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ABSTRACT 


The synthesis of quinazolinone-Schiff bases compounds attracted  great attention over 
 the past few decades as an alternative mean to produce analogues of natural products. 


Quinazolinone  compounds,  sharing  the  main  principal  core  structure,  are  currently 
 announced  in  the  clinical  trials  and  pharmaceutical  markets  as  anti-cancer  agent. 


Therefore, there is a high clinical interest to identify new drugs that could be used to 
 control the growth and expansion of cancer cells. In the present study, the cytotoxicity 
 effect of some new quinazolinone compounds were tested on MDA-MB-231 and MCF-
 7 human breast cancer cell lines. This study also evaluated the induction of apoptosis by 
 these  compounds  and  their  possible  mechanisms  of  action  on  MCF-7  cell  line.    Cell 
 Morphological  changes,  ROS  generation,  cytochrome c  release,  caspases  activity  and 
 inhibition  of  NF-κB  were  also  analyzed.  MTT  cytotoxicity  test  showed  all  five 
 compounds  demonstrated  a  potent  anti-proliferative  effect  in  MCF-7  cells,  with  IC50


value  of  a  range  of  3-6  µg/ml  after  72  h  of  treatments.  However,  they  showed  no 
 significant  effect  on  MDA-MB-231  human  breast  cancer  cell  and  MCF-10A  human 
 normal  breast  cell  line  compared  to  MCF-7  cell  line.  Most  apoptosis  morphological 
 features in treated MCF-7 cells were observed by AO/PI staining. All compounds were 
 found  to  possess  a  significant  effect  on  perturbation  in  mitochondrial  membrane 
 potential  and  cytochrome c  release  from  the  mitochondria  to  the  cytosol.  They  all 
 triggered  activation  of  caspase-9  and  caspases-3/7  which  imply  the  involvement  of 
 intrinsic  pathways  in  the  observed  apoptosis.  Compound  1,  2  and  3  also  triggered 
 expression  of  caspase-8  which  exhibited  the  involvement  of  extrinsic  pathway. 


However,  treated  MCF-7  cells  with  compounds  4  and  5  showed  no  activation  of 
 caspase-8 and nor suppression effect on NF-κB translocation, indicating the excluding 
 of the involvement of extrinsic apoptosis pathway. Moreover, the toxicity assessment of 
 quinazolinone compounds were also performed on the renal and hepatic function of ICR 
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female  mice  at  250  mg/kg  and  the  results  revealed  no  adverse  effects  on  the  organ 
 weight, body weight, serum biochemistry, and histopathology. Chemopreventive effect 
 of  compounds  2  and  4  against  LA7-induced  cancer  in  rats  were  also  evaluated.  The 
 assessment  of  enzymatic  antioxidants  showed  significant  elevations  of  superoxide 
 dismutase  and  catalase  activities  and  a  reduction  in  the  level  of  malondialdehyde  in 
 treated  groups.  In  addition,  the  histopathological  assessments  revealed  that  the  rat 
 mammary  glands  were  protected  from  the  carcinogenic  effects  of  LA7  cells  by 
 compounds. Treatment with 2 and 4 also up regulated the expression of Bax and P53, 
 however; down- regulated expression of Bcl-2 and PCNA in the breasts of LA7-induced 
 rats  in  immunohistochemistry  assay.  Our  results  demonstrate  a  significant  role  of 
 quinazolinone-based compounds as anti-proliferative agent toward human breast cancer 
 which triggered apoptosis in vitro and in vivo.
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ABSTRAK 


Pensintesisan sebatian bes quinazolinone-Schiff telah mendapat perhatian yang meluas 
 sejak  beberapa  abad  yang  lalu  sebagai  alternative  dalam  penghasilan  produk-produk 
 semulajadi.  Sebatian  quinazolinone  yang  merupakan  teras  tunjang  struktur  amat  giat 
 digunakan  dalam  ujian  klinikal  dan  pasaran  farmaseutikal  sebagai  ejen  anti-kanser. 


Oleh  yang  demikian,  wujudnya  keperluan  dan  kepentingan  yang  tinggi  dalam  ujian 
 klinikal  dalam  mengenalpasti  drug  baru  yang  boleh  digunakan  dalam  mengawal 
 pertumbuhan dan perkembangan sel-sel kanser. Dalam kajian semasa, kesan sitotoksik 
 pada  segelintir  sebatian  quinazolinone  yang  baru  telah  diuji  ke  atas  titisan  sel  MDA-
 MB-231  dan  MCF-7.  Kajian  juga  dijalankan  untuk  menilai  penginduksian  apoptosis 
 yang  disebabkan  oleh  sebatian-sebatian  ini  serta  tindakan  mekanisme  yang 
 berkemungkinan akan berlaki ke atas titisan sel MCF-7. Perubahan ke atas morfologi 
 sel, generasi ROS, pelepasan sitokrom c, aktiviti kaspase dan penindasan NF-κB turut 
 dianalisa. Ujian sitotoksi MTT menunjukkan kesemua lima sebatian mempunyai kesan 
 anti  proliratif  yang  kuat  dalam  cell  MCF-7  dengan  nilai  IC50  dari  3-6  µg/ml  pada 
 rawatan  selama  72  jam.  Namun  demikian,  tiada  kesan  signifikan  yang  diperhatikan 
 pada sel kanser MDA-MB-231 dan sel normal MCF-10A apabila dibandingkan dengan 
 sel MCF-7. Kebanyakan sifat-sifat morfologi apoptosis dalan sel MCF-7 yang dirawat 
 dapat  diperhatikan  dengan  pewarnaan  AO/PI.  Kesemua  sebatian  didapati  memiliki 
 kesan  signifikan  terhadap  gangguan  potensi  membran  mitokondria  dan  pelepasan 
 sitokrom  c  dari  mitokondria  ke  sitosol.  Kesemuanya  memulakan  pengaktivasian 
 kaspase-9  dan  kaspase-3/7  yang  membuktikan  penglibatannya  dalam  laluan  intrinsic 
 dalam  apoptosis  yang  dikaji.  Sebatian  1,  2  dan  3  turun  mencetuskan  pengekspressan 
 kaspase-8  yang  membuktikan  penglibatan  laluan  esktrinsik.  Namun  demikian,  sell 
 MCF-7  yang  dirawat  dengan  sebatian  4  dan  5  tidak  menunjukkan  sebarang 
 pengaktivasian  kaspase-8  dan  penindasan  kesan  terhadap  translokasi  NF-κB,  yang 
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menunjukkan pengecualian penglibatan laluan ekstrinsik apoptosis. Selain itu, penilaian 
 toksisiti  sebatian  quinazolinone  juga  dijalankan  ke  atas  tikus  betina  untuk  mengkaji 
 fungsi  renal  dan  hepatik  pada  250  mg/kg.  Keputusan  menunjukkan  tiada  kesan 
 sampingan  yang  didapati  pada  berat  organ,  berat  badan,  serum  biokimia  dan 
 histopatologi. Kesan kemopreventif sebatian 2 dan 4 terhadap tikus aruhan-kanser LA7 
 turut  dikaji.  Penilaian  antioxidant  enzim  menunjukkan  elevasi  signifikan  pada 
 superoksid dismutase dan aktiviti katalase serta penurunan kadar malondialdehyde pada 
 kumpulan yang diuji. Tambahan, penilaian histopatologi menunjukkan kelenjar mamari 
 tikus dilindungi dari kesan karsinogen oleh sebatian dalam sel LA7. Rawatan dengan 
 sebatian 2 dan 4 telah menaikkan paras regulasi Bax dan P53 serta menurunkan paras 
 ekpresi Bcl-2 dan PCNA dalam mamari tikus-teraruh LA7 yang ditunjukkan dalam asai 
 immunihistokimia.  Keputusan  kajian  kami  menunjukkan  bahawa  sebatian  bersifat 
 quinazolinone mempamerkan anti-proliferatif terhadap kanser payu dara manusia yang 
 telah mencetuskan apoptosis secara in vitro dan in vivo 
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CHAPTER 1:  INTRODUCTION 


