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ABSTRACT

Oral squamous cell carcinoma (OSCC) has been associated with high morbidity and
mortality rate. Metal-based anticancer drugs such as platinum-based agents have been
widely used to treat various cancer cells including OSCC. However, their efficiency is
limited by the side effects and frequent development of chemoresistant cancer cells.
To date, research on metal-based compounds has been extensively continued to
develop more promising chemotherapeutic compounds capable to overcome these
limitations. Thymoquinone (TQ) has been reported to have numerous biological
activities, including anticancer in vitro and in vivo. Similarly, dithiocarbamate
(PEDTC) is also known to have in vitro antineoplastic potential against several types
of cell lines. Nickel and copper complexes from TQ (NiTQPy, CuTQPy) and PEDTC
(NiPEDTC, CuPEDTC) were successfully synthesized and characterized. These metal
complexes provide new approach to broaden the spectrum of biological activities their
parent ligands. The study is aimed to investigate and determine anticancer potential of
the metal complexes derived from TQ and PEDTC. Human OSCC HSC-3 and HSC-4
cell lines were chosen as in vitro model. The cells were exposed to various
concentrations of the compound substances and examined by MTT assay for
cytotoxicity analysis. Normal human oral fibroblast and human keratinocyte
(HACAT) cells were also included in the assay. Zebrafish was used as a model for in
vivo toxicity study. The number of apoptotic cells was quantified by flow cytometry
and confirmed by Caspase 3/7 assay. Quantitative RT PCR was performed to analyze
the mRNA expression of apoptotic-regulator genes. The protein expression was
observed by western blot. The MTT assay demonstrated that the metal complexes
induced cytotoxicity on HSC-3 and HSC-4 cells. Exposure of the metal complexes at
the concentration similar to cancer cells relatively did not affect the normal cells and
zebrafish embryo development, except for those treated with copper complexes. Flow
cytometry showed the metal complexes increased the number of sub-G1 population,
which represent apoptotic cells. The apoptotic activities were supported by Caspase
3/7 analysis. The various degree of apoptosis induction by metal complexes from TQ
and PEDTC are associated with the elevation of BAX/BCL-2 ratio in both
transcriptional (mRNA) and translational (protein) levels. NIPEDTC and NiTQPy was
shown to be the most effective to induce apoptosis in HSC-3 and HSC-4 cells among
the metal complexes. To conclude, these models of study are useful to demonstrate
apoptosis activities in OSCC. The metal complexes from TQ and PEDTC are
suggested to merit further investigation for its potentiation as anticancer agents.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Oral squamous cell carcinoma (OSCC) is the most common type of head and neck
squamous cell carcinoma (HNSCC), which arises in oral cavity. OSCC causes high
morbidity and mortality, with total of 145,300 deaths per year worldwide and
estimated of new cancer is 300,400 cases. Overall, the OSCC mortality was common
in males than females with ratio of 2:1. There are geographical variations in the
incidence of oral cancer across the world, with the highest incidence rate was found in
South and Southeast Asia, which is accounted more than 100,000 cases (Vigneswaran
& Williams, 2014; Ferlay et al., 2015). Tobacco use, alcohol consumption and human
papillomavirus (HPV) as either individually or combination, are some of the risk
factors that complicate the increase of the occurrence of the squamous cell carcinoma
(Dobrossy, 2005).

The OSCC development is a multistep and progressive in nature. It starts with
uncontrolled proliferation of epithelial cells such as basal cell hyperplasia, dysplasia,
carcinoma in situ and ends up with advanced OSCC (Lehrbach et al., 2003). The early
malignant lesion is usually in the form of an erytholeukoplastic lesion that is often
asymptomatic (Bagan et al., 2010). OSCC is considered as a cancer with a poor
prognosis, for only 50-63% of the five year survival rate is reported. Almost 2/3 of
the cases of oral cancers were detected at the late stage of disease (Giineri & Epstein,
2014).

The main principle of the treatments for patients with OSCC is either

radiotherapy or radical surgery, which is often combined with adjuvant chemotherapy





