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(4) ABSTRACT Prostate cancer is considered as the second most common cancer across the world in men. Apoptosis induction in prostate cancer cells (PC3) revealed an efficient therapeutic strategy for cancer therapy. The conventional cancer treatment approach including chemotherapy and radiotherapy cause severe adverse effects and treatment failure. Given the drawbacks of modern cancer medicines, the search for new synthetic agents from. a. medicinal plants and natural compounds is emerging. Recent phytochemical investigation. ay. and clinical studies have shown the potential anti-cancer value of natural compounds.. al. Recent studies have shown selective cytotoxicity of biseugenol B in PC3 cells compared to other cancer cell lines. Therefore, there is a need to evaluate if this natural compound. M. possesses potential anticancer activity. The aim of the study is to evaluate the apoptosis-. of. induction effect of 2, 2’-oxybis (4-allyl-1-methoxybenzene), biseugenol B, a natural compound from Litsea costalis, on human prostate cancer cell line (PC3) via activation. ty. of extrinsic, intrinsic and inhibition of NF-κB signaling pathways using an in vitro model.. si. The potential therapeutic activity of biseugenol B, isolated from Litsea costalis to. ve r. inhibit human prostate cancer cells PC3 through apoptosis was evaluated in vitro. In this study, the cell death mechanism of biseugenol B was investigated. MTT assay was used. ni. to evaluate biseugenol B-induced cell viability. The apoptosis effect of biseugenol B in. U. PC3 cells were confirmed by using double-staining propidium and acridine orange and AV-FITC staining. Cell cycle arrest was examined using flow cytometry whilst protein and the expression level of mRNA Bcl-2, Bax, and HSP70 were assessed using Western blotting and RT-PCR. Cell permeability, nuclear condensation, release of cytochrome c and mitochondrial membrane potential (MMP) were observed in PC3 cells treated with biseugenol B using high content screening (HCS). The level of caspase-3/7, -8 and -9 were examined and the activity of NF-κB was evaluated using HCS assay.. iii. 

(5) Biseugenol B showed a significant cytotoxicity (IC50 < 5 µg/mL) towards human prostate cancer cells (PC3) when compared to normal human prostate cells (RWPE-1). Propidium and acridine orange double-staining and AV-FITC staining results showed a significant apoptosis induction effect of biseugenol B in PC3 cells. Early apoptosis cells significantly increased in PC3 cells with exposure to different dose of biseugenol B (P < 0.001). The results indicated that a number of the cells in sub-G0 phase were significantly. a. increased after exposure to different dose of biseugenol B (P < 0.001). The results. ay. demonstrate that biseugenol B significantly increased the cell arrest of PC3 in G0/G1 phase after exposure with different dose of biseugenol B. A significant up-regulation of. al. Bax and down-regulation of Bcl-2 and Hsp70 were observed (P < 0.001). Meanwhile. M. caspases-3/7, caspase-8 and caspase-9 levels were noted to be significantly increased (all P-values < 0.001). The translocation of NF-κB from the cytosol to the nucleus was. of. significantly inhibited (P < 0.01) by biseugenol B.. ty. Our findings suggest that biseugenol B could potentially induce apoptosis in prostate. U. ni. ve r. si. cancer cells and thus serve as a promising compound in the prostate cancer treatment.. iv. 

(6) ABSTRAK Kanser prostat dikategorikan sebagai kanser kedua paling tinggi di dunia. Induksi apoptosis dalam sel kanser prostat (PC3) didedahkan sebagai strategi terapeutik yang efisyen untuk terapi kanser. Rawatan kanser secara konvensional termasuk kemoterapi dan radiografi mengakibatkan kesan buruk dan kegagalan rawatan. Disebabkan oleh kegagalan fungsi ubat moden, telah wujud kajian berkenaan agen sintetik dari tumbuhan. a. dan sebatian semulajadi. Kajian-kajian penyiasatan fitokimia terkini dan klinikal telah. ay. menunjukkan nilai potensi anti kanser dari sebatian-sebatian semulajadi. Kajian-kajian. al. terkini telah menunjukkan ketoksikan terpilih biseugenol B dalam sel PC3 berbanding jujuran sel kanser yang lain. Oleh demikian, wujud kepentingan untuk menilai jika. M. sebatian ini mempunyai potensi aktiviti anti-kanser. Tujuan kajian ini adalah untuk. of. menilai kesan induksi apoptosis 2, 2’-oxybis (4-allyl-1-methoxybenzene), biseugenol B, kompaun asli dari Litsea costalis, ke atas sel prostat kanser manusia (PC3) melalui. ty. pengaktifan ekstrinsik, intrinsik dan perencatan isyarat jalanan NF-κB menggunakan. si. model in vitro.. ve r. Potensi aktiviti terapeutik biseugenol B, diasingkan dari Litsea costalis untuk. menghalang sel kanser prostat PC3 manusia melalui apoptosis telah dinilai melalui. ni. kaedah in vitro. Dalam kajian ini, sel mati metabolik biseugenol B telah dikaji. Ujian. U. MTT digunakan untuk menilai keberdayaan biseugenol-B teraruh. Kesan apoptosis biseugenol B dalam sel PC3 telah disahkan melalui pelumuran berganda propidium dan akridin jingga dan pelumuran AV-FITC. Penahanan kitaran sel telah diuji menggunakan aliran sitometri, manakalan protein dan aras lambang mRNA Bcl-2, Bax, and HSP70 telah ditaksir menggunakan penodaan Western dan RT-PCR. Kebolehtelapan sel, kondensasi nuklear, pelepasan sitokrom c dan potensi membran mitokondrial (MMP) telah diperhatikan dalam sel PC3 diperlakukan dengan biseugenol B dengan. v. 

