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ABSTRACT 

 

Annona muricata Linn. is a popular fruit tree growing in tropical countries. Its leaves 

have been extensively employed in folk medicine to treat a variety of ailments and 

diseases. In this study, anticancer, gastroprotective and wound healing properties of A. 

muricata leaves and their possible mechanisms of action were determined using in vitro 

and in vivo models. Solvent extraction yielded crude ethyl acetate extract (AMEAE), 

which demonstrated remarkable cytotoxicity against different cancer cell lines including 

A549, HT-29 and HCT-116. Hence, AMEAE anticancer property was investigated 

against the respective cell lines. In addition, in vivo chemopreventive potential of 

AMEAE was determined against azoxymethane-induced colonic aberrant crypt foci 

(ACF) in rats, and AMEAE was subjected to a bioassay-guided approach to isolate the 

cytotoxic compound and evaluate its apoptosis-inducing effect. AMEAE was found to 

induce mitochondrial-initiated events in cancer cells, as the treated cells shown disruption 

of mitochondrial membrane potential, cytochrome c leakage and elevation of Bax 

expression. Inversely, Bcl-2 expression was lowered in the treated cells. The following 

experiments suggested apoptosis induction in cancer cells, as was reflected by increase in 

total nuclear intensity, augmentation in sub-G1 cells, externalization of 

phosphatidylserine and activation of initiator (-9) and executioner (-3/7) caspases. These 

findings strongly implied that exposure of AMEAE to cancer cells have resulted in 

apoptosis induction through the intrinsic pathway. A bioassay-guided investigation on 

AMEAE led to the isolation of annonaceous acetogenin, annomuricin E which induced 

significant apoptosis-inducing effects in HT-29 cancer cells through mitochondrial-

mediated mechanism. The in vivo chemopreventive potential of AMEAE was examined 

in five groups of rats, namely negative control, cancer control and AMEAE (250, 500 

mg/kg) and positive control (5-fluorouracil). Oral treatment of AMEAE at both doses 
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decreased the formation of colonic ACF. The expression of PCNA protein, a marker of 

cell proliferation, was downregulated in treated cells and associated with upregulation of 

Bax and downregulation of Bcl-2. These results substantiated the traditional use of A. 

muricata leaves against cancer and tumors.  

The gastroprotective activity of AMEAE at two doses of 1 g/kg and 2 g/kg was examined 

against ethanol-induced gastric injury in rats. Gross and histological characterizations 

suggested the antiulcerogenic property of AMEAE. Immunostaining revealed 

upregulation of Hsp70 protein and downregulation of Bax protein. This activity was 

associated with attenuation in oxidative stress evidenced by an increase in the level of 

enzymatic antioxidants and nitric oxide and decrease in the level of malondialdehyde. 

These findings revealed promising gastroprotective potential for AMEAE, which was 

mediated through antioxidant and anti-inflammatory mechanisms.  

Wound healing potential of AMEAE (5% w/w and 10% w/w) was evaluated against 

excisional wound models in rats. Significant wound healing activity was observed after 

topical treatment with AMEAE, assessed by macroscopic and microscopic analyses. This 

was associated with a decrease in the number of inflammatory cells, supported by 

upregulation in the expression of Hsp70 protein. In addition, level of enzymatic 

antioxidants showed augmentation which led to the attenuation in the malondialdehyde 

formation. 
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ABSTRAK 

 

Annona muricata Linn. merupakan pokok berbuah yang ditanam di negara tropikal. Daun 

pokok ini telah digunakan secara meluas sebagai ubat tradisional bagi mengubati pelbagai 

penyakit. Dalan kajian ini, ciri-ciri antikanser, perlindungan gastro dan pemulihan luka 

oleh daun Annona muricata dan tindakan mekanisma yang berkemungkinan telah 

dikenalpasti dalam model in vivo dan in vitro. Pengekstrakan menggunakan pelarut 

menghasilkan ekstrak mentah etil asetat (AMEAE) yang menunjukkan tindakan 

sitotoksisiti yang amat berkesan terhadap sel-sel kanser seperti A549, HT-29 dan HCT-

116. Oleh demikian, ciri-ciri antikanser AMEAE terhadap sel-sel tersebut dikaji. Selain 

itu, potensi kemopreventif in vivo AMEAE menentang induksi ‘aberrant crypt foci’ 

(ACF) kolon yang didorong oleh azoxymetana ke atas tikus turut dikaji. Di samping itu, 

pengasingan sebatian sitotoksik AMEAE dijalankan melalui pendekatan pengasingan 

berpandukan bioesei dan kesan induksi apoptosis disiasat. Sel-sel yang dirawat dengan 

AMEAE menunjukkan induksi program diaruhkan oleh mitokondria seperti gangguan 

terhadap potensi membran mitokondria, pelepasan sitokrom c dan peningkatan ekspresi 

Bax yang diikuti dengan penurunan ekspresi Bcl-2. Seterusnya, AMEAE memulakan 

induksi apoptosis dalam sel kanser seperti peningkatan keamatan jumlah nuklear, 

penumpuan sel pada fasa sub-G1, pendedahan fosfatidilserin dan pengaktifan caspase 

pemula-9 dan pelaksana (-3/7). Penemuan ini menguatkan implikasi AMEAE dalam 

mengaruhkan tindakan apoptosis ke atas sel kanser melalui laluan intrinsik. Pendekatan 

pengasingan berpandukan bioesei terhadap AMEAE menghasilkan pengasingan sebatian 

annonaceous acetogenin, annomuricin E yang menunjukkan kesan tindakan apoptosis 

yang signifikan terhadap sel kanser HT-29 melalui mekanisme pengantaraan 

mitokondria.  Potensi kemopenghalang in vivo bagi AMEAE dikaji dalam lima kumpulan 

tikus iaitu kawalan negatif, kawalan kanser dan AMEAE (250, 500 mg/kg) dan kawalan 
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positif (5-fluorouracil). Rawatan AMEAE secara oral pada kedua-dua dos menunjukkan 

pengurangan pembentukan ACF kolon. Ekspresi protein PCNA yang merupakan penanda 

bagi poliferasi sel juga diturunkan dan diiringi dengan peningkatan kawalatur Bax dan 

penurunan kawalatur Bcl-2 dalam sel yang dirawat. Keputusan ini seterusnya menyokong 

kegunaan tradisional daun A. muricata dalam rawatan kanser dan tumor.  

Aktiviti perlindungan gastro oleh AMEAE pada dua dos, 1 g/kg dan 2 g/kg menentang 

kecederaan gastrik yang diaruhkan oleh etanol terhadap tikus juga turut diperiksa. 

Pencirian secara kasar dan kaedah histologi mencadangkan ciri-ciri antiulserogenik 

AMEAE. Kaedah pewarnaan imunosasi juga menunjukkan peningkatan kawalatur 

protein Hsp70 dan penurunan kawalatur protein Bax. Aktiviti ini seterusnya dikaitkan 

dengan tindakan penghalangan tekanan oksidatif yang dibuktikan dengan peningkatan 

aras enzim antioksida dan nitrik oksida bersama penurunan aras malondialdehid. 

Penemuan ini membuktikan potensi perlindungan gastro oleh AMEAE adalah 

berpandukan tindakan mekanisme antioksida dan antikeradangan.  

Potensi pemulihan luka bagi AMEAE (5% w/w and 10% w/w) dinilai dalam model luka 

eksisional pada tikus. Aktiviti penyembuhan luka yang signifikan didapati selepas 

rawatan secara topikal dengan AMEAE yang dinilaikan melalui kaedah analisasi 

makroskopik dan mikroskopik. Pemerhatian ini dikaitkan dengan penurunan jumlah sel-

sel keradangan yang disokong oleh peningkatan kawalatur protein Hsp70. Di samping 

itu, peningkatan aras enzim antioksida juga bertanggungjawab dalam menurunkan kadar 

pembentukan malondialdehid.  
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CHAPTER 1: INTRODUCTION 

 

The prevalence of cancer remains high worldwide despite the extensive international 

attempts to treat it, triggering the need for further effective action to minimize its growth 

(Atawodi, 2011). The increasing resistance to available chemotherapeutic drugs is a 

major obstacle to cancer therapy, as a remarkable proportion of the tumor deteriorates 

and expands its resistance, ultimately leading to multidrug resistance after exposure to 

different pharmaceuticals with prevailing compositions and cellular targets (Perez, 2009). 

Moreover, preferred anticancer pharmaceuticals are expected to exclusively target 

cancerous cells, although the various chemotherapeutic treatments currently employed 

for cancer cases cause substantial side effects, such as diarrhea, bleeding, 

immunosuppression and hair loss (Kranz & Dobbelstein, 2012). Consequently, 

discovering novel natural products and metabolites derived from animals, plants and 

microorganisms with high efficiency against malignant cells with no cytotoxicity towards 

normal cells is a huge breakthrough in scientific research. Apoptosis is a type of regulated 

programmed cell death that has attracted a great deal of interest in oncology and cancer 

treatment owing to the high potential of diverse anticancer agents to provoke apoptosis 

in different cancer cells (Elmore, 2007). Hence, extensive research on natural products 

with the ability to induce apoptosis in cancer cells that can be used individually or 

combined with other chemotherapeutic drugs has been developing, seeking to promote 

the therapeutic impacts and diminish the side effects in cancer therapy (Gurib-Fakim, 

2006). 

The treatment of ailments and diseases related to gastrointestinal disorders with natural 

products is prevalent in folk medicine worldwide. Medicinal plants are extensively 

employed against gastric ulcers as decoctions, infusions or macerates, either in alcoholic 

beverages or in water (Schmeda-Hirschmann & Yesilada, 2005). Plants, spices and herbs 
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are recognized as an arsenal of natural antioxidants that can be gastroprotective against 

diseases affected by oxidative stress and lipid peroxidation (Repetto & Llesuy, 2002). It 

is also well established that the endogenous and exogenous production of free radicals 

and reactive oxygen species (ROS) can cause severe mucosal damage and lead to 

gastrointestinal inflammation (Yoshikawa et al., 1989). Therefore, traditional plants with 

antioxidant and anti-inflammatory activities can be promising candidates against 

gastrointestinal disorders. 

