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Zingiber zerumbet Smith locally known as ‘lempoyang’ or wild ginger belongs to the
Zingiberaceae family. Previous investigations @n zerumbet proved that it
contained a bioactive compound, zerumbone (ZER), a crystalline sesquiterpene
possessing suppressive effect in cancére purpose of encapsulating ZER with
hydroxylpropyl$-cyclodextrin (HPBCD) is to modify ZER’s solubility and
pharmacokinetic properties making it less harmful to the human body. The objective
of this study is to investigate antiproliferative activities of ZER3BP inclusion
complex towards HepG2 liver cancer cells. The MTT assay showed that the
inclusion complex is cytotoxic towards HepG2 cells with ag I6f 11.43 pg/ml.
Morphological evaluation showed structural changes associated with apoptosis
including membrane blebbing, cell shrinkage and chromatin condensation. HepG2
cells treated with the inclusion complex further resulted in cell cycle arrest at G2/M

phase with increments of apoptotic cells. Further investigations showed the release of
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cytochrome c¢ and loss of mitochondrial membrane potential, proving mitochondrial
dysfunction upon the ZER-HEZD treatment as well as modulating pro-apoptotic
and anti-apototic Bcl-2 family members with no significant change of p53. The
activated Bax will be translocated to the mitochondria, which activates the
transformation of mitochondrial function and release of cytochrome c. Upregulation
of caspase 3/7, caspase 9 and caspase 8 were also detected with the depletion of BID
cleaved by caspase 8 proving that both extrinsic and instrinsic pathway were
involved upon ZER-HPCD induction. Collectively, these results demonsttagt

the highly soluble inclusion complex of ZER with B{EPD induce apoptosis
programmed cell death in HepG2 cells and can be extrapolated to postulate that
caspase 8’s activation is indirectly involved as an interconnection between the
extrinsic and intrinsic pathway. Further investigations to this complex are needed to

substantiate its use as an anticancer against hepatocellular carcinoma in humans.
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Zingiber zerumbet Smith yang dikenali sebagai ‘lempoyang’ atau halia liar yang
termasuk dalam famili Zingiberaceae. Kajian sebelum ini telah membuktikan bahawa
Z. zerumbet mengandungi kompaun bioaktif, zerumbon (ZER), sesquiterpen kristal
yang mampu menindas pertumbuhan pelbagai jenis kanser. Pengkapsulan ZER
dengan hidroksilpropip-siklodekstrin adalah bertujuan untuk memodifikasddw@
kelarutan ZER dan ciri-ciri farmakokinetiknya sekaligus manjadikannya kurang
bahaya kepada tubuh manusia. Objektif kajian ini adalah bertujuan untuk menyelidik
aktiviti antiproliferasi kompleks inklusi ZER-HED terhadap sel kanser hati,
HepG2. Keputusan asai MTT menunjukkan kompleks inklusi adalah sitotoksik
terhadap sel HepG2 dengan bacaan I€@1.43 pg/ml. Penilaian morfologi
menunjukkan pertukaran struktur yang berkaitan dengan apoptosis termasuk
pengelembungan membran, pengecutan sel dan pemekatan kromatin. Sel HepG2

yang dirawat oleh kompleks inklusi ZER-BPD seterusnya mencetuskan
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penghentian kitaran sel pada fasa G2/M serta peningkatan sel apoptotik. Kajian
lanjutan menunjukkan pembebasan sitokrom ¢ dan kehilangan potensi membran
mitokondria membuktikan rawatan kompleks inklusi ZERBBP menyebabkan
kehilangan fungsi mitokondria sekali gus memodulasi ahli keluarga pro-apoptotik
dan anti-apoptotik tanpa perubahan p53 yang signifikan. Bax yang teraktif akan
ditranslokasikan ke mitokondria dan mengaktifkan transformasi fungsi mitokondria
sekali gus pembebasan sitokrom c. Peningkatan kaspase 3/7, kaspase 8 dan kaspase 9
yang signifikan serta pemotongan BID oleh kaspase 8 juga dikesan menunjukkan
kedua-dua tapak jalan ekstrinsik dan intrinsik terlibat dengan induksi ZE3&BIP
Secara keseluruhan, kajian menunjukkan bahawa kompleks inklusi ZBRIBIP
berkebolehan untuk mengaruhkan kematian sel secara terprogram apoptosis dalam
sel HepG2 dan boleh dicadangkan bahawa pengaktifan kaspase 8 secara tidak
langsung terlibat dalam menghubungkan di antara tapak jalan ekstrinsik dan
intrinsik. Penyelidikan yang lebih mendalam terhadap kompleks inklusi ini adalah
diperlukan untuk digunakan sebagai antikanser terhadap hepatoselular karsinoma

