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ABSTRACT 

Cancer, one of the major public health problems, is the leading cause of death 

worldwide. The available protocols of treatment include surgical intervention, radiation, 

and chemotherapy which cause numerous side effects on cancer patients. Many 

phytochemicals have anticancer properties comparable to conventional drugs. The 

major benefit of these compounds is the non-toxicity nature to the normal tissues. 

Annona muricate, commonly known as Graviola, is a member of the Annonaceae 

family. It has been used for ages in traditional medicine due to its biological activities 

including antioxidant, anti-inflammatory, antimicrobial and cytotoxicity to tumour 

cells. This research investigated the antiproliferative effect of the ionic liquid-Graviola 

fruit extract (IL-GFE) on in vitro breast MCF-7 and colon HT29 adenocarcinoma cell 

lines and their cytokinetic behaviour. It also identified the mechanism of IL-GFE 

inhibition by applying a flow cytometry technique and metabolomics study and assessed 

its toxicity on in vivo zebrafish developing embryos. The process of ionic liquid-

microwave assisted extraction (IL-MAE) method was optimised by Response Surface 

Methodology for three parameters, namely time, irradiation power and solid-liquid 

ratio. The optimum extraction conditions gave a yield of Graviola fruit extract up to 

66.6 % and an average IC50 of 4.75 µg/mL for MCF-7 and 10.56 µg/mL for HT29, while 

it was safe toward normal VERO cell lines. The crude IL-GFE was fractionated using 

the combination of thin-layer chromatography and column chromatography. Six 

fractions were semi-purified and subjected to phytochemical screening and 

antiproliferative assay in which, it revealed the presence of many phytoconstituents 

such as acetogenins, alkaloids, phenols, flavonoids, tannins and terpenoids. Moreover, 

fraction B exhibited the lowest IC50 toward MCF-7 and HT29 cells at 12.6 and 13.56 

μg/mL, respectively. However, the crude IL-GFE had a better IC50 value. The crude IL-

GFE with GC-TOFMS analysis revealed the presence of many phytochemicals with 

anticancer activity such as D-psicofuranose, pentakis ether, propyldecyl cyclopropane 

carboxylate, tri-ruthenium dodecacarbonyl, N-acetylimino dimethylsulfurane, 

pyranone, carbohydrazide and benzoic acid. The cytokinetic study showed that crude 

IL-GFE and Taxol inhibited the growth of MCF-7 and HT29 cells and proved their 

antiproliferative effect when they reduced the number of cell generations of MCF-7 

from 3.71 to 1.67 and 2.18, respectively, and reduced the cell generations of HT29 cells 

from 3.93 to 2.96 and 2.01, respectively. Furthermore, the acute toxicity of IL-GFE was 

assessed on in vivo zebrafish model in which crude IL-GFE reduced the survival of 

zebrafish larvae at a relatively high dose of 250 µg/mL after 96 hpf treatment, while no 

significant changes on morphology of the treated zebrafish were recorded. The result of 

the flow cytometry also indicated that the crude IL-GFE arrested the cell cycle of MCF-

7 and HT29 at G0/G1 phase and increased the apoptotic and necrotic cells in a time-

dependent manner compared with the control group. Finally, the metabolomics analysis 

of the treated MCF-7 and HT29 cells with crude IL-GFE treatment showed an alteration 

of many metabolic pathways in treated cancer cells. In conclusion, crude IL-GFE can 

be one of the promising anticancer agents due to its selective antiproliferation against 

breast and colon cancer cells and its safety for the healthy cells.      
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 البحث  خلاصة 

بروتوكولات  ال يعد مرض السرطان من بين المشكلات الأساسية للصحة العامة وهو السبب الرئيسي للوفاة في العالم. تشمل  
والعلاج الكيميائي الذي يسبب آثاراً جانبية عديدة لدى مرضى السرطان.    ي الإشعاع و   المتاحة التدخل الجراحي   ية العلاج 

  خصائص مضادة للسرطان منافسة للأدوية التقليدية. الفائدة الرئيسية لهذه المركبات   العديد من المواد الكيميائية النباتية لها 
  ، نبتة من عائلة الأنوناسي   ، المعروفة باسم الجرافيولا   Annona muricata  . ة طبيعتها غير السمية للأنسجة السليم تكمن في  

الالتهابات  و في الطب التقليدي بسبب أنشطتها البيولوجية بما في ذلك النشاط المضاد للأكسدة    القدي منذ    ها تم استخدام 
يهدف هذا البحث إلى دراسة التأثير المضاد للسرطان   . إضافة الى السمية الخلوية للخلايا السرطانية  ، والميكروبات 

 HT29والخلايا السرطانية للقولون  MCF-7لثدي الخلايا السرطانية ل  على لمستخلص السائل الأيوني لفاكهة الجرافيولا 
مستخلص فاكهة الجرافيولا من خلال تطبيق تقنية التدفق الخلوي ودراسة    عمل تحديد آلية    إضافة الى   ، وسلوكهما الخلوي 

