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(4) ABSTRACT In the present study, fifteen plants were screened for their anticancer activity against ten different cancer cell lines. Amongst these, in vitro and in vivo study of Ferulago angulata and Tanacetum polycephalum (L.) Schultz-Bip showed significant activity against MCF7 breast cancer cells. Both, F. angulata and T. polycephalum leaves were extracted using organic solvents in the order of increasing polarity. The result of MTT assay indicated. a. significant cytotoxic activity of hexane extract of F. angulata (FALHE) and T.. ay. polycephalum (TPHE) leaves against MCF-7 cells. FALHE and TPHE inhibit cell. al. proliferation and promote intrinsic pathway of apoptosis in MCF-7 cells, followed by arrest in G1 cell cycle proliferation. The in vivo chemopreventive effect of FALHE and. M. TPHE treatments in mammary gland tumor model in the rats (LA7) was seen through the. of. inhibition of tumor markers PCNA and Ki67 and encourage apoptotic processes in tumor cells by increasing in expression of Bax, p53 and caspase-3. Phytochemical isolation of. ty. the secondary metabolites of the plants, revealed the polycerasoidin and 8β- hydroxyl-. si. 4β, 15- dihydrozaluzanin C (HDZC) as a bioactive constituent of FALHE and TPHE,. ve r. respectively. Early and late apoptosis’s markers were detected in MCF-7 cells upon treatment with polycerasoidin and HDZC; these were attributed to the intrinsic. ni. mitochondrial pathway based on the up-regulation of Bax and the down-regulation of. U. Bcl-2 proteins. Cell cycle arrest occurred upon the treatment of MCF-7 cells with polycerasoidin and HDZC, which resulted in up-regulation of p21 and p27 at the mRNA and protein levels. Taken together, the results presented in this study demonstrated that, the T. Polycephalum and Ferulago angulata inhibit the proliferation of breast cancer cells, apoptosis and cell cycle arrest in vitro and in vivo.. iii. 

(5) ABSTRAK. Dalam kajian ini, lima belas tumbuhan telah disaring ke atas sepuluh sel-sel kanser yang berlainan. Antaranya, kajian in vitro dan vivo Ferulago angulata dan Tanacetum polycephalum (L.) Schultz-Bip menunjukkan aktiviti penting terhadap sel-sel kanser payudara MCF-7. Kedua-dua daun F. angulata dan T. polycephalum diekstrak dengan menggunakan pelarut organik dalam urutan peningkatan polariti. Hasil ujian MTT. a. menunjukkan aktiviti sitotoksik yang ketara ekstrak heksana F. angulata (FALHE) dan T.. ay. polycephalum (TPHE) merencat sel MCF-7. FALHE dan TPHE menghalang. al. percambahan sel dan mempromosikan laluan apoptosis intrinsik ke atas sel-sel MCF-7,. M. diikuti dengan penangkapan di dalam proliferasi kitaran G1. Kesan kimopreventif dalam in vivo rawatan FALHE dan TPHE ke atas model tumor kelenjar mamari tikus (LA7). of. dilihat melalui perencatan penanda tumor PCNA dan Ki67 dan menggalakkan proses apoptosis dalam sel-sel tumor dengan meningkatkan ekspresi Bax, p53 dan caspase- 3.. ty. Pengasingan fitokimia metabolit sekunder tanaman, mendedahkan polycerasoidin dan. si. 8β-hydroxyl-4β, 15-dihydrozaluzanin C (HDZC) sebagai penyusun bioaktif FALHE dan. ve r. TPHE. Penanda apoptosis awal dan lewat dikesan dalam sel MCF-7 setelah rawatan dengan polycerasoidin dan HDZC; Ini disebabkan oleh laluan mitokondria intrinsik. ni. berdasarkan peningkatan Bax dan penurunan protein Bcl-2. Penangkapan kitaran sel. U. berlaku apabila merawat sel-sel MCF-7 dengan polycerasoidin dan HDZC, yang menyebabkan pengawalan p21 dan p27 pada paras mRNA dan protein. Diambil bersama, keputusan yang ditunjukkan dalam kajian ini menunjukkan bahawa T. Polycephalum dan Ferulago angulata menghalang percambahan sel-sel kanser payudara, apoptosis dan penangkapan kitaran sel di dalam in vitro dan in vivo.. iv. 
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(19) CHAPTER 1: INTRODUCTION. Cancer is a severe disease that causes intense weakness and often leads to high mortality 2005). Nowadays, when cancer is detected,. among individuals (Parkin et al.,. chemotherapy is among the standard forms of treatment (Urruticoechea et al., 2010 & Baudino, 2015). Nevertheless, cancer remains a crucial problem on a global scale (Shewach & Kuchta, 2009). Accessible cytotoxic agents are effective against cancer, but. ay a. mostly in the early stages; the treatment process is highly toxic, leading to many side effects and eventually resistance to drugs (Blagosklonny, 2005). Accordingly, additional. absolute necessity (Liang et al., 2010).. M al. research to find new and effective therapeutic agents for the various forms of cancer is an. of. Cancer is reported to be the second most common cause of mortality in economically developing countries, and is also frequently the cause of death in developed countries. ty. (Ferlay et al., 2013). In 2012, approximately 13.7 million Americans were reported to be. rs i. afflicted with cancer, and it is expected that this number will increase by 18 million by 2022 (De Moor et al., 2013). It was also reported in 2012 that approximately three million. ve. American women were suffering from invasive breast cancer (Society, 2011).. ni. The estimated incidence of breast cancer in Malaysia in 2003-2005 was reported by Yip. U. et al. (2014) to be 47.3 per 100,000 women of different races. The report provided details on the significant breast cancer rate in Chinese women, with an estimated 59.9 women per 100,000 being afflicted, compared to Indians and Malay women, who had rates of 54.2 and 34.9 per 100,000, respectively. In 2012, the overall breast cancer incidence rate was estimated to be 38.7 per 100,000 women (Yip et al., 2014).. Breast cancer is a common worldwide disease that results from abnormal cell growth, often due to genetic abnormalities or mutations (Stagg & Allard, 2013). There are many 1. 

