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ABSTRACT

Breast cancer is a major health challenges in worldwide including Malaysia. It is the
commonest malignancy among women. Although there are several of cancer
treatments; however, these current treatments have consequences to the cancer patient
such as recurrence of cancer, drug resistance and severe side effects. Discovery of
alternative treatment which have minimal or almost no side effect is needed for cancer
treatment. Traditional practitioners in India used the powder form of Luffa aegyptiaca
seeds (LAS) in treating breast cancer. The old folks in Malaysia also used the powder
form of LAS to treat the breast cancer patient. Thus, the present study is aim to
determine the chemopreventive effect of LAS extract on breast carcinoma cell (MCF-
7) by determining 1Cso value, antiproliferative effect, apoptosis induction and cell
cycle arrest via flow cytometric analysis as well as molecular signalling pathway of
related genes expression with regard to apoptosis induction and cell cycle arrest by
using gPCR analysis. MCF-7 cells were treated with various concentrations of ethanol
extract of LAS. 1Cso value of 80 pug/mL was determined after 72h of LAS treatment
on MCF-7 cells and its anti-proliferative effect was assessed for 24, 48 and 96 hours
using TBEA method. LAS extract demonstrated inhibitory activity in cell growth in a
dose-dependent and time-dependent manner. The effect of LAS extract on apoptosis
induction and cell cycle arrest indicated that it inhibits the growth of MCF-7 cells by
inducing apoptosis and cell cycle arrest in Go/G1 phase. Meanwhile, gene expression
analysis of qPCR assay revealed that LAS extract induced apoptosis through the
down-regulation of Bcl-2, whereas Bax cytochrome c, caspase-9 and caspase-7 were
up-regulated in MCF-7 cells. Cell cycle arrest was associated with down-regulation of
CDK2 with subsequent up-regulation of p21 and cyclin E. Overall, the research
finding provide new insight that Luffa aegyptiaca seeds (LAS) is a promising
candidate of chemopreventive agents on MCF-7 cells.



Eondl Lo

AU Ol sy dbpdle S5 (3 Ll T e (3 Bt Rl Sliodl et ) Ol O)
Sl o Y B Sl 06 (0 d) Sl Sall o dal sgxg 0 W21 e slad) ( eges
e Sl ) axle s sl aLh BVl caslel) Asglilly Ol £ oy e (Ol 2 olS
5 jods Bymame bl (3 Oyl LY szl Ol 25 Gl b T o At 2l BT L
) i Lufla aegyptiaca ;i Ssmes A3 05Ul izl Lol Uile 3 sl Ol e 3 (
ekl JaSd JB1 S ad ] o) s Cua i Uy st Ol o0 ) il 34
) s Ol W Je (il 38 s ,MCF-7 aad uud I o0 (ICs0 (W S slall 5l «
Slld Bt SYLEYI jln LAY () ol L e 2l 80l Uity el LI g i
b il agldt $)ll Cadgig mand WA oge s dilad) i)l w13 20 HIQPCR e 6
WsMCE-7 23 wad ¢ .Gl 58 odd sl jalsald) e ailie oS 1Cs) 80 25U
W e clalandb o3 e sl 72 day Lo/p) 29 SGMCE-7 (g5l SISl slall opdb oo &4
aigb alasunl dsle 96 5 48 5 24 SUTBEA yod leie blas (il 54 jody labsnan o gbl
L R 85l Cadgss gandl LI opn Bidd (3 Sliabsand) 56 jLal L cSly ac bl e iz LI
W 56 xsMCF-7 o (3 2541 351 Cadgig moapdl LI ge id b 0 GO/GL <4l 3y .
oot s pndl LS (228 et QPCR o) I o menndl LI g e 8 Sl O
3 paidBel-2 Jandl Ll «Bax cytochrome c 4 «caspase-9 5 ccaspase-7 Lgobss vy
W 3 L, MCF-7 § sl ol apsldd 5,01 (s lag)l . CDK2 S 5> 030 ool s
P21 5 cyclin E oS 2ol man Gll) 3,2 59 OF baslie 50 43y o s 315 ple [ s
WO 5L S 3641 ulye -IMCF-7.



APPROVAL PAGE

| certify that | have supervised and read this study and that in my opinion, it conforms
to acceptable standards of scholarly presentation and is fully adequate, in scope and
quality, as a thesis for the degree of Master of Health Sciences.

Ridhwan Abdul Wahab
Supervisor

Alfi Khatib
Co-supervisor

| certify that | have read this study and that in my opinion it conforms to acceptable
standards of scholarly presentation and is fully adequate, in scope and quality, as
thesis for the degree of Master of Health Science.

