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September 2016 

 

 

Chairman:    Professor Patimah Ismail, PhD 

Faculty:         Medicine and Health Sciences 

 

 

The present study was carried out to determine the phytochemicals and the 

chemotherapeutic potentials of Allium atroviolaceum flower (FA) and bulb (BA) crude 

extracts in selected reproductive cancer cell lines, human hormone dependent breast 

cancer (MCF7), human hormone independent breast cancer (MDA-MB-2341), human 

cervical cancer (HeLa), and human liver cancer (HepG2) and non-malignant murine 

fibroblast (3T3) cell lines. 

 

 

The extracts were found to induce anti-proliferative effect on all the studied cells. 70% 

methanol extracted after 9 hours gave the most promising IC50 values. Exposure of 

breast, cervical, and liver cancer cell lines to FA and BA extracts demonstrated growth 

inhibition of cells in both dose- and time-dependent manners. The IC50 value for each 

cell line at 24, 48, and 72 hours respectively, is given as follows: MCF7 (65, 41, and 24 

µg/ml for FA, while 91, 88, and 75 µg/ml for BA), MDA-MB-231 (77, 67, and 51 

µg/ml for FA, while 150, 114, and 101 µg/ml for BA), HeLa (68, 51, and 37 µg/ml for 

FA , while 100, 98, and 74 µg/ml for BA), and HepG2 (57, 44, and 26 µg/ml for FA, 

while 97, 70, and 58 µg/ml for BA). On the other hand, the IC50 value of normal 3T3 

cell line was found to be > 100, indicating that FA and BA extracts were not cytotoxic 

to normal cells.  

 

 

In addition, the interaction of FA and BA extracts with tamoxifen (against MCF7 and 

MDA-MB-231) and doxorubicin (against HeLa and HepG2) revealed a significant 

dose-reduction in IC50 value.  

 

 

Phase contrast and fluorescent microscopy (AO/PI) analyses demonstrated apoptotic 

features after treatment with FA and BA for 24, 48, and 72 hours.  
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Analyses of DNA content and cell cycle with PI staining confirmed that the time and 

dose course treatments of FA and BA crude extracts displayed the ability in promoting 

S phase arrest, G2/M phase arrest, as well as apoptosis in MCF7, MDA-MB-231, and 

HepG2. However, the event was both time- and dose-dependent, although G0/G1 phase 

arrest was observed in HepG2 treated with BA in low concentration. Meanwhile, in 

HeLa cells, the extract enhanced only the percentage of cells present in sub-G0 in both 

time- and dose-dependent manners.  

 

 

The Annexin V assay revealed that FA and BA extracts induced cell death by 

stimulating early apoptosis in low and middle concentrations (IC25 and IC50), as well as 

shorter incubation time (24 and 48 hours), while inducing late apoptosis/necrosis in 

high concentration (IC75) and longer time course (72 hours) in all the cell lines. 

 
 

The effect of FA and BA extracts at 24 hours on activity caspases illustrated that the 

apoptotic effects of FA and BA were via activation of specific inflammatory and 

initiator caspase, which led to the activation of final effector, caspase-3 or 6. In some 

cases, increment of caspase-8 and -9 activities indicated that both extrinsic and intrinsic 

pathways were activated by those extracts that were depended on the type of cell lines. 

Moreover, the activity of caspase-3 as the main executioner caspase was evaluated with 

more time course, 48 and 72 hours. As a result, more time of exposure to both FA and 

BA led to less caspase-3 activity in MCF7 and HeLa, while in MDA-MB-231 and 

HepG2, longer time incubation resulted in more activities of caspase-3 executioner 

caspase. 