1.1Cancer

Cancer  is  the  second  largest  cause  of  death  in  developed  countries  and  third  largest 
 cause  of  death  in  the  developing  world  representing  a  leading  public  health  problem 
 (Thongchai, 2014). Cancers are assemblies of cells that originate from a single cell in a 
 part of body which start to grow out of control and can be defined by a deficiency of 
 normal growth regulation (Saslow et al., 2007; Menzies et al., 2014). Cancerous cells 
 often  are  transportable  to  other  parts  of  the  body,  where  they  initiate  to  grow  and 
 generate  new  tumors  and  consequently  replace  normal  tissue.  This  process  is  called 
 metastasis.  So  far,  more  than  one  hundred  types  of  cancer  have  been  diagnosed  and 
 categorized based on types of tissue being affected and the main cause of cancer, if it is 
 a genetic factor or viral infection or a combination of both (Vollset et al., 2013). 


1.2  Breast cancer 


Breast cancer is the most common form of cancer in women worldwide (Koduru et al., 
 2007).  Among  women,  breast  cancer  has  the  highest  occurrence,  forming  31.1%  of 
 newly  diagnosed  cancer  cases  (Protani  et  al.,  2010).    Approximately,  one  million 
 women develop breast cancer and almost 600,000 die per year worldwide (Tew et al., 
 2014).  Over  the  past  few  decades,  the  number  of  cases  has  increased  significantly  in 
 Asia  because  of  the  increase  in  life  expectancy,  the  advance  in  lifestyle  and  the 
 enormous changes in epidemiological features such as decrease in the birth and breast-
 feeding rates. The proportion of Asian cancer deaths has increased every year at a more 
 rapid  rate  than  the  world  average.  Particularly,  the  incidence  of  breast  cancer  in 
 Malaysian  women  has  increased  annually.  Out  of  each  100,000  females  47.4  of  the 
 females are diagnosed with breast cancer as reported by the Malaysian National Cancer 
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Registry  Report  for  the  year  2005  and  accordingly  the  percentage  of  breast  cancer 
 mortality upsurges of the middle-aged Malaysian women increased over the last century 
 (Ahmadian & Abu Samah, 2013). The five-year survival rate is becoming decreasingly 
 prevalent and unfortunately many physicians do not investigate for breast cancer till it is 
 diagnosed  by  mammography.  The  sudden  rise  of  symptoms  appearance  at  the 
 postmenopausal  age  is  a  significant  problem,  as  they  are  often  attributed  to  normal 
 ageing.  


Cancer  is  a  group  of  cells,  characterized  as  lack  of  normal  growth  regulation.  This 
 regulation  is  known  as  apoptosis  or  programmed  cell  death,  a  vital  well-regulated 
 process  that  play  vital  role  in  the  maintenance  of  tissue  homeostasis  as  well  as 
 elimination of damaged cells. In cancer cells, apoptosis is suppressed and required to be 
 triggered which is a key factor in area of anticancer drug development (Elmore, 2007; 


Hunter, 2007). Breast cancer is a malignant tumor that initiates in the cells of the breast 
 where cancer cells can invade into surrounding tissues or metastasize to distant areas of 
 the body  (Saslow et al., 2007). The aim of treatment is  reliant upon the stage of the 
 cancer  at  the  time  of  diagnosis  (Shupe  et  al.,  2014).  The  survival  percentage  ranges 
 from  84%  for  the  early  stage  of  illness  to  18%  for  cases  at  the  advanced  stages  of 
 cancer. Therefore, the main purpose of the treatment at early breast cancer (EBC) is to 
 prevent  its  recurrence  and  lengthen  overall  survival  without  causing  complications 
 (Sainsbury, 2013). Despite the implication of different treatments for advanced breast 
 cancer, the aim of treatment mainly is to attain a sustainable statement of response to 
 the therapy and increase the quality of life of patients with minimum toxicity effects 
 involved with treatment (Tryfonidis et al., 2013). 


Quinazoline nucleus is an interesting molecule among the most fundamental classes of 
 aromatic bicyclic compounds with two nitrogen atoms in their structure. It is consisting 
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of aromatic benzopyrimidine system made up of two fused six member simple aromatic 
 rings benzene and pyrimidine ring (Figure 1.1) (Faraj et al., 2014). 


    


Figure 1.1: Quinazolin-4-one

More attention has recently been paid to quinazolinones and their derivatives due to the 
 wide range of their uses in medical chemotherapy (Manasa et al., 2011). A brief survey 
 about  biological  importance  of  quinazoline  and  their  derivatives  revealed  that  a  large 
 number  of  publications  began  to  appear  after  1960s.  They  have  been  identified  with 
 wide range of biological and pharmaceutical activities such as: anticancer (AL-Zubiady 


& Ibrahim, 2013), antioxidant (Vagdevi et al., 2012), antiviral (Krishnan et al., 2011), 
 and anticonvulsant (Patel et al., 2010), anti-inflammatory (Saravanan et al., 2010), anti-
 HIV (Alagarsamy et al., 2006) and etc.  


Although  the  current  anticancer  quinazoline-based  agents  have  revealed  great  clinical 
 benefits in cancer treatment (Selvam & Kumar, 2011), we still need to establish better 
 anticancer agents from quinzoline derivatives with minimum adverse side effects (Kranz 


& Dobbelstein, 2012) that provides much more hope to mankind. The aim of this study 
 was to develop potential anticancer agents against breast cancer cell line and screen for 
 their possible mechanism either intrinsic or extrinsic mitochondrial pathways possessed 
 by  five  newly  quinazolinones  derivatives  that  could  be  excellent  candidates  for 
 chemoprevention  and  treatment  of  breast  cancer,  with  possibly  less  or  without  side-
 effects as compared to generally used chemopreventive agents. 
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1.3 Hypothesis of the research

The present study might offer important facts in order to solve the existing problems to 
 treat  human  breast  cancer  in  Malaysia.  It  is  expected  that  the  newly  synthesized 
 quinazolinones will affect breast cancer cells through the induction of apoptosis without 
 damaging  normal  breast  cells.  Finding  out  the  mechanism  of  the  compounds  as  anti-
 cancer  proposes  the  induction  of  apoptosis  through  either  cellular  mitochondrion 
 signaling  or  extrinsic  signaling  pathways.  The  present  research  hypothesized  that 
 synthesized  quinazolinones  possess  cytotoxic  effect  on  two  human  breast  cancer  cell 
 lines  (MCF-7  and  MDA-MB-231)  and  an  anti-proliferative  effect  on  LA-7-induced 
 tumour in rat mammary glands. 


