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Abstract

Malaysia is ranked the 12" richest country for its biological diversity of plant
species by the Convention on Biological Diversity and this project aims to
contribute to existing knowledge of Malaysian rainforest plants, Acalypha
wilkesiana, Duabanga grandiflora, Archidendron ellipticum and Pseuduvaria

macrophylla, for the treatment of cancer.

A. wilkesiana (Euphorbiaceae) whole plant EtOH and EtOAc extracts inhibited
growth of breast cancer MDA-MB-468 cells (Glsp: 22.7 and 15.9 ug/ml) and
revealed preference over non-transformed MRC5 fibroblasts (Glsy: 46.6 and
53.3 pg/ml, respectively). EtOH and HEX extracts were able to impair cell
survival and colony-forming abilities in MDA-MB-468 cells after 24 h.
Detection of increased MDA-MB-468 sub-G1 cell populations after 48 h
treatment to EtOH and HEX extracts, suggest that cells may be undergoing

apoptosis.

A. ellipticum (Leguminosae) crude polar bark and leaf extracts inhibited MDA-
MB-468 cell growth (Gls of bark EtOH, EtOAc extracts: 1.7 and 40.4 pg/ml,
respectively and leaf EtOH and EtOAc extracts: 9.3 and 9.3 pg/ml,
respectively). However, MDA-MB-468 cell growth was unaffected by HEX
extracts (> 200 pg/ml). Separation of crude extracts revealed sub-fractions of
greater activity, in particular a 50-fold enhanced potency in sub-fractions of
HEX extract thus overcoming masking or antagonistic activity in the crude
mixture. Following 24 h, bark and leaf extracts impaired MDA-MB-468 cells’
proliferative and colony-forming abilities at 1X and 2X Glsp values suggesting
significant damage was induced leading to observed cellular senescence and
inhibition of cell proliferation. After 48 h exposure to EtOH and HEX extracts,
MDA-MB-468 cells accumulated cellular damage, possibly affecting
microtubule functions resulted in activation of apoptosis as shown by increased
of sub-G1 and G2/M MDA-MB-468 cell populations and presence of
phosphatidyl serine on the outer membrane of cells. Modest levels of
flavonoid and phenolic compounds were found in bark and leaf extracts, which

correlated to moderate level of free radical scavenging activity observed.



D. grandiflora (Lythraceae) bark and leaf extracts revealed growth inhibitory
effects against colorectal cancer HCT116 cells (Glso of bark Water, EtOH,
EtOAc and HEX extracts: 42.4, 37.5, 21.69 and 28.9 ug/ml, respectively; leaf
Water, EtOH, EtOAc and HEX extracts Glso: 38.0, 40.9, 24.7 and > 200 pg/ml,
respectively). Separation of crude bark extracts resulted in fractions of greater
activity, whereas separation of leaf extracts revealed reduced activity
suggesting synergistic activity in the mixture. Following 24 h, bark and leaf
extracts impaired HCT116 cells’ proliferative and colony-forming abilities at
1X and 2X Glsp values indicating significant damage incurred leading to
observed cellular senescence and cell proliferation inhibition. After 48 h
exposure to D. grandiflora extracts, increased sub-G1 HCT116 cell population
and a G1/0 cell cycle block accompanied by decreased S and G2/M cell
populations were measured. Detection of phosphatidyl serine on cells’ outer
membrane and activated apoptotic caspase 3 protein confirmed D. grandiflora
extracts induced apoptosis. Highest levels of flavonoid and phenolic
compounds were found in polar bark and leaf D. grandiflora extracts, which

may correlate to the highest free radical scavenging activity measured.

