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Cancer is one of the prime causes of death and breast cancer is the most erratic
malignant disease which causes serious burden to women worldwide. Cockle shell-
derived aragonite calcium carbonate nanoparticles (Ar-CC-NPs) encapsulated with
doxorubicin (DOX) has transpire as an efficacious therapy against breast tumour, but
still the use of targeted therapy in cancer treatment appears to be ineffective and
often associated with some set back, hence necessitates the need for improved
targeted therapy. This study determines the therapeutic potential of doxorubicin-
loaded aragonite CaCOz nanoparticles using proteomic approach. For the proteomic
study, Liquid Chromatography/Mass Spectrometry analysis (LCMS/MS) was
employed to investigate the MCF-7 related protein in human breast cancer cells after
treatment with the DOX and DOX-Ar-CC-NPs. Aragonite CaCOz nanoparticles are
synthesized from cockle shells and characterized for physiochemical properties using
Transmission electron microscope (TEM), Field emission scanning electron
microscope (FESEM), Zeta potential, Fourier transmission infrared (FTIR) and X-
ray diffraction (XRD) techniques. The aragonite nanoparticles are synthesized from
the cheaply available natural sea water cockle shells, which are cleaned with banana
peels, homogenized and then stirred vigorously in dodecyl dimethyl betane (BS-12)
solution using a rotary pulvering blending machine in order to reduce the a stringent
temperature and unsafe chemicals associated with nanoparticles production and are
then characterized for particle geometry using electron microscopy. An ICso which is
inhibitory concentration of 50% of the tested cells that signifies drug concentration,
for the indication of cell viability was also determined and then, the synthesized
aragonite calcium carbonate nanoparticles (Ar-CC-NPs) are then loaded with
doxorubicin (DOX), an antineoplastic agent, which formed Doxorubicin-aragonite-
nanoparticles (DOX-Ar-CC-NPs). The cytotoxic effect of DOX-Ar-CC-NPs was
determined using superoxide dismutase commercial ELISA kit for cell membrane
integrity, and flow cytometry, fluorescent imaging and electron microscopy for



