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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment
of the requirement for the degree of Master of Science

EFFECTS OF THYMOQUINONE AND THYMOQUINONE-LOADED
NANOSTRUCTURED LIPID CARRIER ON HEPATOCELLULAR
CARCINOMA CELL MODELS, HEP3B AND HEPG2

By

AMINAH SUHAILA BINTI HARON

December 2017
Chairman : Sharifah Sakinah Binti Syed Alwi, PhD
Faculty : Medicine and Health Sciences

Hepatocellular carcinoma (HCC) is the fourth most common solid tumor.
Dysregulated cell proliferation and tumorigenesis of HCC is commonly associated
with chronic hepatitis B infection. Thymoquinone (TQ), a bioactive compound found
in Nigella sativa has been shown to exhibit anti-tumor properties. However, due to
some limitations of discomfort, high cost and sterility, it was synthesized into
Thymoquinone-loaded nanostructured lipid carrier (TQ-NLC) (PATENT NO:
P12012001818) to improve the bioavailability and cytotoxicity of TQ. As cellular
models for in vitro liver cancer and toxicity studies, HepG2 and Hep3B are the two
most frequently used liver cancer cells. This study aims to determine the differential
effects of TQ and TQ-NLC on the different genomic sequence of liver cancer (Hep3B
and HepG2 cell lines) as well as to identify the molecular mechanisms underlying its
anticancer activities. TQ or TQ-NLC inhibited the growth of both models of human
liver cancer cells. The ICso obtained for Hep3B treated TQ or TQ-NLC at 24 hours
was 16.7£2.86 uM and 13.543.58 uM respectively. While in HepG2 treated TQ or
TQ-NLC at 24 hours, the ICso obtained was 47.7+0.64 uM and 24.0+0.70 uM
respectively. TQ-NLC was observed to be more toxic towards Hep3B cells with 1Cso
of 9.20 + 2.25 uM compared to TQ with ICso of 11.1 + 0.41 uM at 72 hours of
treatment. Meanwhile, ICso of Hepg2 treated TQ-NLC was 25.5 + 8.40 uM compared
to TQ which was 41.8 = 6.20 uM at 72 hours of treatment. Overall treatment showed
both TQ and TQ-NLC were more toxic towards liver cancer cells compared to normal
3T3 with ICso >30uM (P<0.05). The increased effectiveness of TQ-NLC maybe
related to the encapsulation of TQ that increased its efficiency and toxicity. There was
significantly higher percentage of apoptotic cells in Hep3B cells treated with TQ-NLC
compared to HepG2 cells. Molecular analysis demonstrated response of Hep3B may
be influenced by the level of GSH and Nrf2/Keap1 expression that governed by the
ROS status. In HepG2 cells, ROS levels increased with the increased of GSH and Nrf2



upon treatment with TQ or TQ-NLC. By contrast, TQ-NLC reduced the level of ROS
in Hep3B cells. TQ also increased GSH level as early as 12 hours in Hep3B cells. The
expression of caspase-3 and caspase-7 suggested that both TQ and TQ-NLC may
induce apoptosis via intrinsic pathway in both liver cancer cell models. Thus, this
study demonstrated TQ and TQ-NLC has in vitro anti-cancer effects in human liver

cancer cells and the differential effects appear to be linked to the differential sensitivity
towards ROS production.
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Fakulti : Perubatan dan Sains Kesihatan