manusia.

vii



ACKNOWLEDGEMENTS

First and foremost, my praise to Almighty Allah for giving me the strength to

complete this study and peace upon final Prophet and Messenger Muhammad, SAW.

I would like to express my gratitude to the chairman of my supervisor committee, Dr
Ahmad Bustamam Abdul who was abundantly helpful and offered invaluable
assistance, support and guidance. | would like to extend my deepest gratitude and
appreciation to the members of the supervisory committee, Professor Dr. Mohd.
Aspollah Sukari and Associate Professor Dr. Siddig Ibrahim Abdelwahab, without

their knowledge and assistance this study would not have been successful.

| gratefully acknowledge Universiti Putra Malaysia, Universiti Malaya and Ministry
of Higher Education Malaysia for giving me this opportunity and their financial

support during the course of my Master programme.

| would like to thank all my lab mates in UPM-MAKNA lab and in Department of
Pharmacy, UM, and all the staff of Bioscience for their help and wishes for the
successful completion of this project. Special thanks to my fiancée, Muhammad Faiz
and my lovely friends Theebaa Anasamy, Nurul Hafiza, Nurul Nadia, Nur Farhana,
and Rohayati for their friendship and companion. Finally, yet importantly, | would
like to express my heartfelt thanks to my siblings and beloved parents, Muhammad
Nadzri and Wan Nor Aishah for their blessings and continuous support in completing

my study.

viii



| certify that a Thesis Examination Committee has met on 14 May 2013 to conduct
the final examination of Nabilah Binti Muhammad Nadzri on her thesis entitled
“Antiproliferative  Effects of Zerumbone-Hydroxypropyl- g-Cyclodextrin
Inclusion Complex on HepG2 Liver Cancer Cells In Vitro” in accordance with the
Universities and University Colleges Act 1971 and the Constitution of the Universiti
Putra Malaysia [P.U.(A) 106] 15 March 1998. The Committee recommends that the
student be awarded the degree of Master of Science.

Members of the Thesis Examination Committee were as follows:

Dato’ Tengku Azmi Tengku Ibrahim, PhD
Professor

Faculty of Veterinary Medicine

Universiti Putra Malaysia

(Chairman)

Suhaila Mohamed, PhD
Professor

Institute of Bioscience
Universiti Putra Malaysia
(Internal Examiner)

Rozita Rosli, PhD
Professor

Institute of Bioscience
Universiti Putra Malaysia
(Internal Examiner)

Mahmood Ameen Abdulla Hassan, PhD
Professor

Faculty of Medicine

Universiti Malaya

(External Examiner)

NORITAH OMAR, PhD

Assoc. Professor and Deputy Dean
School of Graduate Studies
Universiti Putra Malaysia

Date:



This thesis submitted to the Senate of Universiti Putra Malaysia and has been
accepted as fulfilment of the requirement for the degree of Master of Science. The
members of the Supervisory Committee were as follows:

Ahmad Bustamam Abdul, PhD
Lecturer

Institute of Bioscience
Universiti Putra Malaysia
(Chairman)

Mohd. Aspollah Sukari, PhD
Professor

Faculty of Science

Universiti Putra Malaysia
(Member)

Siddig Ibrahim Abdelwahab, PhD
Associate Professor

Faculty of Medicine

Universiti Malaya

(Member)

BUJANG BIN KIM HUAT, PhD
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Date:



DECLARATION

| hereby declare that the thesis is based on my original work except for quotation and
citations which have been duly acknowledged. | also declare that it has not been
previously or concurrently submitted for any other degree at Universiti Putra
Malaysia or other institutions.