Natural products possess the remarkable potential to be used for the treatment and 

management of wounds. In various countries, folklore and tribal sources employ a variety 

of plants to treat burns and wounds. The induction of healing and reconstruction of the 

damaged tissue are mediated through various mechanisms (Thakur, Jain, Pathak, & 

Sandhu, 2011). The availability and affordability of these traditional plants in 

combination with their safety have enhanced their role as popular choices for wound 

healing (Nayak & Pereira, 2006). The presence of various functional ingredients in plants 

has stimulated significant scientific interest in the examination of these plants with a view 

to exploring new wound healing agents with elevated therapeutic effects (Schmidt et al., 

2009). 

Natural products, particularly ones obtained from plants, have been employed to benefit 

humankind and preserve its well-being since the advent of medicine. Since the twentieth 

century, phytoconstituents have been an essential source for therapeutic discoveries 

(Newman & Cragg, 2012). The significance of phytochemicals in medicine and 

agriculture has attracted substantial scientific interest in the biological potential of these 

ingredients (Karim & Azlan, 2012). Despite these investigations, however, only a limited 

series of plant species has undergone comprehensive scientific assessment, and our 

understanding is relatively inadequate regarding their potential function and abilities in 

nature. Therefore, achieving a rational recognition of natural products demands wide-

Univ
ers

ity
 of

 M
ala

ya



3 
 

ranging studies and fieldwork on the biological effects of these plants and their pivotal 

phytochemicals (Jothy et al., 2012). Regarding therapeutic prospects, plants with a long 

historical background of use in ethnological medicine represent a valuable source of 

effective phytoconstituents that provide curative or health advantages against numerous 

diseases and ailments (Duraipandiyan, Ayyanar, & Ignacimuthu, 2006). One such plant 

with prevalent ethnomedicinal usage is Annona muricata. 

The effect of A. muricata leaves on various cancer cells has only been explored by basic 

cytotoxic investigations, and no detailed molecular mechanisms have hitherto been 

reported. In vivo evaluations of the possible anticancer and antitumor potential of A. 

muricata leaves have also been neglected in previous studies. Therefore, this study was 

designed to investigate in vitro and in vivo the cytotoxic properties of different extracts 

of the A. muricata leaves, followed by the determination of a bioactive compound 

responsible for the induction of apoptosis in human cancer cells. In addition, based on the 

marked antioxidant and anti-inflammatory activities reported for A. muricata leaves, this 

study sought to investigate its gastroprotective and wound healing properties and the 

factors involved.  

The specific objectives of the study were:  

1. To determine the in vitro cytotoxic activity of different extracts of the A. muricata 

leaves against various human cancer cell lines and investigate the apoptotic effects against 

human A549 lung cancer cells. 

2. To evaluate the apoptosis-inducing potential of the A. muricata leaves and their 

inhibitory effects on migration and invasion against human HCT-116 and HT-29 colon 

cancer cells. 

3. To investigate the chemopreventive potential of the A. muricata leaves against 

azoxymethane-induced colonic aberrant crypt foci in rats and to isolate, purify, and 

elucidate the structure of a bioactive compound responsible for the induction of apoptosis 
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in HT-29 cells through fractionation, applying various methods of chromatography, 

nuclear magnetic resonance spectroscopy (NMR) and mass spectrometry (MS) in a 

bioassay-guided approach. 

4. To evaluate the gastroprotective potential and the possible mechanism of A. muricata 

leaves against ethanol-induced gastric injury model in rats. 

5. To determine the wound healing effect and the possible mechanism of A. muricata 

leaves against excisional wound model in rats. 
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CHAPTER 2: LITERATURE REVIEW 

 

2.1 Cancer 

In the fifth century BC, Hippocrates noted the intractable growth and spread of tissues 

throughout the body in a family of diseases with eventual outcome of death. This 

observation was later described by the term cancer, which means “crab” in Latin (Hajdu, 

2004). Depending on the source of cells, cancers are categorized into different types, 

including carcinomas, leukemia, lymphomas and sarcomas. The uncontrollable division 

of cancer cells leads to an exponential augmentation in the number of dividing cells, 

which can form a mass of growing tissue referred to as a tumor or neoplasm. The pivotal 

factor in tumor progression is the perturbation in the homeostasis of normal tissues and 

unbalanced cell proliferation and cell differentiation, rather than the faster replication rate 

(Danial & Korsmeyer, 2004).  

Detailed scientific inspections of the underlying steps of cancer development have 

resulted in a growing consensus of opinion that changes in various biological processes 

are required to transform cells into a fully malignant state. Essential features related to 

oncogenic conversion include the avoidance of immune surveillance and apoptosis, cell 

cycle dysregulation, genomic instability, independence from growth factor signaling and 

the induction of angiogenesis (Hanahan & Weinberg, 2000). Although most or all of these 

respective traits are necessary for various stages of cancer and tumors, the bases of the 

mutations causing these changes can differ greatly with every individual case of 

malignant cancer, which progressively complicates cancer molecular mechanisms by 

orders of magnitude. Hence, thorough perspectives are necessary in studying the multi-

sequence process of cancer development (Kirienko, Mani, & Fay, 2010). However, the 

process is generally divided into three stages: initiation, promotion and progression 

(Balkwill, 2006).   
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Carcinogenesis or cancer development is triggered by non-lethal forms of DNA mutations 

that generate altered cells, known as the initiation stage (Taylor & Turnbull, 2005). For 

instance, the excessive production of ROS elevates the level of intracellular Ca (II), which 

activates calcium-dependent endonucleases and subsequent DNA mutations (Wiseman, 

Kaur, & Halliwell, 1995). A variety of factors, including the insertion of retrovirus, 

radiation, chemical carcinogens and pollution, random DNA mutations and cleavage 

during replication can induce the required genetic deficiency for the initiation stage. 

However, heritable genetic changes are responsible for certain cases (Irigaray et al., 

2007).  

The promotion stage requires the activation of uncontrollable cell division and subsequent 

generation of recognizable focal lesion. In this reversible stage, a relentless source of 

tumor stimulus is required to promote the mutated cells to the progression stage. The 

initial carcinogenic changes of a proto-oncogene to an oncogene may be intensified by 

subsequent alterations involving tumor promoters (Wiseman et al., 1995). These 

promoters are not exclusively foreign agents, and internal substances such as hormones 

and growth factors can reinforce the mutated cells that have already survived the initiation 

stage (Becker, Kleinsmith, Hardin, & Raasch, 2003).  

Progression, the final stage of cancer, is generally characterized by the tumor becoming 

aggressive and aberrant. The key traits of this stage include apoptosis evasion, the ability 

to survive in the blood stream, elevated growth rate, and drug and immune killing 

resistance, among others. Induction of the transformation stage from benign to malignant 

due to the excessive build-up of genetic alterations makes this stage irreversible (Friedl 

& Wolf, 2003; Ikushima & Miyazono, 2010). At this stage, the cell surface molecules 

and connections show various alterations that can lead to metastasis. Parting from the 

tumor and resisting the immune system allows the malignant cells to move and 

metastasize in other exposed areas of the body (Nguyen & Massagué, 2007).  
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2.1.1 Treatment of Cancer  

Extensive research over the past two decades has changed the patterns of cancer therapy 

from nonselective therapeutics to mechanism-based and specific treatments. The initial 

approach to the identification of new anticancer agents was screening for drugs with the 

strong potential to kill dividing cells (Vanneman & Dranoff, 2012). Although this mode 

of treatment remains the backbone of contemporary therapy, varying degrees of failure 

due to the notable toxicities, high acquired resistance and poor therapeutic index cause 

insufficient survival benefits (Gieseler, Rudolph, Kloeppel, & Foelsch, 2003). For 

instance, the prevalent anticancer drugs, including doxorubicin, irinotecan, platinum 

derivatives and 5-fluorouracil, nonselectively interfere with RNA and DNA metabolism 

and arrest the cell cycle in the S phase, while taxol derivatives function through mitotic 

arrest (Longley & Johnston, 2005).  

Plants have a long history of application in cancer therapy, and natural compounds of 

plant origin have provided a number of clinically principal anticancer drugs. Some of the 

plant-derived anticancer agents that have been employed clinically include camptothecin 

derivatives, docetaxel, elliptinium, etoposide, teniposide, irinotecan, topotecan, taxol, 

vincristine and vinblastine. In addition, there are other plant-derived drugs under clinical 

development that function against different molecular targets in the malignant cells, such 

as combretastatin A4 phosphate and flavopiridol (Cragg & Newman, 2005).  

Over recent years, a better understanding of molecular oncology has triggered the 

introduction of new modes of single or combined treatments, such as cancer 

immunotherapy and targeted drugs. Immunotherapy stimulates the immune system to 

annihilate tumor progression, while targeted agents aim at vital molecular targets in the 

cancer machinery in a more specific manner (Vanneman & Dranoff, 2012). For example, 

growth factor-related antibodies such as bevacizumab and cetuximab or small molecule 

kinase suppressors such as imatinib, everolimus and sorafenib directly target molecular 
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pathways involved in cell survival or death and demonstrate promising results in terms of 

survival rates for different types of cancer. More recently, the growing body of knowledge 

on programmed cell death or apoptosis has stimulated significant scientific interest in 

inhibiting malignant cells through specific targets with higher efficiency and attenuated 

adverse side effects (Ocker & Höpfner, 2012).  

2.1.2 Apoptosis  

In 1980th, Currie, Kerr and Wyllie coined the term “apoptosis”, although certain elements 

of this mode of cell death had been explained beforehand (Kerr, Wyllie, & Currie, 1972). 

The general description of apoptosis in mammalian cells was elicited from the scientific 

study of Caenorhabditis elegans (Horvitz, 1999). Invariant elimination of a certain 

number of cells during the growth cycle of this nematode provided highly accurate 

surveillance of apoptosis, which is genetically regulated by a variety of factors (Norbury 

& Hickson, 2001). In mammalian species, the role of apoptosis is more highlighted during 

the phase of development and aging; however, homeostatic and immunological 

mechanisms tightly correlate with this mode of cell death. A variety of stimuli and factors, 

both pathological and physiological, can trigger the induction of apoptosis; however, the 

response of different cells may vary based on the nature of an individual stimulation. A 

signal that kills certain cells can leave others unaffected (Elmore, 2007).  