1.4 The objectives of this study  
 Main objective:  


 To assess the effect of quinazolinone-based compounds as anti-proliferative 
 agents toward human breast cancer to trigger apoptosis in vitro and in vivo. 
 Specific objectives:  


1.  To assess the in  vitro cytotoxic activity of compounds on the human mammary 
 cancer cell lines (MCF-7 and MDA-MB-231). 


2.  To assess the mechanism ofcell death induced by compounds.  


3.  To determine the acute toxicity of compounds on ICR mice. 


4.  To  study  the  chemoprotective  effect  of  selected  quinazolinone-based  compounds 
 against breast carcinogenesis in Sprague Dawley rats. 
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CHAPTER 2: LITRATURE REVIEW 


2.1Breast cancer overview

Aside from being the most common cancer affecting women, breast cancer is also the 
 major  cause  of  death  among  women  globally  (Thongchai,  2014).  Breast  cancer 
 represents 31.1% of newly diagnosed cancer cases among women (Protani et al., 2010). 


Based on the latest reports, approximately one million women are diagnosed with breast 
 cancer  globally  every  year  (Tew  et  al.,  2014).  In  2008,  the  National  Cancer  Registry 
 (NCR)  stated  that  the  risk  of  Malaysian  women  to  develop  breast  cancers  in  their 
 lifespan is almost one in twenty women which is still considered to be low compared to 
 one in eight in Europe and the United States (Porter, 2009). During 2003 to 2005, the 
 occurrence of breast cancer among Malaysian women has surged, with a frequency of 
 47.4  per  100,000  females,  as  estimated  by  the  National  Cancer  Registry  Report 
 (Ahmadian & Samah, 2013). In 2012, The International Agency for Research in Cancer 
 (GLOBOCAN)  estimated  the  rate  of  breast  cancer  in  Malaysian  women  as  38.7  per 
 100,000 (Yip & Bhoo, 2014). Since, these incidence rates are closely associated with the 
 lifestyle  and  environment  factors,  women  should  consider  protective  measures  to 
 prevent  this  life-threatening  disease.  It  has  been  showed  that  up  to  70%  of  the 
 development of breast cancer in women result from environmental factors and lifestyle 
 and only 30% from genetic factors (McPherson et al., 2000).  


Besides the consequence of secondary diseases or metastasis, late diagnosis commonly 
 is considered as major contributing factor in most breast cancer deaths. Therefore, early 
 detection of disease prior the invasion of cancer to the surrounding tissue or metastasize 
 to  distant  sites  can  significantly  reduce  the  possibility  of  death  risk  and,  eventually, 
 improve  the  quality  of  life  of  patients  (Ceber  et  al.,  2013).  Moreover,  it  might  also 
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decrease the suffering and expenses of treatment. As the key to declining risk of death is 
 generally via early detection, the main focus of most researchers in oncology and cancer 
 therapy is now on prevention, screening, early detection and consequently prompt action 
 to the breast cancer (Adesunkanmi et al., 2006; Ceber et al.,2013). 


Recently,  great  attention  has  been  recently  paid  concerning  the  awareness  of  breast 
 cancers  in  Malaysia.  The  Ministry  of  Health  and  several  non-governmental 
 organizations  (NGOs)  including  National  Cancer  Society  of  Malaysia  and  National 
 Cancer  Council  (MAKNA),  enthusiastically  are  involved  in  cancer  welfare  services 
 (Lim, 2002). In addition, many accomplishments have been attained, such as a cancer 
 education  program,  cancer  counselling  services,  psychological  support  for  cancer 
 patients and welfare services in order to raise people’s awareness about breast cancer as 
 well as women’s health issues. Nowadays, more information about breast  cancers are 
 provided via articles in local newspapers, women’s magazines, and on television.  


2.2Human normal breast

The  female  breast  comprises  mainly  of  lobules  (milk-producing  glands),  ducts  (tiny 
 tubes that carry the milk from the lobules to the nipple), and stroma (fatty tissue and 
 connective  tissue  surrounding  the  ducts  and  lobules,  blood  vessels,  and  lymphatic 
 vessels) (Hassiotou & Geddes, 2013). Lobules and ducts are formed by epithelial cells 
 whose role is to produce and to secrete the different constituents of milk. The epithelial 
 cells  are  enclosed  by  a  stratum  of  myoepithelial  cells,  which  are  attached  to  a  basal 
 membrane and play role in maintenance of the tubular structure of the ducts and lobules 
 (Hondermarck,  2003).  The  lobules  and  ducts  are  surrounded  by  a  large  amount  of 
 connective and fat tissues that shape the form of breast (Figure 2.1). 
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Figure 2.1: Anatomy of the female breast (Hondermarck, 2003)

2.3  Types of breast cancer 


Most  breast  tumours  initiate  from  epithelial  origin,  and  thus,  the  great  numbers  of 
 malignant  breast  tumorus  are  considered  as  carcinomas  (malignant  epithelial  tumors). 


Sarcomas (malignant tumors arising from connective tissue) are rarely detected in the 
 breast The term “breast cancer” covers many types of tumors that are categorized based 
 on their origin and to their histological properties (Hondermarck, 2003). 


There  are  mainly  two  classes  of  the  breast  tumours: in  situ  carcinomas  (Figure  2.2) 
 which are characterized by tumor cells originated either in the ducts (ductal carcinomas 
 in  situ,  DCIS)  or  the  lobules  (lobular  carcinomas  in  situ,  LCIS)  (Figure  2.3),  without 
 invasion over the basement membrane into the surrounding stroma. In contrast, invasive 
 carcinomas,  the  basement  membrane  is  partially  or  completely  destroyed  and  cancer 
 cells gradually attack surrounding tissues, which ultimately leading to metastatic event 
 (Weigelt & Reis-Filho, 2009). The class of invasive carcinomas comprises more than 10 
 diverse  types.  The  invasive  ductal  carcinomas  include  65–80%  of  all  breast  cancers, 
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however;  the  invasive  lobular  carcinomas  possess  5–15%  of  the  cases,  whereas  other 
 breast  cancer types such as mucinous, medullar, tubular, and apocrine carcinomas are 
 less common (0.1–4%) (Hondermarck, 2003). 


Figure 2.2: Ductal carcinoma in situ (DCIS). (Adopted from National Cancer Institute, 
 2012). 


Figure 2.3: Lobular carcinoma in situ (LCIS). (Adopted from National Cancer Institute, 
 2012). 


Besides  in  situ  and  invasive  carcinomas,  Paget’s  disease  of  the  nipple  is  a  particular 
 form  of  malignant  epithelial  tumour,  where  malignant  cells  infiltrate  the  epidermis. 
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Lastly, a number of tumors are known as benign (precancerous form) which is expected 
 that  around  6-8  years’  period  spend  between  the  appearance  of  the  primary  cellular 
 changes leading to hyperplasia and the detection of breast  tumour by mammography. 