NABILAH BINTI MUHAMMAD NADZRI

Date: 14 May 2013

Xi



TABLE OF CONTENTS

Page
COPYRIGHT ii
DEDICATION Ii
ABSTRACT \Y
ABSTRAK Vi
ACKNOWLEDGEMENTS viii
APPROVAL IX
DECLARATION Xi
LIST OF TABLES XV
LIST OF FIGURES XVi
LIST OF ABBREVIATIONS XiX
CHAPTER
i INTRODUCTION 1
1.1  Introduction 1
1.2 Hypothesis 3
1.3  Objective 3
2 LITERATURE REVIEW 4
21 Cancer 4
2.2 Liver Cancer 4
2.2.1 Hepatoblastoma 5
2.2.2 Hepatocellular Carcinoma 5
2.2.3 Hepatocellular Carcinoma TNM Staging System 6
2.2.3.1 Tumor Size 7
2.2.3.2 Nodes 7
2.2.3.3 Distant Metastasis 8
2.2.4 Hepatocellular Carcinoma Risk Factors 8
2.2.4.1 Hepatitis B Virus (HBV) 9
2.2.4.2 Hepatitis C Virus (HCV) 10
2.2.4.3 Cirrhosis 11
2.2.4.4 Aflatoxins 11
2.3 Natural Plant Derived Drug 12
2.4 Zingiber zerumbet 13
2.4.1 Taxonomical Classification of Z. zerumbet 13
2.4.2 Traditional Uses of Z. zerumbet 15
2.4.3 Phytochemical Compositions of Z. zerumbet 15
2.5 Zerumbone 17
2.5.1 Scientific Anticancer Related Studies of ZER 18
2.6 Cyclodextrins 23
2.6.1 Hydroxypropyp-cyclodextrin (HBCD) 25
2.6.2 The Inclusion Complex of Zerumbone with
Hydroxypropyl$-cyclodextrin 26
2.7  Apoptosis 28
2.7.1 Extrinsic Pathway 30
2.7.2 Intrinsic Pathway 31

2.8  Apoptosis Regulators 32

Xii



2.8.1 Protein p53 32

2.8.2 Bcl-2 Family Proteins 33
2.8.2.1 Bcl-2 Anti-apoptotic Protein 35
2.8.2.2 Bax Pro-apoptotic Protein 35
2.8.2.3 BID Pro-apoptotic BH3-only Protein 36
2.8.3 Caspases 36
MATERIALS AND METHODS 39
3.1 Inclusion Complex of ZER with HIED 39
3.2 Cell Lines 39
3.2.1 Cell Culture 40
3.2.2 Cell Counting 40
3.3  Antiproliferative Activity 41
3.3.1 Cell Viability Assay and I§g Determination 41
3.4  Cell Death Mode Determination 42
3.4.1 Microscopic Observation of Cellular Morphology
Using Phase-contrast Inverted Microscope 42
3.4.2 Quantification of Apoptosis Using Propidium
lodide and Acridine Orange Double Staining 43
3.4.3 Annexin V-FITC Assay 44
3.4.4 Cell Cycle Arrest Analysis 45
3.5 Protein Expression and Pathway Study 46
3.5.1 High Content Screening Assay 46
3.5.2 Protein Extraction and Concentration Determination47
3.5.3 Human Apoptosis Proteome Profiler Array 48
3.5.4 Caspase Bioluminescent Assay 49
3.5.4.1 Caspase 3/7 49
3.5.4.2 Caspase 8 50
3.5.4.3 Caspase 9 51
3.5.5 Western Blot 52
3.6  Statistical Analysis 52
RESULTS 53
4.1  Screening of the Antiproliferative Activities
of ZER-HRBCD 53
4.2  Microscopic Observation of Cellular Morphology Using
Phase-contrast Inverted Microscope 56
4.3  Quantification of Apoptosis and Microscopic Observation
of Cellular Morphology Using Propidium lodide and
Acridine Orange Double-Staining 61
4.4 Flow Cytometric Analysis of Annexin V Assay 67
4.5 Flow Cytometric Analysis of Cell Cycle and DNA Content 69
4.6 High Content Screening Assay 71
4.7 Human Apoptosis Proteome Profiler Array 77
4.8 Caspase Bioluminescent Assay 79
4.9  Western Blot Analysis 81
DISCUSSION 83
5.1 Antiproliferative Activity 83

