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(4) ANTICANCER ACTIVITY OF GONIOTHALAMIN ON ORAL CANCER CELLS IN VITRO AND IN VIVO. ABSTRACT Goniothalamin (GTN) is one of styryl-lactons naturally available compounds isolated from Goniothalamus macro-phyllus. It shows a selective cytotoxicity against variety of cancer cell lines with no significant cytotoxicity toward non-malignant cells. The aim of. ay. a. this study was to evaluate the activity of GTN against oral cancer cells in vitro and in vivo. Materials and Methods: in vitro part of study, anti-proliferative effect and. al. cytotoxic screening of GTN was conducted on H400 oral cancer cells using MTT assay.. M. The mechanism of apoptosis was studied by mitochondrial membrane potential, cytochrome c detection and caspase-3/7, -8 and -9 assays. The blockage of apoptosis and. of. cell proliferation was investigated using NF-kb assay. As for the in vivo part of study, the haematological, biochemical and histoathological evaluation of GTN was investigated on. ty. selected organs (kidney, liver, lung, heart, spleen and brain) of Sprague Dawley (SD) rats. si. using Acute and sub-acute toxicity tests. The anticancer activity of GTN was evaluated. ve r. using 4NQO-induced oral cancer rat model at different doses of GTN; 25, 50, 100, 150 mg/kg. The carcinogenic agent administered intraperitoneally into rats in drinking water. ni. for 12 weeks and the GTN treatment started at the 13th week for 10 weeks. At the end of. U. the experiments the animals were anesthetized and then blood samples were collected for. haematological and biochemical analysis. And then autopsy was carried out for all rats and tongue of rats were harvested for gene expression, histopathological and immunohistochemistry analysis. Result: As for in vitro study, MTT assay findings showed that GTN exhibited selective cytotoxicity and inhibited the growth of H400 oral cancer cells via apoptosis in dose and time-dependent manner. Mitochondrial membrane potential assay revealed the release of mitochondrial cytochrome c into cytosol. Caspases assays revealed the activation of initiator caspase-9 and executioner caspase-3/7 in doseiii. 

(5) dependent manners. This form of apoptosis was closely associated with the inhibition of NF-kb translocation from cytoplasm to nucleus. As for in vivo study, the acute toxicity revealed that the GTN lethal dose was 420 mg/kg and the LD50 was 42 mg/kg. The subacute test revealed no evidence of any treatment-related changes of the animals used in this study. As for the anticancer activity of GTN on rat oral cancer, the finding showed no significant differences between GTN different doses. In the GTN-treated animal, the. a. tumor size was reduced comparing to the untreated animals. The findings showed that. ay. GTN inhibit the expression of Cyclin D1, Ki-67, Bcl-2 and p53 genes while a slight increase in the expression of β-catenin and E-cadherin genes that was observed. The. al. findings also revealed that GTN induces apoptosis by upregulation of Bax and Casp3. M. genes and down-regulation of Tp53, Bcl-2, Cox-2, Cyclin D1 and EGFR. GTN and. of. Cisplatin combination showed better results in inhibiting oral cancer than GTN or Cisplatin alone. Conclusion: This study provides scientific validation for the safety of. ty. GTN up to the highest dose level used in this study. The findings of current study. si. indicated that GTN has the potential to act as an anticancer agent against oral cancer.. U. ni. ve r. Key words: Oral cancer, Goniothalamin, Apoptosis, Toxicity, Chemotherapeutic.. iv. 

(6) AKTIVITI ANTIKANSER GONIOTHALAMIN PADA SEL KANSER MULUT DALAM VITRO DAN DALAM VIVO. ABSTRAK Goniothalamin (GTN) adalah sejenis sebatian yang boleh didapati secara semula jadi dari Goniothalamus macro-phyllus. Ia menunjukkan sitotoksisiti selektif terhadap pelbagai barisan sel kanser tanpa sitotoksis yang ketara terhadap sel-sel tidak malignan.. ay. a. Tujuan kajian ini adalah untuk menilai aktiviti GTN terhadap sel-sel kanser oral dalam vitro dan vivo. Bahan dan Kaedah: bahagian in vitro kajian, kesan anti-proliferatif dan. al. penapisan sitotoksik GTN telah dijalankan ke atas sel-sel kanser mulut H400. M. menggunakan ujian MTT. Mekanisme apoptosis dikaji oleh potensi membran mitokondria, pengesanan cytochrome c dan caspase-3/7, -8 dan -9 assays. Blok apoptosis. of. dan proliferasi sel telah disiasat menggunakan ujian NF-kb. Bagi bahagian dalam vivo kajian, penilaian Hematologi, biokimia dan histoathologi GTN disiasat pada organ. ty. terpilih (buah pinggang, hati, paru-paru, jantung, limpa dan otak) tikus Sprague Dawley. si. (SD) yang menggunakan ketoksikan akut dan sub-akut ujian. Aktiviti antikanser GTN. ve r. dinilai menggunakan model tikus mulut yang disebabkan oleh 4NQO pada dosis yang berlainan GTN; 25, 50, 100, 150 mg / kg. Ejen karsinogenik diberikan secara. ni. intraperitoneally ke dalam tikus dalam air minum selama 12 minggu dan rawatan GTN. U. bermula pada minggu ke-13 selama 10 minggu. Pada akhir eksperimen haiwan itu dilumpuhkan dan kemudian sampel darah dikumpulkan untuk analisis hematologi dan biokimia. Dan kemudian bedah siasat dilakukan untuk semua tikus dan lidah tikus dituai untuk ekspresi gen, analisis histopatologi dan immunohistokimia. Hasilnya: Bagi kajian in vitro, penemuan MTT assay menunjukkan bahawa GTN mempamerkan sitotoksisiti selektif dan pertumbuhan sel H400 yang menghalangi melalui apoptosis dalam dos dan masa yang bergantung kepada masa. Ujian potensi membran mitokondria mendedahkan pembebasan cytochrome mitokondria c ke dalam sitosol. Pemeriksaan caspases v. 