 

 

In addition, gene expression analysis using the qPCR conducted on three target genes 

(BCL2, CDK1, and p53) showed downregulation of anti-apoptotic BCL2 in MCF7, 

MDA-MB-231, and HeLa, while only FA-treated HepG2 exhibited enhanced 

apoptosis. Additionally, upregulation of p53 only after treatment with BA in MDA-

MB-231 and HepG2 illustrated induced apoptosis through a p53-dependent 

mitochondrial pathway, while p53-independent mitochondrial pathway in other treated 

cells. More to the point, CDK1 was downregulated in MCF7, MDA-MB-231, HeLa, 

and slightly in HepG2 after exposure to both extracts that might be the main 

mechanism used by both extracts to exert G2/M cell cycle arrest and ultimately, the 

final fate of cells, apoptosis. 
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LINES 

 

 

Oleh 

 

 

SOMAYEH KHAZAEI  

 

 

September 2016 

 

 

Pengerusi:     Profesor Patimah Ismail, PhD 

Fakulti:         Perubatan dan Sains Kesihatan 

 

 

Kajian ini dijalankan untuk menentukan sifat fitokimia dan evaluasi potensi agen 

kemoteraputik ekstrak mentah bunga (FA) dan bebawang (BA) Allium atroviolaceum 

terhadap sel selanjar kanser terpilih iaitu sel selanjar kanser payudara manusia yang 

bergantung kepada hormon (MCF-7), sel selajar kanser payudaya manusia yang tidak 

bergantung kepada hormon (MDA-MB-2341), sel selanjar kanser pangkal rahim 

manusia (HeLa) dan sel selanjar kanser hati manusia (HepG2) dan normal 3T3.  

 

 

Ekstrak didapati merangsang kesan anti-proliferatif ke atas semua sel-sel selanjar 

kanser yang dikaji. Ekstrak metanol 70% selama 9 jam memberikan nilai IC50 paling 

menggalakan. Rawatan dan pendedahan ekstrak FA dan BA terhadap sel selanjar 

kanser payudara, pangkal rahim dan hati menunjukkan perencatan pertumbuhan sel 

adalah bergantung kepada dos dan tempoh dedahan. Nilai IC50 untuk setiap sel selanjar 

pada 24, 48, dan 72 jam pendedahan kepada ekstrak adalah seperti berikut: MCF7 (65, 

41 dan 24 μg/ml untuk FA., manakala 91, 88 dan 75 μg/ml untuk BA.), MDA-MB-231 

(77, 67 dan 51 μg/ml untuk FA., manakala 150, 114 dan 101 μg/ml untuk BA.), HeLa 

(68, 51 dan 37 μg/ml untuk FA, manakala 100, 98 dan 74 μg/ml untuk BA.), dan 

HepG2 (57, 44 dan 26 μg/ml untuk FA., manakala 97, 70 dan 58 μg/ml untuk BA.). 

Malahan, nilai IC50 sel selanjar fibroblast normal murine (3T3) adalah melebihi 100 

μg/ml memberi indikasi bahawa esktrak FA dan BA adalah tidak toksik kepada sel-sel 

normal.  

 

 

Kajian juga mendapati interaksi ekstrak FA dan BA dengan ubat tamoxifen (terhadap 

MCF7 dan MDA-MB-231) dan doxorubicin (terhadap HeLa dan HepG2) menunjukkan 

pengurangan ketara nilai dos IC50 dengan interaksi ubat-ekstrak.  
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Analisis mikrokop fasa kontras dan mikroskop pendafluor menunjukkan ciri-ciri 

apoptotik terhadap sel-sel selanjar kanser selepas pendedahan dan rawatan terhadap FA 

dan BA selama 24, 48 dan 72 jam yang. 

 

 

Analisis kandungan DNA dan kitaran sel dengan menggunakan pewarnaan PI 

mengesahkan bahawa masa dan dos rawatan ekstrak mentah FA dan BA menyebabkan 

pengumpulan sel pada fasa S dan G2/M selain menyebabkan apoptosis pada MCF7, 

MDA-MB-231 dan HepG2. Walaupun kitaran sel adalah bergantung kepada masa dan 

dos rawatan, pengumpulan sel pada fasa G0/G1 dapat diperhatikan pada kepekatan dos 

yang rendah terhadap sel selanjar kanser HepG2 manakala terdapat penambahan 

peratusan sel pada fasa sub-G0 terhadap sel selajar kanser HeLa.  