Moreover, normal epithelial, myoepithelial, fibroblastic, and endothelial  cells are  also 
 trapped in breast tumours and consequently remain their development in a transformed 
 environment. (Hondermarck, 2003). 


2.4 Risk factors for breast cancer

Breast cancer is a complex disease that several factors contribute to cause the disease 
 and a number of risk factors have been documented to affect its development. The most 
 important risk factors are age, family history of breast cancer, reproductive history and 
 sustained exposure to endogenous steroid hormones (Chlebowski et al, 2013). Other risk 
 factors  include  exposure  to  radiation,  use  of  hormonal  contraception,  duration  of 
 breastfeeding, alcohol consumption and smoking, menopausal hormone therapy and diet 
 (Hulka & Moorman, 2001; Ellberg, 2011). 


2.4.1 Gender 


Being  a  woman  is  the  main  risk  factor  for  developing  breast  cancer.  Men  can  also 
 develop breast cancer, but this disease is about 100 times more common among women 
 than men. This is most probably because of hormones estrogen and progesterone which 
 can enhance breast cancer cell growth (Helmrich et al., 1983; Aren et al., 2012). 


2.4.2  Aging 


On  average,  women  over  60  are  more  likely  to  be  diagnosed  with  breast  cancer. 


However, this may vary for different races or ethnicities (Yancik et al., 1989). 
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2.4.3  Genetics and inheritance

Genetic susceptibility is a crucial factor to promote the development of breast cancers. 


In  general,  around  10  to  15%  of  all  breast  cancer  cases  result  from  genetic 
 predisposition  (Ghoussaini  et  al.,  2013).  Epidemiological  investigations  identified 
 several  risk  factors  that  lead  to  causing  genetic  mutation  including  radiation, 
 environmental  pollutants  and  viruses,  failure  of  the  immune  system  to  eliminate  the 
 malignancy at an early phase, irregular expression of growth factors involving epithelial 
 and  stromal  cells,  and  lastly,  inherited  genetic  defects  particularly  in  the  DNA  repair 
 genes (Irigaray et al., 2007). 


Family or hereditary history of breast cancer could be an essential risk factor to cause 
 the cancer. Almost 25% of all cases of the disease taking place in women aged less than 
 30 years (Ceber et al., 2013).  The most common cause of hereditary breast cancer is a 
 mutation in the BRCA1 and BRCA2 genes which are characterized as tumor suppressor 
 genes. Approximately 90 to 95% of familial breast cancer cases are due to abnormalities 
 of either BRCA1 or BRCA2 genes. The women with an inherited BRCA1 or BRCA2 
 mutation  might  be  affected  by  80%  chance  of  developing  breast  cancer  over  their 
 lifetime  However,  the  remaining  may  be  caused  by  other  major  tumour  suppressor 
 genes, such as p53 and ras (Keen et al., 2003; Mavaddat et al.,2012).  


Beside the tumour suppressor genes, oncogenes are also known as risk factor of breast 
 cancer.  Mutation  in  the  oncogenes  such  as  HER2,  src,  myc  and  ras  have  been 
 extensively  related  to  breast  cancers  Modifications  of  these  genes  definitely  lead  to 
 abnormal  expression  of  oncoproteins  and  consequently  result  in  malignant 
 transformation (Slamon et al., 1989). 
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2.4.4 Exposure to estrogen

Exposure to endogenous estrogen plays a significant role in the development and growth 
 of breast cancer which is known as main reason of high incidence rate of breast cancer 
 in  females.  Although  the  exact  mechanisms  remain  to  be  completely  clarified,  the 
 alkylation  of  cellular  molecules  and  the  generation  of  free  radicals  that  can  damage 
 DNA together with the potential genotoxicity of estrogen and some of its metabolites 
 (e.g., the catechol estrogens) have been associated (Clemons et al., 2001). Consequently, 
 DNA  Damaging  lead  to  triggering  mutations  in  the  epithelial  cells  in  the  breast  and 
 consequently which resulting in unregulated cell proliferation and differentiation (Arens 
 et  al.,  2012).  Intakes  of  alcohol,  fat,  antioxidant  vitamins,  and  fiber  may  influence 
 exposure to estrogen and the risk of breast cancer (Clemons et al., 2001). Furthermore, it 
 has been proved that childless women and women having children later in life are at an 
 increased risk of developing breast cancer. However, women having a first child before 
 20 years of age have a 50% reduction in lifetime breast cancer risk when compared with 
 women who do not have children. This protective effect is  mainly owing to estrogen 
 receptor positive breast cancer (Britt et al., 2007). 


2.5 Breast cancer screening 


The primary principle for breast cancer screening is to detect the breast cancers before 
 they become palpable. Early detection means the application of a technique or strategy 
 that resulting in earlier diagnosis of nonpalpable (Saslow et al., 2003). Breast cancer is a 
 progressive disease, and minor tumors are more likely to be early stage, and are more 
 successfully treated (Tabár et al., 1999).  Breast  cancers are commonly  detected using 
 different  screening  approaches  such  as  mammography,  clinical  breast  examinations 
 (CBE) and breast self-examinations (BSE) (Saslow et al., 2007).  
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2.5.1 Mammography

Mammography has been recognized for detection of breast cancer at an early stage and 
 when  followed  up  with  suitable  diagnosis  and  treatment,  to  decrease  mortality  from 
 breast  cancer  (Saslow  et  al.,  2007).  The  advantages  of  mammographic  screening  are 
 generally  recommended  for  women  aged  over  40  years  old  with  the  average  risk  of 
 breast cancer. In older women, screening decisions should be personalized concerning 
 the potential benefits and risks of mammography according to current health status and 
 estimated life expectancy (Saslow et al., 2003). Women should be aware of limitations, 
 and  potential  harms  involved  in  regular  screening.  There  are  some  limitations  in  this 
 method.  Firstly,  it  has  been  announced  that  X-rays  can  potentially  induced 
 carcinogenesis, and secondly, a breast tumor should be at least a few millimeters in size, 
 while  a  tumor  of  this  size  already  contains  several  hundred  million  cells.  Thus,  it  is 
 already  late  when  a  breast  tumor  is  detected  by  mammography.  However,  X-ray 
 mammography  is  still  the  best  approach  available  for  the  early  detection  of  breast 
 cancers (Hondermarck, 2003). 


2.5.2 Breast self- and clinical examinations 


Women in their 20s should be informed about the advantages and limitations of breast 
 self-Examination (BSE). The prompt recording of any new breast symptoms to a health 
 expert  can  be  significant  action.  For  women  in  their  20s  and  30s,  it  is  advised  to  do 
 clinical breast examination (CBE), preferably at least every three years and those aged 
 40 and over should remain clinical breast examination annually (Saslow et al., 2003).  


2.5.3 Imaging  


Numerous  dominant  imaging  diagnostic  approaches  have  been  developed  in  order  to 
 detect  breast  cancers.  These  approaches  comprise  digital  mammography,  magnetic 
 resonance  imaging  (MRI),  positron  emission  tomography  (PET),  magnetic  resonance 
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spectroscopy (MRS), scintimammography and ultrasonography (Hendrick et al., 2010). 