Xiii



5.2 Microscopic Observation of Cellular Morphology Using
Phase-contrast Inverted Microscope 85
5.3  Quantification of Apoptosis and Microscopic Observation
of Cellular Morphology Using Propidium lodide and
Acridine Orange Double-Staining 86
5.4 Flow Cytometric Analysis of Annexin V Assay 87
5.5 Flow Cytometric Analysis of Cell Cycle and DNA Content 89
5.6 High Content Screening Assay 91
5.7 Human Apoptosis Proteome Profiler Array 94
5.8 Caspase Bioluminescent Assay 98
5.9  Western Blot Analysis 99
5.10 Comparisons of ZER-HED Inclusion Complex
with Pure ZER 101
6 SUMMARY, CONCLUSION AND FUTURE
RECOMMENDATION 106
REFERENCES 109
APPENDICES 122
BIODATA OF STUDENT 132
LIST OF PUBLICATIONS 133

Xiv



Table

2.1

2.2

2.3

2.4

4.1

4.2

5.1

5.2

LIST OF TABLES

Page
The tumor size staging based on the TNM staging. 7
The lymph nodes staging based on the TNM staging. 8

The metastasis distance staging based on the TNM staging8

Anticancer effects and other anticancer related studies 21
of ZER.

Effect of ZER-HBCD inclusion complex on different cell 55
types, effect of paclitaxel and pure ZER on HepG2 cell line
expressed as Hgvalues in MTT assay after 72 hours of
treatment. Data were represented as mean + SD for at least
three independent experiments.

Flow cytometric analysis of Annexin V in HepG2 cells 68
which were treated with ZER-HED inclusion complex at

ICso concentration. Data are shown as mean = SD (n=3).
*P<0.05 compared with control.

Pharmacokinetic parameters of ZER in rats followingl02
single dose of ZER prepared in BED and ZER
sugpended in 0.5% sodium carboxymethyl cellulose
(CMC) (Eid et al., 2011Db).

Comparisons of pure ZER and ZERAI® inclusion 104
complex on triggering apoptosis in HepG2 cells.

XV



Figure
2.1
2.2

2.3

2.4

2.5

2.6

4.1

4.2

4.3

4.4

4.5

LIST OF FIGURES

Page
The leaves and inflorescence of Z. zerumbet 14
The rhizomes of Z. zerumbet. 14
Molecular structure of Zerumbone 18
(2, 6, 10-humulatrien-1-one).
Structure A: and torus-like shape B: e€P molecule. 24

Schematic mechanism of extrinsic and intrinsic pathways29
Both pathways involve apoptosis regulatory proteins that
activate caspase cascade which lead to cell death via
apoptosis.

Schematic classification of some members of the Bcl-34
protein family. TM: a hydrophobic region in the carboxyl
terminus of several of these proteins that was originally
assumed to be a transmembrane domain. It remains unclear
whether these regions indeed facilitate membrane
association in every case.

Normal phase contrast inverted micrographs of untreate87
control HepG2 cells. A: 200 X magnification; B: 400 X
magnification. Most cells are healthy and remain attached
on the flask surface indicate viable HepG2 cells.

Normal phase contrast inverted micrographs of HepG2%8
cells treated with |16 concentration of ZER-HFCD for 24

h. A: 200 X magnification; B: 400 X magnification. Most
cells have normal morphology with a few cells showing
cell shrinkage (CS) and cell membrane blebbing (BL).

Normal phase contrast inverted micrographs of HepG2%9
cells treated with Igy concentration of ZER-HFCD for 48

h. A: 200 X magnification; B: 400 X magnification.
Detachment of cells and prominent growth inhibition with
cell shrinkage (CS) showing apoptogenic morphology are
observed.