(7) menggunakan penyaringan kandungan tinggi (HCS). Aras caspase-3/7, -8 and -9 telah dikaji dan aktiviti NF-κB telah diuji menggunakan ujian HCS. Biseugenol B menunjukkan sitotoksisiti signifikan (IC50 < 5 µg/mL) terhadap sel prostat kanser manusia (PC3) apabila dibandingkan dengan sel kanser manusia yang normal (RWPE-1). Pelumuran berganda propidium dan akridin jingga dan pelumuran AV-FITC menunjukkan signifikan aruhan apoptosis kesan daripada biseugenol B dalam. a. sel PC3. Sel apoptosis awal telah meningkat secara signifikan dalam sel PC3 dengan. ay. pendedahan kepada dos biseugenol B (P < 0.001) yang berlainan. Keputusan. al. menunjukkan beberapa sel dalam fasa sub-G0 telah meningkat secara signifikan selepas didedahkan kepada dos biseugenol B (P < 0.001) yang berlainan. Keputusan. M. menunjukkan biseugenol B meningkatkan penahanan sel PC3 secara signifikan dalam. of. fasa G0/G1 selepas didedahkan dengan dos biseugenol B yang berlainan. Regulasi menaik Bax dan regulasi menurun Bcl-2 dan Hsp70 adalah signifikan (P < 0.001).. ty. Manakala aras caspase-3/7, caspase-8 dan caspase-9 telah diperhatikan dengan. si. peningkatan yang signifikan (semua nilai (P < 0.001). Penghalangan lokasi rentas NF-κB. ve r. dari sitosol ke nukleus dari biseugenol B adalah signifikan (P < 0.01). Dapatan kami, mencadangkan bahawa biseugenol B berpotensi untuk mengaruh. ni. apoptosis dalam sel kanser prostat dan menjadikannya kompaun yang berpotensi untuk. U. rawatan kanser prostat.. vi. 
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(20) 1. CHAPTER 1: INTRODUCTION. Traditional and herbal medications have been used for years for treatment of different types of diseases, especially for the diseases that do not have deterministic cure like cancers. Phytochemicals are classified into primary and secondary bioactive constituents in which chlorophyll, proteins and sugars are included in primary, while alkaloids, terpenoid and phenolic groups are included in secondary compounds (Krishnaiah,. ay. a. Sarbatly, & Bono, 2007). Alkaloids and terpenoids exhibit different pharmacological properties such as anti-cancer, anti-inflammatory, anti-viral, anti-cholesterol, anti-. al. malarial, anti-bacterial and anesthetic properties (Wadood et al., 2014).. M. Later studies have indicated that phytochemicals have anti-oxidant, pro-apoptotic and anti-proliferative effects on blood cells (Salim et al., 2013), liver (Muhammad Nadzri et. of. al., 2013), lung (Isa et al., 2013), breast (Ibrahim et al., 2014; Paydar et al., 2014; Arbab. ty. et al., 2013), brain (Karmakar, Banik, & Ray, 2007), skin (Katiyar, 2011) and pancreatic. si. cancers (Lev-Ari et al., 2007) in both in vitro and in vivo. The anti-cancer effects of herbal. ve r. medicines have been observed in several studies where phytochemicals induced apoptosis by targeting different cellular and molecular pathways in prostate cancer (Yu et al., 2010;. ni. Ye, Jiang, Volshonok, Wu, & Zhang, 2007).. U. Litsea costalis, with the official name Litsea costalis (Nee) Kosterm, belongs to a large. family of the plants that are known as Lauraceae and have been widely used in China and Malaysia for curing several diseases (Hosseinzadeh, et al., 2013b). Litsea costalis contains structurally diverse and biologically active secondary compounds such as aporphine alkaloids (Wang, Huang, Lu, Li, & Yang, 2010), anolides (Hosseinzadeh, et al., 2013a), flavonoids and sesquiterpenes (Zhang et al., 2003).. 1. 

(21) Biseugenol B or 2,2'-oxybis (4-allyl-1-methoxybenzene) is a new compound isolated from Litsea costalis bark is an oxyneolignan that is classified under the major group of natural products, lignans and neolignans (Hosseinzadeh, et al., 2013a). Lignans and neolignans belong to a category of natural plant products which are biochemically related to phenylalanine metabolism, cinnamic acid (Häusler, Ludewig, & Krueger, 2014). Meanwhile, they are characterized by the coupling of two C6C3 units. a. (DellaGreca, Zuppolini, & Zarrelli, 2013). The difference between lignans and neolignans. ay. is based on the pattern of bonding between the C6C3 units. Briefly, if two C6C3 units are. al. directly bound together in 8,8'-bond pattern structure, the molecule, thus, will be called lignin. However, if the binding between two C6C3 units happened to be other than 8,8'-. M. bond the parent structure, the molecule would be neolignan. In a subgroup of neolignan,. of. the two C6C3 units are not directly bonded together but are linked by an oxygen atom. In this case, the molecule is called as oxyneolignan (Li et al., 2011).. ty. Lignans and neolignans have been used for medical purposes for years. Lignans are. si. broadly used in Chinese traditional medicine for protection of the liver and treatment of. ve r. viral hepatitis (Teponno, Kusari, & Spiteller, 2016). Moreover, physiological activity like tumor-inhibiting has been observed in many lignans and neolignans. This anti-tumor. ni. activity leads to using lignans and neolignans to interfere with cell division in animals. U. including humans (Qin et al., 2010). On the other hand, oxyneolignans belong to the major class of phytoestrogens which are also known as “plant estrogens” and have antioxidants function (Sirotkin & Harrath, 2014; Korkina, 2007). Lignans and neolignans (as well as oxyneolignans as a subgroup of neolignans) play an anti-oxidant role as a defense mechanism against biotic and abiotic factors in plants, also in basic research models of human diseases have shown anti-oxidant and antiinflammatory activity (Korkina, Kostyuk, De Luca, & Pastore, 2011). 2. 

(22) Prostate cancer, or carcinoma of the prostate, affects the gland of the male reproductive system known as prostate (Siegel, Ma, Zou, & Jemal, 2014). It is considered as the second most common type of malignancy and the fifth leading cause of cancer-related death in males worldwide (Sultana et al., 2014). In Malaysia, it accounts for 5.7 percent of cancer cases in men and is the sixth most frequent cancer (Sothilingam, Sundram, Malek, & Sahabuddin, 2010). Although prostate cancer is considered as a treatable disease,. a. however, the management of the treatment can be complicated. It is vital that patients are. ay. offered various treatment options and play a willful and active role in the process of the. al. decision-making.. Currently, there are many cancer therapies available such as radiotherapy,. M. chemotherapy, hormonal therapy, immune therapy, surgery, symptomatic and supportive. of. therapy (Urruticoechea et al., 2010). Considering the rising number of non-responding and drug-resistant cases (Armstrong, Garrett-Mayer, de Wit, Tannock, & Eisenberger,. ty. 2010), the current treatment strategy of cancer is focused on systemic, nonspecific, high-. si. dose chemotherapy. Therefore, finding the alternative synthetic chemotherapy drugs that. ve r. are safe and effective is noteworthy. Natural compounds are good alternatives, because plants are not only significant. ni. sources of anti-cancer agents, but also possess lesser side effects (Abreu, McBain, &. U. Simoes, 2012). The low cost of natural products makes them preferable to be investigated as potential synthetic chemotherapy drugs. Overall, by considering the anti-cancer effects of biseugenol B on human prostate cancer cells (PC3), the study of the effects of this compound on PC3 and detecting the mechanism of its anti-cancer effect on PC3 is justifiable. The present study hypothesized the potential anti-cancer properties of biseugenol B on PC3 through the mechanism of apoptosis-induction in human prostate cancer cells.. 3. 