The  application  of  these  progressive  tools  demonstrates  a  potential  for  powerful 
 innovations in cancer diagnosis that will enhance efficiency in the detection of breast 
 cancers.  In  2007,  American  Cancer  Society  Guidelines  indicated  that  women  at  high 
 risk  of  breast  cancer  could  benefit  from  additional  screening  strategies,  such  as  MRI 
 other than mammography and physical examination. The disadvantage of this method is 
 that they are still too expensive to be used by most people. Among all cancers, breast 
 cancer is apparently the easiest to be detected over physical checkup; however most of 
 the proved breast cancer cases are at progressive stages and have metastasized to distant 
 organs (Saslow et al., 2007). 


2.5.4   Tumour markers 


Serum  tumour  markers  are  glycoproteins,  which  can  be  identified  by  monoclonal 
 antibodies. These markers include mucins,  such  as cancer antigen (CA)  15.3 and CA 
 27.29; carcinoembryonic antigen (CEA), α-fetoprotein (AFP), oncoproteins, such as c-
 erbB2, c-myc and p53; and cytokeratins, such as tissue polypeptide antigen (TPA) and 
 tissue polypeptide specific antigen (TPS) (Yerushalmi et al., 2012). Although increases 
 of these proteins in plasma are extensively associated with primary breast cancers, the 
 clinical  efficacy  in  early  detection  of  breast  cancer  are  limited  because  of  their  low 
 sensitivity or specificity (Duffy, 2013). Thus, none of the serum biomarkers have been 
 used for the early detection of breast cancers (Khatcheressian et al., 2013). Among all of 
 serum tumour markers, mucins and CEA have been suggested in monitoring the disease 
 recurrence after therapeutic treatment in advanced breast cancers (Aebi et al., 2011). 
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2.6   Modern techniques in breast cancer detection 
 2.6.1 Molecular approaches  


Recently,    molecular  approaches  have  been  proposed  more  sensitive  and  reliable 
 techniques  for  the  screening  and  detection  of  breast  cancers.  Enzymes  Linked 
 Immunosorbent  Assay  (ELISA)  is  widely  used  as  diagnostic  tools  for  breast  cancer 
 which  can  be  applied  to  breast  nipple  discharges.  Ambrosi  and  colleages  (2009) 
 developed  an  optical  enzyme-linked  immunosorbent  assay  (ELISA)  immunoassay  for 
 the analysis of CA15-3 antigen, characteized in mucins class, and useful for the follow-
 up of the clinical therapy of breast cancer. ELISA is also able to detect a new serium 
 biomarker namely mammoglobin which possess remarkable development in detection 
 of breast cancer (Batta et al., 2012). 


In  aera  of  chromosomal  analysis,  either  numerical  or  structural  modifications  in  the 
 diploid state of chromosomes in breast  epithelial cells can be signs of  pre-cancerous 
 and cancerous predisposition of the breast cancers (Nik-Zainal et al., 2014). There are 
 two  commonly  used  methods  for  detection  of    chromosomal  changes  regarding  the 
 breast  cancers;  Comparative  genomic  hybridization  (CGH)  and  Fluorescence  in  situ 
 hybridization (FISH) (Lin et al., 2012). 


2.6.2 Immunohistochemistry

Immunohistochemistry (IHC) is a protein-based method used to detect malignant cells 
 which  is  based  on  antigen–antibody  interaction  with  high  sensitivity  and  specificity. 


Among  all  well  known  breast  cancer  markers  that  can  be  detected  by  IHC,  Human 
 Epidermal  Receptor  Protein-2  (HER-2  )  is  commonly  use  (Wulfkuhle  et  al.,  2012). 


HER-2  oncogene  protein  is  a  transmembrane  glycoprotein  in  the  epidermal  growth 
 factor receptor family which is  expressed  at low levels  in breast duct  epithelium, but 


University


of  Malaya



(33)  15


amplification of the HER2 gene and protein overexpression are present in 10–20% of 
 primary breast cancers. Besides  HER-2,  the presence of estrogen receptors (ERs) and 
 progesterone receptors (PRs) can also be detected by IHC using particular antibodies. 


Estrogen and progesterone receptors are weak prognostic markers of upshot; however, 
 they  are  strong  predictive  markers  of  response  to  endocrine,  for  example,  tamoxifen-
 based    therapy  (Allred,  1998;  Fagan  et  al.,  2012).  Morover,  IHC  is  also  used  for 
 detemination the proliferative status of the malignant cells in breast cytology specimens 
 via the detection of proliferation markers,  such  PCNA, Ki-67, cyclins  and telomerase 
 (Malkas et al.,2006; Bojovic & Crowe, 2013). Immunihistochemistry asssay is also can 
 assess the expression level of pro-apoptotice and anti-apopotoic proteins such as Bax, 
 Bcl-2 and caspase 3 which are implicated in the induction of apoptosis through intrinsic 
 apoptosis pathways (Rubio et al., 2005; Karimian et al., 2015). 


In spite of all current methods for screening, detection and diagnosis of breast cancer, 
 none  has  shown  independently  potential  as  a  gold  standard  for  cancer  detection. 


Therefore, a multidisciplinary approach including pathology, physiology, cytology and 
 biochemistry should be considered as the diagnostic profile for cancer detection (Mach 
 et al., 2013). 


2.7  Treatment of breast cancer

Most women with breast cancer require some type of surgery. It depents on the stage of 
 disease, patients mainly undertake two type of surgury including lumpectomy or breast-
 conserving  surgery  and  mastectomy  which  lead  to  removing  the  whole  breast. 


Fortunetly, nowadays there is a reconstuctive surgery to replace the excised breast tissue 
 in order to prevent tragic psychological consequences (Cochrane et al., 2003; Smith et 
 al., 2013).  
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Chemptherapy  is  a  type  of  cancer  treatment  that  uses  chemical  substances  containing 
 one  drug  or  combination  of    different  anti-cancer  drugs.  It  has  been  discovered  that 
 hormone-sensitive and -insensitive breast cancers may have different metastatic patterns 
 and  consequently  sensitivities  to  chemotherapy.  This  stauts  led  to  new  strategies  that 
 include  the  assessment  of  the  extent  and  pace  of  disease  spread,  the  location  of 
 metastasis, and the estrogen and progesterone receptors of the cancer cells (Baselga et 
 al.,  2012;  Anders  et  al.,  2013).  Patients  with  significant  expression  in  a  particular 
 hormone  receptor  are  normally  suggested  to  undertake  endocrine  therapy.  The  most 
 commonly  used  endocrine  treatments  for  breast  cancers  are  the  selective  estrogen 
 receptor  modulators  (SERMs)  such  as  tamoxifen  and  raloxifene  (Jordan,  2004); 


selective estrogen receptor down-regulators (SERDs), such as fulvestrant (Howell et al., 
 2004);  gonadothropin  analogues,  such  as  goserelin  and  leuprolide  (Mounsey  et  al., 
 2006); and selective aromatase inhibitors, such as anastrozole, and lestrozole (Rose et 
 al., 2003). The majority of these agents have been revealed to be more effective than 
 previously used endocrine interventions, and their safety profiles are also much greater 
 than other therapeutic agents used in cytotoxic chemotherapy (Wolff et al., 2013; Stone 
 et al., 2013). 