Normal phase contrast inverted micrographs of HepG#®0
cells treated with 165 concentration of ZER-HFCD for 72

h. A: 200 X magnification; B: 400 X magnification. Most
cells are detached with obvious cell shrinkage.

Confocal micrographs of acridine orange and propidiunt2
iodide double-stained on untreated control HepG2 cells. A:

XVi



4.6

4.7

4.8

4.9

4.10

411

4.12

200 X magnification; B: 400 X magnification. Most cells
showing normal structure without prominent apoptosis
indicate viable cells (VC).

Confocal micrographs of acridine orange and propidiunt3
iodide double-stained HepG2 cells treated withsgIC
concentration of ZER-HFCD for 24 h. A: 200 X
magnification; B: 400 X magnification. Early apoptosis
features were seen representing intercalated acridine
orange (bright green) amongst the fragmented DNA
indicate chromatin condensation (CC).

Confocal micrographs of acridine orange and propidiunt4
iodide double-stained HepG2 cells treated withsgIC
concentration of ZER-HFCD for 48 h. A: 200 X
magnification; B: 400 X magnification. More cells
showing cell membrane blebbing (BL) and chromatin
condensation (CC). Some cells are in the late apoptosis
(LA) and secondary necrosis (SN) stage.

Confocal micrographs of acridine orange and propidiunt5
iodide double-stained HepG2 cells treated withsoIC
concentration of ZER-HFCD for 72 h. A: 200 X
magnification; B: 400 X magnification. Cells showing
presence of reddish-orange colour indicate late apoptosis
(LA) while secondary necrosis (SN) showing prominent
red colour.

Percentages of viable, early apoptosis, late apoptosis arid
secondary necrosis of HepG2 cells treated withg IC
concentration of ZER-HBFCD. HepG2 cell death increased
significantly (*P<0.05) via apoptosis in a time-dependent
manner. No significant (*P>0.05) difference was observed
in necrosis cell count for 24 and 48 h.

Percentages of cell cycle distribution in sub GO0/G170
(apoptosis cells), G1, S and G2/M phase of HepG2 cells
treated at 16y of ZER-HRBCD inclusion complex. *P<0.05
conpared with control.

Micrographs of Hoechst stained HepG2 cells treatedat IC 73
concentration of ZER-HFCD after 24 h. A: Untreated
contol; B: Treated with ZER-HEFCD for 24 h. The total
nudear intensity of treated HepG2 cells were increased
compared to the untreated control.

Micrographs of permeability dye stained HepG2 cells74
treated at 1gy concentration of ZER-HFCD. A: Control
without treatment; B: Treated with ZER-BED for 24 h.

The permeability of treated HepG2 cells were increased

XVil



4.13

4.14

4.15

4.16

4.17

5.1

compared to the untreated control.

Micrographs of trans-membrane potential dye stainedr5
HepG2 cells treated at §&concentration of ZER-HFCD.

A: Control without treatment; B: Treated with ZER-
HPBCD for 24 h. The mitochondrial trans-membrane
potential of treated HepG2 cells were decreased compared
to the untreated control.

Micrographs of cytochrome ¢ dye stained HepG2 cell¥6
treated at IG concentration of ZER-HRCD. A: Control
without treatment; B: Treated with ZER-BED for 24 h.
Theintensity of cytochrome ¢ dye was increased compared
to the untreated control showing cytochrome c release.

Human Apoptosis Proteome Profiler Array analysis in78
HepG2 cells treated at g concentration of ZER-HICD

for 48 h. Graph shows the difference of between treated
and untreated control. Significant difference (*P<0.05).

Caspase luminescent assay of A: caspase 3/7; B: caspasg(B
and C. caspase 9 in HepG2 cells treated gp IC
concentration of ZER-HBCD. All caspases was
significantly increased compared to the untreated control
(*P<0.05).

Western blot analysis on the effect of ZER3EP 82
inclusion complex on the levels of apoptosis regulatory
proteins in treated HepG2 cells. Detection of proteins was
done using specific antibodies wiphactin as the loading
control.

Protein comparisons in HepG2 cells treated ajfp IC 104
concentration of ZER-HFCD and pure ZER (Sakinadt

al., 2007) for 48 h. Graph shows the percentage difference
between treated and untreated control.