2.1.2.1 Morphological Changes in Apoptosis 

The morphological changes of apoptosis have been clarified by various forms of 

microscopy. Light microscopy illustrates cell shrinkage and pyknosis as early 

characteristic features of apoptosis (Kerr et al., 1972). Cell shrinkage is defined by 

compact cell size, dense cytoplasm and the close packing of organelles, and as the most 

important characteristic feature of apoptosis, chromatin condensation is responsible for 

pyknosis. In the next stage, there is a budding phase in which, as a result of considerable 

blebbing of the plasma membrane accompanied by cell fragmentation and karyorrhexis, 
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apoptotic bodies are formed containing closely packed organelles, cytoplasm and 

probable nuclear fragments (Figure 2.1). In the process of apoptosis, the cellular integrity 

is preserved until the apoptotic bodies are digested by phagolysosomes, parenchymal 

cells, macrophages and neoplastic cells. Due to the maintenance of cellular integrity, 

digestion of the apoptotic cells and non-secretion of anti-inflammatory cytokines by the 

engulfing cells, the process of apoptosis is not generally accompanied by inflammatory 

reactions (Kurosaka, Takahashi, Watanabe, & Kobayashi, 2003; Savill & Fadok, 2000). 

2.1.2.2 Biochemical Changes in Apoptosis 

Apoptotic cells undergo various biochemical alterations, including DNA fragmentation, 

protein digestion, the cross-linking of proteins and phagocytic markings that make them 

structurally distinguishable (Figure 2.1) (Hengartner, 2000). Endonucleases dependent on 

Mg2+ and Ca2+ mediate DNA cleavage leading to pieces of 180 to 200 base pairs, which 

can be detected as a DNA ladder by agarose gel electrophoresis (Zhang & Ming, 2000). 

Meanwhile, tissue transglutaminase has the main role for protein cross-linking (Nemes Jr 

et al., 1996). Phagocytosis of the apoptotic cells is mediated by the expression of cellular 

ligands and diagnosis by neighboring cells. The most recognized cellular marker is 

attributed to the externalization of inward-facing phosphatidylserine on the plasma 

membrane; however, there are other known markers such as calreticulin and Annexin I 

(Bratton et al., 1997). As a recombinant protein with high affinity for phosphatidylserine, 

Annexin V is widely employed to detect phosphatidylserine externalization and the 

subsequent induction of apoptosis. On the surrounding cells, the complex of LDL-

receptor-related protein and calreticulin interacts with outward-facing phosphatidylserine 

and produces a diagnostic marker (Arur et al., 2003; Brumatti, Sheridan, & Martin, 2008; 

Gardai et al., 2005). 

As cysteinyl aspartate proteinases, caspases essentially mediate these biochemical 

apoptotic changes. These proteolytic enzymes are highly abundant in inactive proforms 
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inside cells and, after activation, can trigger a caspase cascade, leading to apoptotic 

biomodification (H. H. Park et al., 2007). Therefore, it is believed that after the activation 

of this cascade, cell death becomes an irreversible procedure. There are three main types 

of caspases based on their activities, namely inflammatory caspases (-1, -4, -5), 

executioners or effectors (-3, -6, -7) and initiators (-2, -8, -9, -10). In addition, other 

caspases including -11, -12, -13 and -14 have been identified (Kang, Wang, Kuida, & 

Yuan, 2002; Nakagawa et al., 2000; Rai, Tripathi, Sharma, & Shukla, 2005).  

2.1.2.3 Apoptosis Pathways 

The complex molecular cascades of apoptosis basically include two main apoptotic 

pathways, namely the mitochondrial or intrinsic pathway and the death receptor or 

extrinsic pathway. However, extensive research shows the linkage of the two pathways 

and a shared execution or common process. This process is triggered by caspase-3 

activation and continued by DNA breakdown, the degradation of nuclear and cytoskeletal 

proteins, the production of apoptotic bodies and finally the expression of cellular signals 

for phagocytosis (Figure 2.1) (Igney & Krammer, 2002; Martinvalet, Zhu, & Lieberman, 

2005). 
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Adopted from (Elmore, 2007) 

Figure 2.1: Scheme representing the main steps of two apoptosis pathways, namely 

extrinsic and intrinsic, associated with the execution process. 

 

 2.1.2.4 Extrinsic Pathway 

The interactions between death receptors and special ligands at the cell surface primarily 

trigger the extrinsic machinery of apoptosis (Figure 2.2) (Locksley, Killeen, & Lenardo, 

2001). The death receptor superfamily of tumor necrosis factor (TNF) is located inside 

the cell membrane, with the cytoplasmic death domain containing 80 amino acids and the 

extracellular domains containing extra cysteine residues. The death domain plays a 

pivotal role in the transformation of apoptotic signals from the cell membrane to 

intracellular structures (Ashkenazi & Dixit, 1998). The well-known receptors and their 

cognate ligands include DR5/Apo2L, DR4/Apo2L, DR3/Apo3L, TNFR1/TNF-α and 

FasR/FasL. Detailed molecular studies based on the TNFR1/TNF-α and FasR/FasL 

models reveal that upon the interaction of ligands and death receptors, a dimer of the 

death domain intervenes in the recruitment of adaptor molecules and results in the 

formation of a death-inducing signaling complex (DISC). As part of DISC, procaspase-8 
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is then autocatalyzed and triggers the execution phase (Ocker & Höpfner, 2012). This 

process can be aborted by a protein named c-FLIP through the neutralization of caspase-

8 and the death domain of the Fas ligand (Scaffidi, Schmitz, Krammer, & Peter, 1999). 

 

 

Adopted from (Ashkenazi, 2008) 

Figure 2.2: Schematic representation of the main molecules involved in apoptosis 

pathway. 

 

2.1.2.5 Intrinsic Pathway 

In the intrinsic or mitochondria-dependent pathway, non-receptor-mediated factors play 

the essential role (Figure 2.2). A variety of negative or positive factors can trigger this 
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pathway. The lack of certain cytokines, hormones and growth factors is defined as 

negative stimuli, while positive stimuli include excessive exposure to certain factors, 

including ROS, viral infections, hyperthermia, radiation, hypoxia and toxins. After 

exposure to either type of factor, the inhibition of cell death is attenuated, and the 

apoptosis machinery is activated through mitochondrially initiated events (Elmore, 2007). 

This course of events is started by attenuation of the mitochondrial membrane potential 

through the mitochondrial permeability transition pores and the leakage of two groups of 

pro-apoptotic factors (Saelens et al., 2004).  

The serine protease HtrA2/Omi, Smac/DIABLO and cytochrome c form the first pro-

apoptotic group of proteins, which is primarily responsible for activating the caspase 

cascade. The combination of cytochrome c with procaspase-9 and Apaf-1 produces the 

apoptosome complex, which subsequently autocatalyzes the initiator caspase (Hill, 

Adrain, Duriez, Creagh, & Martin, 2004). HtrA2/Omi and Smac/DIABLO suppress 

inhibitors of apoptosis proteins (IAPs). There are also other mitochondrial proteins that 

bind to IAPs and inhibit them, but gene knockout studies have demonstrated that the 

interaction between IAPs and these other proteins does not include them as pro-apoptotic 

factors (Ekert & Vaux, 2005; Schimmer, 2004).  

After cells are condemned to die, the role of a second group of released factors, including 

CAD, AIF and endonuclease G, begins with stage I of condensation. In this step, the 

translocation of AIF to the nucleus results in the cleavage of DNA into large parts and 

some nuclear condensation (Joza et al., 2001). Next, endonuclease G translocates to the 

nucleus and breaks down the large DNA parts into smaller oligonucleosomal pieces. 

Endonuclease G and AIF function caspase-independently; however, CAD is dependent 

on caspase-3 proteolytic activity for stage II of condensation. This later stage is 

accompanied by more definite DNA cleavage and chromatin condensation (Susin et al., 

2000).  

Univ
ers

ity
 of

 M
ala

ya



14 
 

The mitochondrially initiated events are tightly regulated by the Bcl-2 family of proteins 

under the function and regulation of the p53 tumor suppressor protein. Approximately 25 

members of this family are either anti-apoptotic or pro-apoptotic protein (Schuler & 

Green, 2001). Anti-apoptotic members include BAG, Bcl-XS, Bcl-x, Bcl-2, Bcl-w, Bcl-

XL, while Blk, Bim, Bid, Bax, Bik, Bad, Bcl-10 are pro-apoptotic proteins. These 

respective proteins substantially help to determine whether cells undergo apoptosis or 

suppress the procedure. This role is believed to be mediated through the control of 

cytochrome c leakage from the mitochondria. There are several proposed mechanisms for 

this process; however, none of them have been definitively substantiated (Cory & Adams, 

2002). 

As a one good illustration of cross-talk between the intrinsic and extrinsic pathways of 

apoptosis, the Bid protein can cause mitochondrial disruption through the proteolytic 

activity of caspase-8 in the Fas pathway (Igney & Krammer, 2002). Bad is generally 

located in the cytosol in its phosphorylated form, but after being unphosphorylated, it 

relocates to the mitochondria to mediate cytochrome c leakage (Yang et al., 1995; Zha, 

Harada, Yang, Jockel, & Korsmeyer, 1996). The heterodimerization of Bad with Bcl-2 

and Bcl-Xl nullifies their inhibitory roles and encourages apoptosis induction. In the 

absence of Bad, Bcl-2 and Bcl-Xl suppress the cytochrome c release and manage the 

caspase activation. In addition, there is the Aven protein, which interacts with Apaf-1 and 

Bcl-Xl and prevents the pro-caspase-9 activity. The upregulation of either Bcl-Xl or Bcl-

2 results in the reduced expression of the other protein, demonstrating the opposing 

correlation pattern between their expression levels (Newmeyer et al., 2000). 

Noxa and Puma are also considered to be important pro-apoptotic proteins. As an 

associate factor of p53-induced apoptosis, Noxa localization to the mitochondria and 

interaction with anti-apoptotic proteins triggers the pro-caspase-9 activity (Oda et al., 

2000). An in vitro study has shown that after the mediation of cell death by p53, Puma 
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overexpression is followed by the upregulation of Bax and subsequent characteristic 

alterations, collapse of the mitochondrial membrane potential and leakage of cytochrome 

c (Liu, Newland, & Jia, 2003). The dependence of Noxa and Puma on p53 activity 

suggests their potential role in apoptosis induction after oncogene stimulation and 

genotoxic disruptions. In addition, the oncoprotein Myc also plays an important role in 

mediating apoptosis in both p53-independent and -dependent manners (Elmore, 2007).    

