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ABSTRACT

Cancer is a complex disease to treat and has poor survival rate. Natural product has
shown a promising effect in cancer treatments. Punica granatum or pomegranate has a
potential to be a useful cancer preventive agent, however the mechanism of action is
unclear. To understand how effective the pomegranate in preventing cancer growth, it
is crucial to identify the signaling pathways affected. One possibility is the polyamine
pathway which is important in many cells function and its up-regulation of this
pathway in cancer makes it a logical target for cancer prevention. Therefore, this study
was aimed to evaluate the role of pomegranate and polyamines in regulating cell cycle
distribution and cell death mechanisms as well as its anti-proliferative effect in human
lung adenocarcinoma cells, A549. The classification of polyamines in pomegranate
juice was determined by HPLC analysis. The anti-proliferative effect of pomegranate
juice was tested by using MTT assay and the effect of 2% pomegranate juice on A549
cells growth and viability were evaluated by trypan blue exclusion assay. The cellular
protein and polyamines content in A549 cells were determined using Lowry assay and
HPLC, respectively. The cell cycle distribution and cell death mechanisms were
evaluated using flow cytometer. The gene expression was evaluated using quantitative
real - time PCR. The study found that pomegranate juice was classified under low
polyamine diet. At the concentration range from 0 to 3%, pomegranate juice caused
inhibition of A549 cells growth. The inhibitory concentration (ICsp) was 1.4% =+ 0.23,
1.5% + 0.14 and 1.4% + 0.12 after 48, 72 and 96 h exposure, respectively. At the
concentration of 2%, inhibition of growth was observed by showing decreased in
viable A549 cell number and protein content after 48 h (p<0.05), 72 h (p<0.001) and
96 h (p<0.001) exposure compared to untreated A549 cells. In contrast, the percentage
of cells viability remains high and constant. The results also showed a positive
correlation between total viable A549 cells number with protein content where the R?
values for untreated and treated were 0.9248 and 0.6523. There were no significant
differences in total polyamines content in untreated and treated A549 cells. The study
also found that pomegranate juice induced cell cycle arrest at Go/G; phase and
apoptosis via intrinsic pathway following 24 h treatment. Pomegranate juice caused
loss of mitochondrial membrane permeability after 48 h (p<0.05) exposure and a
release of cytochrome c in cytosol after 24 h (p<0.05) and 48 h (p<0.01) exposure in
treated A549 cells. In caspases analysis, it was showed that there was activation of
caspase-3 following 72 h (p<0.01) treatment and caspase-9 after 48 (p<0.01) and 72 h
(p<0.05) exposure in treated A549 cells. Lastly, gene expression study found that
pomegranate juice inhibited the expression of ODC gene after 24 h and 48 h exposure
(p<0.001) and SSAT gene after 48 h exposure (p<0.05) in treated A549 cells. From
the study, it can be deduced that the suppression of A549 cell growth might not due to
modulation of polyamine metabolism. However, pomegranate juice able to cause
A549 cell growth inhibition by inducing cell cycle arrest and apoptosis through
mitochondrial pathway.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Cancer is a disease which is caused by uncontrolled proliferation and growth of
abnormal cells in the body (Ho et al., 2013). It arises as a result of accumulation of
multiple mutations within genome which the process is known as carcinogenesis
(Saunders and Wallace, 2010). It is a multistage process which usually takes many
years to develop and leads to disruption of basic biological functions such as cell
division, differentiation, angiogenesis, and migration (Turrini et al., 2015). World
Health Organization (2015) reported that cancer is the number one cause of mortality
worldwide following closely cardiovascular disease and stroke which accounting for
8.2 million cancer related deaths in 2012.

The most common forms of cancer related deaths were lung cancer (1.59
million deaths), liver cancer (745,000 deaths), stomach cancer (723,000 deaths),
colorectal cancer (694,000 deaths), breast cancer (521,000 deaths) and oesophageal
cancer (400,000 deaths). GLOBOCAN 2012 stated that lung cancer has been the
most common cancer in the world for several decades. There are estimated to be 1.8
million new cases in 2012 (12.9% of the total) and 58% of which occurred was in the
less developed regions. Cancer mortality is reported to be higher among men
compared to women (207.9 per 100,000 men and 145.5 per 100,000 women)
(National Cancer Institute, 2015). Last two decades, the mortality rates for all cancers
have shown some improvements. However, there are still a number of cancers which

has poor survival rate such as lung cancer which is 5% in the world (Cancer Research



UK, 2015). Lung cancer has been proven difficult to control with the therapeutic
drugs and surgical approaches (Khan et al., 2007). The patient with lung cancer faces
a grim prognosis because it is highly aggressive and refractory to chemotherapy.
Lung cancer has increased at alarming rate since the last decade. The survival rate for
lung cancer is higher in women compared to in men. About 89% of lung cancer cases
occurred each year in United Kingdom is linked to major lifestyle and other risk
factors (Cancer Research UK, 2015). One of the risk factors is the increasing trend in
smoking among the community.