Hepatocellular karsinoma (HCC) adalah tumor pepejal yang keempat paling biasa.
Percambahan dysregulated sel dan tumorigenesis HCC adalah biasanya dikaitkan
dengan jangkitan kronik hepatitis B. Thymoquinone (TQ), satu sebatian bioaktif yang
ditemui dalam Nigella sativa telah ditunjukkan mempamerkan sifat-sifat anti tumor.
Walau bagaimanapun, disebabkan oleh beberapa kekangan iaitu ketidakselesaan, kos
yang tinggi dan kemandulan, ia disintesis ke dalam Thymoquinone-loaded
nanostructured lipid carrier (TQ-NLC) (paten NO: PI2012001818) untuk
meningkatkan bioavailabiliti dan sitotoksisiti TQ. Sebagai model sel kanser hati in
vitro dan kajian ketoksikan, HepG2 dan Hep3B adalah kedua-dua sel kanser hati yang
paling kerap digunakan. Kajian ini bertujuan untuk menentukan kesan berbeza TQ dan
TQ-NLC atas jujukan penghibridan yang berbeza daripada kanser hati (Hep3B dan
HepG2 sel) serta untuk mengenal pasti mekanisma molekul yang mendasari aktiviti-
aktiviti anti-kanser. TQ atau TQ-NLC menghalang pertumbuhan kedua-dua model sel
kanser hati manusia. ICso yang diperolehi untuk Hep3B dirawat TQ atau TQ-NLC
pada 24 jam adalah masing-masing 16.7£2.86 uM dan 13.543.58 uM. Sementara
HepG2 dirawat TQ atau TQ-NLC pada 24 jam, ICs¢ yang diperolehi adalah masing-
masing 47.7£0.64 uM dan 24.0+0.70 uM. TQ-NLC adalah diperhatikan lebih toksik
kepada sel Hep3B dengan 1Csp 9.20 uM =+ 2.25 berbanding TQ dengan ICso 11.1 +
0.41 uM pada 72 jam selepas rawatan. Sementara itu, ICso Hepg2 dirawat TQ-NLC
adalah ialah 25.5 uM + 8.40 berbanding TQ yang 41.8 + 6.20 uM pada 72 jam selepas
rawatan. Keseluruhan rawatan menunjukkan kedua-dua TQ dan TQ-NLC adalah lebih
toksik kepada sel-sel kanser hati berbanding 3T3 sel biasa dengan ICso > 30uM
(P<0.05). Peningkatan keberkesanan TQ-NLC mungkin berkaitan dengan
encapsulation daripada TQ yang meningkatkan kecekapan dan ketoksikan. Terdapat
peratusan yang lebih tinggi daripada sel apoptosis dalam sel Hep3B yang dirawat
dengan TQ-NLC berbanding dengan sel HepG2. Analisis molekul menunjukkan
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tindak balas yang berbeza daripada Hep3B dipengaruhi oleh tahap GSH dan
pengekspresan Nrf2/Keapl yang dipengaruhi status ROS. Dalam sel HepG2, tahap
ROS meningkat dengan peningkatan GSH dan Nrf2 dengan rawatan TQ atau TQ-
NLC. Sebaliknya, TQ-NLC mengurangkan tahap ROS dalam sel Hep3B. TQ juga
didapati memberi kesan peningkatan terhadap aras GSH seawal 12 jam dalam sel
Hep3B. Pengekspresan caspase-3 dan caspase-7 mencadangkan bahawa kedua-dua
TQ dan TQ-NLC mungkin didorong melalui laluan intrinsik dalam kedua-dua model
sel kanser hati. Oleh itu, kajian ini menunjukkan TQ dan TQ-NLC mempunyai kesan
anti-kanser in vitro dalam sel-sel kanser hati manusia dan kesan sensitiviti yang
berbeza terhadap pengeluaran ROS.
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CHAPTER 1

INTRODUCTION

1.1 Background of study

Cancer is categorized as the most fatal diseases by the uncontrolled growth of
abnormal cells (Pérez-Herrero & Fernandez-Medarde, 2015). By generating growth
factor ligands themselves, cancer has the ability to preserve signal of cell proliferation.
They also can react by cognate receptors expression, which result in autocrine
proliferative stimulation. On the other hand, cancer cells supply various growth factors
which may generate signals to stimulate normal cells within the supporting tumor-
associated stroma (Cheng et al., 2008; Bhowmick et al., 2004). Alteration or cell
structures dysregulation, can lead to the primary tumor to detach and increased
potential for spreading and metastatic dissemination of cancer cells to secondary site
throughout the body (Jiang et al., 2015). According to World Cancer Report in the
year 2014, cancers figure among the top causes of mortality and morbidity worldwide,
with 8.2 million cancers related deaths and approximately 14 million new cases. The
most common causes of cancer death are cancer of lung, stomach, liver, colorectal,
breast and oesophageal (WHO, 2015).

