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NANOPARTICLES IN VITRO AND IN VIVO
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March 2018
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Faculty : Veterinary Medicine

Breast cancer is one of the most widely researched cancers worldwide. Currently,
therapeutic options aimed at reducing its metastasis have a limitation of toxicity to the
patient. Cockle shell-derived calcium carbonate aragonite nanoparticles
(CSCaCOs3NP) have shown promising potentials as a slow drug releasing compound
in cancer chemotherapy. This study explores CSCaCOsNP as a delivery system aimed
at enhancing docetaxel (DTX) release in breast cancer. Furthermore, this study also
evaluated the in vitro cytotoxicity of DTX-loaded CSCaCO3NP against 4T1 cell line,
and in vivo toxicity evaluation of CSCaCOs3NP, and the effect of DTX-loaded
CSCaCO3NP in 4T1 cancer-bearing Balb/C mice.

The nano-anticancer formulation (DTX-CSCaCO3zNP) was characterized by various
physico-chemical characterizations. The in vitro cytotoxicity evaluation was achieved
using different bioassay parameters. The pharmacokinetic study was estimated. The
in vivo mice acute and sub-chronic toxicity studies were conducted for 14 days. In the
therapeutic study, mice were subcutaneously inoculated with 5 x 10° 4T1 cells in the
right mammary fat pad. Tumor treatment commenced in two stages, the early and late
stages. Mice were grouped into 3 treatment groups of DTX (10 mg/kg), DTX-
CSCaCOsNP (10 mg/kg) and DTX-CSCaCOsNP (5 mg/kg). The positive and negative
control groups were also included.

Characterization results revealed that DTX-CSCaCO3NP synthesis was excellent, and
had a sustained release at pH 7.4. TEM results showed nanoparticles sizes of 42 nm.
The XRD patterns revealed strong crystallizations and pure aragonite particles
formulation, while FTIR showed entrapment between the drug and nanoparticles. The



DTX-CSCaCO3NP had comparable (p>0.05) cytotoxicity effects as DTX against
MCF-7 and 4T1 cells. Fluorescence and apoptosis assay showed higher (p<0.05)
number of apoptotic cells in both DTX and DTX-CSCaCO3NP groups. SEM showed
the presence of cellular blebbing, while TEM showed nuclear fragmentation,
apoptosis and vacuolation. In in vivo toxicity analysis, no significant sign was
observed and no mortality was recorded in both study periods. Tumor volume, organ
weights, tumour inhibition rates and metastatic cells were significantly (p<0.05) lower
in the DTX-CSCaCOsNP (10 mg/kg) group.

In conclusion, the results showed that the formulated DTX-CSCaCOsNP released
DTX slower at pH 7.4. It was also observed that DTX-CSCaCO3NP has similar
anticancer effects on MCF-7 and 4T1 cells as DTX and since it has a slow release,
CSCaCO3NP is a promising delivery system for DTX inthe 4T1 induced breast cancer
model. Hence, DTX-CSCaCOsNP (10 mg/kg) showed high efficacy against breast
cancer metastasis.

Keywords: Breast cancer, docetaxel, cockle shell nanoparticles, drug delivery
system, Balb C/Mice
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Kanser payudara adalah salah satu daripada kanser yang paling meluas dikaji di
seluruh dunia. Pada masa ini, pilihan terapeutik yang bertujuan untuk mengurangkan
metastasisnya mempunyai batasan ketoksikan kepada pesakit. Nanozarah kalsium
karbonat aragonit yang berasal dari kulit kerang (CSCaCO3NP) telah menunjukkan
potensi yang mempunyai harapan sebagai sebatian yang melepaskan ubat dengan
perlahan dalam kemoterapi kanser. Kajian ini menyelidik CSCaCO3NP sebagai suatu
sistem penyampaian yang bertujuan untuk meningkatkan pelepasan docetaxel (DTX)
dalam kanser payudara. Tambahan pula, kajian ini juga menilai ketoksikan sel
in vitro CSCaCO3NP bermuatan-DTX terhadap turunan sel 4T1, dan penilaian
ketoksikan in vivo CSCaCO3NP, serta kesan CSCaCO3NP bermuatan-DTX dalam
tikus BALB/C pembawa-kanser 4T1.

Perumusan nano-antikanser (DTX-CSCaCOsNP) dicirikan oleh pelbagai
pencirian fizikal-kimia. Penilaian ketoksikan sel in vitro telah dicapai
menggunakan parameter  biocerakin  berbeza. Kajian  farmakokinetik  telah
dianggarkan. Kajian ketoksikan tikus akut dan sub-kronik in vivo telah dijalankan
selama 14 hari. Dalam kajian terapeutik, tikus telah diinokulasi secara subkutaneus
dengan 5 x 10° sel 4T1 ke dalam pad lemak kelenjar mama kanan. Rawatan tumor
bermula dengan dua peringkat iaitu peringkat awal dan lewat. Tikus dibahagikan
kepada 3 kumpulan rawatan iaitu DTX (10 mg/kg), DTX-CSCaCO3NP (10 mg/kg)
dan DTX-CSCaCOsNP (5 mg/kg). Kumpulan kawalan positif dan negatif turut
dimasukkan.



