
(outlined in section 7.2.4). U. macrophylla extranotsbited colony formation
ability of both cells at similar or lower concentratothan determined in the
MTT assay (Table 8-5).

Appendix IV-B: Effects of Uvaria macrophylla extracts to MCF-7 and
HCT116 cells’ survival and clonogenicity.

. U. macrophylla Mean ICsp Values (ng/ml
Cell line extracrisy Bark . (uligeaf)
EtOH 19.61 +1.94 29.60 +2.81
MCF-7 CHL 472 +1.77 3.44 +1.23
HEX 6.60 = 3.00 12.83+4.34
EtOH 42.62 £11.70 94.66 + 22.41
HCT116 CHL 3.01+£0.67 5.17 £0.87
HEX 3.68 +0.63 28.30 £ 7.57

Extract concentration (ug/ml) at which colony formation is inhibited after 24 h
exposure. Mean Il§gvalues (ug/ml) £ SEM was obtained from > 3 (n = 4)
individual experiments.

It is possible that due to low seeding density, Etiirk and leaf extracts were
able to inhibit colony formation at lower extract centration than expected
than expected with the exception of leaf bark exteayinst HCT116 cells.
Whereas CHL extracts were able to inhibit clonogépiaf MCF-7 and
HCT116 cells at similar concentrations seen in the MiBay (<1lug/ml).

Overall, U. macrophylla bark extracts were more aciigainst MCF? cells’
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survival and clonogenicity (Figure 8-24), even thoggbater GJo results were
seen in the MTT assay, this may suggest cells remiainle but unable to
proliferate following exposure to U. macrophylla extsac Whereas similar
Glsp and 1Go values for U. macrophylla extracts against HCT118s ce
suggests that extracts are potent to HCT116 cellsirmguost in viability and

colony forming abilities.

Bark Leaf
Glg,, conntration

B ox
B3 05x
B 1x
[m 2x

Colony (%)
Colony (%)

(0 .
&.
<& %\d-

Extract G, concentration [ng/ml] Extract Gl concentration [ug/ml|

Bark
Leaf

Gly, concentration
EA ox
05X
B 1x
[ 2x

Colony (%)
Colony (%)

'&\

N
v

Extract Gl concentration [ng/ml| Extract G5, concentration [ug/ml]

\q/‘
N N\
S

Appendix V-C: Effects of U. macrophylla extracts to HCT116 (A: bark and
leaf) and MCF-7 (B: bark and leaf) cell$ survival and clonogenicity. Bars
(error bar = SEM) denote the mean % of MORACT116 colonies formed
after 24 h exposure to extracts from > 3 (n = 4) individual experiments; plating
efficiencies were > 80% per experiment. ANOVA univariate analysis was used
to compare each extract-treated group to the contralpgrAny statistically
significant values are denoted: * = 0.05< p.
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V-3 Uvaria macrophylla extracts effects on HCT116 cell cycle

distribution

Flow cytometric technique was employed to deterntit@T116 cell cycle
distribution following treatment to U. macrophyllateacts as outlined in
section 7.2.5.1. In general, cell cycle distributiocnHCT116 cells appeared to
be comparable to that of DMSO control cells (Figur@53- Cell cycle
histograms of cells exposed to EtOH extracts revesudde differences when
compared to that of the control, such as decrea&elif phase accompanied
by increased S phase levels. Whereas HEX bark éxtestment suggests a
possible increase in G2/M cell population accompaibig a decrease in G1/0
cell population. Interestingly, CHL extract treateell€ revealed increased
sub-G1 cell population, which is indicative of apaifr cells; CHL leafextract
appeared to be most active in increasing % of GUbHCT116 cells. In
summary, preliminary data suggests low concentraifdd. macrophylla CHL
extracts could possess compounds causing cellstergm apoptosis, however
further analysis are required to confirm this findingdaenable the use of
statistical analysis to reveal if the cell cycle digttion of extract-treated cells

are indeed different to the control population.
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Appendix V-D: Detection of propidium iodide staining of HCT116 cellular DNA content after exposure to U. macrophi extracts at 4X
Glso concentration for 48 hour. Data is represented as histogram of cellular DNAeantepresentation of cell population % in eachagatle
phase; images from a single representative expetiarenshown. The samples were kept chilled overniglat solution containing buffer,
detergent and ribonuclease A prior to analysis. Resudt® esthlished from three experiments of > 15,000 cells per sample (n = 2) and

processed using EXPO32 software.
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