For  women  with  estrogen  receptor-positive,  treatment  with  tamoxifen  for  5  years 
 significantly reduces the breast cancer mortality rate throughout the first 15 years after 
 diagnosis (Davies et al., 2013), whereas the aromatase inhibitors are 18 to 43% greater 
 more  effective  treatment  for  metastatic  breast  cancer  than  tamoxifen  for  post-
 menopausal women (Freedman et al., 2010; Johnston et al., 2013). For pre-menopausal 
 women, the best choice is SERMs only or in combination with gonadothrophin agents 
 (Palmieri  et  al.,  2014).  The  main  factor  of  the  drug  development  is  concerning  the 
 inhibition  of  specific  cellular  growth  pathways.  Among  all  well-konwn 
 chemotherapeutic drugs, docetaxel and paclitaxel from the taxane group are ideal due to 
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their  high  activity  against  breast  cancers  (Singla  et  al.,  2002;  Chang  et  al.,  2003; 


Tryfonidis  et  al.,  2013).  In  addiotion,  some  other  cytotoxic  agents  that  showed  great 
 activity against breast  cancers are doxorubicin and epirubicin which classified  in the 
 anthracycline group (Poole et al., 2006; Bao et al., 2012).   


Unfortuently,    cytotoxic  agents  can  cause  acute  side-effects  within  lifespan.  Most 
 patients treated with current  therapeutic treatments are afflicted with severe side effects 
 such as hair loss, immunosuppression, diarrhoea and bleeding (Kranz and Dobbelstein, 
 2012).  Therefore,  there  is  an  urgent  demand  in  using  inorganic  chemistry  to  identify 
 novel chemotherapeutic agents that are more effective and have minimal adverse side 
 effects.  Previous  studies  of  some  quinazolinones  and  their  derivatives  in  cancer  drug 
 development attrected great attention to invesitage our newly synthesized compounds to 
 annonce them as promising agents with better anticancer properties and less side effects.  


2.8     In vitro Experiment  
 2.8.1     Breast cancer cell lines

So  far,  51  breast  cancer  cell  lines  have  been  characterized  based  on  different  factors 
 such  as  estrogen  receptor  (ER)  or  progesterone  receptor  (PR)  positivity,  HER2 
 overexpression,  and  TP53  protein  levels  and  mutational  status  (Neve  et  al.,  2006). 


Among all well-known breast cancer cell lines, MCF-7 is the most commonly used cell 
 line  that  established  in  1973  at  the  Michigan  Cancer  Foundation  (Soule  et  al.,  1973; 


Holliday  &  Speirs,  2011).  The  popularity  of  MCF-7  is  mainly  thanks  to  its  exquisite 
 hormone  sensitivity  through  expression  of  estrogen  receptor  (ER),  introducing  it  a 
 supreme model to study hormone response (Levenson & Jordan, 1997; Simstein et al., 
 2003).  Due  to  difficulties  in  culturing  homogeneous  populations  and  severe  ethical 
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regulations surrounding obtaining human tissue for research, few breast cancer cell lines 
 have been relatively established over the past decades (Holliday & Speirs, 2011).  


ER/PR-positive  cell  lines  such  as  MCF-7  and  T47D  are  only  form  tumours  in  the 
 presence  of  estrogen  which  cell  growth  can  be  certainly  inhibited  by  anti-estrogen 
 therapy  such  as  Tamoxifen  and  Fulvestrant.  Other  breast  cancer  cell  lines  such  as 
 BT474,  MDA-MB-468  and  MDA-MB-231  have  been  also  shown  to  be  tumourigenic 
 (Holliday & Speirs, 2011). MDA-MB-231 is known as invasive ductal carcinoma and 
 considered as a hormone- independent in vitro model (ER/PR-negative cell line) which 
 has been widely used in drug development research (Kim et al., 2010; Karimian et al., 
 2014).  As  MDA-MB-231  is  hormone-independent  cell  line  and  showed  difference 
 cellular properties compared to MCF-7 cell line, we hypothesized to assess the effect of 
 newly synthesized compounds on different type of breast cancer cells. 


2.8.2    Apoptosis

Apoptosis  or  progarmmed  cell  death  (PCD)  is  a  fundamental  process  in  normal 
 development, tissue homeostasis and integrity of multicellular organisms. Thus, failure 
 to this fundamental process contributes to the development of cancer cells as these cells 
 have lost their ability to undergo cell death “naturally” (Elmore 2007). In cancer cells, 
 apoptosis  is  suppressed  and  required  to  be  triggered  which  is  a  key  factor  in  area  of 
 anticancer drug development (Hunter et al., 2007; Faraj et al., 2014). Generally, apotosis 
 is  regulated  by  a  variety  of  extracellular  and  intracellular  signals  (LeBlanc,  2003). 


Under  critical  physiologic  conditions,  apoptosis  is  initiated  in  specific  cell  types  by 
 endogenous tissue-specific agents and exogenous cell-damaging agents (Neuman et al., 
 2002).  Numerous  exogenous  events  of    apoptosis,  physical  agents  (such  as  radiation, 
 physical trauma, cold shock and chemotherapeutic drugs) and infection agents (such as 
 viruses  and  bacterial  toxin)  effect  the  most  types  of  cells  (Duckett  et  al.,  1998).    In 
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addition, internal imbalance can also cause apoptosis such as growth factors withdrawal, 
 ablation of trophic hormone and loss of matrix attachment (Caron-Leslie et al., 1991, 
 Neuman et al., 2002). 


The features of apoptosis are noticeable in morphological changes of apoptotic cell such 
 as  chromatin  condensation,  plasma  membrane  blebbing,  cell  shrinkage  and  DNA 
 fragmentation (Elmore, 2007; Platonova et al., 2012). These morphological changes can 
 be  simply  visualized  under  light  microscopy.  However,  some  other  details  such  as 
 changes  in  organelles  including  mitochondria  and  endoplasmic  reticulum  can  only  be 
 observed  via  electron  microscopy.  The  majority  of  these  changes  are  the  caused  by 
 activation  of  protease-mediated  cleavage  of  a  nuclease  inhibitor,  inhibitor  caspase-
 activated DNase (ICAD) that issues the caspase-activated DNase (CAD) (Veldhoen et 
 al., 2013). 


2.8.2.1  Apoptosis pathways

Apoptosis is mainly trigggered by two pathways; the extrinsic pathway and the intrinsic 
 pathway. The extrinsic receptor-mediated pathway activated by the death receptor and 
 the death signal proteins. In contrast, the intrinsic pathway is initiated via the release of 
 mitochondrial signaling factors within the cell. These two pathways are both connected, 
 but  triggered  from  two  distinct  mechanisms  (Fulda  &  Debatin,  2006;  Elmore,  2007; 


Zhao et al., 2013). 