Hasil pencirian menunjukkan bahawa sintesis DTX-CSCaCO3NP sangat
baik, dan mempunyai pelepasan yang berterusan pada pH 7.4. Keputusan TEM
menunjukkan saiz nanozarah 42 nm. Corak XRD menunjukkan penghabluran yang
kuat dan rumusan zarah aragonit tulen, manakala FTIR menunjukkan
pemerangkapan antara ubat dan nanozarah. DTX-CSCaCOsNP mempunyai kesan
ketoksikan sel (p>0.05) yang serupa dengan DTX terhadap sel-sel MCF-7 dan
4T1. Asai pendarfluor dan apoptosis menunjukkan bilangan sel apoptosis yang lebih
tinggi (p<0.05) dalam kedua-dua kumpulan DTX dan DTX-CSCaCOsNP. SEM
menunjukkan kehadiran penempekan sel, manakala TEM menunjukkan pemecahan
nuklear, apoptosis dan kelompangan. Dalam analisis ketoksikan in vivo, tiada tanda-
tanda ketara diperhatikan dan tiada kematian dicatatkan pada kedua-dua
tempoh ujian. Isipadu  tumor, berat organ, kadar ~ penyekatan tumor dan sel-
sel metastasis lebih rendah secara signifikan (p<0.05) dalam kumpulan DTX-
CSCaCOsNP (10 mg/kg).

Sebagai kesimpulan , keputusan menunjukkan bahawa DTX-CSCaCOsNP yang
dirumuskan melepaskan DTX lebih perlahan pada pH 7.4. Juga diperhatikan
bahawa DTX-CSCaCO3NP mempunyai kesan antikanser yang sama ke atas sel-sel
MCF-7 dan 4T1 seperti DTX dan oleh kerana ia mempunyai pelepasan
yang perlahan, CSCaCOsNP adalah sistem penghantaran yang berpotensi untuk DTX
bagi model kanser payudara yang disebabkan oleh 4T1. DTX-CSCaCOsNP (10
mg/kg) menunjukkan keberkesanan yang tinggi terhadap metastasis kanser payudara.

Kata kunci: Kanser payudara, docetaxel, partikel nano kulit kerang, sistem
pengangkutan drug, mencit Balb/c
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CHAPTER 1

INTRODUCTION

1.1 Study Background

Over the years, cancer has globally become a revered condition among people
worldwide. Annually, the growing number of newly identified cancer cases
throughout the world is alarming (Siegel et al., 2013). Malignant neoplasm is an
extensive group of diseases produced by unregulated cell growth in the body mostly
due to functional failure of tumor suppressor genes (Gomathi & Thangaraj, 2010).
Cancer initiates when cells in a part of the body start to grow out of control (DeSantis
et al., 2014). Factors such as food, water, air, chemicals and sunlight have been
attributed to primary causes of cancer in humans.

Breast cancer is the most common invasive cancer that affects women worldwide. It
is the number one cause of morbidity and mortality among women worldwide, and the
second highest cause of cancer fatality only next to lung cancer (Sanna et al., 2011b).
Developments in early breast cancer discovery methods have improved frequency, but
mortality has progressively declined. The epidemiology of breast cancer, comprising
mostly of reproductive, genetic, and environmental risk factors has led to a more
informed patient investigation and assisted in screening and management practices
(Ban & Godellas, 2014). Breast cancer is a complex and heterogeneous disease which
hasa common complication of metastasis to various body organs (Holliday & Speirs,
2011). Chemotherapy and surgery have several drawbacks including physical pain,
increased degeneration and lower survival rate. There are currently several
chemotherapeutic agents that have been shown to exhibit significant anti-tumorigenic
effect against breast cancer; among these are the taxanes which include docetaxel and
paclitaxel.

Docetaxel (DTX), a member of the taxane family is a hydrophobic model drug that
has become an anticancer drug with an approved clinical effectiveness against breast
cancer as well as lung, ovary and prostate cancers (Oh et al., 2016). Docetaxel is
compromised by its hydrophobic and lipophilic nature. It is a clinically well-
established antimitotic chemotherapeutic medication that works by interfering with
cell division (Baker et al., 2006; Anna, 2014 ). DTX stimulates the formation of
microtubules from tubulin which inhibits microtubules assembly and suppresses
tumor cell growth (Yuan et al., 2014). A limitation of docetaxel is the serious side
effects exhibited in patients such as allergic reactions, neurotoxicity, nephrotoxicity,
decreased white blood cell counts and increased level of liver enzymes (Clarke &
Rivory, 1999). Since its toxicity is of paramount concern, research has focused on
developing more efficient delivery methods aimed at reducing its toxicity. To this end,
several kinds of nanoparticles have been developed as drug delivery system in order
to improve the intracellular absorption of DTX in solid tumors while avoiding toxicity



to the normal tissue by applying the ‘enhanced permeability and retention effect’ (EPR
effect) (Maeda et al., 2000).