 

 

Analisis Annexin V menunjukkan ekstrak mentah FA dan BA merangsang kematian 

sel dengan merangsang apoptosis awal pada kepekatan dos rendah dan sederhana (IC25 

dan IC50) dan juga pada waktu pendedahan yang pendek (24 dan 48 jam). Manakala 

kepekatan dos yang tiggi (IC75) dan tempoh rawatan serta dedahan yang lebih panjang 

(72 jam) menyebabkan ransangan apoptosis akhir/nekrosis pada semua sel selanjar 

kanser.  

 

 

Ekstrak mentah FA dan BA pada tempoh rawatan dan dedahan 24 jam terhadap aktiviti 

‘caspase’ menggambarkan bahawa kesan apoptotik yang disebabkan oleh ekstrak 

mentah FA. dan BA. adalah melalui pengaktifan reseptor inflamasi khusus dan pemula 

‘caspase’ yang akhirnya menyebabkan pengaktifan ‘caspase’-3 dan -6. Selain itu, 

dalam beberapa kes, bergantung kepada jenis sel selanjar kanser, peningkatan aktiviti 

‘caspase’-8 dan -9 menunjukkan bahawa ekstrak mentah Allium atroviolaceum 

menyebabkan pengaktifan kedua-dua jalur laluan intrinsik dan ektrinsik. Tambahan 

pula, aktiviti ‘caspase’-3 sebagai ‘caspase’ eksekutor utama dapat diperhatikan pada 

tempoh rawatan dan dedahan yang lebih panjang iaitu pada 48 dan 72 jam. Selain itu, 

tempoh rawatan dan dedahan yang lebih panjang terhadap ekstrak mentah FA. dan BA. 

menyebabkan pengurangan aktiviti ‘caspase’-3 dalam sel selanjar kanser MCF7 dan 

HeLa .Namun, dalam sel selanjar kanser MDA-MB-231 dan HepG2 aktiviti ‘caspase’ 

eksekutor iaitu ‘caspase’-3 menunjukkan peningkatan aktiviti seiring dengan tempoh 

rawatan dan dedahan. 

 

 

Analisis gen menggunakan qPCR yang dijalankan ke atas tiga gen sasaran (BCL2, p53, 

dan CDK1) menunjukkan regulasi menurun pada gen anti-apoptotik BCL2 pada MCF7, 

MDA-MB-231 dan HeLa, manakala hanya rawatan dan pendedahan FA. terhadap 

HepG2 menunjukkan peningkatan apoptosis. Selain itu, regulasi menaik p53 hanya 

dapat diperhatikan pada MDA-MB-231 dan HepG2 menunjukan rangsangan apoptosis 

melalui jalur laluan p53 yang berkaitan dengan mitokondria manakala bagi sel selanjar 

kanser lain, apoptosis adalah melalui jalur laluan p53 yang tidak berkaitan dengan 

mitokondria. Lebih penting lagi regulasi menurun gen CDK1 dapat diperhatikan pada 

sel selanjar kanser MCF7, MDA-MB-231, HeLa dan sedikit pada sel selanjar kanser 

HepG2 selepas rawatan dan dedahan terhadap kedua-dua ekstrak mentah yang 

mungkin menjadi mekanisma utama yang membawa kepada pengumpulan sel pada 

fasa G2/M kitaran sel dan akhirnya menyebabkan kematian sel secara apoptosis. 
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CHAPTER 1 

 

 

                                              INTRODUCTION 

 

 

1.1      Background of the Study 

  

 

Cancer is a disease of cell growth deregulation due to the reposition of mutations in a 

single cell that lead to gradual phenotypic changes, from a normal to a neoplastic cell. 

Loss or mutations of genes can lead to deregulation of abnormal amplification of 

growth signals and signal transduction pathways that conclusively transform normal 

cells into invasive cancer cells (Shen et al., 2003). 

 

 

Cancer is a major health problem worldwide (Yaacob et al., 2010). Statistics illustrate 

that cancer strikes almost one third of the population (more than 20% of all deaths) 

(Zaid et al., 2010). Despite considerable advances in treatment and early detection of 

cancer (Mathers et al, 2008), it remains a big problem for families and economies 

(Motaal and Shaker, 2011). 

