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ABSTRACT 

 

 

Aloe emodin, an anthraquinone exhibits higher cytotoxicity to hepatoma, prostate 

and cervical cancer cells through cell cycle arrest and apoptosis compared to normal 

cells. However, its underlying mechanism on ER
+
-breast cancer cell death remains 

unclear. Therefore, this study was done to investigate aloe emodin cytotoxicity and 

its mechanism on estrogen receptor (ER)-positive (MCF-7), ER-negative breast 

cancer cells (MDA-MB-231) and control breast cells (MCF-10A) in comparison 

with tamoxifen. Cytotoxicity was determined using WST-1 proliferation assay and 

Trypan blue exclusion test. Apoptosis mechanism was investigated using Annexin 

V-FITC/PI staining and DNA fragmentation assay. Both genes and proteins involved 

in the regulation of cell cycle (p53, p21, CDK1, CDK2, cyclin B1 and cyclin E1) and 

apoptosis (Fas, FADD, Caspase-3, Caspase-8, Caspase-9, Bax, Bcl-2, and 

Cytochrome c) in aloe emodin-treated MCF-7 were determined using Quantigene 2.0 

Plex and protein ELISA assays respectively. Maximum treatment time was set up to 

72 hours in all assays. Aloe emodin inhibited the proliferation of MCF-7 with IC50 of 

80μM. No IC50 value was obtained on MDA-MB-231 and MCF-10A, even up to 

150μM. In contrast, tamoxifen was non-selective to all cells with IC50 of 27µM, 

19μM and 42μM, respectively. IC50 values obtained were used in all the other assays. 

Results from Trypan blue exclusion test were in concordance with the proliferation 

assay. Study on Annexin/PI staining showed the presence of early and late apoptosis 

(18.42% ± 3.53 to 29.25% ± 0.55; p<0.05, n=3 and 28.45% ± 2.36 to 30.22% ± 0.56; 

p>0.05, n=3, respectively) in aloe emodin and tamoxifen-treated MCF-7 cells. 

Accordingly, DNA fragmentation was observed. Aloe emodin and tamoxifen 

enhanced MCF-7 cytotoxicity through apoptosis. In cell cycle signalling, aloe 

emodin upregulated the expression of p53 and p21 proteins; while downregulating 

CDK1. Only CDK1 protein is in accordance with gene expression. In intrinsic 

apoptosis signalling, Bax, Cytochrome c and Caspase-9 proteins were upregulated; 

while no change observed in Bcl-2 protein. Except for Caspase-9, these results are in 

accordance with gene expression. In extrinsic apoptosis, Fas and Caspase-8 were 

upregulated, contrary to gene expressions. These findings indicate that aloe emodin 

cytotoxic action on MCF-7 cells is through G2/M arrest; both extrinsic and intrinsic 

apoptosis pathways. Its actions on G2/M phase arrest and activation of intrinsic 

apoptosis pathways were p53-dependent, while extrinsic apoptosis was p53-

independent. Data obtained suggests (i) aloe emodin has potential as a selective 

apoptotic inducer in ER
+
-breast cancer management and (ii) and the present study 

could be used as a basic rationale for in vivo experiment setting. 

 

 

 

 

 

 



iv 
 

ACKNOWLEDGEMENTS 

 

 

Praise be to Allah SWT and blessing be on His Prophet SAW for the ultimate 

guidance. I would like to express my sincere gratitude and heartfelt appreciation to 

the people who have directly or indirectly contributed to this thesis. To my 

supervisor, Assoc. Prof. Dr Narimah Abdul Hamid Hasani for her patience, 

invaluable guidance, constant support and most importantly, for being a great 

advisor. I have immensely enjoyed working with you and gained much respect and 

admiration throughout the journey of my PhD. Without your help, the completion of 

this work would not have been possible. I must also acknowledge my co-supervisors, 

Dr Siti Hamimah Sheikh Abdul Kadir and Dr. Nik Mohd Mazuan Nik Mohd Rosdy 

for their helpful suggestions and continuous encouragement. 

 

I would like to thank my parents, Mohd Amin Bin Duka and Isia Binti Mekka for 

their love and support; my husband Wan Abdul Rahim Bin Wan Mohd Isa, my 

sister: Masni Binti Mohd Amin and my children, Wan Bahiyah Sakinah Binti Wan 

Abdul Rahim, Wan Iqbal Salahuddin Bin Wan Abdul Rahim and Wan Solehah 

Sakinah Binti Wan Abdul Rahim for their encouragement, utmost understanding as 

well as their endless support. 