(20) possible signs of breast cancer, such as the thickening of the limbs, changes in breast size or shape, discharge, rashes or irregular changes in the appearance of the nipples, armpit swelling or breast skin dimpling (Watson, 2008).. The precise causes of breast cancer remain unclear, but it does seem that many factors, such as the environment and hormonal activity, are heavily involved. About 38% of breast. factor (Coyle, 2004; Howell et al., 2014).. ay a. cancer is reported to be inhibited by a following proper diet, that being an environmental. The spread of breast cancer from its place of origin to other parts such as lungs, lymph. M al. nodes, bones and liver by the means of metastatic cancer cells leads a poor prognosis and is associated with high mortality. Specialists working on the treatment of breast cancer still lack a truly reliable solution for the process of metastasis that is so detrimental to the. of. patients’ wellbeing (Weigelt et al., 2005). Currently, the most effective treatments for. ty. breast cancer are radiotherapy, surgery and chemotherapy, with a varying levels of. rs i. response in metastatic tumor cancer cells. Clinical data has revealed that the reappearance of cancer symptoms after initial improvement and the return of the disease is. ve. a key factor in the failure of breast cancer treatments to eliminate the decease.. ni. Furthermore, the increased resistance of breast cancer cells to anticancer agents is a significant obstacle for cancer treatment. The treatments that work effectively against. U. cancer are intended to weaken the cancer cells specifically, but they come with many unavoidable and undesirable side effects such as bleeding, immunosuppression, hair loss and diarrhoea (Giordano et al., 2005).. Scientists and the pharmaceutical industry have made some notable achievements in the introduction of new anticancer agents to the world. Cancer therapy is a costly endeavour, regardless of whether synthetic or chemical drugs are used, and this is all the more frustrating considering the continued absence of an overwhelmingly potent medicine 2. 

(21) against most cancers (Boik, 2001). The protective effects against cancer of natural sources such as vegetables, fruits and plants are under investigation, and plants have been shown to be worthy sources to investigate for their anticancer properties (Donaldson, 2004). Obviously, the successful identification and isolation of bioactive compounds in herbs with anticancer properties is a crucial task (Newman & Cragg, 2012).. Natural sources have been used for millennia to cure different types of illness, with. ay a. varying degrees of success (Lantto et al., 2009; Moghadamtousi et al., 2013). Undoubtedly, the bioactive compounds of a plant can affect the organs of the human. M al. body, and recent decades have shown an increase in the use of traditional medicine. The demand for herbal medicine, which relies on the purported efficacy of natural products against disease, is still significantly high, and is far from unwarranted (Mishra & Tiwari,. of. 2011; Shoeb, 2006). Potent plants, through the action of different mechanisms, have indeed been successfull in killing certain cancer cells. The most widespread mechanisms. ty. are programmed cell death (PCD), type I and type II and necrosis (Shimizu et al., 2014).. rs i. Apoptosis involves a process of self-cannibalism that targets only the specific cells and. ve. not the cells in the surrounding environment (Díaz et al., 2005; Elmore, 2007). The process of apoptosis works through a series of morphological and biochemical alterations,. ni. such as the detachment of DNA strands, nuclear condensation, the exposure of. U. phosphatidylserine (PS) at the surface of the cell membrane and the decrease in the mitochondrial membrane potential. Consequently, the process of apoptosis is considered to be an attractive mechanism in drug research (Indran et al., 2011). Mitochondria have. been found to be a crucial factor in the regulation of apoptosis (Martinou & Youle, 2011). A loss in MMP leads to the translocation of pro-apoptotic Bax to mitochondria, which results in the release of cytochrome c and the activation of caspase cascades (Petit et al., 1995). In addition, the excessive production of reactive oxygen species (ROS) leading to. 3. 

(22) oxidative stress and depletion of glutathione level has been reported to be a trigger for apoptotic signalling (Ka et al., 2003; Tan et al., 1998).. Abnormality in the homeostatic regulation process or cell cycle affects the entire population of cells in a certain tissue (Elmore, 2007). Overgrowth of cells occurs as a result of a sequence of complications for instant invasion, metastasis and mechanical pressure. These significant alterations usually involve the extensive distribution of cancer. ay a. cells, the conversion of a benign tumor to a malignant tumor or the development of resistance to conventional chemotherapies. A series of events can completely change the. M al. baseline state of the organ and initiate a drawback scenario in which diverse unwanted effects or an irreversible mutation may occur (Elmore, 2007). The resistance of cancer cells to apoptosis has been reported to be one of the major alterations in the physiology. of. of cells, resulting in the formation of malignant tumors. The apoptotic process is also one of the key factors involved in the formation or degeneration of newly born cells (Elmore,. ty. 2007). Risk factors over a long period of time can influence cells by affecting the linkage. rs i. between cells and their environment, and by affecting the expression of regulatory. ve. proteins and the apoptotic proteins known as Bax, Bcl-2 and caspases. The existing techniques for the destruction of tumor cells rely upon the apoptosis mechanism and the. ni. prevention of the cell cycle pathway at the unfavourable phase (Seyfried & Shelton,. U. 2010). Hence, chemotherapeutic agents are supposed to effectively induce apoptosis without worsening the condition of the patient (Lin et al., 2008). However, there is some evidence demonstrating the value of inducing apoptosis for cancer treatment through the. application of natural products, and it is fair to say that these natural products can be considered effective agents against cancer (Zorofchian Moghadamtousi et al., 2014).. Iran is a well-known source of natural products and is well known for having used medicinal plants to treat illness for thousands of years (Naghibi et al., 2010). Iran 4. 

(23) encompasses twelve different geographic regions with five different climates (Dousti et al.,2012). The Chaharmahal and Bakhtiari provinces make up one of those regions, located in the Zagros Mountains of Iran, which are famous for the use of herbal medicine for health issues (Pirbaloutl, 2009). In the present study, fifteen plants from the Chaharmahal and Bakhtiari provinces were selected based on their biological activity reports. These plants were extracted and applied to ten different cancer cells. Of the. ay a. plants, Ferulago angulata and Tanacetum polycephalum showed higher cytotoxicity against MCF-7 breast cancer cells.. M al. Ferulago angulata belongs to Apiaceae family, also known as Umbelliferae. This family of plants is considered to be significant among the varieties of flowering plants, containing about 434 subdivisions with 3,700 species (Evergetis & Haroutounian, 2014).. of. The height of this shrub has been reported to be 60-150 cm and it is mostly accessible in Turkey, Iran and Iraq. This herb has been used to treat ulcers, digestive discomfort, snake. ty. bites and haemorrhoids (Mirzaaghaei et al., 2011). Prior studies have demonstrated the. rs i. antimicrobial and antifungal properties of F. angulata. The anti-proliferative activity of. ve. this plant was also reported in an in vitro study conducted on several cancerous cell lines (Amirghofran et al., 2005; Mojtaba, Reza, & Ebrahim, 2007; Shahneh et al., 2013). Based. ni. on our findings, the hexane leaf extract of F. angulata (FALHE) possesses apoptotic. U. activity against MCF-7 cells via involvement of the mitochondrial pathway and cell cycle arrest (Karimian et al., 2014).. The other plant showing efficacy is Tanacetum polycephalum (L.) Schultz-Bip (Mokhaleseh), which belongs to the Asteraceae family; it is an aromatic species of plant usually found in Iran, Turkey and Iraq (Abdolkarim et al., 2011; Morteza-Semnani, 2006). Members of this plant family, which has over 1,600 genera and 2,300 species have been the subject of past research, with significant biological properties discovered (Gao 5. 