P. macrophylla (Annonaceae) extracts collectively displayed greatest HCT116
cell growth inhibition (EtOH, EtOAc and HEX extracts Glsp: 5.2, 1.6 and 5.4
pg/ml) and separation of EtOH and EtOAc extracts revealed even greater
activity in sub-fractions. After 24 h, polar extracts at 2X Glsg completely
impaired HCT116 cells’ proliferative and colony-forming abilities suggesting
extract-induced significant damage led to inability of cells to proliferate.
Analysis of cell cycle distribution revealed increased sub-G1 HCT116 cell
population and high levels of early apoptotic HCT116 cells following 48 h
exposure to P. macrophylla extracts coupled with detection of caspase 3
activation confirming execution of apoptosis. Modest levels of flavonoid and
phenolic compounds were detected in EtOH, EtOAc and HEX extracts, which

correlated to modest free radical scavenging activity.

The findings in this project should justify further separation and in vitro

investigations.
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1

Introduction

1.1 The history of the application of medicinal plants in

treatment of diseases
Prehistoric evidence has revealed mankind’s application of natural products to
treat various symptoms as well as benign and malignant diseases.'® Ancient
accounts, dated approximately 2,600 BC, originating from the Sumerians and
Akkaidians describe uses for approximately 1,000 plants and their derived
substances such as oil, resin and juice.>* Our ancestors chewed on particular
herbs to relieve pain, used plants as tinctures or dressings to heal wounds and
also used plants as poisons.>® Several surviving ancient recipes of plant-based
treatment of diseases are still in use, for example the Egyptian Ebers Papyrus
dated around 1550 to 2900 B.C, which includes over 700 drugs and 800
formulae consisting of plants, animal organs and some minerals. The Chinese
Materia Medica dated from circa 1100 B.C describes the use of over 600
plants in treating diseases.®’ Natural products used traditionally for treatment
could incorporate entire or parts of organisms such as plants (flower, stems or
roots), animal products (glands or organs), microorganisms or inorganic salts

without extensive processing.” ®

The selection and application of natural
products for human well-being have prospered and evolved over the centuries
through a process of trial and error.’ Indigenous knowledge and practices (or
systems) are passed down generations worldwide for example, Traditional
Chinese Medicine (TCM; China), Japanese Chinese Medicine or Kampo
(Japan), Korean Chinese Medicine (KCM; Korea), Jamu (Indonesia),
Ayurvedic Medicine (India), and more recently Phytotherapy (Europe).? The
World Health Organisation (WHO) defines traditional medicine (TM) as

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



medicines, spiritual therapies, manual techniques and exercises applied
singularly or in combination to maintain well-being, as well as to treat,
diagnose or prevent illness”? TM is also known as ‘complementary and
alternative’ (CAM) or ‘non-conventional’ medicine in countries where TM is
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not a part of the country’s national health care system.
estimated 80% of the world’s population, primarily in undeveloped countries,
is reported to use TM as their primary healthcare.®. Whereas the other 20% of
the world’s population, primarily in developed countries, is being prescribed
drugs that are derived directly from natural products or designed from semi-
synthetic natural product pharmacophores.*? Since there is an extended record
of using natural products for human consumption and treatment of diseases, it
deems rational to investigate plant materials as a source for biologically active
therapeutic compounds.*