Qamar Uddin Ahmed
Internal Examiner

Wan Amir Nizam Wan Ahmad
External Examiner

This thesis was submitted to the Department of Biomedical Science and is accepted as
a fulfilment of the requirement for the degree of Master of Health Science

Hanani Ahmad Yusof @ Hanafi
Head, Department of Biomedical
Science



This thesis was submitted to the Kulliyyah of Allied Health Science and is accepted as
a fulfilment of the requirement for the degree of Master of Health Science.

Suzanah Abdul Rahman
Dean, Kulliyyah of Allied Health
Science



DECLARATION

| hereby declare that this thesis is the result of my own investigations, except where
otherwise stated. | also declare that it has not been previously or concurrently

submitted as a whole for any other degrees at IIUM or other institutions.

Habibah binti Hassan

Signature ..........c.oooviiiiiiiiiii,

Vi



INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

DECLARATION OF COPYRIGHT AND AFFIRMATION OF
FAIR USE OF UNPUBLISHED RESEARCH

CHEMOPREVENTION STUDY OF LUFFA AEGYPTIACA
(SPONGE GOURD) SEEDS EXTRACT ON BREAST CANCER
CARCINOMA CELLS (MCF-7)

| declare that the copyright holder of this thesis are jointly owned by the student and
IHUM.

Copyright © 2019 Habibah binti Hassan and International Islamic University of Malaysia. All rights
reserved.

No part of this unpublished research may be reproduced, stored in a retrieval
system, or transmitted, in any form or by any means, electronic, mechanical,
photocopying, recording or otherwise without prior written permission of the
copyright holder except as provided below

1. Any material contained in or derived from this unpublished research may
be used by others in their writing with due acknowledgement.

2. 1IUM or its library will have the right to make and transmit copies (print
or electronic) for institutional and academic purposes.

3. The 1IUM library will have the right to make, store in a retrieved system
and supply copies of this unpublished research if requested by other
universities and research libraries.

By signing this form, | acknowledged that | have read and understand the 1TUM
Intellectual Property Right and Commercialization policy.

Affirmed by Habibah binti Hassan

Signature Date

vii




ACKNOWLEDGEMENT

In the name of Allah The Most Gracious and The Most Merciful. All praise and
gratitude to Allah and may peace and blessing be upon the Prophet Muhammad s.a.w.
his family and his companions. First of all, I would like to thank Allah because
without His guidance, I won’t be able to meet all the “Great Hearts” and “Helping
Hands” whenever I am in difficulties. Alhamdulillah.

It was a very long journey for me in order to complete my master study and to
finish up my thesis. | am grateful to many people who have made it possible for me to
complete this thesis.

I would like to express my gratitude and appreciation to my supervisor, Assoc.
Prof. Dr. Ridhwan Abdul Wahab who are always there to give me inspiration,
encouragement and guidance as well my co-supervisors, Prof. Dato’ Dr. Ridzwan
Hashim (Department of Biomedical Science) and Assoc. Prof. Dr Alfi Khatib
(Department of Pharmacy) for their help, support, guide and advice throughout the
completion of this work.

My heartiest gratitude also goes to all ICRACU staff, Molecular Biology lab
and Tissue Culture lab staff from Kulliyyah of Medicine. Thanks are due to my
research partner, Shakirah and my teammates Kak Ina, Faizah, Sr.Tara. | have learnt a
lot from them.

Finally, 1 would like to express my deepest gratitude to my beloved husband,
Mohd Amin Marwan, my precious son, Abdullah Abbas, my beloved parents, abah,
and ma and my beloved siblings who are always be with me through thick or thin
situations, give me support, courage and lots of advices.

Last but not least, this study was financially supported by Fundamental

Research Grant Scheme (FRGS 16-046-0545) and IIUM Research Initiative Grant
(RIGS 15-085-0085).