تم تحسين طريقة الاستخلاص بالسائل الأيوني بمساعدة الميكروويف من  أولا،  الزرد. سمكة الأيض وتقييم سميته في أجنة 
ة المادة الصلبة بالنسبة ونسب )واط(  ، قدرة التشعيع )دقيقة(  الوقت  : خلال منهجية الاستجابة السطحية لثلاثة عوامل 

٪ ومتوسط تثبيط 66.6تصل إلى  نسبة ب . أعطت ظروف الاستخلاص المثلى مستخلص الفاكهة )غرام/مل(  للسائل 
ميكروغرام/مل بالنسبة لخلايا سرطان القولون، في   10.56ميكروغرام/مل بالنسبة لخلايا سرطان الثدي و  4.75قدره 

تم تنقية مستخلص فاكهة الجرافيولا الخام باستخدام كل من  بعد ذلك،    يمة. السل   VEROحين كانت آمنة تجاه الخلايا 
تقنية كروماتوجرافيا الطبقة الرقيقة وكروماتوجرافيا العمود. تم اصطفاء ستة أجزاء نشطة وتعريضها للفحص الكيميائي 

اتية مثل الأسيتوجينات،  النباتي والنشاط المضاد للسرطان، حيث كشفت الدراسة عن وجود العديد من المركبات النب 
 50ICالقلويدات، الفينولات والفلافونويدات والتانينس والتيربينويدات. علاوة على ذلك، أظهر الجزء النشط باء أدنى 

مقارنة بالأجزاء النشطة   ، ميكروغرام/مل، على التوال  13.56و  12.6بالنسبة لخلايا سرطان الثدي والقولون عند 
  لمركبات هو الأكثر تثبيطا لخلايا سرطان الثدي والقولون مقارنة با  مستخلص فاكهة الجرافيولا الخام لكن يبقى  الأخرى. 

وجود  GC-TOFMSمستخلص فاكهة الجرافيولا الخام باستخدام الـ  ذلك، أظهر تحليل  الأخرى. بالإضافة الى  فعالة ال 
العديد من المواد الكيميائية النباتية ذات النشاط المضاد للسرطان. أظهرت دراسة الحركية الخلوية أن مستخلص فاكهة  

ضاد للسرطان عندما  الجرافيولا الخام والتاكسول حالت دون نمو الخلايا السرطانية للثدي والقولون وأثبتت تأثيرها الم 
على التوال. بينما، قللت عدد أجيال   2.18و  1.67إلى  3.71خفضت عدد الأجيال لخلايا سرطان الثدي من 

تم تقييم سمية مستخلص فاكهة  بعد ذلك،  ، على التوال. 2.01و  2.96إلى  3.93الخلايا السرطانية للقولون من 
الزرد بعد معالجتها بجرعة  سمكة ، حيث تسبب المستخلص في موت يرقات الزرد النامية  سمكة  الجرافيولا الخام على أجنة 

ساعة من العلاج، في حين لم تحدث تغييرات كبيرة على شكل يرقات    96ميكروغرام/مل، بعد    250عالية نسبيًا قدرها  
ورة الخلية للخلايا  أشارت نتيجة قياس التدفق الخلوي إلى أن مستخلص فاكهة الجرافيولا الخام أوقف د  . الزرد المعالجة 

فيما   أخيراً،  وزاد من الخلايا الميتة بسبب الموت الخلوي المبرمج والنخرية.  G0/G1السرطانية الثديية والقولونية في مرحلة 
فقد أظهر تغييرا واضحا في أيض الخلايا السرطانية المعالجة بالمستخلص. في الختام، يمكن    ، تحليل اللأيض للخلايا يخص  

المضادة للسرطان، نظراً لنشاطه الانتقائي ضد  الواعدة لص فاكهة الجرافيولا الخام واحدًا من العوامل أن يكون مستخ 
  الخلايا السرطانية للثدي والقولون وعدم تأثيره على الخلايا السليمة. 
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CHAPTER ONE  

INTRODUCTION 

1.1 BACKGROUND OF THE STUDY 

Natural plant extracts have been used for a considerable length of time by many cultures 

and civilisations for the treatment of various health problems. Over 80% of the 

worldwide population nowadays relies on natural plant extracts through conventional 

therapies. Many studies have focused on the prevention, progression, and treatment of 

cancer using natural products. However, there is still room for improvement. Currently, 

the use of synthetic chemotherapeutic drugs fails to be considered as effective 

therapeutic agents, and this is because of the greater part of severe toxic side effects to 

the normal cells. According to Ioannis et al. (2015), an alternative therapeutic approach 

that uses natural products showed more advantages with fewer side effects. 