(24) et al., 2010). Most of the previous studies looking at T. polycephalum (L.) Schultz-Bip have been restricted to the isolation of essential oil in this herb (Javidnia et al., 2008; Mahdavi et al., 2013; Nori‐Shargh et al., 1999). The plant was subsequently shown to possess anti-allergic, anticancer, anti-irritant, antiseptic, anaesthetic, analgesic and disinfectant properties (Mahdavi et al., 2013). The cytotoxicity that other Tanacetum species are known for has been reported in T. gracile and T. partenium (Pareek et al., 2011;. ay a. Verma et al., 2008). Bioactive constitutions of the Tanacetum species were identified in the past and their apoptotic properties demonstrated; for example parthenolide’s bioactive constituent causes apoptosis in acute myelogenous leukaemia (AML) cells with intact. M al. bone marrow cells (Guzman et al., 2005; Mathema et al., 2012; Parada-Turska et al., 2007).. of. The present study was continued with Ferulago angulata and Tanacetum polycephalum to investigate their possible apoptotic and breast tumor inhibitory actions in vitro and in. U. ni. ve. rs i. ty. vivo.. 6. 

(25) General Objectives:. To screen selected plants on human breast cancer cells and determine the most potent among the selected plants to further investigate them for anticancer potential within molecular mechanisms through in vitro and in vivo study models.. The specific objectives:. To screen selected plant crude extracts against human breast cancer cell lines for the. ay a. 1.. cytotoxic effects.. To determine the most potent plants extract for apoptosis and related mechanism on. M al. 2.. MCF-7 breast cancer cells. 3.. To select and investigate the potential plants extract through the molecular. To identify and screen the possible active compounds present in the potential plants.. U. ni. ve. rs i. ty. 4.. of. mechanisms and tumor inhibitory response in vivo on breast tumor induced rats.. 7. 

(26) 15 plants were extracted and screened for any possible toxicity against breast cancer cells. ty. AO/PI. Histopathology. of. MTT. In-vivo studies. M al. In-vitro studies. Tanacetum hexane extract. ay a. Ferulago hexane extract. Immunohistochemistry. rs i. Annexin-V. Tunnel assay. ve. Cell cycle. ni. Cytotoxicity. U. Caspase-8&9 9. Immunofluorescence Figure 1.1: An Overview of the research approach employed in this study.. 8. 

(27) Tanacetum. Ferulago angulata. polycephalum. polycephalum. Identification of bio-active compounds. ay a. Extraction. M al. Fractionation. ty. of. Identification. Compound identified from F.. ni. ve. rs i. Angulata : Polycerasoidin. Compound identified from T. Polycephalum: 8β-hydroxyl 4β, 15-dihydrozaluzanin C. Annexin-V. Cell cycle. Caspase-8&9. Gene expression. Western blot. U. MTT. Figure 1.1: Continued.. 9. 

(28) CHAPTER 2: LITERATURE REVIEW. 2.1. Cancer. Cancer is a cause of high mortality worldwide. The burden it places on the world is expected to increase (Lindsey et al., 2015), due to population growth and aging, particularly in nations with low and mid stipend, encompassing about 82% of the world’s. ay a. population (Torre et al., 2015).. The world had a population of 7 billion in 2012. It is predicted to reach 8.3 billion by. M al. 2030, with 20.3 million expected to develop cancer (Bray et al., (2012); in 2008, 12.7 million cancer cases were reported. Additionally, 13.2 million cases will die in 2030 as a result of failing to fight cancer, an increase of 7.6 million compared to 2008 (Bray et al.,. of. 2012).. ty. Most cancer deaths are due to lung cancer, with 1.6 million cases, followed by breast. rs i. cancer, with 1.4 million. Breast cancer was the most common cancer diagnosed in 2008 (Ferlay et al., 2010). For women particularly, this form of cancer is a crucial health. ve. problem throughout the world. One in ten new cancer diagnoses are female breast cancer,. ni. which is the primary cause of mortality within the female population (Ferlay et al., 2010).. U. Cancer arises when disruptions occur in the control of the multiplication of normal cells, leading to the uncontrolled multiplication of the cells (Sandal, 2002). This results in a mass of tissue called a tumor (Oppenheimer, 2006). Tumors can be found in all kinds of tissues and can be benign or malignant (Hanahan & Weinberg, 2000).. Benign tumors do not invade and occupy nearby tissue. Therefore, they do not affect other parts of the body beyond their originating tissue, with the cells that stay together usually surrounded by a membrane (Dallenbach-Hellweg et al., 2015). Benign tumors can usually 10. 

(29) be removed from the body. Some examples of benign tumors are adenoma (a tumor that grows in and around the glands), papilloma (a projecting mass on the skin), myoma (a tumor of muscle tissue), Lipoma (a tumor in fatty tissue), nevus (a small skin tumor of one variety of tissues), Osteosarcoma (a tumor originating in the bones) and angioma (a tumor usually composed of small blood or lymph vessels) (Bancroft et al., 2006; Benirschke, Kaufmann & Baergen, 2006; Dallenbach-Hellweg et al., 2006).. ay a. Malignant tumors contain cancer cells that are capable of detrimentally affecting nearby tissue adjacent to the tumor (Sobin, Gospodarowicz & Wittekind, 2011). In malignant. M al. tumors, the cancer cell can break from the origin point and enter into the lymphatic system or the bloodstream, spreading to neighboring tissues and growing rapidly to form tumors in other parts of the body (Chaffer & Weinberg, 2011); this spreading of cancer cells is. of. called metastasis. Malignant tumors are classified into two categories: carcinomas and sarcomas (Sobin et al., 2011). Carcinomas are epithelium originated. The lining of the. ty. cells in an organ is called the epithelium. The most common types of cancers are. rs i. carcinomas derived from breast, skin, colon, lung, uterus and mouth. Sarcomas are those. ve. originating from connective and supportive tissues. They usually derive from secondary. ni. growths in the lungs (Gorenstein et al., 1980).. Environmental and inherited predisposition factors influence carcinogenesis (Grogan &. U. Kirsch, 1997). Inheritance has a direct role in cancer, with development of familial cancer. syndromes. These syndromes lead to the development of the cancer by the inheritance of genetic mutations in the genes of an affected individual (Grogan & Kirsch, 1997).. Many different factors are involved in the development of cancer in the human body. These may be related to the cell or the environment. Some types of cancer occur in families who have an inherited predisposition to develop the cancer. These families due to their heredity and genetics, having the highest potential of developing cancer compared 11. 