2.1.2.6 Common Pathway 

In the last step, both the extrinsic and intrinsic pathways end in the execution phase. 

Various proteases and endonucleases are activated in this phase by effector caspases to 

cleave cytoskeletal and nuclear proteins and DNA, respectively. The effector caspases, 

including -7, -6 and -3, react with different molecular targets such as nuclear protein 

NuMA, PARP, cytokeratins and the actin-binding protein α-fodrin and subsequently 

mediate biochemical and morphological alterations (Slee, Adrain, & Martin, 2001). As 

the most pivotal effector caspase, caspase-3 can be activated by different initiator 

caspases and cleave the complex of CAD endonuclease and its suppressor (ICAD) to free 

the CAD protein. This endonuclease is responsible for chromatin condensation and DNA 

breakdown in the nucleus. In addition, the induction of apoptotic body formation and 

cytoskeletal rearrangement is attributed to caspase-3 (Nagata, 2000). Activation of the 

actin-binding protein gelsolin is also mediated by caspase-3. In healthy cells, gelsolin 

plays an essential role in the modulation of the actin cytoskeleton. After being cleaved by 

caspase-3, the gelsolin parts break down actin filaments calcium-independently and throw 

cellular transportation and signaling into disarray. The final step of apoptosis is the 

phagocytosis of apoptotic cell material (Brentnall, Rodriguez-Menocal, De Guevara, 

Cepero, & Boise, 2013). The essential mark of phagocytic digestion is considered to be 

phosphatidylserine translocation on the outer membrane and subsequent membrane 

phospholipid asymmetry. The presence of phosphatidylserine on outward-facing sites of 
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the cell surface promotes the identification of apoptotic cells for further non-

inflammatory phagocytosis and cellular clearance (Fadok, de Cathelineau, Daleke, 

Henson, & Bratton, 2001).  

2.1.3 Apoptosis and Carcinogenesis 

Resistance to apoptosis or its attenuation has a pivotal role in human malignancies. 

Cancer cells can develop apoptosis resistance or decrease through different mechanisms. 

There are three main factors for the apoptosis deficiency, namely attenuated caspase 

activity, defective death receptor signaling and perturbation in the balance of anti-

apoptotic and pro-apoptotic proteins. As one of the key players in the initiation and 

execution of apoptosis, it is evident than any impaired function or reduced activity of 

these proteins may result in the serious defect in the apoptosis progression and 

subsequently carcinogenesis (Fink & Cookson, 2005; Wong, 2011). Death receptor 

signaling can be also disrupted through different abnormalities, which leads to abortion 

of the extrinsic pathway of apoptosis. Such dysregulations include reduction in the level 

of death signals, underexpression of the receptor and defect in receptor functions. All of 

these contributing factors strengthen cancer development through disruption of the 

extrinsic pathway (Fulda, 2010; Wong, 2011).  

Among various proteins involved in apoptosis induction, the ratio between anti-apoptotic 

and pro-apoptotic proteins plays a pivotal role in the apoptosis progression, rather than 

the absolute quantity of proteins. However, changes in the expression of some genes and 

their corresponding proteins can lead to carcinogenesis through suppression of apoptosis 

in malignant cells (Hanahan & Weinberg, 2000; Wong, 2011). In the Bcl-2 family of 

proteins, the imbalance between pro-apoptotic and anti-apoptotic members results in the 

dysregulation of apoptosis in the aberrant cells. This perturbation can be due to an 

underexpression of one or few pro-apoptotic proteins or an overexpression of one or few 

anti-apoptotic proteins or their combination (Wong, 2011). 
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At the short arm chromosome 17, the tumor suppressor gene TP53 encodes one of the 

most important tumor suppressor proteins, tumor protein 53 or p53, which is named after 

its molecular weight. After its identification in 1979, extensive research has been 

performed on the underlying role of p53 in carcinogenesis. Besides apoptosis, p53 is a 

key player in different cellular mechanisms, including chromosomal segregation, DNA 

recombination, gene amplification, cell cycle regulation and development. Deficiency in 

the p53 function has been detected in more than 50% of human malignancies (Bai & Zhu, 

2006; Levine, Momand, & Finlay, 1991; Oren & Rotter, 1999).  

2.1.4 Nuclear Factor kB (NF-kB) and Carcinogenesis  

As a family of transcription factors, NF-kB has a pivotal role in the modulation of 

different cellular processes such as inflammation, immune responses and oncogenesis. 

Expression of a variety of genes involved in different facets of cancer, including 

apoptosis, migration and proliferation, is rigorously regulated by NF-kB. Perturbation in 

the NF-kB activity has been reported in various types of cancer. The growing body of 

experimental evidence supporting the functional roles of NF-kB activation in molecular 

oncology has stimulated significant scientific interest in characterizing NF-kB as a 

therapeutic target for the cancer treatment (Dolcet, Llobet, Pallares, & Matias-Guiu, 

2005). 

NF-kB family of transcription factors contains five genes, namely RelA (p65), RelB, c-

Rel, NF-κB1 (p50/p105) and NF-κB2 (p52/p100) with a mutual sequence of Rel 

Homology Domain (RHD), and produces seven proteins. The RHD is responsible for 

dimerization and attachment to DNA and specific inhibitors. NF-κB1 (p50/p105) and NF-

κB2 (p52/p100) are synthetized in an initial structure, while RelA, RelB and c-Rel are 

produced in their complete structures and their transactivation domain mediates binding 

to transcriptional factors. The proteins of p52 and p50 are matured through proteolysis of 

p105 and p100 at C-terminal ankyrin repeats by the proteasome. Although p52 and p50 
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have the DNA binding domain, but do not include transactivation domain (Karin & Ben-

Neriah, 2000).  

NF-kB can inhibit both extrinsic and intrinsic pathways of apoptosis through activation 

of some cellular factors, which subsequently suppress apoptosis proteins. The extrinsic 

pathway can be interfered through upregulation of some proteins by NF-kB. One such a 

protein is c-FLIP, which have a structural similarity with caspase-8 and compete with this 

protein for binding to DISC. However, c-FLIP does not have any protease activity and 

suppress the caspase cascade. Extensive research into the upregulation of c-FLIP in 

numerous tumors has led to the general consensus that this protein may be responsible 

for the resistance to death receptor apoptosis in certain types of cancer. In addition, NF-

kB can also target other TNF-α-related proteins like TRAF6 and TRAF2 and activate pro-

survival factors (Olsson et al., 2001; Panka, Mano, Suhara, Walsh, & Mier, 2001; Thomas 

et al., 2002; Wang, Mayo, Korneluk, Goeddel, & Baldwin, 1998).  

Upregulation of certain anti-apoptotic Bcl-2 family members and IAPs by NF-kB can 

also affect the quality of apoptosis induction. IAPs (XIAP, c-IAP1 and c-IAP2) directly 

suppress executioner caspases and subsequently abort apoptosis through both intrinsic 

and extrinsic pathways. Meanwhile, expression of anti-apoptotic proteins of the Bcl-2 

family neutralizes the activity of pro-apoptotic proteins and only suppress the 

mitochondrial dependent pathway. Furthermore, interaction between NF-kB and p53 

transcriptional activity may lead to the suppression of p53-induced apoptosis. This 

process is mediated by downregulation of p53 and expression of certain anti-apoptotic 

genes (Deveraux et al., 1998; Dolcet et al., 2005; Wang et al., 1998).  

2.1.5 Cell Cycle 

Cell replication is mediated through a chain of actions known as the cell cycle. This 

process contains two main phases, namely S and M, whereby chromosome synthesis 

(duplication) and cell mitosis are performed and result in two daughter cells. Cells are 
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separated and prepared for the respective phases by other two phases, namely G1 and G2, 

to form the full cycle of M-G1-S-G2 as demonstrated in Figure. 2.3 (Kinjyo, Weninger, 

& Hodgkin, 2015). In mammalian cells, a variety of antiproliferative and proliferative 

signals strictly regulate the quality of cell division at specific cell cycle check points. The 

checkpoints have a pivotal role to assure the precise replication of nuclear DNA through 

a detailed assessment of DNA damage (Thornton & Rincon, 2009). The cell cycle 

progression relies on the physical interactions of small serine/threonine kinases known as 

cyclin dependent kinases (CDKs) and their activating cyclin subunits. In the presence of 

unfixable DNA damages, suppression or expression of certain regulators aborts cell 

division through cell cycle arrest and apoptosis induction (Malumbres et al., 2009).  

 

 

Figure 2.3: The different phases in cell cycle. 

 

2.1.5.1 Mechanisms of Cell Cycle  

The cyclin dependent kinases (CDKs) contain at least two important subunits, namely a 

cyclin and a kinase, and are the core of the regulatory apparatus. Changes in the structures 
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of these complexes drive the cells from passing through their checkpoints and moving to 

the next stages. Phosphorylation of different proteins by CDKs leads to the inactivation 

or activation of the respective proteins and directs the cell cycle progression. In 

mammalian cells, a constellation of cyclins (D, E, A and B) is expressed along with a 

constellation of kinases (CDK4, CDK6, CDK2 and CDC2) to promote cell cycle 

progression from G1 phase to M phase. In response to growth factors or other cellular 

signals, there is accumulation of CDKs (CDK4 and CDK6) and several D-type cyclins 

(D1, D2 and D3) in the early entry of G1 phase. In the late G1 phase, expressed cyclins 

A and E establish complexes with CDK2 to mediate the G1 to S transition and DNA 

duplication (M.-T. Park & Lee, 2003). 

Since the regulation of the cell cycle progression is pivotal for appropriate proliferation 

and homeostasis, CDKs are subjected to a wealth of controls, including the 

dephosphorylation and phosphorylation of key sites on CDKs, the proteosomal 

degradation of selected regulatory proteins and transcriptional regulation of cyclin genes 

(Kirienko et al., 2010). While CDKs and their corresponding cyclins positively regulate 

cell cycle progression, there are suppressive factors, such as cyclin-dependent kinase 

inhibitors (CKIs), which inhibit this process in response to different cellular signals. 