Basically,  extrinsic  pathways  are  closely  associated  with  the  activating  of  death 
 receptors  (DR),  on  the  cell  surface  (Elmore,  2007).  The  largest  family  of  cell  death 
 receptors are member of tumour necrosis factor (TNF) receptor, including TNF-R1, Fas 
 (Apo-1/CD95),  TRAIL  (Apo-2/R1/R2),  D3  and  D6  (Locksley  et  al.,  2001;  Fulda  & 


Debatin, 2004). These death receptors are characterized by a cytoplasmic domain of 80 
 amino  acids  called  “death  domain”.  This  death  domain  plays  an  important  role  in 
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conveying the death signal from the cell surface to the intracellular signaling pathways 
 (Debatin & Krammer, 2004). 


The  extrinsic  pathway  can  be  initiated  though  binding  death  ligands  to  their  relavant 
 death  rceptors  under  various  extracellular  stimuli,  such  as  UV  or  gamma-irradiation, 
 chemotherapeutic drugs and heat shock (Mor et al., 2002; Fulda & Debatin, 2006). The  
 mechanism  of  each  death  ligand  seems  to  be  slightly  different  from  one  to  another 
 concering the the complexity of the recruitment of apoptotic proteins. Tumour necrosis 
 factor alpha (TNFα) is formed by the T-lymphocytes and triggered macrophages during 
 infection  and  systemic  inflammation  (Fujiwara  &  Kobayashi,  2005).Upon  ligant 
 binding,  tumour  necrosis  factor  receptor-1  (TNFR1)  produces  trimeric  clusters  which 
 will  recruit  TNFR-associated  death  domain  intracellular  adaptor  protein  (TRADD)  to 
 form the death inducing signaling complex (DISC). If TNF-associated factor 2 (TRAF2) 
 attach to the TRADD, it ultimately will lead to the activation of NFκB pathway and N-
 terminal  kinase  (JNK)  pathway  which  suppress  apoptosis  activation  (Debatin,  2004); 


however the attachment of Fas-associated death  domain protein (FADD) will resut in 
 the  activation  of  procaspase-8  and  consequently  activation  of  caspase-8  (Bao  &  Shi, 
 2007). Beside the TNF-α, FAS and TRAIL signaling pathways have been extensively 
 characterized (Hu and Kavanagh, 2003). Fas signaling is slightly different from TNFα 
 signaling.  Fas  receptor  ligand  (FasL)  binds  to  the  TNFR1  receptor  and  FADD  is 
 recruited  without  TRADD  (Berglund  et  al.,  2000).  Activation  by  FasL  leads  to  the 
 activation of caspase-8. Once caspase-8 is activated, the execution phase of apoptosis is 
 triggered via activation of effectors caspases such as caspase -3, -6 and -7 and commit 
 the  cell  to  apoptosis  (Werner  et  al.,  2002;  Elmore,  2007).  TRAIL  activation  is 
 comparable to Fas activation. TRAIL ligands are regulated by five receptor subtypes; of 
 which only TRAIL-R1 and –R2 lead to activation caspase-8 and downstream apoptosis 
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(Fulda  &  Debatin,  2004).  Morover,  after  the  activation  caspase-8,  BH3  interacting 
 domain  death  agonist  (Bid)  proteins  (from  the  Bcl-2  protein  family)  are  cleaved  to 
 truncated-Bid (tBid) proteins which induce Bax mediated mitochondrial cytochrome c
 release and consequently involved in mitochondiral events (Werner et al., 2002). 


In  contrast,  The  intrinsic  pathways  are  mediated  by  the  mitochondria  events.  The 
 intrinsic or mitochondrial pathway includes the pro-apoptotic members of Bcl-2 family 
 proteins which are responsible for the activation of caspase-9 (Fulda & Debatin, 2006; 


Elmore,  2007;  Shamas-Din  et  al.,  2013).  Several  signals  converge  on  mitochondrial, 
 including  growth  factor  withdrawal,  hypoxia,  DNA  damage  and  oncogene  induction 
 (Reed  &  Pellecchia,  2005).  In  this  pathway,  the  proapototic  protein  from  the  bcl-2 
 family such as Bax, Bak, Bid are invovled, which  activate the release of apoptogenic 
 factors  such  as  cytochrome  c,  Smac/DIABLO,  Omi/Htr  A2  and  apotosis-  including 
 factor  (AIF)  into  cytosol.  Cytochrome c   then  bind  to  an  adaptor  protein,  Apaf-1 
 (apoptotic  protease-activating  factor  1)  with  engaging  procaspase-9  form  a  complex 
 named  the  apoptosome  complex.  Ultimately,  caspase-9  is  activated  and  then  induce 
 activation  effectors  caspases.  Generally,    Caspase-3,  -6,  and  -7  act  as  effector  or 


“executioner”  caspases,  cleaving  various  substrates  including  cytokeratins,  PARP,  the 
 plasma  membrane  cytoskeletal  protein  alpha  fodrin,  that  ultimately  cause  the 
 morphological and biochemical changes seen in apoptotic cells (Boatright & Salvesen, 
 2003; Elmore, 2007; Ouyang et al.,2012). 


In  apoptotic  cells,  activated  executioner  cleaves  ICAD  to  release  CAD,  resulting  in 
 degredation  of  chromosomal  DNA  within  the  nuclei  and  causes  chromatin 
 condensation. In the meantime, Omi/HtrA2 and smac/DIABLO are involved in promote 
 caspase  activation  by  counteracting  to  inhibitor  of  apoptosis  protein  (IAP)  (Okada  & 


Mak, 2004). The death  signals  conveyed over the mitochondrial pathway  activate the 
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effector  caspases  which  lead  to  mitochondrial  dysfunction  through  depolarization, 
 increased  permeability  transition  (PT)  and  the  geneation  of  reactive  oxygen  species 
 (ROS) (Elmore, 2007; Masgras et al., 2012).  


Interestingly, MCF-7 cells do not express caspase-3 due to lack of 47 base pair of the 
 associated gene in the exon region resulting in gerenation of a stop codon that terminate 
 the translation of this protease (Janicke et al., 1998). Recently, Jenicke re-emphasized 
 the findings stated in 1998 and indicated that MCF-7 is susceptible to cell death induced 
 by TNF, staurosporine and DNA damaging agents and stressed that these cell deaths are 
 not accompanied by caspase-3 induced DNA fragmentation (Janicke, 2009). Figure 2.4 
 represents a schematic diagram of the extrinsic and intrinsic pathways of apoptosis. 