(30) to others (Sweet, Bradley & Westman, 2002). The environment is also frequently involved in the development of cancer, as many environmental factors cause cancer, such as diet, chemical and other substances, infectious agents, tobacco, alcohol/drugs, ionizing radiation, reproductive factors, secondary life style and pollution (Lichtenstein et al., 2000). These factors are termed risk factors. They do not typically cause cancer alone, but when one or more are involved, they increase the likelihood of developing cancer. ay a. (Stein & Colditz, 2004).. 2.1.1 Breast Cancer. M al. The American Cancer Society report estimations of new cancer incidence and mortality rate annually in the United States. Estimated breast cancer incidence had declined by only. of. 2% from 1999 to 2005, but this rate estimation showed no significant fluctuation from 2005 to 2008 (Siegel, Naishadham & Jemal, 2012). According to the American Cancer. ty. Society, a report in 2011 revealed that mortality due to breast cancer decreased by. rs i. approximately 2% in 1990, and continued to decrease until 1998 (3.4%). A 2% annual reduction continued to occur from 1998 to 2007 (Desantis et al., 2011). However, the. ve. latest report noted an estimated 246,660 new breast cancer cases and 40,450 deaths in. ni. 2016 in the United State (Siegel, Miller & Jemal, 2016). The rate of breast cancer has shown a significant increase among Asian women in the last two decades (Shin et al.,. U. 2010; Takiar and Srivastav, 2008). The International Agency for Research on Cancer reported 3,825 new breast cancer cases and 1,707 deaths in 2000; the crude rate of breast cancer was reported to be 34.86 cases per 100,000 citizens (Hisham & Yip, 2004). However, another study reported 46.2 cancer cases per 100,000 although this varied among the main races of women in Malaysia. In a population of 100,000 Chinese women, 59.7 cancer cases were reported; this rate was the highest in comparison with 55.8 cases of Indian women and 33.9 cases among Malay women. These results revealed the 12. 

(31) percentage of cancer incidence, with a rate of 6.25% among the Chinese population, 6.25% among Indian women and 3.12% for Malays. 16.8% of cancers were reported to occur in ages below 40, and only 2% in those below 30, while over 50% of cancers are found in the age group under 50 (Yip, Taib & Mohamed, 2006).. Breast cancer progression involves cells increasing in number in the lining of the milk ducts. This is called hyperplasia. Subsequently the cells change morphology to form an. ay a. atypical hyperplasia (Bombonati & Sgroi, 2011). Although the cells become breast cancer cells, they are completely contained within the ducts. This kind of breast cancer is called. M al. ductal carcinoma in-situ or DCIS. If the cells spread out of the ducts and invaded the surrounding fat, they will become an invasive ductal cancer (Burstein et al., 2004). In fact, it is entirely possible for breast cancer cells to move out of the duct elsewhere in the. of. body and start growing. This can interfere severely with the functions of other organs such as the lungs, the liver or the brain and is eventually fatal. Another type of breast. ty. cancer is lobular carcinoma in-situ, also known as LCIS, which originates from the. rs i. lobular elements of the breast (Buerger et al., 2000). As men have no lobular presence in. ve. their breasts, this type of breast cancer is found only in women, particularly younger women. LCIS is a premalignant lesion of the breast. Common features of LCIS are. ni. bilaterality and multicentricity (Frykberg, 1999). There are other invasive forms of breast. U. cancer, such as invasive lobular carcinoma and invasive ductal carcinoma. The former originates in the terminal ductules in the lobule. They comprise 10% of breast cancers. Invasive ductal carcinoma is the most common invasive breast cancer type, comprising 75-80% of all breast cancers (Cleator, Heller & Coombes, 2007).. Lymphatic vessels are extremely penetrable. Coupled with a slow flow rate, the lymphatic system is considered a pathway which carries tumor cells through lymph fluid and enables development of metastatic tumors. Breast cancer cells specifically exploit the lymphatic 13. 

(32) system for dispersal in the body. In breast cancer, developed cancer cells invade the lymphatic system and blood vessels. These cells travel to the lymph nodes through the lymphatic system; this is followed by the enlargement of lymph nodes and pain. In addition, cancer cells upon their movement through blood vessels have the ability to attack other organs such as bone, liver or lung by the overexpression of receptors in the targeted areas of metastasis (Rahman & Mohammed, 2015).. ay a. A study carried out by Singletary and Connolly (2006) explained the importance of breast cancer stages with regard to treatment. It enables doctors to standardize patients with. M al. respect to different considerations for treatment. Stages of cancer involve consideration as the tumor size (T), location and number of metastatic lymph nodes (N) and organ metastasis distant (M). Breast cancer patients are divided into stages I to IV according to. of. the TNM staging system (Singletary & Connolly, 2006); they classified the early stages of breast cancer as I, II and advanced breast cancer is stage III. Patients with tumor size. ty. < 2 cm with no lymph node metastasis are considered in stage I, and patients with tumor. rs i. size < 5 cm with lymph node metastasis without distant metastasis are considered in stage. ve. II. Those patients with stage III have supraclavicular lymph node metastases with tumor size < 5 cm that spread to the axillary lymph node or underlying muscle invasion. The. ni. systematic treatment of breast cancer is based on the stage of the breast cancer in the. U. patient (Singletary & Connolly, 2006). According to a study performed by Sellers et al. (1992), a woman’s risk is dependent on many different factors that include:. . Family history (breast cancer in sister or mother).. . Reproductive history (late menopause, early menstruation, first full-term pregnancy after age 30).. 14. 

(33) . Other factors are not yet completely understood like obesity, nulliparity, and urban resistance (Sellers et al., 1992).. In a study involving 53297 cases of breast cancer and 100239 cases who were not suffering from breast cancer, strong evidence was found for a negligible increase of relative risk for women taking combined oral contraceptives until 10 years after stopping the medication, and that after 10 years there is no significant excess risk. The cancers. ay a. were less advanced, clinically in those women who used combined oral contraceptives, compared to those women who had never used these contraceptives (Bausch-Goldbohm,. M al. 1996).. Cummings et al., (1999) considered the effect of raloxifene on breast cancer risk of. of. postmenopausal women. In postmenopausal women diagnosed with osteoporosis, which had been treated with raloxifene for three years the risk of breast cancer was decreased. ty. by 76% (Cummings et al., 1999).. rs i. Schairer et al., (2000) studied hormonal imbalance in women with menopause and. ve. estrogen-progestin replacement treatment and the linkage of these hormonal activities with the risk of breast cancer; the outcome of this study provided information on the. ni. association of breast cancer occurrence and estrogen-progestin regimen (Schairer et al.,. U. 2000).. Risk factors for breast cancer, according to family history were studied by Colditz et al.,. (1996), finding an increased chance of breast cancer among women with a family history (particularly of their mothers or sisters) of the disease that was improved by the first pregnancy (Colditz, Rosner & Speizer, 1996).. Lovegrove (2002) analysed obesity, body fat distribution and breast cancer, and found that obesity, particularly the central fat deposits that are associated with insulin resistance 15. 