Physical interactions between CKIs and CDKs can suppress CDKs activity. There are 

two main families of CKIs, namely INK family and CIP/KIP family. Members of the INK 

family, namely INK4D (p19), INK4C (p18), INK4A (p16) and INK4B (p15) negatively 

regulate cell cycle progression through direct association with CDK4 and CDK6, and 

prevention of their attachment with D-type cyclins. Members of the CIP/KIP family, 

namely KIP1 (p27), KIP2 (p57) and CIP1 (p21) mediate their negative regulatory effects 

through complex formation with the G1/S CDKs (Figure 2.3). Generally, KIP1 (p27) is 

highly expressed in quiescent cells. As one of the effectors of p53, CIP1 (p21) plays an 

important role in DNA damage checkpoint (Massagué, 2004; Sherr, 2000; Sherr & 
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Roberts, 1999). In the late G1 phase, there is the restriction point, which is the pivotal 

point of cell cycle regulation and irreversibly mediates the next stage of the cell cycle. 

Cyclin E-dependent kinases and cyclin D are responsible for the regulation of the 

restriction point (Adams, 2001).  

As a timer of transcriptional events and a tumor suppressor protein, the retinoblastoma 

protein (pRb) functions after being phosphorylated by activated G1-phase CDK 

complexes.  Hyper- or hypo-phosphorylated pRb can suppress or activate the E2F family 

of transcription factors. There are a host of genes, including cyclin A, cyclin E, CDK1, 

dihydrofolate reductase and thymidylate synthase, which are regulated by E2Fs and 

regulate the progression of cells through S, G2 and M phases (Harbour & Dean, 2000).  

Completion of the DNA duplication process prepares the cell to move to the next stage 

through G2 phase. A noted elevation in cyclin B expression facilities this process and 

interaction of cyclin B with CDK1 in the presence of CDC2 forms the complex of mitosis-

promoting factor (MPF). Activation of MPF is mediated by phosphorylation of CDK 1 

on a threonine residue (Thr 161) by CDC25 phosphatase. Later, the MPF complex causes 

cyclin B degradation and the initiation of anaphase through induction of the ubiquitin 

proteasome pathway. At the end, dephosphorylation of CDK1 at Thr 161 resets the cell 

cycle clock (King, Deshaies, Peters, & Kirschner, 1996; King, Jackson, & Kirschner, 

1994).  

2.1.6 Cell Cycle Control and Cancer Treatment 

Perturbation in the cell cycle regulation in different types of cancer has highlighted an 

auspicious therapeutic approach. In fact, the quiescence of cancer cells can be mediated 

by regulating appropriate restriction point control. In addition, excessive proliferation of 

cancer cells can be also employed for facilitation of apoptosis and selective treatment 

with chemotherapeutic agents (Y.-N. P. Chen et al., 1999).  

Univ
ers

ity
 of

 M
ala

ya



22 
 

Due to their important role in the cell cycle machinery, CDKs have been potential targets, 

and development of their selective inhibitors is the most promising paradigm. Extensive 

research has led to the establishment and modification of potent CDK suppressors. There 

are three main properties, which make CDK suppressors interesting therapeutic agents. 

Firstly, they can abort cell proliferation through cell cycle arrest at G1 or G2/M phases 

(Soni et al., 2001). Second, their administration alone or in combination with other 

anticancer agents can mediate apoptosis induction (Edamatsu, Gau, Nemoto, Guo, & 

Tamanoi, 2000). Third, in some cases, CDK suppression can contribute to the cell 

differentiation (Matushansky, Radparvar, & Skoultchi, 2000). 

Promising gene therapeutic approaches have been also developed, which target negative 

regulator of the cell cycle apparatus, including KIP1 (p27), CIP1 (p21) and INK4A (p16), 

to suppress cell transformation and malignancy development. If the origin of cancer is 

fully illustrated, gene therapy can provide the highest opportunity for tumor treatment. 

However, the gene delivery system should be delicately optimized for maximum transfer 

of the target gene to the specific tissue (M.-T. Park & Lee, 2003).  

2.2 Peptic Ulcer 

Duodenal and gastric ulcers give rise to peptic ulcer disease, which has been a critical 

threat to the human population worldwide since the nineteenth century, with heightened 

outbreaks and extensive fatality. Epidemiological statistics for this disorder and its 

difficulties have revealed remarkable geographic diversities in prevalence and frequency. 

Ulcer disease development and the resultant death have been correlated with the 

emergence of population growth and urbanization and were construed as a birth-cohort 

incident while the disease was at its peak in newborns during the late 19th century 

(Sonnenberg, 2006; Susser & Stein, 1962). Our knowledge of the illness improved 

significantly with the discovery of Helicobacter pylori in 1982 by Warren and Marshall 

(Warren & Marshall, 1983). This breakthrough changed the perspective on the peptic 
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ulcer disease from an acid-induced disorder to an infectious disease, revealing an 

enormous area for thorough investigation that led to the more detailed explanation of 

formerly proposed pathogenic processes (Peter Malfertheiner, Chan, & McColl, 2009).  

The current therapeutic principle is based on the theory of the collapse of acid secretion, 

which had obtained undeniable approval during and after the advent of histamine H2-

receptor antagonists. The extensive use of acid inhibitory treatment for gastric damage, 

which resolved previous surgical difficulties, was steadily replaced by a provisional 

antibiotic treatment aimed at the extermination of H. pylori infection (Peter Malfertheiner 

et al., 2007). The eradication of H. pylori to treat peptic ulcers received its utmost credit 

when Warren and Marshall were granted the Nobel Prize for Medicine and Physiology in 

2005. Yet, this discovery has not ended the challenges of peptic ulcer complications. Low 

doses of aspirin and non-steroidal anti-inflammatory drugs (NSAIDs) are increasingly 

common initiators of ulcers and their difficulties even in H. pylori-negative cases. 

Nonetheless, in addition to aspirin, NSAIDs and H pylori, there are also other uncommon 

causes of ulcer disorder (Rodríguez & Tolosa, 2007).  

2.2.1 Clinical Symptoms and Diagnosis  

The main sign of the basic peptic ulcer is epigastric ache probably accompanied by further 

dyspeptic manifestations such as nausea, a sensation of early fullness and bloating. In 

patients suffering from intestinal ulcer, the epigastric pain generally strikes during the 

night or in the food abstinence state and can typically be alleviated by food ingestion or 

acid-counteracting mediators. Approximately one-third of these cases also suffer from 

heartburn, mainly without erosive esophagitis. However, symptomless progression has 

been reported for chronic ulcers (P Malfertheiner et al., 2002). In particular, this lack of 

symptoms is observed in NSAID-driven ulcers, where perforation and upper gastric and 

intestinal bleeding could be the initial medical indication of the ailment. Bleeding is the 
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most prevalent and harsh adversity of peptic ulcers, reportedly occurring in 50–170 cases 

per 100,000, and individuals older than 60 years have the highest risk. Perforation, of 

course, occurs less frequently than bleeding, with a rate of approximately 7-10 cases per 

100,000. The infiltration of retroperitoneal organs is accompanied by continuous acute 

stinging and pain but is fortunately uncommon. Likewise, gastric outlet obstruction 

caused by ulcer-driven fibrosis rarely occurs and would promote the concept of a latent 

invasive disease (J. P. Gisbert & Pajares, 2003; Longstreth, 1995; Peter Malfertheiner et 

al., 2009).  

Endoscopy is employed for the diagnosis of a peptic ulcer, identified as a mucosal wall 

break of a least 5 mm in diameter, while the term “erosion” is used for a mucosal break 

of less than 5 mm. The 5-mm diameter is specifically used in clinical experiments and 

could vary for other considerations, as its correlation with the clinical standard of mucosal 

penetration is not yet fully clarified. The distinctive site of the intestinal ulcer is in the 

duodenal bulb, where the digestive contents infiltrate into the small intestine, and the 

number of ulcers can be notably different. Although capable of occurring at any location 

from the pylorus to the cardia, the position of preference for gastric ulcers is the angulus 

of the lesser curvature. Infrequently, kissing ulcers are detected facing the posterior and 

anterior of the duodenal bulb walls. The observation of ulcers in the more distal 

duodenum strongly implies latent ischemia, Crohn’s disease or the uncommon Zollinger-

Ellison syndrome. To diagnose gastrointestinal ulcer endoscopically and detect infection 

by H. pylori, biopsy collection should be performed from the antral and fundus or body 

mucosa using quick urease kits and histological examinations (Peter Malfertheiner et al., 

2009).  

In most developed countries, symptoms similar to ulcer in patients older than 55 years 

are normally not examined by endoscopic checkup but by non-aggressive examination 
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for H. pylori, and positive cases must be treated with effective antibiotics. The respective 

test-and-treat strategy can be rationalized based on the idea that symptoms in a number 

of patients are the result of unrevealed ulcer disorder that can be treated by H. pylori 

eradication. Furthermore, invasive disorder is rarely seen in the youthful population in 

the absence of manifestations including vomiting, weight loss, anemia and loss of appetite 

(Kenneth McColl, 2000; KEL McColl et al., 2002).  

2.2.2 Pathogenesis 

The pathogenesis of gastrointestinal ulcers has been described as a complicated process 

that mainly involves deficiency in the protective activity of mucosal wall, perturbation in 

gastric acid secretion and over-activation of pepsin. There are certain environmental 

factors that facilitate ulcer production through the augmentation of gastric acid secretion 

and attenuation of the gastric wall. These contributing factors include drug consumption, 

inordinate alcohol intake and smoking; however, except for NSAIDs, none of them have 

been described as a primary pathogenic factor (Lau et al., 2011; Rosenstock, Jørgensen, 

Bonnevie, & Andersen, 2003). In addition, the intensifying role of psychosocial 

difficulties and social problems cannot be neglected in ulcer formation, although 

duodenal ulcers have been primarily attributed to these factors only in limited cases. One 

clarifying illustration here was the notable hemorrhagic ulcers in the aged after Great East 

Japan Earthquake. Therefore, to be more accurate, the role of stress can be narrowed to 

the bleeding ulcer (Gratrix, Enright, & O'Beirne, 2007; Rosenstock et al., 2003). 