(7) mendedahkan pengaktifan caspase-9 pemula dan caspase-3/7 dalam sikap yang bergantung kepada dos. Bentuk apoptosis ini bekaitk rapat dengan perencatan transplantasi NF-kb dari sitoplasma kepada nukleus. Bagi kajian vivo, ketoksikan akut menunjukkan bahawa dos mematikan GTN adalah 420 mg / kg dan LD50 adalah 42 mg / gk. Ujian sub-akut tidak menunjukkan sebarang bukti mengenai perubahan berkaitan dengan haiwan yang digunakan dalam kajian ini. Bagi aktiviti antikanser GTN pada. a. kanser mulut tikus, penemuan ini tidak menunjukkan perbezaan yang signifikan antara. ay. GTN dos yang berbeza. Dalam haiwan yang diobati GTN, saiz tumor dikurangkan berbanding haiwan yang tidak dirawat. Penemuan menunjukkan GTN menghalang. al. ekspresi gen Cyclin D1, Ki-67, Bcl-2 dan p53 sementara peningkatan sedikit dalam. M. ekspresi gen β-katenin dan E-cadherin yang diperhatikan. Penemuan ini juga. of. mendedahkan bahawa GTN menginduksi apoptosis dengan menaikkan gen Bax dan Casp3 dan turun peraturan Tp53, Bcl-2, Cox-2, Cyclin D1 dan EGFR. Kombinasi GTN. ty. dan Cisplatin menunjukkan hasil yang lebih baik dalam menghalang kanser mulut. si. daripada GTN atau Cisplatin sahaja. Kesimpulan: Kajian ini menyediakan pengesahan. ve r. saintifik untuk keselamatan GTN hingga tahap dos tertinggi yang digunakan dalam kajian ini. Penemuan kajian semasa menunjukkan bahawa GTN berpotensi untuk bertindak. ni. sebagai agen antikanser terhadap kanser mulut.. U. Kata kunci: Kanser mulut, Goniothalamin, Apoptosis, Ketoksikan, Kemoterapeutik.. vi. 
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(19) CHAPTER 1: INTRODUCTION 1.1. Introduction. Cancer, an abnormal or out-of-control cell growth with the possibility to invade or spread to other parts of the body, is one of the most common causes of death in developed and developing countries. Globally, in 2012, there were about 14.1 million new cancer cases and 8.2 million cancer-related deaths being reported, compared to the previously. a. reported figures of 12.7 million and 7.6 million for both categories in 2008 (Ferlay et al.,. ay. 2014). Cancer is generally increasing in non-industrialized regions due to population aging and growth as well as an adoption of cancer-related lifestyle choices. It is estimated. al. that about 43% of cancer-related deaths are associated with tobacco use, alcohol. M. consumption, unhealthy diets, physical inactivity and infection (Jemal et al., 2011;. of. Petersen, 2009). So far, over one hundred types of cancer have been recognized and the classification of cancer will depend according to the type of affected tissue or cells (Ferlay. ty. et al., 2014).. si. Head and neck cancer is an abnormal growth in any parts of the mouth or the oral. ve r. cavity like lips, gum, and tongue and is considered the third most common cancer in the developing countries and the sixth most common cancer worldwide (Ferlay et al., 2010;. ni. Ogbureke & Bingham, 2012). Oral cancer is a major public health problem and has been. U. considered as one of the most highly prevalent cancers with 300,373 new cancer cases worldwide. More than half of the world cases of this disease occur in Asia alone with about 168,850 new cases and about 11% of these cases were diagnosed in South East Asia (Cheong et al., 2017).. In Malaysia, oral cancer incidence was about 776 with and the mortality was 253 in 2012 (Cheong et al., 2017). According to the World Health Organization (WHO), oral cancer causes 1.55% of the total deaths in Malaysia (Zainal Ariffin & Nor Saleha, 2011).. 1. 

(20) In 2007, the National Cancer Registry (NCR) revealed that oral cancer ranks the second (13.2%) of the top five leading cancers in Malaysia (Zainal Ariffin & Nor Saleha, 2011).. In the last few decades, great efforts have been done to improve the chemotherapy, radiotherapy and surgical therapy. However, cancer treatment using these therapies techniques are still not sufficiently effective to reduce the 5-year survival rate and the high incidence of oral cancer (Moongkarndi et al., 2004). Moreover, large tissue defects. ay. a. can occur as a result of the radical removal of the cancer and its surrounding tissues. Radiation therapy of squamous cell carcinoma of oral and pharyngeal regions can result. al. in side effects such as oral mucositis or xerostomia (Silverman Jr, 2007). A previous study. M. has reported that there is no intervention that can treat or prevent oral mucositis on its own and the strategies that can reduce oral mucositis is still unclear as there is not enough. of. evidence pertaining to a treatment that is efficient and superior when compared to other existing treatments for this condition (Rodriguez-Caballero et al., 2012). Recently,. ty. researchers in the field of cancer have been focusing on identifying new anticancer agents. si. isolated from medicinal plants that can be used as chemotherapeutic or chemopreventive. ve r. agents and many novel anticancer agents have been discovered but the side effects and toxicity are still intolerable. Therefore, new anticancer agents that can preserve tissues. U. ni. and organs with low side effects are needed.. Oral cancer research development has involved many animal models such as rats,. mice, and hamsters which have been utilized to study and evaluate many natural and synthetic anticancer agents and their chemotherapeutic potential (Suzuki et al., 2005). There are several carcinogenic agents like coal tar, 20 methylcholanthrene (20MC), 9,10dimethyl-1,2-benzanthracene (DMBA) and 4-nitroquinoline-1-oxide (4NQO) that have been used in experimental oral carcinogenesis. However, 4NQO is the preferred carcinogen in the development of experimental oral carcinogenesis (Kanojia & Vaidya,. 2. 