(34) and increase in hormone circulation, result in increased sex hormone concentration that can lead to breast cancer (Lovegrove, 2002).. Japanese women, typically follow a traditional diet that, compared to the American diet, has very little meat. Perhaps not coincidentally, Japanese women have one of the lowest rates of cancer incidence in the world (Key, Verkasalo & Banks, 2001). It is estimated to be a threefold lower rate in premenopausal women and a nine fold lower rate in. ay a. postmenopausal women compared to similar studies of women in the United States. However, when Japanese women migrate to the United States and change their diets and. M al. lifestyles to prevalent American ways, the occurrence of breast cancer increased dramatically. This demonstrates the effect of natural traditional diets in the prevention of. of. the breast cancer (Michels et al., 2007).. Breast cancer treatment mainly consists of local and systemic therapies. The local control. ty. of breast cancer is achieved through surgery and radiotherapy, whereas in systemic. rs i. control of breast cancer, chemotherapy and hormonotherapy are used. The stage of breast. ve. cancer and the properties of the patient determines the choice of treatment.. Radiation therapy destroys the growth of cells in the breast by the impact of an energized. ni. beam such as X-ray beams. This destruction blocks cell division by affecting genetic. U. materials inside the nucleus. Cancer cells are extremely sensitive to DNA damage due to their unorganized diffusion characteristics; thus, they are more sensitive to exposure to radiation therapy compared to normal cells. Intensity of the radiotherapy depends on the linear energy transfer (LET) which involves charged ionized particles that target specific cells (Baskar et al., 2014).. Researchers have studied the effects of radiotherapy by performing surgery in the early stages of breast cancer. It was observed that in cases of advanced breast cancer, local 16. 

(35) treatment during the first few years plays a negligible role in mortality; however, direct and moderate effects were observed after 15 years, and suppression of cancer appearance in the protected breast and elsewhere are of comparable relevance to 15-year breast cancer mortality (Group, 2006).. Ballard-Barbash et al., (1996) examined aspects related to surgery and radiation treatment of breast cancer, making adjustments to different clinical and nonclinical factors. ay a. influencing treatment. It was found that chronological age is an essential point that is connected to the use of radiation therapy after surgery, in order to protect the breast among. M al. individuals of age 65 years or more who were diagnosed as patients in the early stage of breast cancer (Ballard-Barbash et al., 1996).. of. Veronesi et al., (2001) studied the radiotherapy after breast-conserving surgery in small breast carcinoma, and they reported that a combination of thalidomide with. rs i. et al., 2001).. ty. dexamethasone has good results in patients with refractory multiple myeloma (Veronesi. ve. Sledge et al., (2003) studied a phase III trial of doxorubicin, paclitaxel, and their combination as front-line chemotherapy for metastatic breast cancer, finding that both. ni. drugs are of equal activity and the combination dose resulted in superior overall response. U. rates and time to TTF. Their conclusion was that no improvement was achieved in the survival or the value of life of the patients treated with combination therapy (Sledge et al., 2003).. Factors affecting predicting response to preoperative chemotherapy were studied by Colleoni et al., (2004). They noted a significant reaction to preoperative chemotherapy in individuals with endocrine nonresponsive tumors. New chemotherapy regimens or combinations should be explored in patients with poor outcome (Colleoni et al., 2004). 17. 

(36) Nabholtz et al., (2000) analysed anastrozole as a more effective drug compared to tamoxifen; as a first-line of treatment for early stages of breast cancer in individuals with postmenopause, they reported that anastrozole had an equivalent effect compared to tamoxifen. They noticed a notable rise in TTP and a minor blood clot formation and vaginal bleeding with anastrozole. This result suggested a effectiveness of anastrozole as the first-line treatment in postmenopausal women in the early stages of breast cancer. ay a. (Nabholtz et al., 2000).. The ESR1 gene encodes estrogen receptors (ER). Normally ER in the presence of estrogen. M al. form a complex which would travel into the nucleus to activate functions of certain proteins. Activation of specific proteins at this point promotes cell division (Marino, Galluzzo & Ascenzi, 2006). Mutation in the ESR1 gene alters ER function and results in. of. the activity of receptor independently from estrogen, meaning activating ER when it is not supposed to be activated; as a result, alteration of the ESR1 gene increases the rate of. rs i. 2013).. ty. cell division, a consequence of this division is development of cancerous cells (Li et al.,. ve. Abnormal function of the ESR1 gene initiates an endocrine-therapy resistance. ni. mechanism. In breast cancer with estrogen receptor positive status, translocation occurs between 6q and 11q arms of the gene; this mutation triggers the first four exons in ER and. U. the C terminus in YAP1 protein (Li et al., 2013).. Chemotherapy is effective against cancer cells by using cancer killing agents such as Anthracycline. Normally, damaged cells, either repair themselves or die due to programmed cell death. In patients with cancer positive status, cells lose their normal function. Anthracyclines binds to a specific region of DNA; this leads into the destruction of the transcription process, followed by DNA reconstruction or apoptosis. Anthracycline acts against cancerous cells through its specific mechanism of action. Exposure to 18. 

(37) Anthracycline suppresses DNA and RNA synthesis by intercalation, where insertion of its molecule into the base pairs of DNA / RNA occurs, promoting blockage in the replication process; this stops cancer cell division. On the other hand, topoisomerase II enzyme (which facilitates replication and transcription) is suppressed by Anthracycline, therefore, inhibiting cell growth in the region affected by cancerous cells. Additionally, Anthracycline inhibits cancer by the generation of free radicals, which interrupt proteins. ay a. and cancer cell growth (Szuławska & Czyz, 2006).. Tamoxifen as an anticancer agent binds to the ER to prohibit cell proliferation. This action. M al. triggers the activity of cytokine transforming growth factor-β (TGF-β), which acts as an autocrine negative growth factor to suppress tumor growth in breast cells (Sporn &. of. Lippman, 2003).. Raloxifene acts selectively on ER. Estrogen, in particular estradiol (E2), upon binding to. ty. the receptor and entrance into the nucleus, binds to a specific portion of DNA, therefore,. rs i. interacting with estrogen responding element (ERE). ERE directly impacts estrogen on targeted tissues such as the breast. Activation factors known as AF-1, which is located on. ve. the specific portion of DNA and AF-2, which is located on the binding site of ligands are. ni. necessary for the expression of proteins associated with ERE, hence, specific domains of E2 interact with AF-2 to express certain proteins. ER has estrogen and antiestrogene type. U. ligand domains, which are responsible for its agonist / antagonist action.. Raloxifene in order to perform its function, must find space in the nucleus of the cell to bind to the ER; only then, this drug’s impact can take place by attaching its benzothiophene ring to the ER, blocking access of E2 to the receptor. Moreover, it rearranges the organization of the receptor for its linkage to ERE in order to regulate transcription. Despite the attachment of the ring to the ER, the side chain of the molecule does not form a full linkage due to its large size and inflexibility; hence, this can lead to 19. 