(23) In normal circumstances, apoptosis has a crucial role in the maintenance of the tissue homeostasis (Wynn, Chawla, & Pollard, 2013). Apoptosis has been broadly studied in cancer therapy. It has been uncovered that one of the most effective ways to remove a tumor cancer is by applying the compound to induce apoptosis in cancer cell. Apoptosis is an irreversible method in which tumor cells destroy themselves. Since most of the anticancer drugs exert their effect by inducing the apoptosis in tumor cells, the best way. a. to assess the anti-cancer effects of the compound is to evaluate the apoptosis induction. ay. effect of the compound (Fulda, 2015).. al. The apoptosis effect of anticancer drugs is detected by various methods. As DNA damage has been caused by the build-up of reactive oxygen species (ROS), the. M. measurement of ROS is one of the most reliable methods in anticancer drug research. of. (Huang et al., 2013; Azad, Chen, & Gibson, 2009). Activation of caspase 9 is another indicator of apoptosis that follows the release of cytochrome c into the cytosol that is. ty. caused by disruption of the mitochondrial membrane potential (MMP) (Harmand, Duval,. si. Delage, & Simon, 2005). Controlling the ratio of Bcl-2/Bax proteins in the mitochondria. ve r. is the other way to determine the tumor susceptibility to the apoptosis induction by chemotherapeutic agents (Mohan et al., 2010). Another group of proteins is heat shock. ni. proteins (HSP) which not only is considered as promoting tumorigenesis (Richardson et. U. al., 2011), but also play a role in protecting the cell from oxidative stress by refolding the denatured proteins (Calderwood & Ciocca, 2008; Azad, Zoubeidi, Gleave, & Chi, 2015). Malignant tumor cells have shown to increase the expression of HSP70. HSPs can preclude the drug-induced apoptosis. Governing of apoptosis in the cell is conducted not only by HSPs but also nuclear factor-kappa B, a ubiquitous transcription factor (Cheng et al., 2009). Therefore, in this study, these methods will be used to assess the apoptosis inducing effects of a new compound (biseugenol B) on the human prostate cancer cell.. 4. 

(24) The pathway(s) that has/have been activated by the compound that lead(s) to apoptosis will also be identified. 1.1. Problem statement and significance of the study. The conventional cancer treatments including chemotherapy and radiotherapy have been documented to cause severe adverse effects and treatment failure (Hodgson, 2015). Therefore, an alternative solution for cancer treatment is inevitable. It can be stated that. a. natural compounds have been suitable sources for alternative cancer therapy (Basmadjian. ay. et al., 2014). Natural products are the important sources of therapeutics: more than 60%. al. of anticancer agents have been derived from plants, marine organisms and. M. microorganisms (Kinghorn et al., 2009). Medical plants contain therapeutic value constituents that produce physical action on human body (Halliwell & Gutteridge, 2015).. of. The use of plants for curing cancer commenced long ago (Nobili et al., 2009). Recent phytochemical investigation and clinical studies have shown the potential anti-cancer. ty. value of medicinal plants (Sharma, Parihar, & Parihar, 2011; Bhanot, Sharma, & Noolvi,. si. 2011). Therefore, there is a need to focus and evaluate the extracts of medicinal plants to. ve r. see if they possess an anticancer activity (Shoeb, 2006). The new natural compound, biseugenol B, which is extracted from Listea costalis, belongs to the large family of. ni. natural plant compounds: lignans and neolignans. Compounds of lignans and neolignans. U. family have revealed anti-cancer property such as podophyllotoxin (Lu, Chen, Xiao, Li, & Miller, 2012), honokiol (Liu et al., 2008) and 2-phenoxy-1-phenylethanone (De Souza et al., 2011). Biseugenol B as an oxyneolignan, which is a subgroup of neolignans, is expected to have anti-cancer attributes. The aim of this research is to analyze the apoptosis-induction effect of the 2, 2’-oxybis (4-allyl-1-methoxybenzene) or known as biseugenol B, a natural compound isolated from. 5. 

(25) Litsea costalis in human prostate cancer cell (PC3) through activation of extrinsic, intrinsic and inhibition of NF-κB signaling pathways using in vitro model. 1.2. Hypotheses. Ha: Natural compound 2,2'-oxybis (4-allyl-1-methoxybenzene), biseugenol B from Litsea costalis induces apoptosis through activation of extrinsic, intrinsic and inhibition. a. of NF-κB signaling pathways in human prostate cancer PC3 cells.. ay. Ho: Natural compound 2,2'-oxybis (4-allyl-1-methoxybenzene) or biseugenol B from Litsea costalis, does not induce apoptosis through activation of intrinsic or extrinsic. Aim. M. 1.3. al. pathway or inhibition of NF-κB signaling pathways in human prostate cancer PC3 cells.. of. The aim of this study is to assess the potential apoptosis induction activities of biseugenol B from Litsea costalis in the human prostate cancer cell lines. Objective. 1.4.1. General Objective. ve r. si. ty. 1.4. To assess the potential apoptosis induction activities of biseugenol B from the bark. ni. Litsea costalis in the human prostate cancer cell lines. Specific Objectives. U. 1.4.2. 1: To assess the in vitro cytotoxicity and selective activities of biseugenol B against. human prostate cancer cell line (PC3). 2: To determine the apoptosis mechanism induced by biseugenol B on human prostate cancer cells (PC3) through caspase activation 3: To determine the modulation of apoptotic signaling pathway in PC3 cells induced by biseugenol Bthrough cell cycle status, RT-PCR and western blotting analyses.. 6. 

(26) 2. CHAPTER 2: LITERATURE REVIEW 2.1. Cancer. Cancer is a life threatening and dreadful disease characterized by ungovernable cell division. These cells attack the other tissues and cause the destruction of these tissues (Gennari et al., 2008). Cancer cells can spread to not only adjacent tissues but to distant organs through blood vessels and lymphatic stream. Generally, cancer occurs due to the. a. disturbance of two types of genes: oncogenes, which are responsible for the cancer cell. ay. growth and tumor suppressor genes, which prevent cancer from developing (Levine & Puzio-Kuter, 2010; Kent & Mendell, 2006). Even though the exact cause of cancer is still. al. unknown, though there are some factors known as cancer-increasing risk factors such as. M. alcohol, tobacco, infectious agents, environment pollution and life style (Vineis & Wild, 2014). Around 10-15% of cancers exclusively occur due to genetic inheritance. of. (Hildesheim & Wang, 2012; Anand et al., 2008).. ty. Cancer is considered as one of the leading causes of mortality and morbidity in the. si. world. In 2012, 14 million new cases have been diagnosed worldwide and 8.2 million. ve r. cancer related deaths have been recorded (Group, 2014; Siegel, Ma, Zou & Jemal, 2014). In fact, the number of new cancer cases is increasing and it is expected to increase by. ni. more than 70% over the next two decades (Smith, Smith, Hurria, Hortobagyi, &. U. Buchholz, 2009; Torre et al., 2015). Cancer is diagnosed by several characteristics including self-sufficiency in growth. signaling, insensitivity to anti-growth signals, the digression of apoptosis, enabling of unlimited proliferation, angiogenesis induction and finally, metastasis (Wender et al., 2013; Weinberg, 2013). The progression of turning a normal cell to the cell that can form tumor includes multiple stages that are identified as malignant progression (Hanahan & Weinberg, 2011).. 7. 