2.2.3 H. pylori-positive ulcer 

Epidemiological data have shown a close correlation between infection with H. pylori 

and gastric and duodenal ulcers. The most cogent substantiation of H. pylori as the critical 

contributing factor in ulcer development was the irreversible treatment of peptic ulcers 

after the deracination of bacterial infections. Less than 10% of H. pylori infections on the 

mucosal wall become ulcers, although over half of the world’s population is infected with 
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this bacteria. Determining factors of whether the infection will promote disease are the 

histological framework for the gastritis induction; inheritable factors; ulcerogenic strains; 

perturbations in acid secretion and gastric hormone homeostasis; interplay of H. pylori 

with the mucosal wall; and immunopathogenesis and gastric metaplasia in the duodenum 

(Peter Malfertheiner, Leodolter, & Peitz, 2000; Rauws & Tytgat, 1990).  

2.2.4 Mechanisms of Peptic Ulcer and Gastroprotection 

Preservation of the gastric mucosal barrier is highly dependent on the homeostasis 

between healthy cells and aged, damaged or death cells. It is well established that the 

gastric mucosa normally has a fast rate of exfoliation and proliferation with a three to five 

day regeneration rate. Cell homeostasis is regulated in each part of the stomach through 

apoptosis induction and involves 2% to 3% of all epithelial cells, although apoptosis 

substantially affects the higher regions of the gastric glands (Szabo & Tarnawski, 2000). 

H. pylori infection is among the critical factors that can influence the apoptotic process 

in gastric cells (Backert et al., 2000). If the gastrotoxicity of contributing factors 

overcomes the gastroprotective approaches of the human body, acute inflammation and 

the production of different proinflammatory cytokines will result (Xu et al., 2010). Then, 

the induction of acute inflammation subsequently causes neutrophil infiltration through 

the gastric mucosal barrier (La Casa, Villegas, De La Lastra, Motilva, & Calero, 2000).  

As a conserved family of proteins, heat shock proteins play a pivotal role in preserving 

cells from stressful and destructive states. The folding of new proteins and refolding of 

structurally flawed proteins is the main responsibility of these molecular chaperones 

(Rokutan, 2000). Hsp70 (70 kDa), a member of the heat shock protein family, is 

plentifully expressed in multiple cellular regions such as the nucleus, cytosol, 

endoplasmic reticulum and mitochondria to protect cells against various types of stress, 

including heat shock, oxidative damage, infection, toxic factors, heavy metals and 

ischemia. The expression of Hsp70 can be reduced during the peptic ulcer formation, 

Univ
ers

ity
 of

 M
ala

ya



27 
 

intensifying inflammatory responses (Konturek et al., 2001; Robert, Ménoret, Basu, 

Cohen, & Srivastava, 2001). 

As the rate-limiting enzyme, cyclooxygenase (COX), with its two isoforms COX-1 and 

COX-2, is responsible for the production of prostaglandin H2 from arachidonic acid. To 

preserve physiological homeostasis and contribute to prostaglandin production, the 

regular expression of COX-1 in various tissues is required, while the role of COX-2 is 

more highlighted in inflammatory reactions through the stimulation of different factors 

such as growth factors, hormones, cytokines and mitogens (Church, Fleshman, & 

McLeod, 2003). It is believed that COX-1 suppression contributes to ulcerogenic side 

effects (Kurumbail, Kiefer, & Marnett, 2001).   

2.2.5 Etiology and Management of Ulcers 

Previously, it was believed that the induction of ulcers by NSAID was mediated through 

the attenuation of mucosal surface hydrophobicity and ion trapping. More recently, it was 

demonstrated that the inhibition of prostaglandin production is a contributing factor in 

NSAID-induced ulcers. The identification of COX-1 and COX-2 greatly encouraged 

pharmacological companies to create new NSAIDs that can selectively target COX-2. 

However, while these NSAIDs cause less gastrointestinal damage, the possibility has not 

been totally eliminated (Lanas et al., 2007; Wallace, 2008). 

Animal studies have demonstrated that the interaction of gastric microcirculation with 

neutrophils plays a pivotal role in triggering NSAID damage. Neutrophil adherence to the 

vascular endothelium mediates gastric damage through ROS 

 production, protease liberation and the disturbance of gastric blood flow. The alleviation 

of ulcer formation after the suppression of neutrophil adherence in animal studies 

substantiated this pathogenic mechanism of NSAIDs (Fiorucci, Santucci, & Distrutti, 

2007; Wallace, Keenan, & Granger, 1990). The growing body of experimental evidence 

supports the protective role of hydrogen sulfide (H2S) and nitric oxide (NO) for the gastric 
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mucosal barrier. H2S and No encourage mucus production, suppress neutrophil adherence 

and elevate gastric blood flow. Therefore, NSAIDs that promote the release of H2S and 

No were found to have greatly reduced destructive effects. In humans, the role of 

neutrophils in the initiation of NSAID-induced injury remains under investigation 

(Fiorucci et al., 2007).  

The alleviation of acid secretion is the most essential approach to managing NSAID-

mediated gastric damage. Acid production apparently intensifies gastric ulcers through 

its aggravation of mucosal lesions, interference in platelet activity and disruption of the 

healing process (Papatheodoridis, Sougioultzis, & Archimandritis, 2006). The chance of 

ulcer difficulties such as bleeding is four-fold higher in cases consuming NSAIDs than in 

normal patients. Other contributing factors include the high-dose intake of NSAIDs; the 

simultaneous consumption of anticoagulants, aspirin or corticosteroids; comorbidities; a 

history of gastric related problems; and old age (Huang, Sridhar, & Hunt, 2002; Peter 

Malfertheiner et al., 2009).  

In 1910, Karl Schwarz began the innovation of the first generation of antiulcer drugs 

based on targeting the molecular systems of the mucosal barrier and acid production, but 

only an exiguous number of agents were medically approved to date (Schwarz, 1910). 

The healing and management of ulcers were completely transformed after the 

introduction of H2-receptor antagonists. However, these antagonists were gradually 

replaced by other therapeutic agents named PPIs (proton-pump inhibitors), which also 

function through the suppression of acid production. PPIs were established in 1989 and 

target parietal cells for the selective inhibition of H+K+ ATPase. Based on the close 

correlation between the severity of ulcers and the level of acid production, PPIs were 

widely acknowledged as the standard ulcer treatment. However, the reoccurrence of 

ulcers after the treatment period convinced pharmacologists to ensure the continuation of 

the drug consumption and suppression of the acid production even for years. Then, the 
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revolution of ulcer therapy by the introduction of antibiotic treatment against H. pylori 

changed this pattern (Fellenius et al., 1981; J. Gisbert et al., 2001; Peter Malfertheiner et 

al., 2009).  

Another group of antiulcer pharmaceutical agents was designed to function against 

aspirin and NSAIDs and reinforce the mucosal wall. In this group, as a prostaglandin 

analogue, misoprostol was commonly employed; however, its adverse side effects have 

restricted its consumption. In addition, bismuth salts and sucralfate mediate ulcer 

treatment through the strength of the mucosal barrier. The attenuation of H. pylori 

infection and acid production also partially contributes to the therapeutic effect of 

sucralfate (F. K. Chan et al., 2002; Ford, Delaney, Forman, & Moayyedi, 2004). The 

limited antibiotic effect of bismuth salts against H. pylori enables them to be employed 

as complementary treatment with antibiotics. In the last few decades, typical 

cytoprotective agents were replaced by a new efficient therapy that applies PPIs and 

antibiotic treatment against ulcers induced by gastrotoxic agents and H. pylori, 

respectively (Peter Malfertheiner et al., 2009).   

2.3 Wound Healing  

Wounds, especially chronic wounds, are devitalizing afflictions that affect a patient’s 

recuperation process and severely reduce quality of life. Recent research on the Western 

pharmacopeia revealed that only 1%–3% of the recorded drugs are acceptable for skin-

related afflictions involving wounds. In contrast, almost one-third of herbal medicines 

may be efficiently employed for such a purpose (Hayouni et al., 2011). Hence, novel 

medications derived from natural products with the capability of healing wounds have 

become a thriving approach as a means to improve curative impacts and accelerate the 

wound-healing process (Kumar, Vijayakumar, Govindarajan, & Pushpangadan, 2007). 

2.3.1 Mechanisms of Wound Healing 

Wound healing is a dynamic procedure involving four overlapping, nonstop, and 
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accurately organized phases, namely coagulation, inflammation, proliferation and 

maturation (Gouin & Kiecolt-Glaser, 2011; Vidinský et al., 2006). Every phase must 

occur in an accurate and structured routine. Prolongation, disruption or deviation of the 

procedure can result in long-lasting wound healing or an incurable chronic wound. In 

optimum wound healing, these four phases consist of the following processes in adult 

individuals: (I) instant hemostasis; (II) inflammatory responses; (III) migration, 

reproduction and differentiation of mesenchymal cells to the wound area; (IV) 

appropriate angiogenesis; (V) rapid re-epithelialization (re-development of epithelial 

tissue around the wound area); and (VI) suitable synthesis, cross-linking, and association 

of collagen to strengthen the tissue in recovery (Gosain & DiPietro, 2004). Immediately 

after wounding, the first stage of hemostasis instigates straightaway with vascular 

compression and expansion of the fibrin clot. Consequently, the clot and adjacent wound 

tissue secrete growth factors and pro-inflammatory cytokines such as platelet-derived 

growth factor (PDGF), transforming growth factor (TGF)-β, epidermal growth factor 

(EGF) and fibroblast growth factor (FGF). After control of the bleeding, chemotaxis 

occurs, which is the migration of inflammatory cells into the wound leading to promotion 

of the inflammatory stage, which is marked by the successive permeation of neutrophils, 

macrophages and lymphocytes. The removal of intruding microbes and cellular detritus 

in the wound site is a crucial role of neutrophils; however, these cells also generate 

materials such as ROS and proteases, which result in some further side damage (Campos, 

Groth, & Branco, 2008; Gosain & DiPietro, 2004).  

Macrophages perform multiple functions in the wound healing process. In the early phase 

of wound incidence, macrophages produce cytokines that stimulate the inflammatory 

reaction by employing and triggering supplementary leukocytes. In addition, 

macrophages can control the induction and removal of apoptotic cells (involving 

neutrophils), thereby preparing the pathway for inflammation activity. While 

Univ
ers

ity
 of

 M
ala

ya



31 
 

macrophages remove these apoptotic cells, they undergo a phenotypic change to a 

recovering condition that activates fibroblasts, angiogenesis and keratinocytes to induce 

tissue reinforcement. Thus, macrophages support the transformation to the proliferative 

state of healing (Meszaros, Reichner, & Albina, 2000; Mosser & Edwards, 2008).  