(38) the reorientation of the molecule and inhibit its interaction with the activation factor, gene activation followed by transcription suppression. This mechanism is thought to be involved in the estrogen antagonist activity of raloxifene breast cells (Rey et al., 2009).. The human epidermal growth factor receptor 2 (HER2) gene encodes the HER2 protein receptor. These receptors are located on breast cells, and play a significant role in sending signals for cell division upon binding to growth factors. Mutations in the HER2 gene. ay a. affect the HER2 proteins by significantly increasing its expression; over activity of HER2 proteins result in uncontrolled cell division and tumor formation, a status known as HER2. M al. - positive breast cancer (Ejlertsen, 2008).. Trustuzumab is a drug which effectively targets HER2. It is a type of humanized. of. monoclonal antibody. Trastuzumab works in a number of ways, including initiating HER2 degradation. This involves activation of ubiquitine, which promotes degradation of excess. ty. HER2 by activating proteasome for degradation. Moreover, trastuzumab perform its. rs i. activity as an antibody; thus, it induces an immune response by attracting immune cells to the targeted site where deposition of tumor has occurred, acting against over expression. ve. of HER2. This mechanism triggers the antibody-dependent cellular cytotoxicity (ADCC). ni. effect of Trastuzumab. Additionally, Trastuzumab affects MAPK and PI3K/AKT pathway responsible for cell cycle regulation. This therapy suppresses activation of the. U. mentioned pathway; hence, it promotes an increase in cell cycle arrest followed by a decrease in cell proliferation and therefore, cell growth. Moreover, attachment of Trastuzumba to HER2 increase the level of phosphatase and tensin homolog (PTEN), which act as a tumor suppressor. Findings have suggested that Trastuzumab promotes cell cycle arrest, as it inhibits CDK2 function as a division protein in breast cancer cells (Vu & Claret, 2012).. 20. 

(39) Despite the various effective breast cancer treatments developed, clearly prevention is also vital. This takes two main forms: medical prevention, and self-care. In a recent survey of breast cancer in women, two-thirds of women were reported as using alternative products potentially able to prevent cancer, such as vitamins and minerals, herbal medicines, green tea and certain foods (Tagliaferri, Cohen & Tripathy, 2001).. ay a. 2.1.2 Programmed Cell Death. Every cell in a multicellular organism belongs to a highly organized community. Many cells in this community are highly controlled, not only with respect to cell division but. M al. also cell death. The cell death program plays a role when cells become ineffective, and they commit suicide. This involves activation of the intracellular death program; thus, it. of. is known as programmed cell death or apoptosis.. On a daily basis, billions of cells die in a healthy adult human body (Elmore 2007). These. ty. cells can be healthy or injured. Mostly, cells die when their structure becomes abnormal.. rs i. This can be due to aging, homeostatic mechanism to maintain cell population or defense. ve. mechanism such as those involving damaged cells or immune reactions. In fact, there are a wide variety of physical or pathological conditions and stimuli that can trigger apoptosis. ni. (Elmore, 2007).. U. Mechanisms are either intrinsic (mitochondrial pathway) or extrinsic (death receptor pathway) (Wong, 2011). The molecules link these pathways so that one can influence the other. These two pathways are connected via the same execution pathway that begins as soon as caspase-3 is cleaved, leading to cell death (Wong, 2011).. Brown and Attardi (2005) reported that the extrinsic pathway of apoptosis is initiated by the association of transmembrane receptor-mediated interactions. These receptors are members of tumor necrosis factors (TNF) (Brown & Attardi, 2005). These have a 21. 

(40) cytoplasmic domain containing 80 amino acids, is known as the death domain. They have a critical responsibility in extrinsic pathways, as the death domain transmits the death signals from the surface of the cell to the intracellular signaling pathways. Some, such corresponding death receptors are TNF-α, FasL/FasR, TNFR1, Apo2L/DR4, Apo3L/DR3, and Apo2L/DR5 (Ferraris, 2013). Reza et al. (2008) discussed the most important events in the extrinsic pathway, such as FasL/FasR and TNF-α/TNFR1 models.. ay a. In the cytoplasmic membrane, death domains bind to receptors. Fas ligands binds to the Fas receptor, resulting in binding of adaptor proteins such as FADD and TNF ligand binding to TNF receptor. This affects the binding of TRADD to FADD and RIP. The. M al. adaptor protein FADD then associates with procaspase-8. Then, the death signaling complex (DISC) forms and results in the activation of procaspase-8. The apoptosis. of. execution phase triggers once caspase-8 is activated (Elmore, 2007, Reza et al., 2008).. The intrinsic pathway of apoptosis is within the cell, involving mitochondrial-initiated. ty. events. This pathway is initiated by stimuli which produce intracellular signals. These. rs i. stimuli affect the mitochondrial membrane, resulting in increased permeability of. ve. mitochondrial pores, loss of mitochondrial transmembrane potential and also the release of pro-apoptotic proteins from intermembrane into the cytosol (Hayes & Kruger, 2014).. ni. These pro-apoptotic proteins consist of cytochrome c, Smac/DIABLO and serine protease. U. HTR2/Omi which activates the caspase-dependent mitochondrial pathway. The proteins activated in this pathway are Apaf-1 and procaspase-9. When cytochrome c is released,. it activates Apaf-1 and procaspase-9 and forms an apoptosome. Activation of procaspase9 leads to activation of caspase-9 (Adams, 2003).. The extrinsic and intrinsic pathways of apoptosis end in the execution phase, which is the final stage of apoptosis (Alenzi et al., 2010). The execution phase is the involvement of the executioner caspases such as caspase-3, caspase-6 and caspase-7. These caspases 22. 

(41) activates the cytoplasmic endonuclease, resulting in degradation of nuclear constituents and also proteases that degrade cytoskeletal and nuclear proteins. This pathway causes the alteration of morphology and chemical processes of apoptotic cells (Alenzi, Lotfy & Wyse, 2010).. Elmore et al., (2007) discussed the morphological changes that appear in the cells during apoptosis. In early apoptosis, cells become smaller in size, organelles are tightly packed,. ay a. cytoplasm is dense, and chromatin is condensed. By histological examination with hematoxylin and eosin stain, apoptotic cells are visible in the form of an oval or round. M al. mass with dark eosinophilic cytoplasm where chromatin is in purple dense pieces. These features are extended by plasma membrane blebbing and cell fragments into apoptotic bodies, which are then phagocytosed by macrophages. In the process of apoptosis, the. of. apoptotic cells do not release their intracellular contents to the surrounding tissues and are immediately phagocytosed, so secondary necrosis and anti-inflammatory cytokines. rs i. ty. production is prevented (Elmore, 2007).. ve. 2.1.2.1 The Role of Mitochondria in Apoptosis. Harris and Thompson (2000) discussed the control and regulation of the intrinsic pathway. ni. of apoptosis that occurs through Bcl-2 family members proteins. Mitochondrial. U. membrane penetrating ability is applied to Bcl-2 family proteins, and can be against apoptosis or pro-apoptotic proteins. There are 25 genes identified in the Bcl-2 family. Some anti-apoptotic proteins are Bcl-2, Bcl-XL, Bclx, Bcl-w, Bcl-XS while the proapoptotic ones include Bax, Bcl-10, Bid, Bak, Bid, Bik and Bim. The most significant characteristics of these proteins are their ability to determine whether the cells commit suicide or abort. The main mechanism of cytochrome c release is assumed to be controlled by the activity of Bcl-2 family proteins through changes in mitochondrial membrane penetration ability (Harris & Thompson, 2000). 23. 