(27) Some risk factors for cancer include tobacco (25-30%), obesity (10-20%), poor diet (30-35%), alcohol (4-8%), environmental pollution and ionizing radiation (10-15%) (Siegel, Miller, & Jemal, 2015; Anand et al., 2008). Nearly 20% of cancers in the developed countries occur due to virus infections such as human papillomavirus, hepatitis B and C which probably can enter the human genome and cause mutations (Belpomme et al., 2007). Naturally, cancer develops after massive changes of human genetic profile. a. (Siegel, Ma, Zou, & Jemal, 2014).. ay. There are several options for cancer treatment such as chemotherapy, radiation therapy. al. and surgery (Yan, Rosen, & Arteaga, 2011). One of the most challenging parts in the management of cancer is to overcome the adverse effects that are caused by the anticancer. M. agents such as chemotherapy and radiotherapy (DeSantis et al., 2014). The clinical. of. outcome or survival chances would depend on the type and stage of cancer and the severity of cancer when treatment was initiated (Kurman, Carcangiu & Herrington, 2014).. ty. Biology of cancer. si. 2.2. The evolution of the normal cell to the cancer cell is involved in the mutations that. ve r. occur in the normal hemostatic mechanism that controls cell proliferation and apoptosis. Cell division is required for human body functions such as reproduction, growth and. ni. repair. Furthermore, cell division is controlled by cell cycle checkpoints. Cell cycle makes. U. a balance between the cell division/cell loss (Kastan & Bartek, 2004). The conversion of a normal cell to malignancy requires the series of mutations that result in DNA damage. 2.2.1. Cell cycle. Cell growth and division occur repeatedly in all organisms on earth, ranging from the simplest unicellular to the most complex multicellular mammals. Rudolf Virchow was the first to apply cell cycle theory to compare the cell division in both healthy and diseased tissues to distinguish the diseased cells derived from the healthy cells of normal tissues 8. 

(28) (Weinberg, 2013). In the process of cell growth, first, DNA is replicated and then the cell is divided into identical daughter cells. Cell cycle is divided into interphase and cell division. Interphase is divided into three different stages: Gap1 or G1, Synthesis or S and Gap2 or G2. Interphase is the phase in which normal cell duplicates its DNA and gets prepared for mitosis, while mitosis and cytokinesis occur in the cell division state. In human being, the length of cell cycle is approximately 24 hours. The duration of cell cycle. a. phases differs remarkably in various types of the cells (Salomoni & Calegari, 2010). The. ay. accuracy of cell cycle requires the perfect cooperation of distinct macromolecular synthesis, assembly and movement. For faultless cell division, the molecule of DNA. al. replicates followed by chromosome condensation and segregation. Cell cycle accuracy is. M. controlled by three “checkpoints”: the G1, the G2/M and the metaphase checkpoints. The checkpoint is a control mechanism in eukaryotic cell to ensure proper cell division. Each. of. checkpoint assesses cell condition for the accuracy of the cell function (Medema &. ty. Macůrek, 2012).. si. 2.2.1.1 Cell cycle phases. ve r. Generally, cell cycle contains four different phases as follows: G1 phase: The first, longest and most variable in length in different cells. It begins when. ni. the previous cell division is completed and is followed by S-phase. In this phase, the cell. U. enlarges and is ready to duplicate the DNA. G1 checkpoint control mechanism ensures that the cell is ready to duplicate the DNA. At this point, the cell can continue up to go either to S-phase in order to complete cell division or go into inactive stage (G0-phase) (Diaz-Moralli, Tarrado-Castellarnau, Miranda, & Cascante, 2013). S phase: DNA replication is limited to this phase which usually lasts for six hours. In this phase, each chromosome is duplicated and makes two pairs of sister chromosomes (Williams & Stoeber, 2012). 9. 

(29) G2 phase: The last and often shortest phase before mitosis, the G2 phase, is a gap between DNA synthesis and mitosis. Cell growth continues until DNA synthesized and chromosome replicates, which started once S-phase completed.. G2 checkpoint. determines whether the cell is ready to continue into M-phase for division or not. Cells with damaged DNA are prevented from division by G2 check-point. Hence, the genomic stability of the cell is protected and the spread of damaged cells is prevented. G2 phase is. a. determinative in investigations on molecular cause of cancer (Diaz-Moralli, Tarrado-. ay. Castellarnau, Miranda & Cascante, 2013; Kim, Åberg, Salvati, & Dawson, 2012).. al. M phase: In this phase, mitosis (division of the cell genome into two nuclei) and cytokinesis (division of the cell into two daughter cells) occurs. Mitosis and cytokinesis. M. together are defined as M phase. Errors in mitosis result in either major defect in the cells. of. that propel the cell to apoptosis or causes mutations that may result in cancer (Williams & Stoeber, 2012).. ty. 2.2.1.2 Checkpoints. si. The cell cycle is regulated and monitored by checkpoints (Kastan & Bartek, 2004).. ve r. Cell cycle progression is paused at specific points to verify the necessary process and repair of the DNA damage. Checkpoints generally include a network of regulatory. ni. proteins that monitor the cell cycle progression at different levels (You & Bailis, 2010).. U. There are different checkpoints in the process of the cell cycle to ensure that damaged. or incomplete DNA is not proceeded and transferred to daughter cells. The main checkpoints are: G1/S or restriction point: its responsibility is to check whether the cell possesses the main material for DNA replication (Kumar, Abbas, Fausto, & Aster, 2014). G2/M: it checks the cell before proceeding to mitosis. This checkpoint determines the right time to replicate the cell (Reinhardt et al., 2010). 10. 