(21) 2006). 4NQO is a water-soluble carcinogen, which encourages tumor development mainly in the oral cavity. It produces all stages of oral carcinogenesis like hyperplasia, dysplasia, severe dysplasia, carcinoma in-situ and squamous cell carcinoma. In addition, there have been a number of evidence to suggest that the histological, as well as molecular changes, induced by 4NQO, is similar to that observed in the human oral cancer (Kanojia & Vaidya, 2006).. ay. a. Goniothalamin (GTN) is a novel styryl lactone derivative compound with putative anti-cancer properties isolated from Goniothalamus species which are distributed in many. al. parts of Malaysia (Al-Qubaisi et al., 2011; Chen et al., 2005). Previous studies revealed. M. that GTN has cytotoxic activity and induces apoptosis in various cancer cell lines; such as cervical (HeLa), gastric (HGC-27), kidney (768- 0), breast carcinomas (MCF-7, T47D. of. and MDA-MB-231) and leukemia (HL-60, Jurkat and CEM-SS) (Alabsi et al., 2012; Inayat-Hussain et al., 2010; Rajab et al., 2005). As compared with tamoxifen (breast. ty. cancer drug) or taxol (anticancer drug) treated cells, GTN has shown cytotoxicity against. si. ovarian cancer cell lines (Caov-3) and there was no cell death in normal kidney cells. ve r. (MDBK) as the case with tamoxifen or taxol (Lin & Pihie, 2003). Lower toxicity to normal Chang liver cell line has been reported when compared with the chemotherapeutic. ni. drug doxorubicin (Al-Qubaisi et al., 2011). A previous study investigated the effect of. U. GTN on the development of Ehrlich solid tumor in mice reported that GTN has anti-. inflammatory and antiproliferative activity and its potential as a therapeutic agent has been confirmed (Vendramini-Costa et al., 2010). Cytotoxicity of GTN in human leukemia (HL-60 and Jurkat), human breast carcinoma (MDA-MB-231) and cervical (HeLa) occurs via apoptosis after treated with GTN (Alabsi et al., 2012; Chen et al., 2005; InayatHussain et al., 2010). GTN induces apoptosis in which oxidative stress and mitochondriamediated pathway involve in its mechanism of action (Chan et al., 2010; Inayat-Hussain et al., 1999). Moreover, GTN induces DNA damage, generation of reactive oxygen 3. 

(22) species (ROS), loss of mitochondria membrane potential, the release of cytochrome c and activation of caspases (Chen et al., 2005; Inayat-Hussain et al., 2003; Rajab et al., 2005). However, data from previous studies is still insufficient and less convincing because most are done in vitro. Hence, in vivo studies using an animal model or human body are still needed. Moreover, there has been no in vitro or in vivo study conducted to investigate the anticancer activity of GTN in oral cancer. Thus, more in vitro and in vivo studies using. a. various experimental oral cancer cell lines and animal models are needed to determine. Study Justification. al. 1.2. ay. the anticancer activity of GTN in oral cancer.. M. Head and neck cancer, which include oral cancer, is classified as the sixth most common type of reported cancer globally (Ferlay et al., 2010). Chemotherapy is one of. of. the most broadly studied methods in the context of anticancer therapies, however, its side effects and toxicity is quite well-known, which somewhat diminishes its effectiveness. ty. (Newman et al., 2003). Several natural plant compounds with a potent cytotoxic effect. si. have been used as anticancer drugs. GTN, is a natural plant-derived compound, has been. ve r. reported as an antitumor agent; an apoptosis inducer, antiproliferative and cytotoxic agent against a variety of cancer cell lines including: vascular smooth muscle cells (VSMCs),. ni. Chinese hamster ovary cells, renal cells, hepatoblastoma, gastric, kidney cells, breast. U. carcinomas, leukemia, Jurkat cells, hepatocellular carcinoma, lung cancer cells and HeLa cells (Al-Qubaisi et al., 2011; Alabsi et al., 2012; Orlikova et al., 2013; Yen et al., 2012).. Previous studies revealed a possible selectivity of GTN against tumor cell lines with no confirmed activity against normal cells, which made a great interest in GTN in the last two decades (Azimahtol Hawariah et al., 1998; Orlikova et al., 2013; Tian et al., 2006; Wattanapiromsakul et al., 2005). However, the available data on GTN anticancer activity is insufficient and less convincing due to its limitation as most of the experiments are done in vitro. Moreover, there are no in vitro studies investigated the anticancer activity 4. 

(23) of GTN in oral cancer cell lines have been carried out yet and there are no in vivo studies that have been done with GTN in 4NQO oral cancer induced rat model. Thus, in vitro and in vivo studies using various experimental oral cancer cell lines and oral cancer animal models to investigate the anticancer activity of GTN are needed.. 1.3. Hypothesis. GTN has anticancer activity against oral cancer and could be further developed as. 1.4.1. The general objective of the study. ay. Objectives. al. 1.4. a. chemotherapeutic drugs for head and neck cancer.. M. To investigates the anticancer activity of GTN on oral cancer in vitro and in vivo.. Specific Objectives of the study. of. 1.4.2. ty. 1. To investigate the anticancer activity of GTN on oral cancer and normal cell lines.. si. 2. To study the mechanism of apoptosis induced by GTN in oral cancer cells.. ve r. 3. To investigate the histological biochemical and hematological changes in selective internal organs of rats due to GTN compound.. ni. 4. To evaluate the chemotherapeutic effect of GTN at different doses on oral cancer. U. in vivo using oral cancer animal model.. 5. to investigate the effects of GTN on gene expression profiles in 4NQO-induced oral cancer model using RT2 profile PCR array and immunohistochemistry.. 5. 

(24) CHAPTER 2: LITERATURE REVIEW 2.1. Cancer. Cancer is a multifactorial disease that consists of the alteration of cellular processes that lead to the uncontrolled proliferation of a certain group of cells. In many cases, these cells are able to migrate and colonize other organs, establishing and generating an oftenirreversible damage in the tissue, and may even cause the death of the individual (Stewart. ay. a. & Wild, 2017). These alterations are produced by genetic and epigenetic factors that generate a dysregulation of the cell cycle, giving rise to cells with an increased. al. proliferative potential (Hanahan & Weinberg, 2011). There are eight biological. M. capabilities linked to cancer via multi-stage growth of tumors, which are maintaining proliferative signaling, evading growth suppressors, resisting cell death (apoptosis),. of. enabling replicative immortality, causing angiogenesis, activating invasion and metastasis, reprogramming of energy metabolism and evading immune destruction. ty. (Hanahan & Weinberg, 2011). Cancer represents one of the major global cause of death. si. and fatalities (Stewart & Wild, 2017). According to the world cancer report by IARC,. ve r. GLOBOCAN (2012), cancer is the second leading cause of death worldwide after cardiovascular diseases, with a mortality rate of 113 per 100,000 inhabitants.. ni. Approximately 14.1 million new cases each year, 8.2 million cancer deaths and an. U. estimated 32 million people are living with the disease (Ferlay et al., 2014). The most common cancers in men are lung, prostate, and colorectal cancers, whereas in women they are the breast, colorectal, and cervix (Ferlay et al., 2014). Based on the Malaysian Ministry of Health, a total of 18,219 new cancer cases were diagnosed in Malaysia in 2007. It comprises of 8,123 (44.6%) males and 10,096 (55.4%) females. The five most common cancers in Malaysia in 2007 include breast, colorectal, lung, nasopharynx and cervix (Zainal Ariffin & Nor Saleha, 2011). 6. 