There are several conventional therapies for cancer including chemotherapy,
radiotherapy as well as surgical approaches (Guan & Yang, 2014). However, these
existing therapies do not efficient enough to increase the survival rate. Chemotherapy
has been used for long time ago in cancer treatment but at the end of chemotherapy
session, patient will experience several non-specific side effects such as nausea,
vomiting, fatigue and hair loss (Coates et al., 1983; Griffin et al., 1996). As
previously mentioned, lung cancer is one of the cancer which is resistant to
chemotherapy. Therefore, many scientific research endeavours have focused on
finding other alternative strategies to reduce the prevalence of cancer as well as to
increase the cancer survival rate. Recently, there is a growing interest in consumption
of natural product as an alternative strategy in reducing the risk of getting cancer and
preventing the recurrence of cancer.

Chemoprevention and cancer treatment using natural product has gained
attention at all levels and developed as a major field of scientific investigation. It is
because cancer is a preventable disease. Adopting a healthy lifestyle such as having a
healthy diet, being physically active and reducing the use of tobacco would help to

reduce the prevalence of cancer as well as prevent recurrence of cancer. According to



Gullet et al. (2010), chemoprevention is defined as pharmacological intervention
either with synthetic or naturally occurring compounds that may prevent
carcinogenesis or the development of invasive cancer.

Chemoprevention using natural compounds had been shown to be safer than
synthetic compounds because it can be found in the diet, wide availability and
tolerability (Gullet et al., 2010). Natural compounds from fruits and vegetables had
been reported to exert anticancer effect and have a potential to reduce the risk of
cancer. One of the fruits which possess several medicinal properties had been selected
in this study which was Punica granatum or pomegranate. Pomegranate was known
to exert anticancer effect and provide the best protection against many diseases.
Pomegranate contains a number of bioactive compounds which may contribute to
chemopreventive property. Usually, chemopreventive agents are found as a complex
mixture, not in isolation. So, most probably the chemopreventive action of
pomegranate will be resulted from a number of different bioactive compounds which
affect multiple pathways to produce a cumulative chemopreventive effect. In many
cases, the mechanism of action is still unclear and the signaling pathway affected is
not known.

There are several pathways which are well known to be affected by cancer
such as NF-kB signaling (Dolcet et al.,2005), Wnt signaling (Reya & Clevers, 2005)
and hormone receptor signaling (Saunders & Wallace, 2010). However, there is
another pathway which has not been explored in detail yet which is polyamine
pathway. Polyamine is found in almost species and have an important role in normal
and malignant cells proliferation and death pathways which induced programmed cell
death known as apoptosis (Moschou & Roubelakis-Angelakis, 2014). Polyamines are

highly regulated and dependent on the activity of its rate limiting enzyme, ornithine



decarboxylase (ODC) which involved in polyamine biosynthesis (Ray et al., 1999).
In cancer cells, polyamines present in high level (Soda, 2011). The up-regulation of
the polyamines and their involvement in the regulation of cell growth makes them as a
logical target for the cancer treatment. In order to ensure the effectiveness of the
pomegranate as anti-proliferative agent, the signaling pathways affected should be
known and the mechanism of action should be elucidated.

The ultimate goal of cancer treatment is to promote cancer cells death without
causing too much damage to normal cells (Gerl & Vaux, 2005). The existing cancer
treatments have been known to cause cell death by two modes which are induction of
programmed cell death, apoptosis and direct toxicity. In cancer treatment, using
anticancer agents that induced apoptosis are highly recommended due to its ability to
not causing death of normal cells. Besides, cell cycle arrest also becomes the target in
cancer treatment. Generally, cancer occurs as a result of dysregulation of cell cycle
which serves to protect from DNA damage. Whenever DNA damage occurs, cell
cycle arrest provides tumor cells to undergo repairs mechanism. However, failure to
repair the DNA damage will cause activation of apoptotic cascade which leads to cell
death. Recently, there are many cancer treatments that focus on apoptosis induction
as well as cell cycle arrest as the mean of cancer cell death. One of the focuses in this
study is to investigate the effect of pomegranate in cell cycle distribution as well as

cell death mechanism in human lung adenocarcinoma cells, A549.