viii



TABLE OF CONTENTS

ADSTTACT ... bbbttt i
ADSEFACE IN ATADIC ....eivieiie ettt es ii
APPIOVAL PAJE.....eciiieieciic ettt a e ne s iv
(D =Tod 2T =LA o] o PSSR vi
LO10]0) Y/ T | 1| AU USURSTPSRRSR vii
ACKNOWIEAGEMENT ... s viii
Table OF CONENTS ..ottt b s iX
LISt OF TADIES ...t sneene s xiii
S 0 T U= USSR XV
List OF ADDIEVIALION ..o XVii
LiSt OF SYMDOIS ... e XViii
CHAPTER ONE: INTRODUCTION ..ottt 1
1.1 Background of StUAY ........c.coeiieiiiiisee e 1
1.2 Problem STatemMent..........ooveiiiieieee e 5
1.3 RESEArCh ODJECHIVES. ......eeivieieciiecie e 6
1.3.1 General ODBJECHIVE........cciiiiieie e 6
1.3.2 SPECITIC ODJECHIVES.....cviiiieciecie et 6
1.4 ReSEArCh QUESTIONS. ... ...eeiureeieeiiesieeiesieesieeeeeree e e nee e eee e nneeeeeneesreeeennes 6
1.5 Research HYpOtheSES ..........cui i 7
1.6 Significance Of the STUAY ..o 7
1.7 ReSearch FrameWOIK ..........ccooiiiiiiieiiie e 8
CHAPTER TWO: LITERATURE REVIEW.........ccoiiiiieee e, 9
2.0 CANCET ...ttt et h ettt nne e beearee s 9
2.1.1 Pathogenesis Of CaNCEr ..........cccccvevieiiieiiece e, 11
2.2 BreaSt CaNnCEI .......oiuieiiieiieeiee ettt sttt 13
2.2.1 Pathogenesis of Breast CancCer.........cccocveveeiiieeiieiie e 16
2.2.2 Symptoms and Treatments of Breast Cancer...........c.ccocvvvvvierveennnn, 16
2.3 CaANCET TNEIAPY ...eiiiieiiie it eetie et et e e e e e naeeanes 17
2.4 Utilization of Natural Plant in Cancer TreatmentS ...........ccovcvevververesiennnnn 18
2.5 APOPLOSIS ..ottt ettt 19

2.5.1 Morphological Features of Apoptosis, Autophagy, and
[N =T ol 0] 1SRRI 21
2.5.2 Components of Protein involved in Apoptosis Induction................ 23
2.5.2.1 Caspase ACLIVALION .........cccueiviieiieiieccie e 23
2.5.2.2 BCL-2 Family ACHIVAtION.........ccccooviiiiieeieie e, 24
2.5.2.3 Apoptosis Mechanism ..........cccccvvvveeiiiiiie v 26
2.5.2.4 Intrinsic or Mitochondrial Pathway.............cccccveieiveieiiiennnnn 26
2.5.2.5 Extrinsic or Death Receptor Pathway...........ccccccovivviiiinnnnns 28
2.5.3 Apoptosis in Cancer Therapy.......ccccecvevvereeresieeseee e e eee e 30
2.6 CeIICYCIE . 30
2.6.1 Cell Cycle Checkpoints and CDKs-Cyclin Complexes................... 31
2.6.2 CDK INhibitors (CDKIS .....c.ooiiiiiieiie e 33



2.6.2.1 Activity of p21in Cell Cycle........ccovvevviieiieeccceece e, 34

2.6.3 Cell Cycle in Anticancer Therapy.......ccccovevevevrieerenieeseenieeeeseeneenn 35
2.7 Luffa aegyptiaca Mill ...........ccoviiiiiieee e 35
2.7.1 Botanical Classification and Vernacular Names..........cccccceeereennenn. 35
2.7.2 Macroscopically Morphology ........ccccoevveieiieiieecece e, 37
2.7.3 Geographical DIStribUtIoN ... 37
2.7.4 Luffa aegyptiaca Seeds Used in MediCine........c.cccccoevvevvcvieieenenn, 38
CHAPTER THREE: MATERIAL AND METHOD.......ccccooiiiiiiiinieeeeeeins 40
LI MALEITAL ... 40
3.1.1 Luffa aegyptiaca SEedS .........cccevverieiiieiieie e 40
312 CII LINES ..ottt 40
3.1.3 Chemicals and REAGENLS .........ccccverieiieiieiece e 41
3.1.4 Commercial Kits and Consumables...........ccoccvivveriiieiiinneeieseeeen, 42
3.1.5 Laboratory Apparatus and EQUIpMENt ..........ccccovevviievieve e, 43
3L PIIMELS .ttt ettt neenre e e 44
3.1.7 Computer Application and Software.............ccccovevviieiieve e, 45
3.1.8 General Preparation of SOIULION...........ccoviiiiiiieiiceeee 45
3.1.8.1 Preparation of Phosphate Buffer Saline Solution.................. 45
3.1.8.2 Preparation of Complete Growth Media (CGM).................. 45
B2 IMELNOA. ... s 46
3.2.1 Collection and Preparation of Luffa aegyptiaca Seeds (LAS)......... 46
3.2.2 Extraction of Luffa aegyptiaca Seeds (LAS) .......ccccccevvevveiieiieennenn, 46