Extensive plasma membrane blebbing arises followed by separation of cell fragments 
 into apoptotic bodies during a process known “budding.” Apoptotic bodies contain of 
 cytoplasm  with  tightly  packed  organelles  with  or  without  a  nuclear  fragment.  The 
 organelle  integrity  is  still  conserved  within  an  intact  plasma  membrane.  Afterward, 
 these bodies are phagocytosed by macrophages, parenchymal cells, or neoplastic cells 
 and  degraded  within  phagolysosomes.  There  is  no  inflammatory  reaction  associated 
 with  the  process  of  apoptosis  nor  with  the  removal  of  apoptotic  cells  because:  (1) 
 apoptotic cells do not release their cellular constituents into the surrounding interstitial 
 tissue;  (2)  they  are  quickly  phagocytosed  by  surrounding  cells  thus  likely  preventing 
 secondary  necrosis;  and,  (3)  the  engulfing  cells  do  not  produce  anti-inflammatory 
 cytokines (Kurosaka et al., 2003, Elmore, 2007). Future understanding of the cell death 
 signaling pathways will provide a molecular source in order to develop the novel agents 
 via  apoptosis-associated  targets  (Ghobrial  et  al.,  2005).  Therefore,  the  novel  agents 
 might  control  some  resistance  form  of  cancer  and  also  enhance  the  efficiency  of 
 conventional chemotherapy regiments. 
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2.8.2.2   Distinguishing apoptosis from necrosis 


Necrosis  is  the  alternative  process  to  apoptosis,  which  is  considered  to  be  an 
 uncontrolled and accidental cell death that usually affects large fields of cells which is 
 triggered by poor nutrient supply and ATP depletion and ultimately cause infammatory 
 responses.  However,  apoptosis  is  controlled  and  energy-dependent  and  can  affect 
 individual  or  clusters  of  cells  without  causing  an  inflammatory  responses  (Elmore, 
 2007;  Liang  et  al.,  2010;  Sosna  et  al.,  2014).  There  are  two  main  factors  that  will 
 convert  an  ongoing  apoptotic  process  into  a  necrotic  process:  1)  a  decrease  in  the 
 availability  of  caspases  and  2)  intracellular  ATP.  Cell  is  comitted  to  undertake  either 
 necrosis or apoptosis  based on the nature of the cell death signal, the tissue type, the 
 developmental  stage  of  the  tissue  and  the  physiologic  milieu.  Since  both  process  can 
 happen  simultaneously,  it  is  not  always  easy  to  differentiate  apoptosis  from  necrosis. 


Some  of  the  major  morphological  changes  that  occur  with  necrosis  include  cell 
 swelling;  formation  of  cytoplasmic  vacuoles;  distended  endoplasmic  reticulum; 


formation  of  cytoplasmic  blebs;  condensed,  swollen  or  ruptured  mitochondria; 


disaggregation and detachment of ribosomes; disrupted organelle membranes; swollen 
 and ruptured lysosomes; and eventually disruption of the cell membrane (Zeiss, 2003; 


Zong & Thompson, 2006; Chaabane et al., 2013). This loss of cell membrane integrity 
 result  in  the  release  of  the  cytoplasmic  contents  into  the  surrounding  tissue,  sending 
 chemotatic  signals  with  eventual  involvment  of  inflammatory  cells  (Chaabane  et  al., 
 2013).  Since  apoptotic  cells  do  not  release  their  cellular  constituents  into  the 
 surrounding  interstitial  tissue  and  are  rapidly  engulfed  by  macrophages  or  adjacent 
 normal  cells,  there  is  essentially  no  inflammatory  reaction  (Dajas,  2012).  It  is  also 
 important to note that pyknosis and karyorrhexis are not exclusive to apoptosis and can 
 be  a  part  of  the  spectrum  of  cytomorphological  changes  that  occurs  with  necrosis 
 (Elmore, 2007). Unlike apoptosis, the change in necrosis at the molecular level is poorly 
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understood. Therefore, the most reliable approach to distinguish apoptosis from necrosis 
 is  relied  on  morphological  features  (Whelan  et  al.,  2012).  Table  2.1  indicates  several 
 distinct morphological features of apoptosis and necrosis. 


Table 2.1: Morphological features of apoptosis versus necrosis (Elmore, 2007).

Apoptosis   Necrosis 


Single cells or small clusters of cells  Often contiguous cells 
 Cell shrinkage and convolution   Cell swelling 


Pyknosis and karyorrhexis  Karyolysis, pyknosis, and karyorrhexis 
 Intact cell membrane   Disrupted cell membrane 


Cytoplasm retained in apoptotic bodies  Cytoplasm released 


No inflammation  Inflammation usually present 
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Figure 2.4: Extrinsic and intrinsic pathways of apoptosis (Loreto et al., 2014) 
 2.9  Free radicals and reactive oxygen species

Free radicals are chemical compounds that hold unpaired electrons in their outer electron 
 orbit. The free radicals are energetic and extremely unsteady which they consequently 
 seek other electrons to pair with to gain stability and ultimately attack and steal electrons 
 from other molecules such as lipids, proteins, DNA and carbohydrates.  Therefore, they 
 can damage DNA and cause mutation and chromosomal damage. Damaged molecules 
 lose  its  electron  and  converts  free  radicals  itself  which  lead  to  uncontrolled  chain 
 reaction  and  damage  the  natural  function  of  the  living  cell,  and  resulting  in  various 
 diseases (Valko et al., 2006).  


Reactive  oxygen  species  (ROS)  play  an  important  role  in  apoptosis  induction.  They 
 includes  free  radicals,  such  as  hydroxyl  and  superoxide  radicals  and  non-radicals 
 including  hydrogen  peroxide  and  singlet  oxygen.  Generally,  ROS  can  be  found  in  all 
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aerobic  cells  and  are  produced  by  various  endogenous  metabolic  events  such  as 
 mitochondrial  respiration  or  oxogenous  sourcs,  which  contains  UV  light,  ionizing 
 radiation, inflammatory  cytokines, smoking, alcoholic beverages, food and carbonated 
 drinks (Waris & Ahsan, 2006). When there is a great generation of ROS associated with 
 the  reduced  levels  of  antioxidants  in  the  body,  this  phenomenon  is  named  oxidative 
 stress.  Accumulating  evidences  showed  the  role  of  oxidative  stress  and  antioxidant 
 status in breast malignant cancer (Ray et al., 2000; Tas et al., 2005; Valko et al., 2006). 


There  are  two  sources  of  free  radicals  namely  endogenous  and  exogenous  sources. 


Endogenous  sources  comprise  free  radicals  formed  during  nutrient  metabolism  and 
 energy production in the mitochondria. Another endogenous source of ROS, specifically 
 in the liver, is a group of enzymes called the cytochrome P450 mixed–function oxidases. 


The biochemical reactions catalyzed by the cytochrome P450 molecules use molecular 
 oxygen, and during these reactions small amounts of ROS are produced. The level of 
 ROS generation may vary greatly relianing on the compound to be degraded and on the 
 cytochrome  P450  molecule  involved.  Cytochrome  P450  2E1  (CYP2E1)  is  a  type  of 
 cytochrome molecule that is particularly active in generating ROS (Lieber, 1997). The 
 exogenous  sources  originate  from  the  environmental  contaminants  such  as  smoking, 
 toxic chemicals, radiation, air pollution, organic solvents and pesticides (Irigaray et al., 
 2007).   
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Figure 2.5: Role of reactive oxygen species (ROS) in the development of cancer 
 (Klaunig et al., 2010). 


2.10 In vivo experiment

2.10.1  Appropriate animal models in breast cancer research 


Currently,  animal  studies  play  a  significant  role  in  the  development  of  new  cancer 
 treatment  regimens  and  the  
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