Recently, spherically shaped calcium carbonate nanocrystals have been utilized as a
novel delivery for drugs and bioactive proteins with a remarkably persistent release
and high stability (Kamba et al., 2013a; Isa et al., 2016; Saidykhan et al., 2016; Fu et
al., 2017; Jaji et al., 2017; Syairah et al., 2017). Calcium carbonate (CaCQO3) is one
of the most abundant minerals in nature, and it has three polymorphs; calcite, aragonite
and vaterite. In recent years, researchers have investigated a variety of approaches
using biogenic calcium carbonate as a promising drug delivery system due to its safety,
biodegradability and pH sensitivity. Similarly, evidenced-based research has shown
that calcium carbonate based nanoparticles, especially spherical nanoparticles are a
good candidate for anticancer drug delivery and bioactive proteins (Islam et al., 2011).

1.2 Problem Statements

Breast cancer is distinctive among the potentially dangerous malignancies due to the
wide difference between the high incidence of histological changes evident as cancer
and the much lower prevalence of clinical disease(Abu et al., 2014b). Despite initial
androgen chemotherapy, growth and progression are evident in approximately all
patients. Common treatment of breast cancer such as surgery, hormone therapy,
radiation therapy and chemotherapy are still not able to effectively remedy this
disease. Chemotherapeutic agents are distributed non-specifically around the body,
and they affect both cancerous and normal cells, thus limiting the dose that reaches
the tumor while causing excessive toxicities (Wang et al., 2008).

Current treatments against cancer are to a large extent hampered by the difficulties of
poor water-solubility, non-specific delivery and poor bio distribution of drugs,
inability to avoid biological barriers, and the lack of an effective modality for
treatment monitoring(Lyseng-Williamson & Fenton, 2005). Nowadays, the treatment
of hormone-refractory breast cancer depends mainly on docetaxel-based
chemotherapy. However, the application of DTX is limited by its hydrophobic nature
and non-selective toxicity, as well as induction of hypersensitivity reaction and
multidrug resistance (Rabinow, 2004; Porter et al., 2007).

1.3 Significance of the Study

In recent years, nanotechnology, exemplified through design of novel drug delivery
systems, has tremendously contributed to the diagnosis, prevention, and treatment of
various diseases and ailments. The adoption of nanotechnology in cancer therapeutics
has shown promising resolve to amend limitations of conventional treatments, which
include poor drug bioavailability, nonspecific systemic drug distribution, insufficient
concentration of drug at the tumor site and inability to monitor therapeutic responses
in real time. The preparation of a cockle shell-derived calcium carbonate aragonite



nanoparticle-based delivery system to incorporate water-insoluble molecules may
further enhance the success seen with DTX.

The strategy for the design of such carrier will be based on the use of BS12 realization
of chemical reaction and formation of nanoparticles. The use of CaCOs3 aragonite
nanoparticles for drug delivery in the management of breast cancer is yet to be
reported. It is highly expected that the use of nanoparticle-based drug delivery system
improves delivery of anticancer agents and metabolites to cancerous organs.

1.4 Hypothesis

This research hypothesizes that cockle shell-derived CaCOgz aragonite nanoparticles
(CSCaCO3NP) can be loaded with hydrophobic DTX to be used as a safe and non-
toxic nanocarrier and induces apoptosis and necrosis in vitro and in vivo.

1.5 Objectives
1.5.1 General Objective

The main aim of the study was to evaluate the anticancer efficacy and histological
changes of breast cancer in mouse model treated with Docetaxel-loaded cockle shells-
derived CaCOs3 aragonite nanoparticles (DTX-CSCaCO3NP).

1.5.2  Specific Objectives

The specific objectives of the study were:

i.  To prepare, characterize and evaluate the drug loading capacity, encapsulation
efficiency of cockle shells-derived CaCOsz aragonite nanoparticles
(CSCaCO3NP).

ii. To evaluate the anticancer efficacy of DTX-CSCaCOsNP using cell line in
vitro.

ili.  To evaluate toxicity of Cockle Shells-derived Aragonite Calcium Carbonate
Nanoparticles (CSCaCO3NP) in vivo.

iv.  To assess the histological changes in the organs of breast cancer mouse model
treated with DTX-CSCaCO3NP.
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