The hypothetical model suggesting the mechanism df08

action of ZER-HBCD inclusion complex in inducing
apopbsis in HepG2 liver cancer cell.

XVili



%

Mg

ul

10
AAF
AFB1
AlF
ANOVA
AO
AOM
Apaf-1
APS
ATP
Bad
Bak
Bax
Bcl-2
Bcl-xL
BID
BIR
BSA
CA

Caov-3

LIST OF ABBREVIATIONS

Percentage
Microgram
Microliter
100 000
Acetylaminofluorene
Aflatoxin B1
Apoptosis-inducing factor
Analysis of variance
Acridine orange
Azoxymethane
Apoptotic protease-activating factor-1
Ammonium persulfate
Adenosine-5'-triphosphate
Bcl-2-associated death promoter
Bcl-2 homologous antagonist killer
Bcl-2 associated X protein
B cell lymphoma 2
B cell ymphoma extra large
BH3 interacting domain death agonist
Baculovirus inhibitor of apoptosis protein repeat
Bovine serum albumin
Chromosome aberrations

Ovarian cancer cells

XiX



Caspases
CD

Cdk
CEMss
CIN

CMC

CO;
dATP

DEN

DES
dH,O
DISC
DISC
DMSO
DNA
DSS
EMB
FADD
FasL
FDA
FH
FITC
GO
Gl

G2/M

Cysteine-dependent aspartate-directed proteases
Cyclodextrins
Cyclin-dependent kinase
T-acute lymphoblastic leukemia cells
Cervical intraepithelial neoplasia
Sodium carboxymethyl cellulose
Carbon dioxide

2'-Deoxyadenosine 5'-triphosphate
Diethylnitrosamine

Diethylstilboestrol

Distilled water

Death-inducing signaling complex
Death-inducing signalling complex
Dimethyl sulfoxide
Deoxyribonucleic acid
Dextran sodium sulfate
Embryonal histologic
Fas-associated death domain
Fas ligand
Food and Drug Administration
Fetal histologic

Fluorescein isothiocyanate

Gap 0 at cell cycle

Gap 1 at cell cycle

Gap 2/ Mitosis at cell cycle

XX



HB
HBV
HBXx
HCC
HCV
HelLa
HepG2
HO
HP-3-CD
Hsp70
HT-29-D4
IAP

ICso

KCI

M

MCF-7

MDA-MB-231

ml

MMP

MOMP

MPT

MTT

NaCl

Hour
Hepablastoma
Hepatitis B virus
Hepatitis B virus X

Hepatocellular carcinoma
Hepatitis C virus

Cervical cancer cells

Liver cancer cells

Heme oxygenase

Hydroxypropylg-cyclodextrin

Heat shock protein 70

Colon cancer cells

Inhibitor of apoptosis protein

Inhibitory concentration

Potassium chloride
Metastasis for TNM staging

Estrogen receptor positive breast cancer cells
Estrogen receptor negative breast cancer cells
Mililitre

Mitochondrial membrane potential
mitochondrial outer membrane permeabilization
Mitochondrial permeability transition
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
Node for TNM staging

Sodium chloride

XXi



NCE New chemical entity

NCI National Cancer Institute

NF-xB Nuclear Factor-KappaB

P53 Tumor protein 53

PBL Human peripheral blood lymphocytes

PBS Phosphate buffer saline

pH Potential of hydrogen

Pl Propidium lodide

PMSF Phenylmethylsulfonyl fluoride

PS Phospatidylserine

RNA Ribonucleic acid

Rpm Rotation per minute

SCU Small cell undifferentiated histologic

SD Standard deviation

SDS Sodium dodecyl sulfate

SMAC Second mitochondria-derived activator of caspase
T Size for TNM staging

tBID Truncated BH3 interacting domain death agonist
TEMED Tetramethylethylenediamine

TNF Tumor necrosis factor

TNF-R1 Tumor necrosis factor receptor 1

TRAIL Tumor necrosis factor related apoptosis-inducing ligand
TRAIL-R2 TNF related apoptosis-inducing ligand receptor 2
TUNEL TdT-mediated dUTP nick end labelling