 

 

Conventional, advanced and alternative treatment has indicated an evolution in cancer 

therapy (Ricki, 2005). Chemoprevention, that is a means of cancer control or reverse 

by natural or synthetic agents, is gaining attention (Amin et al., 2009), however, 

development of resistance to chemotherapeutic drugs prevents effective elimination of 

the cancer cells. In addition, cardiac and other toxicities are serious side-effects that 

cause suffering in patients (Yaacob et al., 2010). In addition, the toxicity of anticancer 

drugs to normal fast-growing cells limits their effectiveness. Resistance of cancerous 

cells to a specific drug which initially suppressed them is another problem of 

chemotherapy drugs. Hence, using several drugs in combination may be more effective 

(Alan, 2008). Furthermore, the physiological and mechanistic deregulations responsible 

for initiation and promotion of cancer signify hundreds of genes or signaling cascades. 

Therefore, it appears that multi-target drugs are necessary to overcome cancer. The 

multiple therapeutic effects of natural compounds in traditional medicine motivate 

researchers to evaluate the anti-tumor effect of natural compounds and understand their 

mechanism of action (Teitene et al., 2010). 

 

 

Natural products are considered powerful sources for novel drug discovery and 

development (Van Slambrouck et al., 2007).  

 

 

Phytochemicals, the heterogeneous class of molecules, include vitamins (carotenoids) 

and food polyphenols, such as flavonoids, phenolic acids and sulfur rich compounds. 

Biological targets of phytochemicals in mammalian cells are involved in inflammatory 

processes and oncogenic transformation, for instance variation of cell cycle control, 

apoptosis evasion and metastases (Russo et al., 2010); therefore, phytochemical agents 

might have potential as lead compounds for clinical anticancer drugs development.  
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Allium atroviolaceum (A.atroviolaceum) is a species in the genus Allium.  Allium is the 

largest genus in the widely distributed Alliaceae family (Dahlgren et al., 1985). The 

health benefits of Allium species such as garlic (A.sativum) and onion (A.cepa) have 

been known for thousands of years; however, interest in other species has been 

increasing recently (Štajner et al., 2006). The Alliums are commonly valued for food, 

medicine, and garden ornamentals, and range from plants to weeds. Onions, garlic, 

leek, chives and Welsh onions are some of the most commonly valued Alliums (Uhl, 

2000).   

 

 

In this study, crude flower (FA) and bulb (BA) extracts of A.atroviolaceum were tested 

to investigate the anti-proliferation activity of cancer cells such as human hormone-

dependent breast cancer (MCF7), human hormone-independent breast cancer (MDA-

MB-231), human cervical cancer (HeLa), human liver cancer (HepG2) and also its 

effect towards normal cells (3T3) were monitored to discover any probable harmful 

effect on normal cells. A study then was carried out with the aqueous-methanol extract 

of FA and BA to investigate their potential. The different intracellular mechanisms 

affected by FA and BA will be detailed hereafter. 

 

 

Taken together, research in the field of natural products is in high demand to help 

humans overcome many newly emerging and known diseases, particularly cancers.  

 

 

1.2      Problem Statement 

 

 

Malignant cancers are a major cause of death, and they continue to increase. While 

suitable cures and therapies are able to assist patients to recover at the primary stages, 

mortality and short survival time of malignant cancers at an advanced stage are 

inescapable (Bhattacharyya et al., 2010). In addition, chemotherapy has some 

unavoidable side effects resulting in the lack of optional cytotoxicity (Ahmed et al., 

2003) and many existing anticancer drugs share a common mechanism of action that 

could lead  to drug resistance (Alessandro et al., 2007). For these reasons, new agents 

with new mechanisms need to be developed and tested. Since the use of natural 

products in cancer chemotherapy have growth significantly, the study of mechanism 

and mode of action of plant extracts and metabolites become more important. Some 

components of Allium vegetables are reported to block several stages of carcinogenesis, 

although the underlying mechanisms of action are generally unclear. Association 

between the consumption of Allium vegetables and the risk of cancer has been assessed 

which point to lower risks for cancers of the stomach, colon, esophagus, and perhaps 

breast (Sengupta et al., 2004). Moreover, although A.atroviolaceum have been used 

traditionally as medication against various diseases, its medicinal values, particularly 

against different type of cancer have not been documented yet. This prompted us to 

investigate the effect of Allium atroviolaceum on human breast, cervical and liver 

cancers. 
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1.3      Significance of the Study 