(25) Some of the major causes of cancer globally include tobacco use, alcoholic beverages consumption, virus, unhealthy dietary habits and physical inactivity. Furthermore, some chronic infections represent cancerous risk factors and are quite prevalent in developing countries (Stewart & Wild, 2017).. 2.1.1. Cancer biology. Cancer begins with epigenetic and genetic alterations, such as amplification,. ay. a. chromosomal translocations or point mutations, both in the coding and regulatory regions of certain genes. These genes correspond to two broad groups: oncogenes and tumor. al. suppressors. Oncogenes promote cell proliferation and/or inhibit apoptosis, such as Ras,. M. c-Myc, cyclin-D1, b-catenin and survivin. Tumor suppressors are those that slow down proliferation and/or promote apoptosis, such as APC, p53, and E-cadherin (Hanahan &. of. Weinberg, 2011; Lee & Muller, 2010). In cancer, oncogenes are characterized by an increase in function and tumor suppressors due to loss of function. These characteristics. ty. may be caused by changes in protein activity, conformational changes, variations in their. si. levels and alterations in subcellular localization (Lee & Muller, 2010). There is also. ve r. another set of genes that encode DNA repair machinery proteins, which being defective can increase the rate of accumulation of mutations as cell divisions occur, making the cell. ni. even more susceptible to inherit and generate genetic alterations. All of these alterations. U. can result in a cell with high genetic instability, causing a deregulation of the cell cycle, giving rise to cells with an increased proliferative potential (Lee & Muller, 2010). As the. tumor develops, cells may acquire a new phenotype with characteristics such as growth signal self-sufficiency, resistance to growth inhibitory signals, unlimited replicative potential, apoptosis evasion ability, sustained angiogenesis, deregulation of cellular energy, immune system evasion and the ability to invade other tissues (Hanahan & Weinberg, 2011).. 7. 

(26) 2.1.2. Carcinogenesis. Carcinogenesis is the process by which cancer is generated (Robbins et al., 2005). There are a number of agents capable of causing genetic damage and induce the transformation of normal cells to malignant neoplastic cells. The carcinogenic chemicals that are involved in the development of human tumors have been identified. The most important carcinogenic chemicals are polycyclic hydrocarbons that are present in. a. cigarette smoke, aromatic amines that are present in industrial products such as rubber. ay. and dyes, nitroamides which are nitrites and nitrates of normal diet transformed by intestinal bacteria, and alkylating agents which bind directly to DNA and can induce. M. al. mutations (Stevens et al., 2008).. The current knowledge of the process of cancer development comprises more than half. of. a century of research. Evidence for promoting chemical carcinogenesis initially provided by Berenblum in 1947 on a model of skin cancer in rats, where croton oil and benzopyrene. ty. was used. These investigations, as well as a number of others, are responsible in the. si. definition of many important aspects of initiation and promotion of carcinogenesis (Slaga,. ve r. 1983). The induction of genetic alterations of chemical carcinogenesis involves three. ni. stages; initiation, promotion, and progression (Figure 2.1).. Initiation: The response to the exposure of cells to sufficient doses of carcinogen. U. (initiator); a cell-initiated is altered, making it potentially capable of giving rise to a. tumor. However, initiation, by itself, it is not sufficient for tumor formation. Initiation produces permanent damage of DNA (mutations) therefore it is irreversible and has. memory (Robbins et al., 2005). The nature of the initial changes of cells is still unknown in many human cancers and few genetic mutations in carcinogenesis models have been recognized (Stevens et al., 2008).. 8. 

(27) Promotion: This phase is mediated by so-called promoters which are agents that can induce tumors in cells initiated. However, these agents themselves are not tumorigenic and can act on cells initiated until several months after the application of the initiator. Unlike the effects of the initiators, the cellular changes resulting from the application of promoters does not directly affect DNA and are reversible. For example, they can increase the proliferation of initiated cells which is an effect that can contribute to the development. a. of additional mutations (Robbins et al., 2005). Promotion is reversible in early stages if. ay. the promoter agent is removed (Stevens et al., 2008).. al. Progression: If cell proliferation persists, new initiated cells acquire genetic alterations. M. in oncogenes that result in dysregulation of growth and sometimes in autonomous growth. The endpoint of this progression is the development of the invasive tumor. Although. of. many agents are initiators or promoters, some behave like both, what defines them as a. U. ni. ve r. si. ty. complete carcinogen (Stevens et al., 2008).. Figure 2.1: Step in carcinogenesis (Oliveira et al., 2007).. 9. 

(28) a ay. Figure 2. 2 : Step in carcinogenesis (Oliveira et al., 2007).. Oral Cancer. 2.2.1. Definition. M. 2.2. al. Figure 2. 2: Step in carcinogenesis (Oliveira et al., 2007).. of. Oral cancer is defined as a malignancy derived from the stratified squamous. ty. epithelium of the oral mucosa, high invasiveness, low survival and poor prognosis (Tumuluri et al., 2002; Vairaktaris et al., 2008). The most important risk factors that are. si. related to the pathogenesis of oral cancer are smoking and alcohol (Wilkey et al., 2009),. ve r. in addition to the habit of chewing betel (Neville et al., 2009). Oral cancer is more common in the lower lip, the lateral side of the tongue and the floor of the mouth. Its. ni. incidence increases with age, most cases occurring after the age of 40 years (Neville et. U. al., 2009).. 2.2.2. Oral Potentially Malignant Disorders. Histopathological examination of the affected squamous epithelium may reveal a spectrum of changes, ranging from squamous cell hyperplasia, through mild, moderate, and severe epithelial dysplasia to carcinoma in-situ (Table 2.1).. 10. 