UPM Universiti Putra Malaysia

XXil



WRL-68 Normal liver cells

XIAP X-linked inhibitor of apoptosis protein
ZER Zerumbone
A¥Ym Mitochondrial transmembrane potential

XXili



CHAPTER |

INTRODUCTION

1.1 Introduction

Liver cancer can be classified into primary and secondary types. The primary liver

cancers are Hepatocellular Carcinoma (HCC) and Hepatoblastoma whilst secondary
liver cancer is a metastatic liver cancer is originated from other organs such as the
colon, stomach, pancreas, breast, and lung. Liver cancer is the sixth most frequent
cancer in the world. Nearly 626,000 or 5.7% new cases are reported each year. It is
also the third highest cancer-related death after lung and stomach cancer. In
Malaysia, it is the tenth highest cancer-related death among man with 378 cases

reported for every 100,000 population (Lim and Halimah, 2004).

The use of plants as the preferential treatment for cancer has been known for
centuries. To date about 3000 plant species have been identified to possess anticancer
properties. This historical information was utilized by modern scientists in search for
better compounds as anticancers agent (Crggl., 2005). One of the most
important plant contributions for the world health is the anticancer agents derived
from natural plants (Cragg al., 1997). This is proven by the production of more

than 60 types of clinical chemotherapy drugs derived from plants. A number of
promising new agents are in clinical development based on selective activity against

cancer-related molecular targets, including flavopiridol and combretastin-A4-



phoghate, while some agents which failed in earlier clinical studies have stimulating

renewed interest (Craggjal., 2005).

Zingiber zerumbet is a member of the familgingiberaceae. It is an erect herb up to

two meters tall arising from a bulky yellowish pungent underground rhizome. This
plant can be found in the moist forest, beach thickets and mangrove margin from sea-
lever to over 500m. In peninsular Malaysia, it is found around villages and in
secondary growth. It is indigenous in south-east Asia, widely distributed and
naturalize all over the south pacific (Kho, 2005). Other names for this plant are
lempoyang, ‘lempoyang gajah’, ‘halia putih’, shampoo ginger and pinecones ginger
(Ahmad et al., 1994). Some of the traditional usagesZofZerumbet include the
treatment of fever, indigestion, diarrhea, severe sprains, inflammation, constipation,
toothache and some of the Malays use the rhizomes to cure edema and worm

infestation in children (Zakariet al., 2010).

Zerumbone (ZER), is a crystalline monocyclic sesquiterpene derived from the
rhizomes wild gingerZ. zerumbet. This bioactive component has its unique structure
with cross-conjugated ketone in an 11-membered ring, as well as having interesting
biological activities. It has been reported that the compound ZER constitute about

37% of Z. zerumbet (Sakinah et al., 2007).

Hydroxypropyl$-cyclodextrin (HBCD) is a cyclodextrin derivative that is widely
studied in the field of drug encapsulation because of its inclusion ability as well as its
high water solubility. HBCD is well tolerated by human body both by intravenous

and oral administration (Gould and Scott, 2005). &idl. (2011a) investigated the



inclusion complex between ZER and D and its characterization. The ZER
penetrates completely into the cavity of plBD and the solubility of ZER was
enhanced >30 fold after complexation. The current results showed tHaCBIFs a
suitable encapsular capable of forming thermodynamically stable complex with ZER
for delivery of the compound as an anticancer. Hence, taking into consideration the
importance of biopharmaceutical characterization, the antiproliferative effects of the

new ZER-HBCD inclusion complex was carried out on HepG2 dallgis study.

1.2  Hypothesis

Treated HepG2 liver cancer cells with zerumbone-hydroxyprpylelodextrin

(ZER-HBBCD) inclusion complex will induce apoptosis, which llwinvolve

modulation of pro-apoptotic and anti-apoptotic family member proteins.

1.3  Objective

To investigate then vitro anti-proliferative properties and the apoptosis pathway

determination of the inclusion complex of zerumbone with hydroxyprppyl-

cyclodextrin (ZER-HBCD) on HepG2 liver cancer cells.
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