Nevertheless, mankind’s desire to pursue a better life-style has led to increased
commercial pressure for habitable areas, food sources and employment (e.g.
farming). As a result, there is an ever-growing concern over the effect of the
deforestation and industrialisation of the planet on the natural habitat of
wildlife and plant species. The decline and potential extinction of species
could result in the loss of interesting novel therapeutic compounds as well as
the gradual loss of indigenous traditions and ethnobotanical knowledge.* *°
Therefore the race to identify useful natural compounds could ease commercial
pressures and preserve natural habitats if governments and 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 provide guidance for potential
drug-leads.’® " The observation of natural products’ use by indigenous groups
accompanied by the scientific investigation of herbal recipes to identify active
phytochemicals is an area of drug research termed ethnopharmacology.®
Ethnopharmacology is enhanced by multicultural exposure and global
communication enabling methodological collection and validation of medicinal
valuable ethnobotanical evidence.'® In the 18" century when medicines were
mainly limited to natural products, Johann Adam Schmidt (1759-1809)
adopted the term ‘pharmacognosy’ to incorporate the area of drug knowledge
and ‘ethnobotanic medicine’.> ™ *  Consequently, pharmacognosy has
advanced to incorporating various disciplines such as ethnobotany,
phytochemistry, biochemistry, organic chemistry, taxonomy and pharmacology.
Each discipline contributes to the accurate identification of plant species (plant
selection), extraction of plant materials, verification of biological activity and
the isolation and structure elucidation of novel active compounds or of already
known active compounds by validating on compound databases (de-
replication); this is termed ‘molecular pharmacognosy’, which “explores
naturally occurring structure-activity relationships (SAR) with a drug potential”
to increase chances of finding new structures, biological activity and targets
(Figure 1-1).%°
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Figure 1-1: Explanatory model for molecular pharmacognosy.

At the beginning of the 19™ century, approximately 80% of all medicines were
derived from different plant sections e.g. root, leaf and/or bark.?’ For instance,
Solanum dulcamara bark extract is used in TCM for its analgesic properties to
relieve pain.?* By the late 19™ century, aspirin (or acetylsalicylic acid) (1),
from the bark of Salix alba was developed. Aspirin is the first synthetic
pharmaceutical drug for the relief of minor pains, which highlights the

5, 22, 23

significance of nature in drug development. Upon tissue damage,

algogenic chemicals such as prostaglandins are released to cause hyperalgesia,

and aspirin acts to inhibit the biosynthesis of such molecules.”*%

Later,
morphine was isolated from opium poppy, Papaver somniferum, and the search
and isolation for new drug leads continues today with approximately 75% of
drugs for infectious and parasitic diseases consisting of natural 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 chemical entities (NCESs) were
natural products, natural product derivatives or compounds containing a
pharmacophore from natural products.?® In 2004, 70 natural product-related
compounds were in clinical trials.> Recently, approved drugs based on natural
products include artemether (isolated from Artemisia annua L. (Asteraceae)
used in TCM), galantamine (isolated from Galanthus woronowii Losinsk
(Amaryllidaceae)), calanolide A (isolated from Calophyllum lanigerum var.
austrocoriaceum (Whitmore) (Clusiaceae)) and nitisinone (modified from
mesotrione, from Callistemon citrinus Stapf. (Myrtaceae)), which are available
in the United States (U.S.) for indications such as malaria, Alzheimer’s,
HIV/AIDS and tyrosinaemia, respectively.” Patients commonly acquire
resistance to their treatment e.g. malaria patients develop resistance to
chloroquine (2) over prolonged use, therefore drug development is a continual
process to ensure new leads such as cryptolepine (3), an alkaloid from the
African Cryptolepis sanguiolenta, with an alternative mechanism of action will

be available as another treatment option.?’
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Figure 1-3: The chemical structures of chloroquine (2) and cryptolepine (3).



Fabricant and Farnsworth (2001) outlined several key objectives of
investigating plants for therapeutic compounds, including the use of isolated
bioactive compounds as direct drugs, structural templates for semisynthesis,
pharmacologic tools and/or using the crude plant as a herbal remedy.**?® The
number of unexplored higher plant species, angiosperms and gymnosperms, in
the world is estimated between 215,000 to 500,000.% % Of these, only 6% have
been screened for their biological activity and < 20% have been subjected to
laboratory investigation for potential therapeutic use.’* ¥ Sneader (2005)
suggested that < 3,200 (1%) plant species are used in TM, highlighting that
there are many unexplored areas in drug discovery from plant species.?
Interestingly, Farnsworth et al. (1985) identified that of the 122 active
compounds found in 94 different ethnomedicinal plant species, 80% of the
active compounds have been used to treat 