 

A number of people have generously assisted me in reaching my goal of completing 

a PhD. My colleagues, lecturers and supporting staff at the Faculty of Medicine 

Sciences and Faculty of Dentistry, Universiti Teknologi MARA, as well as the staff 

at the Institute Medical Molecular and Biotechnology (IMMB), Universiti Teknologi 

MARA who provided the co-operation and much needed assistance. Special thanks 

also go to Prof. Dr Mohamed Ibrahim Abu Hassan, Dean Faculty of Dentistry for 

giving the opportunity and continuous support along this journey. 

 

I would like to express my most sincere appreciation and deep sense of gratitude to 

my friends Farizan Binti Aris and Zulinda Ayu Zulkipli and all other friends that 

directly or indirectly involved in this project. Without your great helps, I could have 

never hoped to be what I am today. 

 

 

 

 

 

 

 

 

 

Nur Adibah Diyana Othman
Pencil



v 
 

 

TABLE OF CONTENTS 

 

      Page 

CONFIRMATION BY PANEL OF EXAMINERS    ii 

AUTHOR’S DECLARATION       iii 

ABSTRACT          iv   

ACKNOWLEDGEMENTS        v 

TABLE OF CONTENTS        vi 

LIST OF TABLES         x 

LIST OF FIGURES         xi 

LIST OF ABBREVIATIONS       xv 

 

 

CHAPTER ONE:   INTRODUCTION 

1.1 Research Background        1 

1.2 Problem Statements        2 

1.3 Scope of the study        3 

1.4 Objectives         5 

1.5 Hypotheses         6 

 

CHAPTER TWO:   LITERATURE REVIEW 

2.1 Breast Cancer           

2.1.1 Epidemiology        7 

2.1.2 Risk Factors of Breast Cancer      8 

2.1.3 Management of Breast Cancer     9 

 2.1.4 Problem and Side Effects of the Current Breast Cancer  13 

  Treatments     

2.2 Aloe emodin           

2.2.1 Introduction to Aloe Species      15 

2.2.2 Aloe Emodin Anthraquinones      20 

2.2.3 Anti-microbial Activities      22 

2.2.4 Anti-fungal Activities       22 



1 

 

CHAPTER ONE 

INTRODUCTION 

 

 

1.1 RESEARCH BACKGROUND 

 

Breast cancer is the most frequent type of cancer (18.1%) with an occurrence 

of 32.1% among Malaysian women as compared to other types of cancer (Omar & 

Tamin, 2011). The incidence and death among women remain a major concern not 

only for Asian countries, but also worldwide. Approximately two-thirds of breast 

cancer patients expressed estrogen receptor (ER), and received endocrine treatment 

with anti-estrogens such as tamoxifen, toremifene, raloxifene, and fulvestrant 

(Clarke  et al., 2003; Baumgarten & Frasor, 2012). Despite these therapeutic 

advances treatment, the overall incidence rate is still unacceptable. Mortality 

reported from breast cancer is still alarming (Baumgarten & Frasor, 2012).  

Over the past few years, the anti-cancer drugs available target on killing the 

most actively proliferating cell. It is a well-accepted concept as cancer is generally 

defined as uncontrolled cell growth. However, these drugs affect not only cancer 

cells but also destroy the normal active proliferating cells such as bone marrow, 

gastrointestinal epithelial and dermal papilla of hair follicle. The treatment outcome 

unfortunately worsens the patients‘ situation as increasing evidences of toxicity 

incidences were seen (Yang et al., 2013). Besides being non-selective, most of the 

drugs were reported to cause resistance in cancer patients with adverse effects after 

prolonged exposure (Fisher et al., 2001).  

The prospect of phytochemicals extracted from potential medicinal herbs or 

plants to stimulate tumor growth arrest and death has recently been of interest to 

many researchers. Primarily, the natural plants have been practically used as 

traditional remedies and are believed to be able to heal wounds and cure many types 

of diseases such as diabetes, osteoarthritis, malaria, skin diseases, cancer and other 

critical diseases for many years. Moreover, the increasing interests and the use 

among the consumers contributed to the popularity of these approaches as 
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