After the inflammatory cells and macrophages, T-lymphocytes drift towards wounds, and 

their presence peaks throughout the late proliferation and initial maturation phases. The 

function of T-lymphocytes is not fully understood and is currently an area of rigorous 

scrutiny. Numerous investigations indicate that overdue T-cell permeation and reduced 

T-cell aggregation in the wound area are correlated with debilitated wound healing, as 

other studies have reported that CD 4+ cells (helper T cells) play a beneficial role in 

wound healing, while CD 8+ cells (suppressor-cytotoxic T cells) exhibit a preventive 

function in wound healing (J. E. Park & Barbul, 2004; Swift, Burns, Gray, & DiPietro, 

2001). Remarkably, an in vivo study performed by Gawronska-Kozak et al. (Gawronska‐

Kozak, Bogacki, Rim, Monroe, & Manuel, 2006) in mice lacking in both T- and B-cells 

revealed that the maturation phase is devitalized in the absence of lymphocytes. 

Furthermore, epidermis gamma-delta T-cells control several facets of wound healing, 

with functions that include preserving tissue structure, shielding against pathogens and 

adjusting inflammation. Due to their distinctive dendritic (branched form) morphology, 

these cells are also known as dendritic epidermal T-cells (DETCs). DETCs are stimulated 

by agitated, impaired, or distorted keratinocytes and generate keratinocyte growth factors, 

fibroblast growth factor 7 (FGF-7), and insulin-like growth factor-1 to maintain 

keratinocyte reproduction and cell vitality. Additionally, DETCs produce chemokines 

and cytokines that participate in the induction and balancing of the inflammatory reaction 

in the course of wound healing. While interference between keratinocytes and epidermis 

gamma-delta T-cells is a factor in the preservation of ordinary skin and wound restoration, 
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mice with the absence of skin gamma-delta T-cells reveal interruption in wound closing 

and a reduction in the propagation of keratinocytes at the wound area (Jameson & Havran, 

2007; Mills, Taylor, Podshivalova, McKay, & Jameson, 2008).  

The proliferation phase, in general, follows and overlaps with the inflammation phase and 

is identified by epithelial division and movement over the temporary matrix surrounding 

the wound (re-epithelialization). In the recovering dermis, the most prominent cell types 

are endothelial cells and fibroblasts, which sustain collagen production, capillary 

development and the construction of granulation tissue at the injury area. Within the site 

of the wound, fibroblasts give rise to collagen in addition to proteoglycans and 

glycosaminoglycans, which happen to be main factors of the extracellular matrix (ECM). 

After potent proliferation and ECM production, the ultimate maturation phase of wound 

healing begins, which can continue for years. The restoration of numerous newly 

produced blood vessels happens in this phase, allowing the vascular density of the wound 

to return to normal. One of the essential characteristics of the maturation phase is the 

transformation of the ECM to a structure that matches the normal tissue. In addition, the 

wound undergoes physical constriction throughout the wound-healing procedure, which 

is evidently facilitated by flexible fibroblasts (myofibroblasts) that are developed in the 

wound (Campos et al., 2008; Gosain & DiPietro, 2004).  

2.3.2 Wound Healing Therapeutic Potential of Phytochemicals 

The investigation of wound healing medications is an ongoing process in modern 

biomedical studies, and the exploration of plant-derived compounds represents a major 

chapter of this research. The utilization of herbs and their extracts dates back to the 

prehistoric cultures of the East as well as Africa and of Indigenous American and 

Indigenous South American civilizations. Over 50% of all medications in experimental 

use with a natural product source reveal the significance of plants as an origin of 
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medicinal agents (Davis & Perez, 2009). Wound healing stimulation by plant-derived 

products is mainly characterized by high admissibility and desirable toleration (Jagetia, 

Venkatesha, & Reddy, 2003). Although various natural products have been declared to 

possess therapeutic effects, many of them do not represent well-conducted scientific 

records and must be analyzed with regard to the active chemical combinations and 

clarification of the molecular process of their activities (Dulak, 2005). 

The wound healing mechanism is stimulated by a number of natural products composed 

of active components such as flavonoids, triterpenes and alkaloids (Sumitra, Manikandan, 

& Suguna, 2005). Curcumin derived from Curcuma longa, asiaticoside from Centella 

asiatica, quercetin, isorhamnetin and kaempferol derivatives of Hippophae rhamnoides, 

phenolic acids from Chromolaena odorata, β-sitosterol and glycoprotein from the gel of 

Aloe vera, fukinolic acid and cimicifugic acids from Cimicifuga sps., proanthocyanidins 

and resveratrol derived from Vitis vinifera, oleanolic acid from Anredera diffusa, acylated 

iridoid glycosides extracted from Scrophularia nodosa and xyloglucan from Tamarindus 

indicus are a few of the significant plant-derived compounds effective in wound healing, 

which have been examined through in vivo trials (Ayyanar & Ignacimuthu, 2009).  

While in vitro investigations are exceedingly critical to determine the primary suitable 

amount of possible compounds, further in vivo examinations are required to determine 

the impact of different factors such as the antimicrobial component in wound exudate, 

antimicrobial peptides and growth factors. Alongside the limited clinical experiments 

certifying their application for therapeutic involvement in wound remedies, further 

investigations are required with meticulous and reproducible compound preparations 

(Davis & Bouzari, 2004). 
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2.4 Annona muricata  

A. muricata L., locally known as sirsak, paw-paw, guanabana, graviola and soursop, is a 

member of the Annonaceae family, which contains approximately 2,300 species and 130 

genera (Leboeuf, Cavé, Bhaumik, Mukherjee, & Mukherjee, 1980; Mishra, Ahmad, 

Kumar, & Sharma, 2013). A. muricata belongs originally to the tropical countries in North 

and South America but currently has a wide distribution throughout subtropical and 

tropical areas of the world, including Nigeria, Malaysia and India (S. O. Adewole & 

Caxton-Martins, 2006). A. muricata is an erect, terrestrial evergreen tree of 5-8 m in 

height and shows a roundish, open canopy with dark green, glossy, large leaves. The 

heart-shaped green fruits of the tree are edible and reach 15-20 cm in diameter (Figure 

2.4)  (de Souza, Benassi, da Silva, Afonso, & Scarminio, 2009). There are numerous data 

in the literature showing various biological activities of A. muricata, which exhibits anti-

arthritic (P. Chan, Ah, & Mh, 2010), anticancer (Asare et al., 2015), anticonvulsant 

(N'gouemo, Koudogbo, Tchivounda, Akono-Nguema, & Etoua, 1997), antidiabetic and 

hypolipidemic (Adeyemi, Komolafe, Adewole, Obuotor, & Adenowo, 2009), anti-

inflammatory and anti-nociceptive (Hamid, Foong, Ahmad, & Hussain, 2012), 

antioxidant (George, Kumar, Suresh, & Kumar, 2014), antihypertensive (Nwokocha et 

al., 2012), antiparasitic (Osorio et al., 2007), hepatoprotective and bilirubin-lowering 

(Arthur, Terlabi, Larbie, & Woode, 2012), insecticidal (Ribeiro, Akhtar, Vendramim, & 

Isman, 2014) and molluscicidal activities (Dos Santos & Sant'Ana, 2001). Univ
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Figure 2.4: (A) Whole tree, (B) leaves, (C) flowers and (D) fruits of A. muricata. 

 

2.4.1 Ethnomedicinal Usage of A. muricata  

 
Different parts of the A. muricata tree, like other Annona species such as A. reticulata 

and A. squamosa, are prevalently employed in ethnomedicine for various diseases and 

ailments, especially parasitic infections and cancer. The leaves are used to treat 

headaches, diabetes, insomnia and cystitis. In addition, neuralgic and anti-rheumatic 

effects have also been attributed to the internal administration of the leaf’s decoction, 

while topical administration of the cooked leaves is used against rheumatism and 

abscesses. As a natural medicine, the fruits are used for skin rushes and parasites, and 

they are also consumed to augment a mother’s milk after childbirth (S. O. Adewole & 

Caxton-Martins, 2006; De Sousa, Vieira, De Pinho, Yamamoto, & Alves, 2010; Mishra 

et al., 2013). The crushed seeds are considered to possess anthelmintic effects against 

parasites, internal and external worms. In tropical Africa, the plant is used as an 

astringent, insecticide and piscicide agent and to treat coughs, pain and skin diseases. In 

tropical areas of Africa such as Nigeria and in South America, A. muricata leaves are 
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used as a traditional medicine against cancer and tumors (S. Adewole & Ojewole, 2009). 

In Malaysia, the combination of A. muricata crushed leaves with Hibiscus rosa-sinensis 

and A. squamosa is employed to protect against fainting (Ong & Norzalina, 1999). In 

India, the leaves and root-bark are believed to possess anthelmintic and antiphlogistic 

effects, while the flower and fruit are used as a catarrh treatment (S. Adewole & Ojewole, 

2009; Watt & Breyer-Bnodwijk, 1962). Moreover, hypotensive, sedative, antispasmodic, 

smooth muscle relaxant, hypoglycemic and anti-inflammatory effects have also been 

reported for the roots, leaves and bark of A. muricata (S. O. Adewole & Caxton-Martins, 

2006; Mishra et al., 2013). In addition to its traditional usage, there is widespread use of 

the fruits in the production of shakes, ice creams, syrups, candy and beverages (Jaramillo-

Flores & Hernandez-Sanchez, 2000; Wu, Gu, et al., 1995). 