(42) Apoptosis is regulated by a Bcl-2 family of proteins. These proteins share homology in one of the four common Bcl-2 homologies, that being (BH) domains. Therefore, the Bcl2 family has been separated based on the domains that they carry. In between, Bcl-XL, Bcl-2 and Mcl-1 carry all four domains (BH1-4). Bcl-2 and Bcl-XL can save cells cooperating with mitochondrial proteins such as the voltage anion channel or adenine nucleotide translocase, resulting in prevention mitochondrial pores creation, and avoiding. ay a. of membrane integrity, finally, it prohibits the release of factors that are involved in apoptosis, e.g. cytochrome c (Indran, I. R. et al., 2011). The second group of Bcl-2 family carries BH domains 1, 2 and 3. Bax and Bak belong to this group, which are pro-apoptotic. M al. proteins existing in the cytosol. Bax and Bak or Bid can homodimerize or heterodimerize which results in decreased integrity of the outer mitochondrial membrane by forming. of. mitochondrial pores, with a subsequent increase in permeability. This permeability can lead to the release of cytochrome c. The third group is BH3-only proteins. They include. ty. Bad, Bim, Bmf, Puma and Noxa. They neutralize anti-apoptotic proteins by suppressing. rs i. their anti-apoptotic activity in the mitochondria (Igaki & Miura, 2004).. ve. Aoudjit and Vuori (2001) studied integrin signaling inhibition of paclitaxel-induced apoptosis in breast cancer cells. They discussed the suppression of the release of. ni. cytochrome c from mitochondria, resulting in inhibition of drugs that activate mechanism. appears. to. rely. on. the. activity. of. the PI. 3-. U. apoptosis.This. kinase/Akt pathway.It is suggested that the initiation of the activity of this pathway may. contribute to the generation of drug resistance (Aoudjit & Vuori, 2001).. Rahman et al., (2000) studied the effects of I3C in Her-2/neu over-expressing MDA-MB435 in breast cancer cells and these outcomes compared with parental cells transfected with control vector. They described a novel molecular mechanism(s), where I3C induces its biological effects on both Her-2/neu over-expressing and with normal Her24. 

(43) 2/neu expressing. breast cells.. It. is. suggested. that. I3C. is. a. key. factor. in apoptosis induction in breast cancer cells (Rahman et al., 2000).. Yu et al., (2003) explained the biochemical processes associated with VES-induced apoptosis. Their results were concerned with JNK activation, Bax rearrangement to the mitochondria, improvement in the penetration ability of the mitochondrial membrane to release cytochrome c, and of caspase-9 and -3 activation as being critical events in VES-. ay a. induced apoptosis of human MDA-MB-435 breast cancer cells (Yu, Sanders & Kline, 2003).. M al. 2.1.2.2 Caspases. McIlwain et al., (2015) described the main executioner process of apoptosis as being. of. regulated by the family of proteins called caspases. They belong to the cysteine enzyme group and exist in the form of inactive pro-forms or zymogenes within the cell.. ty. Zymogenes can be pulled apart and form active enzymes followed by apoptosis induction.. rs i. Mainly caspases are divided into two groups of initiators (caspases-8, 9 and 10) and. ve. effector (caspases-1, 2, 3, 4, 6, 7, 12 and 13). The extrinsic pathway of apoptosis is originated by activation of cell surface death receptors by the involvement of caspase-8. ni. and 10. Intrinsic pathway of apoptosis involved with initiator caspase-9 results in the. U. infiltration of cytochrome c from mitochondria. Caspase-9 monomer attach to other proteins by the activity of caspase and involvement of death domain (McIlwain, Berger & Mak, 2015).. Interaction of caspase-protein leads to the dimerization of the suppressor caspases and that results in the activity of caspases. The activated form of the caspases cleaved the effector pro-caspases in aspartic acid residues which yield 20 kDa and 10 kDa subunits (Mor, Montagna & Alvero, 2008). These subunits then gather to the heterotetrameric, 25. 

(44) catalytically active forms of caspase effector enzymes. After activation of these caspases they trigger the activity of effector caspases such as caspase-3 and caspase-7. These caspases are the key in cleavage of cellular proteins such as cytoskeletal proteins, activation of theses caspases leads to the alteration of the apoptotic cell morphology (Boatright & Salvesen, 2003; Shi, 2002).. Devarajan et al., (2002) studied breast cancer tumor to analyse the level of caspase-3. that. the. sensitivity. of. caspase-3-deficient. ay a. expression and to determine the effect of expression alteration on apoptosis. They found breast. cancer (MCF-7). cells. to. M al. experience apoptosis as a reaction to doxorubicin and other apoptotic stimuli could be completed by the restoration of caspase-3 expression. Based on these findings, caspases3 expression deficiency might be an important cell survival mechanism in individuals. of. suffering from cancer (Devarajan et al., 2002).. ty. Xue et al., (2001) examined the function of caspase-3 in apoptosis and cell mortality,. rs i. comparing the response of MCF-7c3 cells that expresses a stably-transfected CASP-3 gene to that of parental MCF-7:SW8 cells transfected with vector alone (MCF-7v). The. ve. results of the study displayed firstly the significance of evaluating the percentage of cell. ni. mortality by clonogenic assay; secondly, the critical deadly event is free from caspase-3, possibly at or near the infiltration of cytochrome c from mitochondria; and finally, the. U. caspase-3-mediated events appear to be unrelated in detection of overall killing of cells (Xue, Chiu & Oleinick, 2001).. 2.1.2.3 Cell Cycle. Lukas et al., (2004) defined the cell cycle as the mechanism in which eukaryotic cells replicate themselves. Dividing of eukaryotic cells involves a sequence of phases known as the cell cycle. There are two gap phases of (G1 and G2) and S phase of synthesis. During 26. 