(30) Metaphase checkpoint: it is a minor checkpoint during mitosis that ensures that the duplicated chromosomes are aligned at the spindle to separate equally to different poles of the nuclei (Lara-Gonzalez, Westhorpe, & Taylor, 2012). The mutations that prevent the cell to pause and check in or allow the cell to speed through different checkpoints cause many types of cancers. In these cases, cell consecutively goes from S to M and back to S phase without going to any of G1 or G2 phases. It results in the DNA mutations that. a. may have occurred if they were ignored and passed to the daughter cells due to the loss. ay. of checkpoints. P53, a well-known tumor suppressor, plays a vital role in the control. al. mechanism of both G1/S and G2/M checkpoints (Williams & Stoeber, 2012). 2.2.1.3 Role of cell cycle in tumor formation. M. Cell cycle deregulations might result in tumor formation (Tsaniras et al., 2014). The. of. mutations in the cell cycle inhibitors such as RB or p53 may lead to uncontrolled cell division and eventually, cause tumor formation. The length of the cell cycle in tumor cell. ty. is approximately similar to or even longer than normal cell (Eisen, 2013; Sherr &. si. McCormick, 2002). However, in tumor cells, the ratio of the cells that proceed to division. ve r. versus quiescent cells that are arrested in G0 phase is significantly higher than normal cells (Malumbres & Barbacid, 2009). Therefore, there is a net increase in the number of. ni. the cells as the higher population of the cells go through cell division, while the number. U. of the cells that are sentenced to apoptosis remains the same. One of the targets in cancer therapy is the mass of the cells that actively undergo cell cycle. The DNA is comparatively unprotected in these cells during the cell division and subsequently is more susceptible to damage by radiation or drugs. This fact is useful in cancer therapy. This way, a significant tumor mass is removed in a process known as debulking, which removes a remarkable number of cancer cells (Vergote et al., 2010). This reduction in the number of cancer cells in tumor mass increases the availability of oxygen, growth factor and nutrition and leads to pushing the remaining cells from G0 to G1 phase. On the other 11. 

(31) hand, chemotherapy and radiation following tumor mass removal destroy the cells that have newly entered the cell cycle (Kumar, Abbas, Fausto & Aster, 2014). 2.3. Prostate cancer. Prostate gland, which is located in front of the rectum, between the bladder and the penis, is the male sexual gland (Seisen et al., 2012). Prostate cancer, or carcinoma of the prostate, affects the gland of the male reproductive system known as prostate (Siegel, Ma,. a. Zou, & Jemal, 2014). Prostate cancer is the second most frequent malignancy in (Daniyal. ay. et al., 2014) and the fifth leading cause of cancer-related death in men globally (Sultana. al. et al., 2014). Prostate cancer particularly affects older men: 80% of cases are diagnosed. M. after age 65. Although the incidence and mortality rates are highly variable for prostate cancer in different countries, overall, developed countries have shown a higher rate of. of. prostate cancer incidence and mortality (Torre et al., 2015).. ty. Generally, prostate cancer is a slow-growing type of cancer. Prostate cancer could be. si. metastatic and spread to other organs, mainly lymph nodes and bones (Ruddon, 2007). Prostate cancer may show no signs of symptom in early stages, but its appearance at the. ve r. late stages of life is devastating (Heidenreich et al., 2014b). The symptoms are blood in urine, difficulty in urinating and pain in the pelvic back or even painful urinating. U. ni. (Ruddon, 2007).. Prostate cancer treatment includes hormone therapy, radiation therapy and. chemotherapy (Sweeney et al., 2015). Prostate cancer is considered as treatable cancer when it only occurs inside the prostate (Siegel, Ma, Zou & Jemal, 2014). For the metastatic cases in which cancer has already spread to bones or lymph system, pain medications, bisphosphonate and target gene therapy are possibly needed. The survival rate of prostate cancer depends on the person’s age and the extensiveness and aggressiveness of cancer (Siegel, Ma, Zou & Jemal, 2014). Most patients do not end up 12. 

(32) dying due to prostate cancer. In the United States, the survival rate of five years is almost 99% (Heidenreich et al., 2014a). According to the Malaysian National Cancer Registry, prostate cancer ranks ninth overall and when subdivided to cancers in men, prostate cancer ranks fourth (7.3% of all cancers). The overall age standardized incidence is 12 per 100,000 population; the highest incidence is among Chinese (15.8 per 100,000) followed by Indians (14.8 per 100,000). a. and Malays being the lowest (7.7 per 100,000) (Baade, Youlden, Cramb, Dunn, &. Prostate cancer cell line, PC3. al. 2.4. ay. Gardiner, 2013).. M. In 1979, PC3 cells were isolated from bone metastatic prostate cancer obtained from a 62-year old Caucasian male. PC3 is entirely composed of carcinoma cells (Mizutani et. of. al., 2009). This cell line is hormone insensitive and has no androgen receptor (AR) or. ty. prostate specific antigen (PSA). PC3 is a highly aneuploidy line which represents 58. si. chromosomes in karyotype. Transferrin receptor and epidermal growth factor receptor are expressed in PC3 cell line after treating the PC3 cell line with the transferrin which is. ve r. derived from bone marrow (Barua & Rege, 2009). The transferrin receptor is a cellular surface receptor which interacts with transferrin in order to uptake the cellular iron. This. ni. receptor is an attractive target for cancer therapy since it is upregulated on the surface of. U. many cancer cell types (Daniels et al., 2012). EGF-R (epidermal growth factor receptor) and TGF-α (Transforming growth factor. alpha) are highly expressed in PC3 cell line in autonomous growth condition, which explains the hospitability of bone as a metastatic site. Moreover, p53 is improperly expressed with a C deletion in codon 138. It resulted in a nonsense codon at 169 and consequently, phosphatase and tensin homolog (PTEN) deficiency (Barlaam et al., 2015).. 13. 

(33) 2.5. Conventional cancer treatment. In the beginning of the 16th and 17th centuries, cancer was identified as a mortal disease. Removing the tumor mass through surgery was the earliest treatment for cancer therapy (Baum, Demicheli, Hrushesky, & Retsky, 2005). Even though over centuries the techniques of tumor removal surgery have remarkably improved, the severe side effects of surgery such as infection, pain, blood clots, bleeding, damage to other organs, damage. a. to nearby tissues and lastly the long process of recovery of other body functions are the. ay. main disadvantages of surgery. Moreover, a recurrent tumor mass is observed in most of the cases which leads to the application of the other treatments besides surgery (DeSantis. M. al. et al., 2014).. Chemotherapy and radiotherapy are applied to destroy and damage the remaining. of. cancer cells after tumor removal surgery. The combination of surgery and chemotherapy increases cancer patients’ survival chance. However, chemotherapy has intense side. ty. effects that render it unbearable for some patients. Chemotherapy drugs generally refer to. si. a group of drugs with inhibition effect on cell division process. Hormonal therapy is a. ve r. subgroup of chemotherapy. In hormonal therapy, the extracellular growth signals are blocked to inhibit the growth and division of the cell (Torre et al., 2015). Since. ni. chemotherapy drugs spread through the whole body, they can affect not only cancer cells. U. but also the healthy cells. This leads to immunosuppression, cognitive impairment, organ damage, peripheral neuropathy, gastrointestinal distress, infertility, vomiting nausea, fatigue and anemia (DeSantis et al., 2014). On the other hand, radiotherapy that is applied for the same reason as chemotherapy and destroys the remaining cancer cells after surgery also affects the rest of the body severely. In radiotherapy, ionizing radiation is used to control or kill the malignant cells by damaging the DNA of cancerous tissue. The side effects of radiotherapy depend on the dose, time and length of ionizing radiation and the location of the body that receives the radiation (Donker et al., 2014). In general, the side 14. 