 

 

Natural origin is defined as natural products, derivatives of natural products or 

synthetic pharmaceuticals based on natural product models (Shoeb, 2006). With only 

approximately 15% of the world’s known plant resources screened for their therapeutic 

values and over 60% of the currently used anticancer agents derived from natural 

sources including plants, marine organisms and micro-organisms, it is clear that plants 

have, and will play, a crucial role in the development of new anti-cancer agents. Due to 

few medical facilities, low income and cultural and religious beliefs, most of people in 

developing countries (~80%) use traditional medicines obtained from plants (Boukes 

and van de Venter, 2011). Natural products medicines are effective in the treatment of 

specific characteristics while also reducing side effects (Bhadury et al., 2006).  

 

 

A.atroviolaceum is one of the lesser known species of Allium; its pharmaceutical value 

remains undiscovered. Study of the anticancer effect of A.atroviolaceum and 

understanding of its effects at a molecular level may lead an effective cancer treatment 

and a promising approach to cancer control. 

 

 

1.4      Hypothesis 

 

 

The extract of aerial and underground parts of A.atroviolaceum exhibit activity against 

breast, cervical and liver tumor cells, including a selective cytostatic effect that 

potentiate use as anticancer drugs. Furthermore, the extract may contain multiple 

bioactive compounds that could work alone or in combination to restrict cell survival. 

Moreover, the extracts will demonstrate cytotoxicity towards breast, cervical and liver 

cancer cells by inducing cell death.  

 

 

1.5       Objectives 

 

 

1.5.1    General objective 
 

 

To investigate the phytochemical and cytotoxic activities of flower and bulb extracts of 

A.atroviolaceum on human breast (MCF7, MDA-MB-231), cervical (HeLa) and liver 

(HepG2) and non-malignant murine fibroblast (3T3) cell lines. 

 

 

1.5.2    Specific objectives 

 

 

1. To identify the phytochemical composition of FA and BA based on the effects 

of multi-factor experiments. 
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2. To study the in vitro cytotoxic effects of the methanol crude extracts of FA 

and BA on human hormone-dependent breast cancer (MCF7), human non-

hormone-dependent breast cancer cell line (MDA-MB-231), human cervical 

cancer (HeLa) and human liver cancer (HepG2) and non-malignant murine 

fibroblast (3T3) cell lines. 

 

 

3. To evaluate the combination effect of the crude extracts and chemotherapeutic 

drugs, tamoxifen and doxorubicin. 

 

 

4. To determine the cell cycle profile of human hormone-dependent breast 

cancer (MCF7), human non-hormone-dependent breast cancer cell line 

(MDA-MB-231), human cervical cancer (HeLa) and human liver cancer 

(HepG2) cell lines induced by FA and BA methanol extracts. 

 

 

5. To evaluate the anti-proliferative effects and apoptosis induction of FA and 

BA methanol extracts on human hormone-dependent breast cancer (MCF7), 

human non-hormone-dependent breast cancer cell line (MDA-MB-231), 

human cervical cancer (HeLa) and human liver cancer (HepG2) cell lines by 

using fluorescent microscopy (AO/PI) and flow cytometry (AnexinV). 

 

 

6. To identify the possible mechanism of cell death pathways by assessing the 

alteration in activity of caspase1,2,3,5,6,8 and 9 induced by FA and BA 

methanol extracts on human hormone-dependent breast cancer (MCF7), 

human non-hormone-dependent breast cancer cell line (MDA-MB-231), 

human cervical cancer (HeLa) and human liver cancer (HepG2) cell lines. 

 

 

7. To determine the expression of apoptotic related genes (BCL2, CDK1 and 

p53) by FA and BA methanol extracts on human hormone-dependent breast 

cancer (MCF7), human non-hormone-dependent breast cancer cell line 

(MDA-MB-231), human cervical cancer (HeLa) and human liver cancer 

(HepG2) cell lines. 
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