3.2.3 Preparation of Working Solution of Luffa aegyptiaca Seeds
(LAS) EXIract for ASSAY .......ccvciveiieiieieerie s st 46
3.2.4 ASEPLIC TECANIQUE......eiiiiiieeiieeete ettt 47
3.2.4. 1 Cell LINES....iiiiiiiiieieeieie ettt 47
3.2.4.2 Thawing of Frozen Cell Lines from Cryovials...................... 48
3.2.4.3 Preparation of Cell SUSpPension ...........cccccevveveiieseece e 48
3.2.4.4 Sub-culturing Cell Lines........ccccviiiiiiiieene e, 49
3.2.4.5 Cryopreservation of Cell Lines .........ccccocvevveveiieieeiecieenn 49

3.2.4.6 Measuring Cell Viability using Trypan Blue Exclusion
Assay (TBEA) Method..........ccccooveiieiiiiiiccec e, 50
3.2.4.7 Cell Seeding for Treatment ............ccoovvereneneneneniseeeee, 51
3.2.5 Optimization of Cell LINES........ccocveiieiiieiieiie e 52

3.2.6 Determination of LAS Extract Concentration that Cause 50%
Inhibition of Cell Growth [IC50.........cccceviiiiiiiiicce e 52

3.2.7 Determination of Inhibitory Activity of LAS Extract in MCF-
7 Cells Proliferation..........cccoeiieiiiinieeceseece e 53

3.2.8 Cytotoxic Assay on HGF-1, HDFa and 3T3-L1, Normal
Fibroblast Cells upon LAS Extract Treatment...........c.ccccees e 53

3.2.9 Morphologically Observation on MCF-7 upon LAS Extract
TrEAtMENT ... e 54

3.2.10 Flow Cytometric Analysis of Apoptosis in MCF-7 Cells
upon LAS EXxtract Treatment...........ccoooeeiiiiiieiie e 54

3.2.11 Flow Cytometric Analysis of Cell Cycle in MCF-7 Cells
upon LAS EXxtract Treatment...........ccoooeeiiiiiieiie e 55



3.2.12 Expression of Apoptosis and Cell Cycle Signalling Pathway
Related Genes Using Quantitative Polymerase Chain

Reaction (QPCR) ASSAY .....cccvevuiiieiieeieiiesieeseeeesee e ssee e sse e ans
3.2.12.1 Selecting PriMerS.........cccooiiiiiniiieiecenese e
3.2.12.2 RNA EXIraCtiON ...cecvieiiiiecie e
3.2.12.3 Measuring RNA Concentration and Purity ............c.cccceeu.e.
3.2.12.4 Measuring RNA INtEgrity.......cccveieereiieieeie e
3.2.12.5 cDNA Reverse TransCription ...........cccceeerenenenenieeieeneenen,
3.2.12.6 Preparation of cDNA dilution ..........ccccoevvevviicieccecen
3.2.12.7 Optimization of Annealing Temperature of Primer ............
3.2.12.8 Optimization Amplification Efficiency by Standard
CUIVE ASSAY ...ttt
3.2.12.9 Quantitative Polymerase Chain Reaction (gPCR) of
GENE EXPreSSION.......viviiiiieiteritsie et
3.2.12.10 Analysing Gene EXPression .........ccccevvveveerieseeseesiesieesnnns
3.2.13 StatistiCal ANAIYSIS ......cveveieieiiierer e
CHAPTER FOUR: RESULTS ..ottt
4.1 Yield Percentage Of Luffa aegyptiaca Seeds (LAS) 80% Ethanol
EXETACT ... e
4.2 Effect of Luffa aegyptiaca Seeds (LAS) Extract on Cell Viability of
MOCF-7 CellS ..o
4.2.1 Determination of Concentration that Inhibit 50% of Cell
Growth [IC50] upon LAS Extract on MCF-7 Cells............cc..........
4.2.2 Cell Proliferation Effect of LAS Extract at IC50 on MCF-7
CRIIS et

4.2.3 Cytotoxicity Effect of LAS Extract at IC50 on Human
Gingival Fibroblast (HGF-1), Human Dermal Fibroblast
(HDF) and Mouse Fibroblast (3T3-L1) Cells.........c.cccceeviveivenenne.
4.3 Flow Cytometric Analysis of LAS Extract on MCF-7 Cells......................
4.3.1 Effects of MCF-7 Treated Cells on Apoptosis Induction ................
4.3.2 Effects of MCF-7 Treated Cells on Cell Cycle Arrest.........ccccoc......
4.4 Effect of Gene Expression of Molecular Signalling Pathway Related
to Apoptosis Induction and Cell Cycle Arrest on MCF-7 upon LAS

Treatment at IC50 ........oiiiiiieee e
4.4.1 RNA Purity, Concentration and INtegrity ..........cccceecenervnenenieennenn