(29) Although 2005 WHO classification is widely recognized and applied by both clinicians and histopathologists, there is continuing debate as to how precancerous epithelial changes should be conceptualized and classified. Two alternative classification systems are currently recognized by the WHO (Barnes, 2005). In addition to these, a binary classification system has also been proposed (Kujan et al., 2006)). The binary grading system complements the WHO Classification by excluding the intermediate. a. category of ‘moderate epithelial dysplasia’, which confounds inter-observer agreement.. ay. The histopathologist assigns a grade according to the overall perceived ‘risk’ of the squamous epithelium. The binary system may, therefore, guide clinicians and facilitate. M. al. critical management decisions (Kujan et al., 2006).. The debate surrounding the classification of epithelial dysplasia highlights the. of. subjective nature of interpreting the histological features of precancerous lesions and assigning them to precise diagnostic categories. It is recognized that this interpretative. ty. process is liable to both intra- and inter-observer variation (Kujan et al., 2007). So far, no. si. histological features have been identified that accurately predict which oral potentially. ve r. malignant disorders will progress to oral squamous cell carcinoma (Lodi et al., 2006). There is, therefore, a need to develop biomarkers that enhance prognostication and direct. U. ni. treatment of oral cancer (Mishra, 2012).. 11. 

(30) Table 2. 1: classification systems for oral epithelial dysplasia. Classification of WHO. Intra-epithelial Neoplasia Classification. Ljubljana Classification of squamous Intraepithelial lesions hyperplasia. Binary Classification. -. Mild dysplasia. SIN 1. Basal/parabasal cell hyperplasia. Low-grade dysplasia. Moderate dysplasia. SIN 2. Atypical hyperplasia. Low-grade OR high-grade dysplasia. Severe dysplasia. SIN 3. Atypical hyperplasia. High-grade dysplasia. Carcinoma-insitu. SIN 3. Carcinoma-in-situ. High-grade dysplasia. ay. al M. 2.2.3. -. a. Hyperplasia. Epidemiology of Oral Cancer. of. According to global statistics (GLOBOCAN 2012), there were estimated 300,400 new. ty. cases and 145,400 deaths from oral cancer occurring in 2012 around the world. There is. si. an estimated annual incidence of 275,000 cases, of which most occur in developing. ve r. countries (Cheong et al., 2017; Nagini et al., 2009).. In Malaysia, oral cancer is one of the top 20 most common types of cancer. Based on. ni. data from the National Cancer Registry, there is one new case being diagnosed daily. The. U. practices of tobacco use and habitual betel quid chewing are believed to be the most important factors for the high burden of oral cancer in the South-East Asian Region. According to the WHO (World Health Organization) data published in April 2011, oral cancer deaths in Malaysia reached 1587 or 1.55% of total deaths (Zainal Ariffin & Nor Saleha, 2011). The incidence of oral cancer is predominant among the Indian ethnic group where mouth and tongue cancers were among the 10 most common cancer among both male and female. The incidence of oral cancer is highest in Indian females where the ASR. 12. 

(31) was 10.2/100,000 female populations. Of those cases reported with staging, only 35.4% of the cases were diagnosed at stage I and II. When detected early, oral cancer is almost always cured. But unfortunately, so many people still present it at such a late stage (Zainal Ariffin & Nor Saleha, 2011).. 2.2.4. Etiology of Oral Cancer. The etiology of oral cancer is multifactorial. Among the risk factors that influence the. ay. a. development of oral cancer, smoking and alcohol are the most important factors. In India and other parts of Southeast Asia, betel quid is traditionally consumed. Viral infections. al. such as human papillomavirus affecting at least 50% of oropharyngeal cancers,. M. particularly those affecting the tonsils and base of the tongue (Gillison et al., 2000). Another risk factor may be genetic susceptibility that predisposes some individuals to the. of. development of oral cancer (Jefferies & Foulkes, 2001). Chronic irritation of the mucosal edges of teeth, ill-fitting dentures or chronic infections can also act as a cancer promoter.. ty. Dietary and nutritional factors may also have some participation in the development of. ve r. si. oral cancer (Gillison et al., 2000).. Smoking is the main risk factor associated with the development of premalignant. ni. lesions and oral cancer, especially of OSCC (Hirota et al., 2008). Chronic exposure to smoking carcinogens causes genetic changes in epithelial cells of the oral mucosa of the. U. upper digestive tract. The accumulation of genetic changes leads to genomic instability, the development of epithelial dysplasia and eventually to invasive carcinoma. Parallel to the direct effect of the components of smoking, it can also induce proliferative activity through the activation of EGFR and its downstream mechanisms including MAPK and ERK1 and PKC alpha. This activates cyclin D1, which leads to increase the proliferative activity and increase the frequency of mutations so that cells are more vulnerable to. 13. 

(32) permanent genetic changes which in turn can lead to genomic instability and invasive. of. M. al. ay. a. cancer (Hirota et al., 2008).. ty. Figure 2.3: Genetic Progression in oral carcinogenesis. Transformation of normal epithelium to dysplasia and invasive carcinoma by the action of carcinogens such as smoking (Choi & Myers, 2008).. si. The most carcinogenic components of smoking are N-nitroso-nor-nicotine, aromatic. ve r. hydrocarbons such as benzopyrene and polonium, being harmful locally and favoring the absorption of carcinogenic substances (Rodu & Jansson, 2004). It is estimated that. ni. between 85 and 90% of patients with upper aerodigestive tract cancer are explained by exposure to smoking and the risk is proportional to the intensity of exposure (Blot et al.,. U. 1988). In addition, a synergistic effect was observed between smoking and alcohol in the pathogenesis of oral cavity cancer (Hashibe et al., 2009; Znaor et al., 2003). Smoking increases the burden of the following acetaldehyde to alcohol consumption which in turn increases activation of pro-carcinogens in snuff (Seitz et al., 2009). It is difficult to distinguish the separate effects of these two agents, as consumers of alcohol tend to smoke and vice versa. Smoking inverted (with the fire toward the palate), common in parts of India, South America, and the Philippines, it strongly associated with lesions on the palate. 14. 