(34) effects of radiotherapy contain damage to the epithelial surfaces such as stomach, mouth and throat, swelling, nausea and vomiting, intestinal discomfort and infertility. Since radiotherapy is mainly damaging cancer cells, in some cases, the radiation may cause DNA damage to other organs and result in secondary cancers (Kamada et al., 2015). 2.6. Herbal treatment. The conventional cancer treatment includes chemotherapy and radiotherapy that cause. a. severe side effects and sometimes treatment failure (DeSantis et al., 2014). As an. ay. alternative, the use of synthetic agents from medicinal plants are proposed (Efferth, Li,. al. Konkimalla, & Kaina, 2007). The use of plants to cure cancer started long ago (Kaur,. M. Kapoor, & Kaur, 2011). Medical plants contain therapeutic value constituents which produce physical action in the human body (Petrovska, 2012). Recent phytochemical. of. investigations and clinical studies have shown the potential anti-cancer benefits from. ty. natural compounds (Sharma, Parihar & Parihar, 2011; Bhanot et al., 2011).. si. From 1950 to 1970, plants contribute to modern therapeutics by providing about 100 new drugs for the USA drug market. Drugs such as vincristine, deserpidine and reserpine. ve r. have been derived from plants. Drugs with plant base were introduced to the worldwide markets such as artemisinin, eguggulstrone, ectoposide and ginkgolides from 1971 to. ni. 1990. Thereafter, approximately 2% drugs were introduced from 1991 to 1995 including. U. topotecan, irinotecan, gomishin, paclitaxel and others isolated from plant Catharanthus rosesus that has been used for the treatment of various types of cancers such as choriocarcinoma, nonhodgkins and Hodgkin’s lymphomas, leukemia in children, testicular and neck cancer (Pandey, Debnath, Gupta, & Chikara, 2011). Lastly, natural products are the important source of anticancer agent. More than 60% of anticancer agents have been derived from natural sources like organisms and microorganisms, marine and plants (Kinghorn et al., 2009). The search is ongoing and 15. 

(35) many more plants with potential anticancer properties have yet to be explored. Based on the report of National Cancer Institute of the United States of America, around 114,000 extracts have been screened for anticancer activity (Shoeb, 2006). 2.7. Litsea costalis. Litsea costalis, with the official name Litsea costalis (Nee) Kosterm, belongs to the large family of the plants known as Lauraceae. It has been widely used in China and. & Musabayane, 2008;. ay. (Gondwe, Kamadyaapa, Tufts, Chuturgoon, Ojewole. a. Malaysia to treat several diseases like stomach aches, infuenza, hypertension and diabetes. al. Hosseinzadeh, et al., 2013b). Litsea costalis contains structurally diverse and biologically. M. active chemical constituents aporphine alkaloids (Wang et al., 2010), anolides (Hosseinzadeh, et al., 2013a), flavonoids, sesquiterpenes and phenylpropenes (Zhang et. ni. ve r. si. ty. of. al., 2003). The bark of Litsea costalis has been shown in figure 2.1.. U. Figure 2.1: Litsea costalis bark (Hosseinzadeh, et al., 2013a). 2.8. Biseugenol B In 2013, Hosseinzadeh et al. had extracted, isolated and purified 8 different. compounds from Litsea costalis bark (Hosseinzadeh, 2013c). The chemical constituents of these compounds contain aldehyde, neolignan, biphenyl ether lignan, phenyl hydrazine, stilbene and oxyneolignan. Biseugenol B or 2,2'-oxybis (4-allyl-1-. 16. 

(36) methoxybenzene) is an oxyneolignan, a new compound that has been isolated from this plant and never been reported before as a phytochemical. Oxyneolignan is a natural plant product, which belongs to a major class of “lignans and neolignans”. It is basically derived from cinnamic acid derivatives and biochemically related to phenylalanine metabolism (Häusler, Ludewig, & Krueger, 2014). From a chemical point of view, lignans and neolignans are characterized by the. ay. a. coupling of two C6C3 units. The bonding patterns of the two C6C3 units differentiate the lignans, neolignans and oxyneolignans.. al. The C6C3 unit or phenylpropanoid is an organic metabolism that consists of one. M. aromatic ring (C6) that is attached to an unsaturated 3-carbon chain (C3) and is synthesized from amino acid phenylalanine by plants (Chikezie, Ibegbulem, & Mbagwu, 2015). of. (Figure 2.2). The C6C3 has been observed in most of the anti-cancer compounds such as. ty. pinoresinol (colorectal cancer) (Fini et al., 2008), podophyllotoxin (breast cancer) (Butt. 8. 9. 7. U. ni. ve r. si. & Amjad, 2015) and steganacin (leukemia) (Hazra & Chattopadhyay, 2016).. Figure 2.2: Chemical structure of C6C3 unit (Sainvitu et al., 2012). From a phytochemical point of view, lignans and neolignans have served as antitumor, antiproliferation and anti-viral compounds. One of the best known antimitotic compounds, podophyllotoxin, is a lignan which exerts its anti-tumoral activity by binding to tubulin and inhibiting topoisomerase II. Compounds that inhibit tubulin polymerization are commonly used as chemotherapeutic agents against cancer (Lu, Chen, Xiao, Li & 17. 