4.4.2 Effects of LAS Extract on the Expression of Apoptosis
Induction Related GENES..........cccceiieiieiieiieceee e e

4.4.3 Effects of LAS Extract on the Expression of Cell Cycle Arrest
ReElAted GENES .......veiieeiecieee e
CHAPTER FIVE: DISCUSSION.......coiiiiiiiie e e e e nnees

5.1 Effect of LAS Extract on Cell Viability of MCF-7 Cells upon the
TTEALMENT ...

5.2 Effect of LAS Extract in Apoptosis Induction upon 72 Hours of
Treatment againsSt MCF-7 CellS.........ccccoovieiieeiececece e e

5.3 Effect of LAS Extract in Cell Cycle Arrest upon 72 Hours of
Treatment againSt MCF-7 CellS.......c.cccoovviieiiii e

Xi



5.4 Effect of LAS Extract on Apoptosis-Related Genes Expression (Bax,
Bcl-2, Caspase-9, Caspase-7 and Cytochrome c) against MCF-7

CRIIS s 93

5.5 Effect of LAS Extract on Cell cycle-Related Genes Expression
(CDKZ2, Cyclin E, and p21) against MCF-7 Cells.......c.cccccccvvverviviieennnn, 97
5.6 LIMItation Of STUAY .......ccoeiiiiiiieiicie e 100
CHAPTER SIX: CONCLUSION AND FUTURE STUDY .....ccccoviiiineneen, 102
6.1 CONCIUSION ...ttt bbb 102
6.2 FULUIE STUAY ... 104
REFERENGCES. ... ..ottt bbb 105
APPENDIX A ettt 120
APPENDIX B ..ottt sttt sttt 122
APPENDIX C .ottt 123
APPENDIX D ..ottt bbb 129

xii



Table 2.1

Table 2.2

Table 2.3

Table 2.4

Table 3.1

Table 3.2

Table 3.3

Table 3.4

Table 3.5

Table 3.6

Table 3.7

Table 3.8

Table 3.9

Table 3.10

Table 3.11

Table 3.12

Table 3.13

Table 3.14

Table 4.1

LIST OF TABLES

The Function of Human Caspases Involved in
Apoptosis

The Examples of BCL-2 Family Proteins

The Death Receptor and Its Corresponding Ligands
Involve in Extrinsic Pathway

CDKs and Cylins Association at Distinct Phases of
Cell Cycle

List of Cell Lines

List of Chemicals and Reagents

List of Commercial Kits and Consumables

List of Laboratory Apparatus and Equipment

List of Primers

List of Computer Application and Software

List of Primers including its Sequence (Forward and
Reverse), GC Content (%), Length (bp) and Melting
Temperature (°C)

Components for Reverse Transcription Reaction
Reaction Components for PCR Reaction in Each Well
Protocol for Standard Cycling

Optimized Annealing Temperature (°C) of Each
Primers

Component of Master Mix for Optimizing
Amplification Efficiency by Standard Curve Assay

Efficiency Value (%) of Primers

Reaction Components for PCR Reaction in Each Well
for Run

Cell viability of MCF-7 Cells upon Treatment with

LAS Extract at 1Cso of 0.080 mg/mL for 24, 48 and 72

Hours of Incubation.

Xiii

24

25

29

33

40

41

42

43

44

45

57

61

63

64

65

66

67

73



Table 4.2

Table 4.3

Table 4.4

Table 4.5

Density of Viable Cells with Its Percentage and the
Relative Percentage of Untreated and ICso Treated
Cells in HGF-1, HDF Cells and 3T3-L1 Cells.

Proportion Distribution of Mammary Breast Cancer
Cells (MCF-7) upon Treated with ICsg of Luffa
aegyptiaca Seeds (LAS) Extract for 72 Hours

Proportion Distribution of Mammary Breast Cancer
Cells (MCF-7) upon Treated with ICsg of Luffa
aegyptiaca Seeds (LAS) Extract for 72 Hours

RNA Concentration and Purity Measured in Untreated
MCF-7 and Treated MCF-7 Cells

Xiv

76

79

81

82



Figure 2.1

Figure 2.2

Figure 2.3

Figure 2.4

Figure 2.5

Figure 2.6

Figure 2.7

Figure 4.1

Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

LIST OF FIGURE
Schematic Representations of Cancer Hallmarks

Schematic Representation of Multistep Process of
Carcinogenesis

Illustration of Breast Structure

Morphological Differences of Apoptosis, Necrosis and
Autophagy upon Activation by Various Stimuli

Schematic Diagram of Apoptosis Mechanism with the
Involvement of Caspases and BCL-2 Family (Anti-
Apoptotic and Pro-Apoptotic Genes)