programmed cells death evaluation. Enzymes-linked immunosorbent assay was also
used to assay oxidative stress biomarkers and apoptotic enzymes from MCF-7 cell
treated using DOX-Ar-CC-NPs and the proteomic profile of cancer cell treated with
DOX-Ar-CC-NPs are examined and evaluated the release profile, cytotoxicity and
uptake, in pursuance of understand the molecular sound effects of free and DOX-Ar-
CC-NPs on MCF-7 cell line and to further improve the anticancer effects of
doxorubicin through early prediction and resolution of its drug resistance problems.
The results of the study shows that Ar-CC-NPs with average diameter of 35.5 nm,
19.3% loading content and 97% encapsulation efficiency has a surface potential and
intensity of -19 £ 3.9 mV and 100%, respectively. In addition, DOX-Ar-CC-NPs
have an ICso at 24, 48 and 72 hours of 1.829ug/mL, 0.902pug/mL and 1.0377ug/mL
while that of DOX alone were 0.475ug/mL, 0.2483ug/mL and 0.0723ug/mL,
respectively. However, even at higher concentration, no apparent toxicity was
recorded with Ar-CC-NPs, which reveals its anticancer effect with MCF-7 cells with
a viability of 92%. The DOX-Ar-CC-NPs had significant inhibitory effect on cell
feasibility compared to DOX alone (p<0.05), similar trend was noticed in cellular
apoptosis, oxidative stress markers and cellular uptake evaluation. However,
treatment with DOX-Ar-CC-NPs significantly decreased the elevated level of
superoxide dismutase 2 (SOD2) compared to untreated MCF-7 cells. Thus, the
present findings revealed the capability of DOX-Ar-CC-NPs to induce apoptosis in
MCEF-7 cells, which indicates the high potency of Ar-CC-NPs in drug delivery. For
the proteomic study, a total of 408 MCF-7 related proteins for DOX-Ar-CC-NPs and
128 proteins for DOX alone were identified from MCF-7 cells. The proteomic
profiling analysis outcomes reveals new developments for the advancement of
proteomics technologies which could yield a good result on discovery of potential
significant breast cancer biomarkers for MCF-7 cells pertinent studies with archival
samples. Shotgun LC-MS/MS studies could also serve to determine new biomarkers.
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Kanser adalah salah satu penyebab utama kematian dan kanser payudara adalah
penyakit malignan yang paling biasa yang menyebabkan beban serius kepada wanita
di seluruh dunia. Partikel nano kalsium karbonat aragonit (Ar-CC-NPs) yang berasal
dari cengkerang kerang dan dimuatkan dengan doxorubicin (DOX) telah muncul
sebagai terapi yang berkesan terhadap kanser payudara, namun begitu penggunaan
terapi yang disasarkan dalam rawatan kanser nampaknya masih tidak berkesan dan
sering dikaitkan dengan beberapa kekurangan, oleh itu keperluan untuk
meningkatkan terapi sasaran adalah sangat diperlukan. Kajian ini menentukan
potensi terapeutik partikel nano CaCOs aragonit yang dimuatkan dengan
doxorubicin menggunakan pendekatan proteomik. Untuk kajian proteomik, analisis
Spektrometri Massa Kromatografi Cecair (LCMS/MS) digunakan untuk menyiasat
protein MCF-7 yang berkaitan dengan sel-sel kanser payudara manusia selepas
rawatan dengan DOX dan DOX-Ar-CC-NPs. Partikel nano CaCOs disintesis
daripada cengkerang kerang dan dicirikan untuk sifat fisiokimia menggunakan
mikroskop elektron penghantaran (TEM), mikroskop elektron pengimbasan
pelepasan (FESEM), potensi Zeta, teknik inframerah transmisi Fourier (FTIR) dan
X-ray difraksi (XRD). Partikel nano aragonit disintesis dari cengkerang kerang
semulajadi yang murah, yang dibersihkan dengan menggunakan kulit pisang,
dihomogenkan dan kemudian diaduk bersungguh-sungguh dalam larutan dodecyl
dimethyl betane (BS-12) menggunakan mesin pengaduk berputar untuk
mengurangkan suhu dan bahan kimia tidak selamat yang dikaitkan dengan
penyediaan partikel nano, dan kemudian dicirikan untuk geometri zarah
menggunakan mikroskop elektron. Partikel nano kalsium karbonat aragonit (Ar-CC-
NPs) yang disintesis kemudian dimuatkan dengan doxorubicin (DOX), satu agen
antineoplastik, yang membentuk Doxorubicin-partikel nano kalsium karbonat
aragonit (DOX-Ar-CC-NPs). Kesan sitotoksik DOX-Ar-CC-NPs ditentukan dengan
menggunakan kit ELISA komersial superoxide dismutase untuk integriti membran



