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ABSTRACT

Cancer is a major cause of morbidity and mortality worldwide. In recent biomedical
researches, the areas of cancer and infectious diseases have a leading position in
utilization of medicinal plants as a source of drug discovery. Malaysia has a diversity
and large quantity of underutilized fruits which are rich in phenolic compounds. The
objective of study one was projected in vitro to explore natural sources of antioxidant
in Artocarpus.altilis (breadfruit) extracts and antioxidant properties. The total
phenolic content (TPC) was measured using the Folin-Ciocalteau method and the total
flavonoid content (TFC) was determined by using aluminium chloride colorimetric
method. Antioxidant properties were determined via the DPPH radical scavenging and
B—carotene bleaching (BCB) assays. The various fruits parts Pulp (PU), peel (PE) and
whole fruit (WF) were extracted with various solvents such as hexane,
dichloromethane (DCM) and methanol. The methanol extracts obtained the highest
yields among other solvents (hexane and DCM). The pulp (edible portion) had the
highest yield (p<0.01). Methanol extract of pulp part revealed the highest total phenol
and flavonoid content value of 781+£17.32 mg (GAE)/g and 6213.33+82.24 mg (QE)/g
of dry sample, respectively. 1Cso values of methanol extract of pulp part in DPPH
radical were obtained to be 0.05+0.00 mg/mL as compared to positive control
(ascorbic acid) 0.06+0.00 and the antioxidant activity for the B-carotene bleaching
assay was 88.34+0.75% of methanol extract of pulp part as compared to the positive
control (Trolox) 90.02+0.87%. The objective of study two was to identify and
quantify some phenolic compounds in the methanol extracts. By using the ultra high-
performance liquid chromatography-tandem mass spectrometry (UHPLC/MSMS)
based approach, a total of 9 compounds were detected and characterized on the basis
of their chromatographic retention time, UV-vis spectra and mass spectra in the
negative-ion mode and data from the literature. The results of the various parts of A.
altilis fruit extracts showed promising antioxidant and potential bioactivities due to
the high content of phenolic compounds. The purpose of the study three was to
evaluate the cytotoxicity effects of methanol fruit extracts on four human cancer
(A375, MCF-7, A549, and HT-29) cell lines. The ICs, of the samples were measured
using trypan blue exclusion assay (TBEA). The methanol extract of pulp part showed
the least inhibition concentration of 15.40+0.91 ug/mL on A375 cells. In the study
four, the molecular mechanism of methanol extracts-induced apoptosis and cell cycle
arrested in human cancer cells were investigated in a time dependent approach by
using flow cytometry. The treated cells were stained with nexin to detect early and
late apoptosis and with PI for cell cycle arrest associated with the DNA fragmentation,
various cells arrests were occurred at G1/S, S and G2/M phases. Lastly the gene
expression analysis by reverse transcription quantitative PCR (qPCR) method was
carried out by analysing the expression of gene of interest for quantification of MRNA
levels. Results after cells treated with 1Csy were revealed by upregulating of anti-
apoptotic genes/downregulated of pro-apoptotic BCL-2 gene expressions were
triggered the treated cells into CASPASE-3, intrinsic and extrinsic pathways. These
findings suggest that the methanol extracts of three parts of A. altilis fruit have
potential chemotherapeutic activity against human cancer cell lines mainly the pulp
part of the fruit.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Cancer is defined as the uncontrolled or unregulated growth of cells. It is currently the
leading cause of death worldwide. It has been reported to be the second highest cause
of death in developing and developed countries (Siegel et al, 2016). According to the
National Cancer Registry 2017 report, over 21,000 new cancer cases were detected in
Peninsular Malaysia with age-standardized incidence rate (ASR) equal to 131.3 per
100,000 of the population. Breast, colorectal, lung and cervix cancers were found to
be the most common types reported in the hospitals in Peninsular Malaysia (Omar et
al., 2006). Torre et al., (2015) reported that there were 32.6 million new cancer cases
and 8.2 million deaths due to cancer condition globally. In Asia alone, which
represents 60% of the world total population, the incidence of cancer cases is
projected to increase from 6.1 million in 2008 to 10.6 million in 2030
(Sankaranarayanan et al., 2014). Surgery, radiation, and chemotherapy are among the
modalities used in cancer treatment, whose goal is to either cure the disease or prolong
and improve the patient’s quality of life. Though chemotherapy has led to
improvement in this part, drug resistance and toxicities remains a significant challenge
(Gottesman, 2002). Thus, there is a crucial need to identify safer but equally effective
agents to be used in cancer treatments, which can be found in natural agents.