(33) that can lead to a high risk of developing oral cancer. There is a synergistic effect between hyperemia and direct action of smoking carcinogens (Stich et al., 1992).. Alcohol consumption has been identified as one of the major risk factors for oral cancer and the entire upper aerodigestive tract. Alcohol produces a fivefold increased risk of cancer for heavy drinkers, and there is a strong dose-response relationship (Pelucchi et al., 2008)). Although the exact mechanisms by which chronic alcohol ingestion stimulates. ay. a. carcinogenesis are not fully elucidated, experimental animal studies support the concept that ethanol is not a carcinogen, but under certain experimental conditions acts as a co-. al. carcinogen and/or tumor promoter. Ethanol metabolism by the enzyme alcohol. M. dehydrogenase leads to the generation of acetaldehyde and free radicals (Boccia et al., 2009). These highly reactive compounds to cellular components and possibly rapidly bind. of. to DNA. Acetaldehyde decreases DNA repair mechanisms and cytosine methylation in DNA. It also damages the function of glutathione, an important role in the detoxification. ty. of carcinogens peptide. Another mechanism by which alcohol stimulates carcinogenesis. si. is by inducing CYP2E1 cytochrome P450 enzyme, which leads to activation of several. ve r. procarcinogens present in alcoholic beverages, which enhance the carcinogenic effect of smoke snuff and carcinogens in the diet (Pöschl & Seitz, 2004). Alcohol also acts as a. ni. solvent, allowing the absorption of other carcinogens.. U. Alcohol consumption also seems to be associated with tissue damage and secondary. compensatory hyper-regeneration. So, the association between oral cancer and the use of oral rinses with high alcohol content has questioned (La Vecchia, 2009; McCullough & Farah, 2008). based on the assumption that the permanency of alcohol in contact with the oral mucosa for longer than ingesting an alcoholic beverage might suggest a possible adverse effect from a local mechanism. However, it has not been able to confirm a causal relationship between the use of mouthwashes and the development of oral cancer, but on. 15. 

(34) the other hand, some authors believe that it is not justified the use of alcohol in mouthwashes (Carter et al., 2004).. There is also a relationship between oral cancer and consumption betel nut (Areca), which is a custom in India and other parts of Southeast Asia (Cogliano et al., 2004). IARC long said that betel nut was carcinogenic to humans, and has subsequently been confirmed (Thomas & Kearsley, 1993; Zhang & Reichart, 2007). The constituents of the betel vary. ay. a. in different cultures but usually consists of betel nut, you obtained piper betel plant (inflorescence, leaf or root) and slaked lime (either as a powder or paste). In many. al. countries also contains snuff and spices, betel chewing so often associated with the. M. consumption of snuff. Similar chewing habits, such as khat, also may be involved in oral cancer in some communities (Fasanmade et al., 2007; Sawair et al., 2007). Arecoline,. of. main alkaloid of the betel nut, could block tumor suppressor genes by hypermethylation,. ty. inhibiting DNA repair (Tsai et al., 2008).. si. Participation of Human Papillomavirus in the oral and pharyngeal cancer was first. ve r. proposed by Syrjänen et al. in 1983, and subsequently supported by several authors (Syrjänen et al., 1983; Zur Hausen, 2002) on the basis of the following tests: 1) the well-. ni. established Epithelial Tropisms HPV, 2) the morphological similarities between the oropharynx and genital epithelia, 3) the ability to immortalize human oral keratinocytes. U. in vitro, and 4) firmly established the etiologic role of HPV in cervical cancer human neck. This association is established for high-risk HPV, including HPV -16 and HPV-18. Some authors reported that HPV-16 is associated with approximately 50% of carcinomas of the oropharynx. These HPV-related tumors have a lower rate of mutations in the p53 gene, little relation to smoking, alcohol consumption and a better prognosis. This also justifies the increased incidence of OSCC and its appearance in young people, the most. 16. 

(35) common risk factors are not being present. HPV 16 oncoproteins encoded by genes E6 and E7, cause genomic instability in cells infected and inactivate suppressor genes.. Another aspect to be considered is the genetic susceptibility to cancer of the oral cavity. The appearance of tumors of the oral cavity in young patients and in non-smoking patients suggests the role of a genetic component. Some patients with oral cancer have decreased the ability to repair damage to DNA by carcinogens. Villaret et al. (2000) used. ay. a. the technique of DNA microarrays and identified that certain genes such as keratin 17 and 19, laminin-5, connexin-26, and VEGF were upregulated in the biopsied areas of oral. al. squamous cell carcinomas (Villaret et al., 2000).. M. The development of oral squamous cell cancer is a multistep process which requires. of. the accumulation of multiple genetic alterations, influenced by individual genetic predisposition and exposure to environmental carcinogens. Many genetic alterations that. ty. can be found in oral cancer gains or amplification or loss of heterozygosity (LOH) or. si. deletions in certain chromosomes may appear. Some alterations appear early and carry a. ve r. prognostic value for patients with premalignant lesions or carcinomas in early stages. Chromosome 9 appears to be one of the earliest and sensitive cancer development targets,. ni. having documented allelic losses in the 9p21 region in most of the premalignant oral lesions (Jiang, 2001) and developing carcinoma (Bockmühl et al., 1998). 9p21 region. U. contains genes encoding inhibitors of cyclin-dependent kinases p16 and 14, which act as important regulators of cell proliferation. This alteration is associated with the transition from normal to hyperplasia/hyperkeratosis and occurs before the development of histologic atypia (Mao et al., 1996). Moreover, some regions of chromosome 3 are common carriers of chromosomal aberrations in oral cancer. Another genetic alteration that occurs in a more advanced stage of progression of squamous cell carcinoma is the. 17. 