Schematic View of the Cell Cycle

Parts of Luffa aegyptiaca

Effects of Luffa aegyptiaca Seeds (LAS) Extract on

Mammary Breast Cancer Cells (MCF-7) Growth at Different

Concentrations for 72 Hours

Effects on Mammary Breast Cancer Carcinoma (MCF-7)
Growth at 1Csg of Luffa aegyptiaca Seeds (LAS) Extract for
24, 48 and 72 Hours

Effects on Human Gingival Fibroblast (HGF-1), Human
Dermal Fibroblast (HDFa) and Mouse Fibroblast (3T3-L1)
Cells Growth at I1Cso of Luffa aegyptiaca Seeds (LAS)
Extract for 72 Hours

Effects of Apoptosis Induction against Mammary Breast
Cancer Cells (MCF-7) upon Treated with I1Csg of Luffa
aegyptiaca Seeds (LAS) Extract for 72 Hours

Proportion of Apoptosis Distribution of Mammary Breast
Cancer Cells (MCF-7) upon Treated with Luffa aegyptiaca
Seeds (LAS) Extract at 1Csg for 72 Hours

Effects of Cell Cycle Arrest against Mammary Breast
Cancer Cells (MCF-7) upon Treated with I1Csg of Luffa
aegyptiaca Seeds (LAS) Extract for 72 Hours

Proportion of Cell Cycle Distribution of Mammary Breast

Cancer Cells (MCF-7) upon Treated with ICso of Luffa
aegyptiaca Seeds (LAS) Extract for 72 Hours

XV

10

12

14

22

28

34

36

71

75

78

79

80

81



Figure 4.8

Figure 4.9

Figure 4.10

Figure 6.1

Gel Electrophoresis Photo of Intact RNA of Untreated and
Treated MCF-7 Cells Run on 1% Agarose Gel in 1x TAE at
100V for 120 Minutes

Effect of Luffa aegyptiaca Seeds (LAS) Extract on
Apoptosis Related Genes Expression upon Treatment with
ICs0 (0.080 mg/mL) for 72 Hours

Effect of Luffa aegyptiaca Seeds (LAS) Extract on Cell
Cycle Related Genes Expression upon Treatment with 1Csg
(0.080 mg/mL) for 72 Hours

Suggested Schematic Presentation of LAS Extract Effect on

MCEF-7 Cells that Might Trigger Inhibition of Cell Growth,
Apoptosis and Cell Cycle Arrest

XVi

83

84

85

103



LIST OF ABBREVIATIONS

ATCC American type culture collection

Apaf-1 Apoptotic protease activating factor 1

BLAST Basic local alignment search tool

Bax Bcl-2-associated X protein

Bcl-2 B-cell lymphoma 2

BID BH3-interacting-domain death

Caspase Cysteine aspartic acid protease

CDKs Cyclin-dependent kinases

CDKI Cyclin dependent kinases inhibitors

cDNA complementary DNA

CGM Complete growth media

CIP/KIP CDK Interacting protein/kinase inhibitor protein

COz Carbon dioxide

DNA Deoxyribonucleic acid

DMEM Dulbecco’s Modified Eagle Medium

DMSO Dimetyl sulphoxide

E Efficiency

FBS Fetal bovine serum

FITC Fluorescein isothiocyanate

ICso Inhibition concentration (reduces the effect by 50%)

IAP Inhibitor of apoptosis

GAPDH Glyceraldehyde-3-phosphate dehydrogenase

GC Guanine-cytosine (DNA base pairing)

KIP Kinase inhibitory proteins

LAS Luffa aegyptiaca seeds

MRNA messenger RNAs

MIQE Minimum information for quantitative polymerase chain
reaction publication experiments

MCF-7 Breast cancer cells

NCBI National Center for Biotechnology Institute

PBS Phosphate buffer saline

PCD Programmed cell death

PCR Polymerase chain reaction

Pl Propidium lodide

gPCR Quantitative polymerase chain reaction

RNA Ribonucleic acid

RT Real-Time

XVii



I+

LIST OF SYMBOLS

Alpha

Beta

Delta
Quantification cycle
Threshold cycle
Gram

gravity

Gap

Mitosis phase
Synthesis phase
Microliter
Microgram per millilitre
Degree Celsius
Percent

To

More than

Less than
Plus-minus

Times

Equal to

Statistical significance denotation

xviii



CHAPTER 1

INTRODUCTION

1.1 BACKGROUND OF STUDY

Cancer is the second leading cause of mortality globally and one of the major public
health challenges of the 21st century. The cancer burden continues to grow rapidly
worldwide due to aging and growing population (Jemal et al., 2011), lifestyle and
socioeconomic changes (Sankaranarayanan et al., 2014). According to estimates from
the International Agency for Research on Cancer (IARC), the global burden of cancer
IS estimated to increase to 18.1 million incidence and 9.6 million mortality in 2018
(Bray et al., 2018). The cancer incidence is estimated to rise from 6.1 million to 10.7
million while mortality is estimated to rise from 4.1 million to 7.5 million in 2008 to
2030 in Asia (Sankaranarayanan et al., 2014). As in Malaysia, the cancer incidence
was 86.9 in males and 99.3 in females per 100,000 populations from 2007 until 2011
while the cancer mortality have risen from 11.3% to 12.6% in 2007 to 2016 [National
Cancer Registry (NCI), 2018].