Numerous herbs and species are used in the world such as ginger, onion, garlic, 

cardamon, coriander, and turmeric to treat many diseases. Among them, Annona 

muricata shows enormous medicinal properties. A. muricata Linn is a lowland fruit tree 

under the Annonaceae family. A. muricata is likewise commonly known as Graviola or 

Soursop or Guanabana. It is called soursop because of the sour and sweet flavour of its 

extensive fruit (Patel & Patel, 2016). The Graviola is native to the tropical zones, South 

America and Africa but is currently widely cultivated in the tropical areas around the 

world, including Southeast Asia and Southern Florida, from the ocean level to the 

altitudes of around 1150 meters. Graviola is a thin, small, and cold-intolerant tree, which 

achieves heights of 4 to 6 meters. Its edible fruits are large, heart-shaped, dark green in 
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colour, with a diameter which varies between 5-20 cm and an average weight of 0.4 to 

1.0 kg (Figure 1.1) (Daddiouaissa & Amid, 2018).  

 

Figure 1.1 Graviola fruit (Annona muricata L) 

Phytochemical analysis of the plant reveals the presence of alkaloids, phenols, 

terpenoids, flavonoids and it has an enormous potential anticancerous compound coined 

as acetogenins which assume to play a vital role towards numerous types of cancer. 

Acetogenins are potent inhibitors of NADH oxidase (nicotinamide adenine dinucleotide 

phosphate-oxidase) of the membrane mitochondrial of cancer cells. The fruit is of 

economic value and consequently cultivated and used broadly as expendable food (Patel 

& Patel, 2016).  

Cancer is a group of diseases that are still considered as one of the leading causes 

of morbidity and mortality in the world. This disease can be defined as an abnormal 

growth of cells with the potential to spread or invade to the other tissues of the body. It 

is caused by mutations in gene expression leading to disequilibrium of cell proliferation 

and cell death (Ruddon, 2007).  

Breast adenocarcinoma is one of the most cancer incidents among women, with 

an estimated 268,600 new cases, and 41,760 breast cancer (BC) deaths estimated to 

occur in the United States' women in 2019 (Siegel, Miller, & Jemal, 2019). Therefore, 
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BC is a challenge among research communities around the world; this is because of the 

BC incidence rate keep increasing by 0.4 % annually worldwide according to the final 

report conducted by Jemal and co-workers (2017). On another hand, 101,420 new cases 

of colon adenocarcinoma were estimated to occur for both sexes and 51,020 estimated 

deaths in the United States in 2019. Current protocols of treatment include radiation 

therapy, surgical intervention, and chemotherapy which induce numerous side effects 

including nausea, fatigue, vomiting, weak of the immune system and hair loss (Griffin 

et al., 1996). Thus, the search for alternative treatment is necessary. 

1.2  PROBLEM STATEMENT AND SIGNIFICANCE OF THE STUDY 

Cancer is among the most common causes of mortality in the world, with an estimation 

of 18.1 million new cancer cases and 9.6 million cancer deaths to occur in 2018 

worldwide, projected to rise by at least 70% by 2030 (Antoni et al., 2016; Bray et al., 

2018). Among of command cancer treatments are surgery, chemotherapy and 

radiotherapy. However, more people are suffering every day from the effect of 

chemotherapy which causes various kinds of undesirable side effects such as hair loss, 

weakness of the immune system, loss of appetite, hormonal fluctuation, anxiety, 

depression and some even die not because of cancer but because not able to cope with 

the side effects. In addition to that, these drugs are costly and not affordable for 

everyone especially for the patients from low-income families. The development of new 

alternative anticancer drugs from plants remains one of the most challenging areas of 

research. Graviola has various pharmacological properties namely anti-cancerous 

properties, hepatoprotective, antioxidant, antidiabetic, insecticidal and pesticidal 

properties and anti-microbial activity resulted from its phytoconstituents. Most Graviola 

bio-compounds were extracted through solvent extraction methods which present many 
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disadvantages including a large amount of extractant waste, use of hazardous and 

flammable organic solvents, potential toxicity emissions during extractions. To our 

knowledge, there are no phytochemicals extracted by ionic liquid microwave-assisted 

extraction method (IL-MAE) from Graviola fruit. IL-MAE method may be a better 

choice in producing safe compounds which are solvent-free for human consumption.  

Thus, this research aimed to investigate the therapeutic potential of the crude     

IL-GFE and its isolated active fractions as an anticancer agent. It is strongly believed 

that the discovery of anticancer properties from Graviola fruit could lead to the 

development of a new generation of anticancer drugs that possess both chemopreventive 

and chemotherapeutic properties which are safer and more influential without 

weakening the patients' health. 

1.3 RESEARCH HYPOTHESIS 

Natural products can be consumed as alternative medicine that may not have any side 

effects on individuals. Nowadays, much interest in maintaining health care and efforts 

are made to accomplish this through the extraction of plants’ compounds and evolution 

in medicinal use. Today, traditional knowledge and practices have contributed to our 

modern medicine which is attested by more than 40% of commonly prescribed 

medications throughout the world. Most of them found their origins directly or 

indirectly in plants or animals (Ahmad & Ismail, 2003). 

Different parts of Graviola have been reported and used traditionally to treat 

many types of diseases. Graviola fruits contain many useful phytochemicals therefore, 

phytochemicals from Graviola fruit may be the suitable candidate to be used as a 

chemopreventive medicine in treating cancer. 