(36) LDH 17p. This aberration causes mutation of p53 tumor suppressor gene and is associated with progression to dysplasia (Boyle et al., 1993).. 2.2.5. Diagnosis of Oral Cancer. Early detection in asymptomatic stages ensures not only increased survival rates but also an improvement in the quality of life accordingly less aggressive and mutilating treatments (Sciubba, 2001). However, at the time of diagnosis of oral cancer, 36% of. ay. a. patients present with localized disease, 43% have a disease with regional involvement, 9% have distant metastases, and for the remaining 12%, the stage of the disease cannot. al. be identified (Silverman Jr, 2007). Although the oral cavity is often accessible and. M. examined the area, the fact that this type of cancer is usually painless can be a cause of late diagnosis. After the clinical diagnosis, a biopsy of intraoral lesions must perform to. of. make a pathological study and a definitive diagnosis (Sciubba, 2001). Other non-invasive techniques such as oral cytology by scraping or staining lesions with toluidine blue (Jr et. ty. al., 1984). should be considered complementary aa biopsy but should never replace.. si. Imaging techniques (CT, MRI, and PET) are currently very standardized and are. ve r. fundamental for determining tumor extension element, the involvement of regional lymph nodes and the presence of distant metastases. Recently, the genetic study of molecular. ni. markers has become more common since detect abnormalities before they become visible. U. clinically (Garcia del Muro et al., 2005). Oral squamous cell carcinoma has been linked to different types of cell and tissue markers, such as PCNA and p53, which can provide additional information to that provided by clinical examination and histopathology information.. The nuclear proliferation nuclear antigen (PCNA) clone PC10, is indicated for the identification of proliferating cells in normal tissues and in some forms of neoplasia (Hall et al., 1990). PCNA is an essential protein for cell cycle progression, which is expressed. 18. 

(37) in the G1 phase (last 5%) and the first 35% of the S phase of the cell cycle. It is a component of the machinery of DNA replication, acting as an auxiliary protein of DNA polymerase required for DNA synthesis. The absence or low levels of functional PCNA can induce the cells to apoptosis (Kelman, 1997). P53 (clone DO-7) is a nuclear phosphoprotein with a molecular mass of 53 kDa. The p53 wild-type protein is present in normal cells but has a very short half-life and thus, it presents only in very small quantities. a. (Vojtěšek et al., 1992), generally below the detection level of the immunocytochemical. ay. methods. Somatic mutation of the p53 gene is a frequent event in the development of human neoplasia and since proteins p53 mutant-type are usually much more stable than. 2.2.6. Treatment of oral cancer. M. al. wild-type, mutant p53 protein accumulates in large amounts (Vojtěšek et al., 1992).. of. In the 1890s, the x-ray and ionizing radiation were discovered, allowing the use of radiotherapy in cancer treatment. In 1940 it was observed that nitrogen mustards, used as. ty. weapons of war, led to non-Hodgkin's lymphoma regression chemically react with DNA.. si. Around the same time, the action of antifolates was also discovered and the result was the. ve r. emergence of Cancer Chemotherapy National Service Center, National Cancer Institute (NCI) in the United States in 1955. In 1975, a combination of cyclophosphamide,. ni. methotrexate, and fluorouracil (CMF) shown effective in adjuvant treatment for breast. U. cancer, this discovery followed by the approval of Cisplatin in the treatment of ovarian cancer and other solid tumors. The main antineoplastic agents can be divided into the following categories: alkylating agents (cyclophosphamide, Cisplatin) antimetabolites (methotrexate, 5-fluorouracil), cytotoxic antibiotics (doxorubicin, bleomycin) and vegetable products (vinca alkaloids, taxanes, etoposide, camptothecin) (Fennell & Rudd, 2004).. 19. 

(38) 2.3. Oral Cancer Animal Models. Previous research has acknowledged the paucity of reliable biomarkers to identify those lesion of oral potentially malignant disorders that may proceed to the greatest risk of malignant progression has been acknowledged (Kanojia & Vaidya, 2006). Partly, this implies that availability of animal models that can be used for studying how the mechanisms of OSCC are formed and for testing substances that may halt/reverse these. a. processes is still restricted (Czerninski et al., 2009). Moreover, whereas the molecular. ay. analysis of human biopsy samples is regarded the ideal, it is difficult to find tissue from each of the multiple stages involved in the evolution of a particular lesion (i.e.. al. hyperplasia, various grades of dysplasia and carcinoma in-situ). On the other hand, tissue. M. derived from animal models allows reproducing each stage of precancerous development,. of. and its availability assists in carrying out a histological and molecular analysis (Herzig & Christofori, 2002).. ty. It is rare to find such spontaneous cases of OSCC in animals (Thurman et al., 1997).. si. Yet, there are several methods, including chemical induction, xeno-transplantation, and. ve r. transgenesis which have been used for inducing development of OSCC in animal models. ni. (Mognetti et al., 2006).. 2.4. Natural plant products. U. Nature has been the source of medicinal products for millennia. With the improvement. of methods of isolation, identification, and synthesis, during the last century, many drugs have been developed from natural sources, especially herbal species (Cragg et al., 2009).. It is difficult to date the beginning of drug use in the treatment of cancer, as herbs and other preparations were used for this purpose since ancient times (Baguley, 2002). Hartwell, in his review in 1982, listed over 3000 plants used in the treatment of cancer (Cragg et al., 2009). As a result, over 60% of anticancer agents used today are derived. 20. 

(39) from natural products, including plants, microorganisms, and marine organisms (Cragg & Newman, 2005). The anticancer agents derived from natural products that mostly used, belong to four main classes, including synthetic or semisynthetic derivatives: Vinca alkaloids of vinblastine and vincristine epipodophyllotoxins of Podophyllum peltatum L., taxanes from Taxus brevifolia Nutt and camptothecins of Camptotheca acuminata Decne (Balunas et al., 2006). In general, these substances act in events related to DNA and cell. a. division, preventing the formation of the mitotic spindle and its polymerization. ay. (vinblastine, vincristine, taxanes), inhibiting the action of topoisomerases and then the DNA replication process (camptothecin, etoposide) (Fennell & Rudd, 2004). Today, other. al. classes of natural products such as bacteria, already in clinical trials phase, such as. M. epothilone B from Sorangium cellulosum, romidepsin from Chromobacterium violaceum. 2.4.1. Goniothalamin. of. and dibenzodiazepine ECO-4601from Micromonospora sp (Gordaliza, 2007).. ty. Goniothalamin (GTN) is a molecule (Fig. 2.5) derived from a natural source with. si. potent activity antiproliferative. It is a styryl lactone found in Annonacea family members. ve r. in plants of the genus goniothalamus sp (Table 2.2 and Fig. 2.6). This molecule has been isolated in 1967 by first from the bark of Cryptocarya caloneura (Hlubucek & Robertson,. ni. 1967). In 1972, it was reported that this molecule was present as a constituent of the shell. U. G. andersonii , G. macrophyllus and G. malayanus (Jewers et al., 1972). In other styryl lactones, the GTN can be found in goniothalamus species such as allolactose and cardiopetalolactona (Wiart, 2007).. 21. 