1.2 RESEARCH OBJECTIVES
The general aim for this study is to investigate the role of pomegranate juice and
polyamines in regulating cell cycle distribution and cell death mechanisms in human
lung adenocarcinoma A549 cells. The specific objectives of this study are:
1- To quantify and classify the polyamines content in the pomegranate juice.
2- To evaluate the anti-proliferative effect of the pomegranate juice on the
growth of human lung adenocarcinoma A549 cells.
3- To determine the human lung adenocarcinoma A549 cells cycle profile
changes induced by pomegranate juice.
4- To identify the type of cell death induced by pomegranate juice and the
mechanisms involved.
5- To identify the effect of pomegranate juice on the gene expression of
ornithine decarboxylase (ODC), enzyme involved in the polyamine
synthesis and spermidine/spermine N'-transferase (SSAT), enzyme

involved in the polyamine catabolism.

1.3 RESEARCH QUESTIONS
1. Does pomegranate contain polyamines? If yes, what is the classification of
polyamine diet for pomegranate juice?
2. Does pomegranate juice inhibit the proliferation and growth of human
lung adenocarcinoma A549 cells?
3. Does pomegranate juice amend the human lung adenocarcinoma A549

cells cycle profile?



What is the type of cell death induced by the pomegranate juice and the
mechanisms involved?

Does the gene expression of ornithine decarboxylase (ODC), enzyme
involved in the polyamine synthesis and spermidine/spermine N1-
transferase (SSAT), enzyme involved in the polyamine catabolism

affected by pomegranate juice?

1.4 RESEARCH HYPOTHESES

The hypotheses are as follows:

1.

Polyamines present in pomegranate in low level. Thus pomegranate is
classified as low polyamines diet.

The pomegranate juice possesses anti-proliferative activity against human
lung adenocarcinoma A549 cells by showing growth inhibition.

The pomegranate juice induces the cell cycle profile changes in human
lung adenocarcinoma A549 cells.

The pomegranate juice induces cell death on human lung adenocarcinoma
A549 cells via apoptosis.

The pomegranate juice inhibits the expression of ornithine decarboxylase
(ODC) and induces the expression of spermidine/spermine N1-

acetyltranferase (SSAT) which leads to depletion of polyamines level.



CHAPTER TWO

LITERATURE REVIEW

2.1 POLYAMINES: AN OVERVIEW

2.1.1 Structure and Properties

The basic natural polyamines known as putrescine, spermidine and spermine are
widely distributed and present in almost all living organisms such as prokaryotes,
eukaryotes, plants and animals. Aliphatic polyamines have a low molecular weight
(Schipper et al., 2000) and simple chemical structure (Figure 2.1). Polyamines are
water soluble and are highly charged cations at physiological conditions. They can
bind to numerous macromolecules including DNA, RNA, proteins, enzymes and
many negatively charged phosphorylated molecules in the cytoplasm and nucleus

(CRISS, 2003).
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Figure 2.1 Chemical structures of the polyamines, putrescine, spermidine and
spermine (Minois et al., 2011)



2.1.2 Physiological Roles of Polyamines

Polyamines are essential for physiological as well as pathological condition in human.
Polyamines play a crucial role in cell proliferation (CRISS, 2003) and differentiation
(Schipper et al., 2000). Under physiological conditions, polyamines are flexible
polycations that are able to interact with negatively charged macromolecules which
led to the stabilization of DNA, RNA and some proteins. This interaction determines
polyamines are the essential factors for the growth, maintenance and function of
normal cells (Kala¢, 2014) as well as malignant cells (Davidson et al., 1999). In
cancer cells, polyamines present in high level (Soda, 2011). Enhanced level of
polyamines biosynthesis in cancer tissues led to increased polyamine availability
which enhanced the growth of cancer cells. Therefore, the growth of tumor cells is

accelerated with the presence of polyamines.

2.1.3 Metabolism of Polyamines

Polyamine metabolism involves synthesis of polyamine and catabolism of
polyamines. The polyamines biosynthesis is started with the decarboxylation of
ornithine by the rate-limiting enzyme, ornithine decarboxylase (ODC) (Ramani et al.,
2014) producing putrescine (Figure 2.2). Putrescine is subsequently converted to
spermidine by addition of aminopropyl groups. The reaction involves S-
adenosylmethionine decarboxylase (SAMDC) and spermidine synthases (Thomas &
Thomas, 2001). The conversion of spermidine to spermine also requires SAMDC
along with spermine synthase (Childs et al., 2003). The decarboxylation reaction is
reversible process. Hence, the higher polyamines can be converted back to putrescine

(Janne et al., 2004).