Breast cancer has become one of the serious malignant diseases throughout the
world and the sharp rising of breast cancer gives burden to the world (IARC, 2013). It
is the most commonly diagnosed cancer and the leading cause of cancer death among
women [(Comsa et al., 2015; Dahlui et al., 2011; Yip et al., 2006)]. In 2011, more
than 508,000 women in the world have died due to breast cancer (Ghoncheh et al.,
2015). According to Bray et al. (2018) approximately 2.1 million newly diagnosed of
female breast cancer cases were estimated in 2018, accounting for almost 1 in 4

cancer cases among women worldwide. In most Asian countries, the prevalence of



breast cancer was reported as increasing [(Abdullah et al., 2013; Hirabayashi &
Zhang, 2009; Medina et al., 2010; Park et al., 2011; Sim et al., 2006; Takiar &
Srivastav, 2008)]. A report from the College of Radiology, Academy of Medicine of
Malaysia indicated breast cancer as the most common cancer as well as the most
common female cancer in all races ages of 20 years in Malaysia from 2003 until 2005
(Din et al., 2014). It is likely to occur for all major ethnic groups in Malaysia which
include Malays, Chinese and Indians (Yip et.al, 2006).

Currently, the treatment for cancers are varies. It includes surgery,
radiotherapy, chemotherapy, immunotherapy, hormonal therapy and anticancer drugs.
Although the survival of the cancer patients has increased due to the rapid
advancement of treatment (Miller et al., 2016), however, this current treatment has
consequences to the cancer patient such as recurrence of cancer, drug resistance and
severe side effects (Rayan et.al, 2017). In addition, drug resistance acquired by cancer
cells has led to the treatment failure, which results in tumour recurrence and
metastasis (Prieto-Vila et al., 2017). Hence, the new therapeutic approach is seriously
needed to improve the quality of health of the patients. Therefore, cancer
chemoprevention can be the most realistic and promising approach nowadays because
it uses natural product to either suppress, delaying or reversing the process of
carcinogenesis. It is another important perspective for easing this alarming public
health challenges (Cragg & Pezzuto, 2015). Chemoprevention was widely known in
the scientific research field for many years in the East while it has emerged in the
recent years in the West (George & Albert, 2014).

Rapid developments of the diseases have brought to the exploration of natural

products as alternative strategies for cancer treatment. Humans have used natural



products such as plant, marine organisms, and microorganisms as source of medicines
for disease treatment since pre historic times (Yuan et al., 2016). Natural products
exist in large diversity in nature may have the chance to stimulate various
physiological pathways which can be promising treatment for diseases like cancer
(Mitra & Dash, 2018). In most countries, natural product especially plants have a
common alternative for cancer therapy and it is reported that more than 3000 plants
globally possess anticancer properties (Seca & Pinto, 2018). Plant derived anticancer
agent such as vinblastine and vincristine isolated from Catharanthus roseus (Kumar et
al, 2013) were the first drugs to approach clinical use for cancer treatment (Shoeb,
2006). Many plant derived agents are promising anticancer agents because they are
commonly nontoxic to normal cells and demonstrate anticancer activity on cell death
through different mechanisms such as apoptosis and cell cycle arrest (Pfeffer & Singh,
2018).

Apoptosis is a form of programmed cell death. It is also called as “cellular
suicide”. Apoptosis plays a crucial role in development and aging as well as
homeostasis in long-lived mammals (Pfeffer & Singh, 2018). Apoptosis maintains
balance in the body, eliminates unnecessary cells growth and eradicate pre-cancerous
cells and virus-infected cells. Apoptosis machinery is complex and involves multiple
signalling pathways. Apoptosis is induced through caspase-mediated extrinsic or
mitochondria-mediated intrinsic pathways (Pistritto et al., 2016). Induction of
apoptosis in cells is arguably the most effective defence in fighting cancer (Sun et al.,
2004). Therefore, a better understanding of apoptosis signalling pathway by potential
chemopreventive agent is reported to improve the effectiveness of cancer treatment

(Bode & Dong, 2004).