Hepatocellular carcinoma (HCC) is one of the cancers that normally affecting human
worldwide which is the third ranking of cancer-related death (Siegel et al., 2013). The
major histological subtype among all types of primary liver cancers is HCC, about
70%— 85% of'the all types of liver cancer worldwide (Perz et al., 2006). The incidence
of HCC is arising annually about 75,000 cases worldwide (Jemal et al., 2011).
However, the epidemiology of HCC in Asia became worse. In 2012, the age-
standardised rates (ASR) of HCC in males in Eastern Asia were 31.9 per 100,000 as
compared to previously 35.5 per 100,000 in 2008 (Ferlay et al., 2013; Jemal et al.,
2011). The annual mortality rate per 100,000 people from liver cancer in Malaysia has
been increased by 42.8% since 1990. Hepatocellular carcinoma (HCC) is a global
public concern as one of the most common and deadly cancers worldwide. HCC
accounts for 85%-90% of primary liver cancer and it is the third most frequent cause
of cancer-related mortality. HCC continue to be the most progressive diseases
worldwide (Center & Jemal, 2011). Persistent infections by HBV is the main
recognized risk factor for HCC in Malaysia which about more than 50% of other
causes including HCV and alcohol intake. In Malaysia, liver cancer among males is
the tenth most common cancer with the incidence of 378 per 100,000 (National Cancer
Registry, 2004). The better results in cancer control are yield by down-staging of
cancer. Though, the diagnosis of cancer commonly delayed due to factors such as
frequent reliance on unorthodox medical remedies at initial presentation (Melor &
Zabedah, 1997). Shortage of adequate cancer care continues to be a problem. In
Malaysia, the ratio of megavoltage machines to the population is 1.2 per million
(taking into account machines in both government and private sectors) (Lim, 2002).



HCC is caused by viral infection, cirrhosis, heavy alcoholism, non-alcoholic fatty liver
disease, aflatoxin, infection of hepatitis B virus (HBV) and hepatitis C virus (HCV).
Almost 80% of HCC is caused by HBV and HCV which lead to about 250,000 new
cases of HCC every year (Arzumanyan et al., 2013). Epidemiologically, evidence has
exposed the causative role of HBV in liver cancer with 54% of all HCC cases
worldwide are related with chronic HBV infection (Szmuness, 1978). HBV is a
hepadnavirus transmitted by exposure to infectious blood or body fluids, leading to
hepatitis B infection which can be classified as either acute or chronic infection.
Chronic HBV infections mostly are asymptomatic, but liver cancer and cirrhosis could
develop over time (Di Bisceglie, 2000). However, still there is no approved systemic
management for patients with advanced metastatic HCC or unresectable (Cheng et al.,
2009; Llovet et al., 2008). Approximately 90% of patients treated with sorafenib will
demonstrate cutaneous side effects such as hand-foot skin reaction, erythematous rash,
scalp dysesthesia, subungual splinter hemorrhages, skin neoplasms and precancerous
lesions (Ara & Pastushenko, 2014). Standard systemic chemotherapy (doxorubicin,
cisplatin, tamoxifen, leuprorelin, and flutamide) are typically not effective for HCC
and still poses major challenges to the available therapeutic regimes (Davis et al.,
2008). Thus, alternative therapies are now drawing attention of researchers worldwide.

Natural products are a rich source of cancer chemotheraphy drugs which have clinical
potential to prevent and treat diseases of cancer (Aziz et al., 2003). Nigella sativa, is
an annual flowering plant can be found in Mediterranean countries, Pakistan and India,
commonly called as black cumin (Gali-muhtasib et al., 2006). Traditionally, oil from
the black seed had been used as herbal medicine in Arab country for treatment of
arthritis, lung diseases and hypercholesterolemia (Khader et al., 2009). Thymoquinone
(2-Isopropyl-5-methylbenzo-1,4-quinone; TQ) is an active compound of Nigella
sativa also extensively consumed as a condiment in Ayurvedic medicine. Previously,
TQ exerts its anti-neoplastic effects through modes of action including stimulation of
apoptosis, inhibition of cell proliferation, cell cycle arrest, production of reactive
oxygen species (ROS) and inhibition of angiogenesis and metastasis (Banerjee et al.,
2010). Interestingly, despite having anti-proliferative effect, it may also exert its pro-
apopototic effect through induction of p38 and ROS signaling pathway in human
breast carcinoma (Woo et al., 2013). TQ also contain anti-inflammatory and
antioxidative effects (Banerjee et al., 2010). However, intraperitoneal route of TQ is
restricted by high discomfort and costly and sterility issues. TQ is limited by the
solubility-related poor oral bioavailability (Pathan et al., 2011) and the pure TQ is
relatively less soluble in water (Khader et al., 2009).

Thus, drug carrier systems will improve the therapeutic effectiveness and offer great
promise safety level of cancer chemotherapy drug. The advantages offers by
nanostructured lipid carrier (NLC) as one of the drug carrier systems including ability
to increase bioavailability of poorly soluble drugs, provide safe protection and
encapsulation for sensitive active compounds or drugs as well as assist the drugs
controlled release (How et al., 2011). Recently, NLCs have been developed as
alternative colloidal drug carrier systems in the process of reduction of problems of
solid lipid nanostructured (SLN). NLC is composed of solid lipid and liquid lipid



mixture and has shown an increased drug loading compared with SLN (Miiller et al.,
2002). In spite of the presence of liquid lipid, NLC matrix will be solidify at
room/body temperature (Chen et al., 2010). The drug expulsion during storage is
expected to be reduced due to the imperfect crystal lattice, the drug-loading capacity
will be improved and modulation of drug release profile by changing the arrangement
of lipid matrix (Miiller et al., 2002a; Rad- tke et al., 2005).