(40) a. ni. ve r. si. ty. of. M. al. ay. Figure 2.3:Goniothalamin chemical structure. U. Figure 2.5: Goniothalamus macrophyllus (Blume) Hook plant. 22. 

(41) 23. ve r. ni. U. G. macrophyllus Hook.f and Thoms; G.macrophyllus (Bl.). G. macrophyllus Hook.f andThoms. Species. Chin Dok Diao (Thailand). Limpanas Putih (Brunei),. Ki Cantung (Indonesia),. ty. si. Vernacular name Selada, SelayarHitam Gajah Beranak, Penawar Hitam (Malaya) Ki Cantung (Indonesia), Limpanas Putih (Brunei), Chin Dok Diao (Thailand) Selada, SelayarHitam Gajah Beranak, Penawar Hitam (Malaya). Roots. of. Leaves. Traditional uses. a. Decoction of the roots are given as a postpartum remedy and for abortion. Root decoction is given for anti-aging purposes. Mixed with Eurycoma longifolia, it is used as a male tonic. Different parts of Goniothalamus macrophyllus are used by the Temuan in Peninsular Malaysia to treat various ailments such as body pains, rheumatism, and skin complaints. The decoction of the root is used to eliminate excessive gas in body. The decoction is used as a lotion to treat body pains and rheumatism Pounded leaves and bark are used for skin complaints.. ay. The leaves of G. macrophyllus Hook.f and Thoms. are used to allay fever.. al. M. Part used. Table 2.2:Goniothalamus species with their common names, part used, and their traditional uses. 

(42) GTN has δ-lactones α, β-unsaturated in its chemical structure. Studies have shown that molecules with the δ-lactones α, β-unsaturated ring act as inhibitors of protein phosphatases (Buck et al., 2003; Ghatge et al., 2006; Lewy et al., 2002; Theobald et al., 2013), have antibacterial activity (Mosaddik & Haque, 2003), antifungal (Martins et al., 2009), immunosuppressant (de Fátima et al., 2008) and anticancer (de Fátima et al., 2005; de Fátima et al., 2008; Lewy et al., 2002). It is believed that this structure plays a key role. a. in the biological activities presented for these molecules because of their potential to act. ay. as a Michael acceptor in the presence functional protein groups (Barcelos et al., 2014; Boucard et al., 2007). Structural changes made in the GTN molecule showed that the. al. biological activity depends on the Michael acceptor of existence in its structure (Kasaplar. M. et al., 2010)).. of. 2.4.1.1 GTN as a promising anticancer agent. Previous studies have reported that GTN has many bioactive properties such as. ty. antibacterial (Mosaddik & Haque, 2003), antifungal (Martins et al., 2009), larvicide. si. (Senthil-Nathan et al., 2008), trypanocidal (De Fátima et al., 2006) and antimalarial. ve r. (Mohd Ridzuan et al., 2006). However, several in vitro studies have reported the. ni. cytotoxicity of GTN against a variety of cell lines with no cytotoxicity on normal cells.. 2.4.1.2 In vitro Studies of GTN. U. GTN has been reported as an antiproliferative and antitumor agent against various. tumor cell lines (Chen et al., 2005; Inayat-Hussain et al., 2003; Rajab et al., 2005;. Wattanapiromsakul et al., 2005). Some authors suggest a possible selectivity of GTN against tumor lines with little activity against normal cells, which it has made a great interest in this molecule in the last two decades (Azimahtol Hawariah et al., 1998; Orlikova et al., 2013; Wattanapiromsakul et al., 2005).. 24. 

(43) The selective antiproliferative activity of GTN was first identified by Azimahtol Hawariah et al, (1998) using methylene blue staining technique. GTN showed a strong antiproliferative activity against MCF7 line in the concentration of 6.30 x 10-7 M. At the same concentration, however, there was no inhibition of proliferation of normal human liver cells, CCL 13, and normal kidney cells bovine MDBK (Azimahtol Hawariah et al., 1998).. ay. a. Wattanapiromsakul et al. (2005) reported that selective cytotoxicity of GTN was demonstrated by the sulforhodamine B assay (SRB). All IC50 values of the tumor cell. al. lines of colon cancer (LS-174T), breast cancer (MCF-7) and lung carcinoma (COR-L23). M. were lower than those for normal cell lines (ST3). The IC50 for colon cancer cells (LS174T), breast cancer cells (MCF7) and lung cancer cells (CORL23) were 0.51 ± 0.02. of. µg/m, 0.95 ± 0.02 µg/ml and 3.51 ± 0.03 µg/ml, respectably. As for normal lines, the IC50 for mouse skin fibroblasts (ST3) was 26.73 ± 1.92 µg/ml and human fibroblasts (HF). si. ty. 11.99 ± 0.15 µg/ml (Wattanapiromsakul et al., 2005).. ve r. Tian et al. (2006) investigated the effects of GTN and two more styryl lactones on three hepatocyte cell lines, HepG2, drug-resistant HepG2 (HepG2R) and primary cultured of normal mice hepatocyte. In the MTT assay, a drastic reduction in cell proliferation was. ni. observed in a concentration-dependent manner with IC50 values of 8.83 μM for HepG2,. U. 8 μM for HepG2R and 23.33 μM for the normal mouse hepatocyte line, which suggests a more significant cytotoxicity against the cancerous cells (Tian et al., 2006).. Orlikova et al., (2013) investigated the cytotoxic effects of GTN on K562 chronic myeloid leukemia and Jurkat T acute leukemia, and also on peripheral blood mononuclear cells (PBMC). K562 cells showed a 70% reduction in cell viability when exposed to the concentration of 20 μM GTN and Jurkat T cells showed 50%reduction in cell viability.. 25. 
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