sel, dan aliran sitometri, pencahayaan pendarfluor dan mikroskopi elektron untuk
penilaian sel mati yang telah diprogramkan. Ujian imunosorben yang berkaitan
dengan enzim juga digunakan untuk menguji biomarker tekanan oksidatif dan enzim
apoptotik dari sel MCF-7 yang dirawat dengan DOX-Ar-CC-NPs dan profil protein
sel kanser yang dirawat dengan DOX-Ar-CC-NPs diperiksa dan dinilai profil
pelepasan, sitotoksisiti dan pengambilan, untuk memahami kesan molekul bagi Dox
dan DOX-Ar-CC-NPs ke atas sel MCF-7 dan untuk meningkatkan lagi kesan
antikanser doxorubicin melalui ramalan awal dan penyelesaian masalah ketahanan
dadah (Dox). Hasil kajian menunjukkan bahawa Ar-CC-NPs dengan purata diameter
35.5 nm, 19.3% kandungan pemuatan dan 97% kecekapan enkapsulasi mempunyai
potensi permukaan dan intensiti masing-masing -19 + 3.9 mV dan 100%. Selain itu,
DOX-Ar-CC-NPs mempunyai ICso pada 24, 48 dan 72 jam masing-masing adalah
1.829ug / mL, 0.902pg / mL dan 1.0377 pg / mL manakala DOX sahaja masing-
masing ialah 0.475ug / mL, 0.2483ug / mL dan 0.0723pg / mL. Walau
bagaimanapun, pada kepekatan yang lebih tinggi, tiada ketoksikan yang jelas
dicatatkan dengan Ar-CC-NPs, ini menunjukkan keserasiannya dengan sel-sel MCF-
7 dengan daya maju sebanyak 92%. DOX-Ar-CC-NPs mempunyai kesan perencatan
yang ketara ke atas daya tahan sel berbanding DOX sahaja (p <0.05). Trend yang
sama telah diperhatikan dalam apoptosis selular, penanda stres oksidatif dan
penilaian pengambilan selular. Walau bagaimanapun, rawatan dengan DOX-Ar-CC-
NPs mengurangkan paras kenaikan superoxide dismutase 2 (SOD2) dengan ketara
berbanding dengan sel MCF-7 yang tidak dirawat. Penemuan ini mendedahkan
keupayaan DOX-NP untuk mendorong apoptosis dalam sel-sel MCF-7, yang
menunjukkan potensi tinggi Ar-CC-NPs dalam penghantaran dadah. Untuk kajian
proteomik, sebanyak 408 protein berkaitan MCF-7 untuk DOX-Ar-CC-NPs dan 128
protein untuk DOX sahaja telah dikenal pasti dari sel-sel MCF-7. Hasil daripada
analisis profil proteomik membuka lembaran baharu untuk penggunaan teknologi
proteomik yang maju yang menjanjikan penemuan daripada biomarker kanser
payudara berpotensi besar untuk kajian sel MCF-7 menggunakan sample ark. Kajian
LC-MS /MS juga boleh digunakan untuk mencari biomarker bahru dan manikin
memberi petunjuk kepada genom profil proteomik kawalan kanser payudara,
rawatan dan pengubahsuaian pada asas molekul. Kajian lanjut diperlukan untuk
pengesahan biomarker dimasa hadapan untuk profil proteomik MCF-7 dan
diharapkan rawatan dan pencegahan yang lebih baik dapat dicapai pada masa akan
datang.
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CHAPTER 1

INTRODUCTION

1.1 Study Background

Cancer is one of the prominent causes of death and breast tumour is the most
common malignant disease which causes serious burden on women worldwide
(Siegel et al., 2017). In an attempt to relief and improved the condition and health of
cancer patients, Scientist across the world discovered new drugs, screening new
targets and focus on more reliable diagnostic method of identifying cancer in its
early stages. However scientist are have developed an approach, of using
nanotechnology based novel system for the delivery of various anticancer drugs and
specifically, in situ molecular self-assembly and self-delivery carriers to target
cancer cells selectively (Wang et al., 2016).Cancer are known to occur when there is
a continuous cells division, in an uncontrolled manner as a result of genetic
damaged which control either one or many cells (Noor den et al., 1998).

Exposure to certain agents have been attributed to cause damage to the genetic
material of a cells, thereby causing uncontrolled division and countless generation of
cells division have taken place in all the living being for the purpose of life
sustenance. To avoid such exposure, healthy lifestyle such as regular exercises,
taking rich nutrients food, and avoid any exposure to DNA damaging agents in the
environment are good measures which helps in control and prevention of cancer
(Stephens et al., 2009).

Chemotherapeutics are been used in management of neoplastic cells, although they
lack precision and accompanied high toxicity in normal or non-neoplastic cells of the
tissues (Bazak et al., 2015). Developing means that can be applied for early cancer
diagnosis and effective therapy remains as a major challenges in cancer
management, considering that the conventional cancer therapy is associated with
serious side effects.