In previous study, Thymoquinone loaded nanostructured lipid carrier (TQ-NLC)
(PATENT NO: PI201200181) has been successfully synthesized by the high pressure
homogenization method which also showed high encapsulation efficiency and drug
loading capacity (Ng et al., 2015). TQ-NLC improved bioavailability and exhibited
strong cytotoxicity towards cell lines of cervical and breast cancer and significantly
enhanced anti-cancer effect in MDA-MB-231 that induced specific cell cycle arrest
and. TQ-NLC also inhibits growth in different cancer cell lines such as HeLa, SiHa,
and MCF-7 (Ng et al., 2015). However, TQ-NLC was relatively non-cytotoxic and no
effect towards normal cells (3T3-L1 and Vero) (Ng et al., 2015). Based on the in vivo
toxicity study, TQ-NLC shows less toxic as compared to free TQ because the lipid
carrier that encapsulates TQ has minimize toxic effect of the compound (Ong et al.,
2016).

The evidences proved that TQ-NLC has great promise as the potential anti-cancer
agent against several types of cancers. However, the role of TQ-NLC in HCC
integrated with hepatitis B genome has yet to be investigated. Therefore, this study is
designed to determine the cytotoxicity of TQ and TQ-NLC on hepatocellular
carcinoma cell lines (Hep3B and HepG2) and the underlying mechanisms that
involved in the mode of cell death, the level of total GSH production as well as
Nrf2/Keapl and caspase protein expression in both cell lines.

1.2 Problem statement

Liver cancer predominantly HCC is one of the most common solid tumors. The
prevalence of liver cancer and mortality rate suffered from this disease is increasing
every year. Despite several approaches for liver cancer treatment, HCC continue to be
the most progressive diseases worldwide (Center & Jemal 2011). Persistent infection
by HBV is the main recognized risk factor for HCC in Malaysia which accounts for
more than 50% of other causes including HCV and alcohol intake. Current effective
therapies for HCC included chemotherapy, radiotherapy and surgical treatment (Gong
and Li2011). However, these therapies may lead to several side effects such as damage
in idney and hair as well as hearing loss (Liu et al. 2018).

Thus, a great deal research has been conducted to explore natural products from plants
which have the potential to inhibit cancer progression. TQ is known with its ability to
exert its anticancer effects in many types of cancers (Gullet et al., 2010; Attoub et al.,
2013). It has also been reported able to inhibit cancer cell proliferation via several



signaling pathways (Cyclin dependent kinases (CDKSs), cyclins and inhibiting
telomerase activity) (Schneider-Stock et al., 2014). Moreover, almost all cancer
development resulted from the uncontrolled growth of malignancy which surpasses
cell death and has a deregulation of apoptosis. Hence, for in vitro study in this
particular cancer type, HepG2 (non-Hepatitis B genome sequence) and Hep3B (with
Hepatitis B genome sequence) cell lines were chosen to represent the cellular reference
model as a platform for comparisons.

Research objectives

1.2.1 General objective

To investigate the cytotoxicity effects of TQ and TQ-NLC on liver cancer cell lines,
Hep3B and HepG2 as well as eludicating the molecular mechanism of action
underlying its anticancer activities.

1.2.2 Specific objectives

1. To determine the cytotoxicity effect of TQ and TQ-NLC towards normal mouse
fibroblast cell (3T3), and human liver cancer cell lines (HepG2 and Hep3B) in
time and concentration dependent manner.

2.  To explore the mechanism of cell death induced by TQ and TQ-NLC on liver
cancer cell lines using Annexin V staining.

3. To elucidate the involvement of the of GSH production in liver cancer cell lines
upon treatment of TQ and TQ-NLC.

4.  To assess the level of protein expression of caspase-3, caspase-7, Nrf2 and Keap1
upon TQ and TQ-NLC treatment on liver cancer cell lines.

1.3 Hypothesis

TQ and TQ-NLC exhibit cytotoxic effect towards human liver cancer cells with the
involvement of apoptosis and antioxidant signaling pathway.
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