Cell cycle is an ordered sequence of events in which a cell undergoes DNA
replication with chromosomal segregation thereby assuring the duplicated genetic
information is divided equally to two daughter cells (Sherr & Bartek, 2016). Cell
cycle plays an important role in cell proliferation and growth processes as well as cell
division after DNA damage (Schwartz & Shah, 2005). Faulty in cell cycle affects in
deregulated DNA replication and mitosis which is a vital cause for cancer (Geleta et
al., 2016). There are four phases in the cell division cycle; G1, S, G2 and M phase.
Cell cycle events are controlled by cyclin-dependent kinases (CDKs), a family of
serine/threonine kinases which are regulated by induction or degradation of cyclin
proteins (Choi et al., 2001). Cyclin overexpression and cyclin-dependent Kinases
inhibitors (CDKIs) inactivation result in loss of checkpoint integrity which contributes
to cancer (Brown & Gelger, 2018). Thus, targeting cell cycle checkpoints signalling
pathway by chemopreventive agent will provide another approach of cancer
chemoprevention.

Luffa aegyptiaca Mill. (L. aegyptiaca) (syn Luffa cylindrica (L.) J. M. Roem)
commonly called loofa, sponge gourd, vegetable sponge, bath sponge or dish cloth
gourd. This plant is part of the cucumber family and it is grown for its valuable fruit in
several tropical countries (Oboh & Aluyor, 2009). L. aegyptiaca has been shown to
possess medicinal and nutritional values. It is reported to have good phytochemical
agents that have potential chemopreventive properties (Mhya & Mankilik, 2014).
Nassr-Allah et al. (2009) has shown luffin, ribosome-inactivating protein from seeds
of L. aegyptiaca induced cell death by apoptosis in melanoma and Ehrlich ascites
tumour cells. Additionally, the luffin has been shown to be effective against insects,

parasites, protozoa and fungi growth (Azeez et al., 2013). L. aegyptiaca has been



identified to demonstrate promising pharmacological actions such as anti-
inflammatory, anti-fungal, anti-allergy, anti-asthmatic, analgesic and sedative (Partap
et al., 2012), anti-diabetic (Patel et al., 2012), anti-microbial and anti-cancer (Bulbul
et al., 2011). However, there is limited scientific research on this part of the plant
especially seeds. Therefore, the mechanism of cell death induced by apoptosis and cell
cycle arrest corresponding to the biologically active substances from L. aegyptiaca

seeds are important to be studied for the new chemopreventive agent development.

1.2 PROBLEM STATEMENT

The breast cancer burden in Malaysia is increasing from year to year. A report from
IARC (2018), the highest incidence and prevalence of cancer in Malaysia is breast
cancer. Although the current breast cancer therapy for patient varies, however, drug
resistance, cancer recurrence and severe side effects (Rayan et al., 2017) still occur
which lead to the treatment failure. Besides, the increasing cancer care cost is one of
the challenges in breast cancer therapy. Therefore, new therapeutic approaches are
necessary for effective cancer therapy.

The recent success of various clinical trials in fighting cancer suggests that
chemoprevention is one of the most significant strategies in the cancer growth control
(Tanaka et al., 2012). Exploration of effective chemopreventive agents with least
possible side effects and low cost as well as possessing multi-target mechanisms of
action on cancer is seriously needed. Thus, this study was aimed to investigate the
chemopreventive effect of L. aegyptiaca seeds on breast cancer cells through in vitro
analysis and its mechanisms towards cell death induced by apoptosis and cell cycle

arrest.
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RESEARCH OBJECTIVES

General Objectives

The main aim of this research is to acquire a better understanding on chemo

preventive effect of Luffa aegyptiaca seeds (LAS) on breast cancer cell line (MCF-7)

at the molecular level. In order to achieve the main idea of the research, there are a

few specific objectives needed to be outlined.

13.2

1.4

Specific Objectives

To determine the inhibitory concentration [ICso] of L. aegyptiaca seeds
(LAS) 80% ethanolic extract and its anti-proliferative effects on breast
cancer cell line (MCF-7).

To determine the effects of the LAS 80% ethanolic extract on induction of
apoptosis and cell cycle arrest on breast cancer cell line (MCF-7) using
flow cytometer.

To investigate the molecular signalling pathways with regards to apoptosis
and cell cycle arrest of related genes expression of the LAS 80% ethanolic
extract on breast cancer cell line (MCF-7) by quantitative polymerase

chain reaction (QPCR) assay.

RESEARCH QUESTIONS

What is the concentration of the LAS extract that can cause 50% inhibition
of cell growth and its inhibition on proliferation of MCF-7 cells?
Can LAS extract trigger apoptosis induction on MCF-7 cells upon

treatment at [ICso]?