Tamimi et al., (2002) stated that there are numerous chances to intervene in
this process, which could reveal more significant methods reduce the occurrence of

cancer. On the other hand, antioxidants play an important role in the protection of the



human body against damage by reactive oxygen species (Govindarajan, 2005).
Previous studies have shown that intake of natural antioxidants has been associated
with reduced risks of cancer, cardiovascular disease, diabetes, and other diseases
related to cellular oxidative damage probably over 100 associated diseases in total
(Valko et al., 2007; Fisher-Wellman et al., 2009). Therefore, the use of natural
products for pharmaceutical purposes has gradually increased. Hence, such natural
products from plants should investigate to understand their properties, safety, and
efficacy. This will result in the minimal use of most common cancer treatments such
as radiation therapy, surgery and chemotherapy. Each of these treatment methods has
significant limitations, but chemotherapy by cytotoxic drugs offers the only approach
to treating the metastasized cases (Lyons, 2007). However, the development of cancer
cell resistance to chemotherapy has demonstrated the growing needs for discovering

new cytotoxic drugs that act by distinctive mechanisms.

Some anticancer agents derived from plants are (vincristine, vinblastine,
etoposide, paclitaxel, camptothecin, topotecan and irinotecan) from marine organisms
several compounds identified are (cytarabine, alpine and dolastatin 10) and from
microorganisms are (dactinomycin, bleomycin, and doxorubicin). There are numerous
agents identified from fruits and vegetables used in anticancer therapy. These agents
are curcumin (turmeric resveratrol, red grapes, peanuts and berries), genistein
(soybean), diallyl sulfide (allium), S-allyl cysteine (allium), allicin (garlic), lycopene
(tomato), capsaicin (red chilli), diosgenin (fenugreek), 6-gingerol (ginger), ellagic acid
(pomegranate), ursolic acid (apple, pears, prunes), silymarin (milk thistle), anethole
(anise, camphor, and fennel), catechins (green tea), eugenol (cloves), indole-3-

carbinol (cruciferous vegetables), limonene (citrus fruits), beta carotene (carrots) and



dietary fiber. These natural compounds are great opportunity to evaluate not only very
new chemical classes of anticancer agents, but also novel leads compound and
potentially relevant mechanisms of action (Abhishek et al., 2011). Artocarpus artilis
belongs to the family Moraceae found widely throughout tropical and temperate

regions (Southeast Asia) and has the potential to be a source of bioactive compounds.

1.2 STUDY JUSTIFICATION

The global market for traditional medicines was estimated at US$ 83 billion annually
in 2008. With an exponential rate of increment, more than 80% of the world’s
populations depend on traditional medicine for their main health care needs (WHO,
2011). Cragg et al., 2005 reported that more than 60% of currently used anti-cancer
agents come from natural products. Medicinal plants that are commonly used with the
antioxidant activity known worldwide belong to plants from several families,
especially Lamiaceae (rosemary, sage, oregano, marjoram, basil, thyme, mints, balm),
Apiaceae (cumin, fennel, caraway), and Zingiberaceae (turmeric, ginger). In addition,
composition and concentration of antioxidants that are present, such as phenolic
compounds are related to antioxidant effect (Masuda et al., 2015). Natural products
remain an important source of new drugs. Natural products played an important role in
contributing to the drugs resources. Aproximately 60 cancer chemotherapeutic drugs
are in the market. For instance, in the United States, there are now four structural
classes of plant anticancer agents available. These are constituted by the catharanthus
(vinca) alkaloids (vinblastine, vincristine, vinorelbine), the epipodophyllotoxins
(etoposide, etoposide phosphate, teniposide), the taxanes (paclitaxel and docetaxel),
and the camptothecin derivatives (irinotecan and topotecan) (Cragg et al., 1997).

Natural products are an attractive source of new therapeutic compounds as