(37) Miller, 2012). Additionally, podophyllotoxin has antiviral properties against HIV (Chen et al., 2007). The other lignan, nordihydroguaiaretic acid, was found to suppress HIV-1 (Barquero, Dávola, Riva, Mersich, & Alché, 2014). In some epidemiological studies, results showed that exposure to lignans is associated with lower risk of breast cancer (Boccardo, Puntoni, Guglielmini, & Rubagotti, 2006; Adlercreutz, 2007). Also, they revealed a potent cytotoxicity against colon cancer (Kim, Moon, Kim, Choi, & Lee,. a. 2012). Moreover, neolignans have shown anti-proliferation and anti-tumor activities. ay. against prostate cancer (Song et al., 2005), breast cancer (Liao et al., 2012) and cervical. al. cancer (Kma, 2013).. On the other hand, lignans and neolignans have shown antioxidant activity against. M. biotic and abiotic factors in plants and play an anti-inflammatory and antioxidant role in. of. some basic research models of human diseases (Potapovich et al., 2011). Lignans may also have anticarcinogenic activities.. ty. Since the exploration of the compounds in lignans and neolignans family has already. si. resulted in the characterization of many useful and interesting compounds in various. ve r. therapeutic areas including cancer therapy, it can be expected that the new members of. ni. lignans family have the same potential. The compound biseugenol B with IUPAC (International Union of Pure and Applied. U. Chemistry) name of 2, 2'-oxybis (4-allyl-1-methoxybenzene) is available in two forms; in yellow brown oil and in bright yellow powder form, with molecular formula of C20H22O3 and molecular weight of 309.20 g/mol (Hosseinzadeh, et al., 2013a). The reason of appellation of biseugenol B is its molecular structure. By comparing the chemical structure of “eugenol” and biseugenol B, it can be stated that biseugenol B is formed of two “eugenol”, linked together by an oxygen bond (Figure 2.3).. 18. 

(38) A. B. a. Figure 2.3: Chemical structure of (A) Eugenol and (B) Biseugenol B (Munerato, Sinigaglia, Reguly, & de Andrade, 2005; Hosseinzadeh, et al., 2013a). ay. Eugenol and isoeugenol (Figure 2.4) are the subclass of phenylpropenes that are known as phenylpropanoids, chavicol and t-anol (Koeduka et al., 2006). Plants generally. al. produce and store phenylpropenes to defend against herbivores, parasitic, bacteria and. M. fungi. For instance, eugenol has shown a general active anti-microbial and anti-animal. of. toxin with analgesic properties for humans (Kaufman, 2015). Moreover, eugenols have also shown anti-cancer properties. In 2007, Pisano and Pagnan et al. reported the anti-. ty. proliferative effect of eugenol, iseugenol and five other members of this family on. U. ni. ve r. si. melanoma (Pisano et al., 2007).. A. B. Figure 2.4: Chemical structure of (A) Eugenol and (B) Isoeugenol (Munerato, Sinigaglia, Reguly & de Andrade, 2005). 2.9. Apoptosis. Apoptosis is a programmed cell death. It comes from the ancient Greek word “ἀπόπτωσις” meaning “falling off”. Due to energy-dependent biochemical events,. 19. 

(39) apoptosis occurs in multicellular organisms, which leads to morphological and biochemical alterations that eventually result in cell death (Elmore, 2007). Apoptosis is a crucial part of various vital processes in the body including function and development of immune system, normal cell repair, embryonic evolvement, hormone-dependent atrophy and chemical-induced cell death. Imbalanced apoptosis (either too little or too much) can result in many human disorders such as immune and. a. neurodegenerative disease and many types of cancers (Elmore, 2007). The capability of. ay. controlling the life or death of the cell is a massive therapeutic potential. Hence,. al. illumination and modulation of cell signaling pathways and cell cycle machinery for controlling apoptosis and cell cycle arrest are valuable due to their massive therapeutic. M. potential (Butt & Amjad, 2015; Wong, 2011). Many proteins with the key role in cell. of. apoptosis have been recognized up to now. However, their exact molecular mechanism remains to be elucidated. In 1972, the term apoptosis was used for the first time by Kerr,. ty. Wyllie and Currie. Apoptosis described a special form of cell death with distinct. si. morphological alteration (Elmore, 2007). The turning point of our understanding of. ve r. “programmed cell death” mechanism in mammalian cells transpired from the study of programmed cell death in nematode Caenorhabditis elegans, which occurs during its. ni. development (Yuan & Kroemer, 2010). In the process of formation, 1090 somatic cells. U. of an adult worm were generated. 131 cells underwent programmed cell death or apoptosis. The death of these 131 cells is essentially constant among the worms that indicate a significant control in this system. Thereafter, apoptosis has been identified as a specific mode of “programmed cell death” for the elimination of cells (Debnath, Baehrecke, & Kroemer, 2005). Apoptosis mainly occurs during development and homeostasis of the cell. It also takes place in the immune system as a defense mechanism when cells are impaired by diseases or toxic agents (Orrenius, Nicotera & Zhivotovsky, 2011). Apoptosis death occurs via 20. 

(40) p53-dependent pathway in the cells with DNA damage from the usage of drugs for cancer chemotherapy (Chipuk & Green, 2006). In some other cells that express Fas or TNF receptor, apoptosis occurs via ligand binding (Galluzzi et al., 2011). In some cases, survival factors like growth factor or hormones block the death pathway in the cell. Finally, apoptosis is a consonant, energy-dependent process which is necessary for the activation of a group of enzymes called “caspases.” The activation of caspases results in. a. a cascade of events, which eventually leads to programmed cell death or apoptosis. Morphology of apoptosis. al. 2.9.1. ay. (Kumar, 2007).. Apoptosis makes some morphological changes in the cell that are detectable with light. M. and electron microscopes. Some samples of these changes are smaller cell size, cell. of. shrinkage and chromatin condensation. "Pyknosis", the most characteristic feature of apoptosis is an irreversible condensation of chromatin in the nucleus and it is followed. ty. by fragmentation of the nucleus. As apoptosis progresses, plasma membrane blebbing. si. and nuclear fragmentation occur (Orrenius, Nicotera, & Zhivotovsky, 2011; Kepp,. ve r. Galluzzi, Lipinski, Yuan, & Kroemer, 2011). 2.9.2. Biochemical Features. ni. In addition to morphological alterations, apoptosis causes several biochemical. U. modifications including DNA breakdown, protein-cross-linking, phagocytic recognition and protein cleavage. Apoptosis cells broadly express caspases that initiate the protease cascade. Caspases possess proteolytic activity, which means they can cleave proteins. When caspases are activated, the irreversible death fate processes in the cell (Henry, Hollville, & Martin, 2013). Up to now, ten main caspases have been recognized and they are classified into three major groups: 1- initiator caspases (caspases-2, -8, -9, and -10), 2- executioners or effectors (caspases-3, -6, and -7) and inflammatory caspases (caspases1, -4, and -5). The other characteristic of apoptosis cell is protein cross-linking that results 21. 