(45) the cell cycle, the genetic substance is duplicated in M-phase, partitioned and the cell divides. The G1, S and G2 are known as interphase that occur between mitotic divisions. The cell cycle is mainly organized by cytoplasmic proteins which are G1 cyclins (D cyclins), S phase cyclins (cyclin A and E) and mitotic cyclins (B cyclins). Cell content increase and reduction in different cell cycle stages are controlled by cyclin-dependent kinases (Cdks), G1 Cdk (Cdk4), S phase Cdk (Cdk2) and M phase Cdk (Cdk1) (Lukas,. ay a. Lukas & Bartek, 2004).. G0 phase is called the quiescent or resting phase, in which the cells does not divide and. into the G1 phase of the cell cycle.. M al. all of its functions are normal. The cells start to divide by receiving the signal and move. of. G1 is termed the first growth phase, where the cells prepare to divide. In this phase, the cell still performs all its functions, but it starts enlarging. The cell begins to make a copy. ty. of its organelles and to make more proteins to get ready for division. The level of G1-. rs i. cyclins arises, binds to their Cdks and signal to the cell to prepare the chromosome for. ve. replication. This phase may take from eight hours to several days.. S phase is called the synthesis phase in which the DNA is getting copied to make two sets. ni. of chromosomes. Each set of chromosomes will be used for each new cell. The level of S. U. phase promoting factor (SPF) increase, in which cyclins bound to Cdk2 and enter the. nucleus and prepare the cell to duplicate DNA. This phase usually takes six to eight hours.. G2 phase is called the second growth phase in which more proteins are synthesized for cell division. During DNA replication, the cyclin E is destroyed and mitotic cyclin levels start rising. This cell takes almost two to five hours.. Mitosis is the last phase of cell proliferation, and involves the cell dividing into two new cells. M phase promoting factors translocate into the nucleus. During this stage the mitotic 27. 

(46) spindle starts to assemble, the nuclear envelope breaks down, genes start to become transcripts and chromosomes are condensed. Mitosis occurs in four stages: prophase, metaphase, anaphase and telophase. Mitosis usually takes one to three hours.. There are several checkpoints that control cell cycle progression, such as those involving DNA damage and the spindle. The former occurs prior to the cells entering into S phase and after S phase. In case of any damage to DNA before the cell enters the S phase, Cdk2. ay a. inhibits progression of the cell cycle until the damage is repaired. If the damage cannot be repaired, apoptosis then takes place. In case of damage after S phase, Cdk1 is inhibited. M al. and the cell cycle is prevented from G2 entering into mitosis. Spindle check points will detect any kind of failure happening in spindle fibers which are attached to the kinetochores. It leads to the arresting of the cell in metaphase and blockage of cytokines. of. by the detection of improper alignment of spindles. It further results in apoptosis if the damage is irreparable. Mutation of these genes that are associated with cancer are called. rs i. ty. oncogenes.. Choi et al. (2002) studied the quercetin effect on the growth inhibition mechanism of. ve. MCF-7 human breast cancer cells. Quercetin induced significant apoptosis and cell cycle. ni. arrest in MCF-7 cells and apoptosis induction was markedly blocked by the expression of antisense p21CIP1/WAF. It was concluded that quercetin inhibits tumor growth in. U. human breast cancer cell line MCF-7 by two dissimilar mechanisms; through the suppression of cell cycle progression over transient M-phase growth, which subsequently arrest in G2, and by apoptosis induction (Jung-Achoi et al., 2001).. Sun and Liu (2006) performed a study on cranberry extracts to determine its inhibitory effect on human breast cancer MCF-7 cell growth. They found that bioactive compounds present in the extract of cranberry possess the ability to inhibit growth of MCF-7 cells, and this inhibition is roughly involved in both the initiation of apoptosis and the G1 phase 28. 

(47) arrest. The G1 arrest and apoptosis induction may be regulated through the up-regulation of p21, as well as the down-regulation of Cyclin D1 and CdK4. These discoveries strongly indicate the necessity of further research to ascertain the linkage of plant foods to chronic disease, as well as supporting an additive and/or synergistic view towards the mechanisms linking diet and chronic diseases (Sun & Liu, 2006).. Kup et al., (2005) studied the mechanism of ellipticine-induced apoptosis and cell cycle. ay a. arrest in human breast MCF-7 cancer cells. It was found that the molecular mechanisms during ellipticine-mediated growth suppression and occurrence of apoptosis in MCF-7. M al. cells happened as a result of (1) cell cycle arrest and induction of apoptosis, (2) inducing expression of p53 and KIP1/p27, (3) activation of Fas/Fas ligand pathway, (4) interruption of mitochondrial activity, and (5) apoptotic signaling was amplified by. of. crosstalk between Fas death receptor and the mitochondrial apoptotic pathway (Kuo et. Chemotherapy. rs i. 2.2. ty. al., 2005).. ve. Chemotherapy is the use of chemical substances to treat any disease, but it is particularly used to refer to cancer treatment. The first drug used to treat cancer was not intended to. ni. act as a medicine, but as a weapon. It was mustard gas, deployed with horrifying effect in. U. warfare during World Wars I and II. During these tumultuous years, some people were exposed to mustard gas and they were later found to have notably low white blood cell counts (Lopez-Miranda et al., 2010). It was ascertained that something had damaged the growth of white blood cells. The possibility of affecting cancer cells could not be ruled out, and so in 1940, patients with lymphomas were treated with the drug through the vein rather than breathing it in the form of gas (R Shurin et al., 2012). There were indeed some improvements, although temporary. Researchers in the generations since have attempted to find other substances that might have a similar positive effect against cancer cells. 29. 

(48) Radiation therapy and surgery are the other methods of cancer therapy, potentially used in conjunction with chemotherapy (Emole, 2012). The benefit of chemotherapy compared to other methods is the ability to treat more than one location in the body. Surgery and radiation therapy are suitable to treat a localized area of the body while chemotherapy can treat a widespread area in the body (Society, 2008).. Chemotherapy drugs are divided into five categories. They are categorized based on their. ay a. functions in the destruction of cancer cells (O'neill & Twelves, 2002).. Alkylating agents directly attack the DNA of the cells. These drugs work in any phase of. M al. the cell cycle, but they are mostly effective during DNA synthesis phase. They are administrated either intravenously or orally. Cisplatin, Mechlorethamine and. of. Cyclophosphamide are examples of alkylating agent drugs (Chabner & Longo, 2011).. Nitrosoureas are a different variety of drugs, but they are similar to alkylating agents.. ty. They inhibit DNA repair mechanisms. They can cross the blood brain barrier which. rs i. makes them very important for treating brain cancer. They are also used to treat. ve. melanomas and lymphomas.. ni. Antimetabolites are somewhat different, as they block cell growth by interfering with DNA synthesis. They mimic substances involved in DNA synthesis and inhibit. U. production of acids required for DNA synthesis. They affect the S phase of the cell cycle. They are used to treat breast, gastrointestinal tract and ovarian cancer. They are administered either intravenously or orally. Examples are 5-fluorouracil and 6mercaptopurine (Barton-Burke & Wilkes, 2006; Boulikas & Vougiouka, 2004).. Antitumor antibiotics work by binding DNA to prevent RNA synthesis. Cell growth is prevented by inhibition of DNA replication. One such drug is Mitomycin-C, which is used to treat leukemia and testicular cancer (Arcamone, 2012). 30. 
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