However, nanoparticles platforms are currently gaining attention as potential
solution to deliver the targeted mediators which can be used for cancer diagnosis and
treatment (Bazak et al., 2015; Sanna et al., 2014). Conventional methods such as
chemotherapy and radiation therapy limitations can be overcome by designing new
nanoparticle delivery system to carry the drugs of interest and other cancer-targeting
modules (Shafiu et al., 2014). Developing alternative nanomaterial’s for therapeutic
delivery system remains as a hurdle in the field of nanomedicine. As a solution,
inorganic materials were been utilize recently, as a delivery carriers in the field of
Nano therapeutics. Proteomic also, has evolved as a powerful tool for providing
unbiased interpretation, thereby distinguishing cancer from non-cancer patients as
reported by Mata et al. (2009). In addition, proteomics are used to identify and



quantify the novel biomarkers of various molecular targets in order detect, diagnose
and predict the outcome of a cancer therapy (Lu et al., 2018; Posadas et al., 2005).

Furthermore, SDS page particularly 2D gel, electrophoresis is known to be a
common molecular biology method which differentiates between the two protein
expression and more distinct samples. Besides that, greater numbers of lower
abundance of expressed proteins in a defined cell population could be detected and
identified by mass spectrometry. Characterization of lysates from few tumour cells
could be analysed by surface-enhanced laser ionization/desorption time of flight
matrix-assisted laser ionization and desorption time of flight which may act as a
suitable biomarker for cancerous study (Esteva et al., 2004).

1.2 Statement of Problems

Targeted therapies have been observed to be effective in treating cancer; they are
often inevitably associated with drug resistance and often been off-target.
Additionally, there are existence problems with the prediction of response to targeted
anticancer therapeutics (Lam et al., 2014). However, this response prediction is vital
for the understanding of therapeutic efficacy. Though, there are arrays of molecular
markers in cancer diagnosis and management, there exist problems with
identification of molecular markers to evaluate the efficacy of anticancer (Lam et al.,
2014). Understanding the mechanism of nanoanticancers is significant for improved
targeted therapeutics, thereby achieving early prediction of drug efficacy as well as
overcoming various side effects using the proteomic approach.

1.3 Justification

The studies identify the major mediators in anticancer efficacy as it relates to
doxorubicin, and reduce their effects using the cockle shell derived CaCOs
nanoparticles. Molecular biomarkers of doxorubicin efficacy were identified as well
as measure the anticancer efficacy of DOX when loaded on cockle shell derived
CaCOs nanoparticle as targeted drug carrier.

1.4 Hypothesis

i. Doxorubicin-loaded cockle shell-derived CaCO3 nanoparticles elicit
oxidative stress in breast cancer cell lines (MCF-7 cell).

ii. Doxorubicin-loaded cockle shell-derived CaCO3 nanoparticles elicit
apoptotic effects in breast cancer cell lines (MCF-7 cell).

iii. Doxorubicin-loaded cockle shell-derived CaCO3 nanoparticles elicit
proteomic responses in breast cancer cells lines (MCF-7 cell).



15 General Objective

To determine the molecular effects of free Doxorubicin and Doxorubicin-loaded
aragonite calcium carbonate nanoparticles on MCF-7 cell lines.

1.6 Specific Objectives

i. To synthesize and characterize Doxorubicin-loaded calcium carbonates
nanoparticles with the help of banana peels agent and it’s in vitro release
profiles.

ii. To determine changes in oxidative stress markers following treatment with
free Doxorubicin and Doxorubicin-loaded calcium carbonate nanocrystals on
MCF-7 cancer cell line.

iii. To determine the in vitro apoptotic pathways in cancer cell line following
treatment with free Doxorubicin and Doxorubicin-loaded calcium carbonate
loaded nanoparticles in MCF-7 cells.

iv. To determine the proteomic profiles of MCF-7 cells treated with free
Doxorubicin and Doxorubicin-loaded calcium carbonate nanoparticles.
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