(41) in DNA breakdown known as DNA fragmentation (Elmore, 2007). One of the other biochemical changes during apoptosis process is binding Annexin V protein to phosphatidylserine residues. Annexin V is a specific protein that specifically and strongly binds to phosphatidylserine residues and it is useful for apoptosis detection (Niu & Chen, 2010). 2.9.3. Mechanisms of Apoptosis. a. Apoptosis is a highly complex, energy-dependent cascade of molecular events. To. ay. date, two main apoptosis pathways have been identified: extrinsic (death- receptor) and. al. intrinsic (mitochondrial) pathways. Recent findings have shown that the two pathways. M. are linked (Wong, 2011). 2.9.3.1 Extrinsic pathway. of. Extrinsic apoptosis pathway is a signaling pathway that initiates in response to extracellular stimuli such as drugs, toxins, immune system, infections and hormones. It. ty. is activated by extracellular ligands binding to the surface cellular receptors that transfer. si. the apoptosis signals into the cytoplasm. After that, the apoptosis pathways begin in the. ve r. cell (Chan et al., 2011; Fulda & Debatin, 2006). Figure 2.5 simplifies the extrinsic signaling pathway in which extracellular stimuli initiates the apoptosis pathway via. ni. surface cellular receptors which leads to activation of caspase-8 and then caspase-3, -6. U. and -7 that results in cell apoptosis. In extrinsic apoptosis signaling pathway, transmembrane receptor-mediated. interactions such as tumor necrosis factor (TNF) a receptor gene superfamily (Ashkenazi, 2008), initiate the apoptosis process. The family of TNF receptor share a similar extracellular domain, as their cytoplasmic domain also called “death domain,” contains 80 amino-acids (Croft et al., 2012). The transmitting of death signals from cell surface to the intracellular pathway is performed by cytoplasmic domain or death domain. 22. 

(42) Apo2L/DR5, Apo3L/DR3, Apo2L/ DR4, FasL/FasR and TNF-α/TNFR1 are known as some of the best-characterized ligands and equivalent death receptors (Elmore, 2007; Napetschnig & Wu, 2013). The FasL/FasR and TNF-α/TNFR1 models characterize the sequence of events that can define the extrinsic apoptosis pathway. This model includes receptors and is bound to the homolog ligand. The binding of Fas and TNF ligands to Fas and TF receptors results in the binding of the adaptor proteins of FADD and TRADD,. a. with the recruitment of FADD and RIP respectively (Oeckinghaus, Hayden, & Ghosh,. ay. 2011). The interrelation of FADD with procaspase-8 via the dimerization of the death effector domain which forms a death-inducing signaling complex (DISC), results in the. al. activation of caspase-8. The activation of caspase-8 triggers the apoptosis execution. U. ni. ve r. si. ty. of. M. (Gurung et al., 2014).. 23. 

(43) a ay al M of ty si. ni. ve r. Figure 2.5: Schematic picture of the cell extrinsic apoptosis pathway showing the involvement of caspase-8 (Larrubia, Lokhande, García-Garzón, Miquel, Subirá, & Sanz-de-Villalobos, 2013). 2.9.3.2 Intrinsic apoptosis pathway. U. The intrinsic apoptosis pathway is a pathway that is initiated by internal cell stimuli such as DNA damage, cell division hang up, hypoxia and chromosome rearrangement. These intracellular signals pass through the cell and activate the apoptosis responses in the cell. Figure 2.6 simplifies the intrinsic signaling pathway in which intracellular stimuli initiates the apoptosis pathway via activation of pro-apoptosis proteins like Bax which leads to release of cytochrome c and activation of caspase-9, -3 and -7 that results in cell apoptosis.. 24. 

(44) In the intrinsic apoptosis pathway, intracellular signals can directly start apoptosis signals within the cell. This pathway is also known as the mitochondrial-initiated pathway (Elmore, 2007). There are several non-receptor-mediated stimuli that are involved in the apoptosis cascade events that are originally initiated in mitochondria. The intrinsic pathway is usually initiated by the stimuli that produce intracellular signals. These stimuli might have either positive or negative functions. In the case of negative signals, the. a. absence of certain cytokines, hormones or growth factors may fail the suppression of the. ay. cell death program and hence trigger the apoptosis (Fulda & Debatin, 2006; Ghobrial, Witzig, & Adjei, 2005). The loss of apoptosis suppression and withdrawal of factors. al. (certain cytokines, hormones or growth factors) lead to apoptosis initiation. On the other. M. hand, there are stimuli that act in a positive fashion including radiation, hypoxia, free radicals, toxins and viral infections which can initiate intracellular apoptosis cascade. of. (Valko et al., 2007).. ty. Mitochondrial membrane potential or MMP plays an essential role in apoptosis. si. signaling pathway. Cytochrome c is one of the most important pro-apoptotic proteins. ve r. which is normally located inside the mitochondrial membrane. These stimuli cause alterations in the mitochondrial inner membrane, which in its place, can result in the. ni. opening of the mitochondrial permeability transition (MPT) pore. This subsequently leads. U. to the release of pro-apoptosis protein from mitochondria into the cytosol (Saelens et al., 2004; Casares et al., 2005). Cytochrome c (one of pro-apoptosis) binds and activates procaspase -9, forms the “apoptosome” and initiates caspase-dependent mitochondrial pathway (Hill, Adrain, Duriez, Creagh, & Martin, 2004; MacFarlane & Williams, 2004). Activation of pro-caspase-9 eventually results in caspase-9 activation (Yaoxian et al., 2013). Bcl-2 family of proteins control and regulate the mitochondrial apoptosis events and can be either pro-apoptotic or anti-apoptotic. For instance, Bcl-2 is an anti-apoptotic, 25. 

(45) while Bcl-10 and Bax are pro-apoptotic (Garcia-Saez, 2012). In turn, Bcl-2 has been regulated by p53 which is a well-known tumor suppressor protein (Wu et al., 2013). The balance between Bcl-2 family protein member expressions can determine the fate of the cell: it either proceeds to apoptosis or aborts the process. The main mechanism of the action of the Bcl-2 family of proteins regulates the changes of the mitochondrial membrane permeability to control the release of cytochrome c from mitochondria into the. ve r. si. ty. of. M. al. ay. a. cytosol (Weyhenmeyer, Murphy, Prehn, & Murphy, 2012) (Figure 2.6).. U. ni. Figure 2.6: Schematic picture of cell intrinsic apoptosis pathway showing the involvement of Bcl-2, Bcl-X, Cytochrome c, Caspase 9 and Caspases 3 & 7 (Ooi & Ma, 2013).. 2.9.4. NF-κB anti-apoptosis signaling pathway. In addition to apoptotic pathways in the cell, there are signaling pathways known as anti-apoptotic or survival pathways. Anti-apoptotic pathways are activated when the cell faces difficult conditions like high ROS (reactive oxygen species) or stress that might lead the cell to apoptosis. In such conditions, anti-apoptotic signaling pathways are activated to ensure the survival of the cell (Hoesel & Schmid, 2013). One of these survival pathways is NF-κB signaling pathway. Logically, in cancer therapy, inhibition of survival 26. 
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