 

2.4.2 Phytochemicals of A. muricata 

Thorough phytochemical research on all portions of the A. muricata tree has revealed the 

existence of different classes of compounds, namely phenolics (PLs) (Jiménez, 

Gruschwitz, Schweiggert, Carle, & Esquivel, 2014), alkaloids (ALKs) (Leboeuf et al., 

1980; Leboeuf et al., 1981), flavonol triglycosides (FTGs) (Nawwar et al., 2012), 

megastigmanes (MGs) (Matsushige, Matsunami, Kotake, Otsuka, & Ohta, 2012), 

essential oils and cyclopeptides (CPs) (Figure 2.4, Table 2.1) (Kossouoh, Moudachirou, 

Adjakidje, Chalchat, & Figuérédo, 2007; Pélissier et al., 1994). However, like other 

Annona species, A. muricata is well-known to possess a variety of acetogenin compounds 

(AGEs) (Rupprecht, Hui, & McLaughlin, 1990). In addition, as a rich source of minerals, 

including Fe, Na, K, Mg and Cu, the A. muricata fruit can supply certain required 

elements and essential nutrients for the human body (Gyamfi et al., 2011). 
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2.4.3 Essential Oil of A. muricata 

A phytochemical investigation on A. muricata leaves gathered from Vietnam reported 

major volatile oil constituents of β-elemene (9.1%), α-pinene (9.4%), ρ-mentha-2,4(8)-

diene (9.8%), germacrene D (18.1%) and β-pinene (20.6%) (Thang, Dai, Hoi, & 

Ogunwande, 2013). In addition, α-cadinol, epi-α-cadinol and δ-cadinene have been 

identified as other significant phytoconstituents in the leaf oil extracts (Kossouoh et al., 

2007). GC analysis of A. muricata leaves gathered from Cameroon revealed the existence 

of mostly sesquiterpenes, with β-caryophyllene as the major compound (Fekam Boyom, 

Amvam Zollo, Menut, Lamaty, & Bessière, 1996). The essential oil of the fruit pulp 

contained esters of aliphatic acids with significant phytoconstituents of 2-hexenoic acid 

ethyl ester and 2-hexenoic acid methyl ester. Moreover, high concentrations of mono- 

and sesquiterpenes such as linalool, 1,8-cineole and β-caryophyllene were identified in 

the fruit pulp (Jirovetz, Buchbauer, & Ngassoum, 1998). 

2.4.4 Annonaceous Acetogenins of A. muricata 

AGEs are a unique class of C-35/C37 secondary metabolites derived from long chain (C-

32/C34) fatty acids in the polyketide pathway. They are usually characterized by a 

combination of fatty acids with a 2-propanol unit at C-2 that forms a methyl-substituted 

α,β-unsaturated γ-lactone (Alali, Liu, & McLaughlin, 1999). Since the isolation of 

uvaricin from Uvaria accuminata in 1982, over 500 AGEs have been characterized from 

various members of the Annonaceae family (McLaughlin, 2008; Tempesta, Kriek, & 

Bates, 1982). Due to their broad biological activities and unique chemical structures, 

AGEs have attracted substantial scientific attention over the past few decades. A wide 

array of biological activities such as pesticidal, antiparasitic and antimalarial activity have 

been reported for AGEs (Alali et al., 1999; Carmen Zafra-Polo, Figadère, Gallardo, 

Tormo, & Cortes, 1998). However, the biological characterization of AGEs is generally 

evaluated based on suppressive activity against the mitochondrial complex I and cancer 
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cells (Chih, Chiu, Tang, Chang, & Wu, 2001; Zafra-Polo, González, Estornell, Sahpaz, 

& Cortes, 1996). Extensive biological and phytochemical research on A. muricata has led 

to the isolation of more than 100 AGEs, as shown in Table 2.1 and Figure 2.5.  

 

Table 2.1: Annona muricata isolated chemical compounds. CP: cyclopeptide; PL: 

phenolic; AGE: annonaceous acetogenin; ALK: alkaloid; FTG: flavonol triglycoside; 

MG: megastigmane.  

Plant part  Compound Class Biological activity References  

Fruits  annonaine  ALK anti-depressive  (Hasrat, Bruyne, 
BACKER, 
Vauquelin, & 
Vlietinck, 1997; 
Hasrat, Pieters, De 
Backer, Vauquelin, 
& Vlietinck, 1997) 

Fruits  nornuciferine  ALK anti-depressive  (Hasrat, Bruyne, et 
al., 1997; Hasrat, 
Pieters, et al., 1997) 

Fruits  asimilobine ALK anti-depressive  (Hasrat, Bruyne, et 
al., 1997; Hasrat, 
Pieters, et al., 1997) 

Fruits epomusenin-A AGE - (Melot, Fall, Gleye, 
& Champy, 2009) 

Fruits  epomusenin-B  AGE - (Melot et al., 2009) 
Fruits  epomurinin-A  AGE - (Melot et al., 2009) 
Fruits  epomurinin-B   AGE - (Melot et al., 2009) 
Fruits  cis-annoreticuin AGE - (Ragasa, Soriano, 

Torres, Don, & 
Shen, 2012) 

Fruits  muricin J  AGE toxicity against PC-
3 cancer cells 

(Sun, Liu, Kadouh, 
Sun, & Zhou, 2014)

Fruits  muricin K AGE toxicity against PC-
3 cancer cells 

(Sun et al., 2014) 

Fruits  muricin L  
 

AGE toxicity against PC-
3 cancer cells 

(Sun et al., 2014) 

Fruits  cinnamic acid derivative PL - (Jiménez et al., 
2014) 

Fruits coumaric acid hexose  PL - (Jiménez et al., 
2014) 

Fruits 5-caffeoylquinic acid PL - (Jiménez et al., 
2014) 

Fruits dihydrokaempferol-
hexoside 

PL - (Jiménez et al., 
2014) 

Fruits p-coumaric acid PL - (Jiménez et al., 
2014) 
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Fruits caffeic acid derivative  PL - (Jiménez et al., 
2014) 

Fruits dicaffeoylquinic acid PL - (Jiménez et al., 
2014) 

Fruits  feruloylglycoside PL - (Jiménez et al., 
2014) 

Fruits 4-feruloyl-5-
caffeoylquinic acid 

PL - (Jiménez et al., 
2014) 

Fruits p-coumaric acid methyl 
ester 

PL - (Jiménez et al., 
2014) 

Leaves, 
Pericarp 

annomuricin A  AGE toxicity against 
brine shrimp, HT-
29, MCF-7 and 
A549 cancer cells 

(Jaramillo, Arango, 
Gonzalez, Robledo, 
& Velez, 2000; 
Wu, Gu, et al., 
1995) 

Leaves annomuricin B AGE toxicity against 
brine shrimp, HT-
29, MCF-7 and 
A549 cancer cells 

(Wu, Gu, et al., 
1995) 

Leaves annomuricin C AGE toxicity against 
brine shrimp, HT-
29, MCF-7 and 
A549 cancer cells 

(Wu, Zeng, et al., 
1995b) 

Leaves annomuricin E AGE toxicity against HT-
29 and PACA-2 
cancer cells 

(Kim, Zeng, Alali, 
Rogers, Wu, 
McLaughlin, et al., 
1998) 

Leaves annomutacin AGE toxicity against 
A549 cancer cells 

(Wu, Zhao, et al., 
1995) 

Leaves (2,4-cis)-10R-
annonacin-A-one 

AGE toxicity against 
A549 cancer cells 

(Wu, Zhao, et al., 
1995) 

Leaves (2,4-trans)-10R-
annonacin-A-one 

AGE toxicity against 
A549 cancer cells 

(Wu, Zhao, et al., 
1995) 

Leaves annohexocin AGE toxicity against 
brine shrimp and 
different cancer 
cells 

(Zeng, Wu, & 
McLaughlin, 1995) 

Leaves muricapentocin AGE toxicity against HT-
29 and PACA-2 
cancer cells 

(Kim, Zeng, Alali, 
Rogers, Wu, 
McLaughlin, et al., 
1998) 

Leaves (2,4-cis)-isoannonacin AGE - (Wu, Zeng, et al., 
1995a) 

Leaves, 
Seeds 

(2,4-trans)-isoannonacin AGE - (D.-Y. Li et al., 
2001; Wu, Zeng, et 
al., 1995a) 

Leaves muricatocin A AGE toxicity against 
A549 cancer cells 

(Wu, Zeng, et al., 
1995a) 

Leaves muricatocin B AGE toxicity against 
A549 cancer cells 

(Wu, Zeng, et al., 
1995a) 

Leaves muricatocin C AGE toxicity against 
brine shrimp, HT-
29, MCF-7 and 
A549 cancer cells 

(Wu, Zeng, et al., 
1995b) 
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Leaves, 
Seeds 

gigantetronenin AGE - (D.-Y. Li et al., 
2001; Wu, Zeng, et 
al., 1995b) 

Leaves,  
Seeds, 
Pericarp 

annonacin A AGE - (Jaramillo et al., 
2000; Wu, Zeng, et 
al., 1995a; Yu, Gui, 
Luo, & Sun, 1998) 

Leaves annopentocin A AGE toxicity against 
PACA-2 cancer 
cells  

(Zeng, Wu, 
Oberlies, 
McLaughlin, & 
Sastrodihadjo, 
1996) 

Leaves annopentocin B AGE toxicity against 
A549 cancer cells 

(Zeng et al., 1996) 

Leaves annopentocin C AGE toxicity against 
A549 cancer cells 

(Zeng et al., 1996) 

Leaves cis-annomuricin-D-one AGE toxicity against 
PACA-2, HT-29 
and A549 cancer 
cells 

(Zeng et al., 1996) 

Leaves trans-annomuricin-D-
one 

AGE toxicity against 
PACA-2, HT-29 
and A549 cancer 
cells 

(Zeng et al., 1996) 

Leaves murihexocin A AGE toxicity against 
different cancer 
cells 

(Zeng, Wu, Gu, & 
McLaughlin, 1995) 

Leaves murihexocin B AGE toxicity against 
different cancer 
cells 

(Zeng, Wu, Gu, et 
al., 1995) 

Leaves murihexocin C AGE toxicity against 
different cancer 
cells 

(Kim, Zeng, Alali, 
Rogers, Wu, 
Sastrodihardjo, et 
al., 1998) 

Leaves muricoreacin AGE toxicity against 
different cancer 
cells 

(Kim, Zeng, Alali, 
Rogers, Wu, 
Sastrodihardjo, et 
al., 1998) 

Leaves cis-corossolone AGE toxicity against 
human hepatoma 
cells 

(Liaw et al., 2002) 

Leaves annocatalin  AGE toxicity against 
human hepatoma 
cells 

(Liaw et al., 2002) 

Leaves annocatacin B AGE toxicity against 
human hepatoma 
cells 

(Chang et al., 2003) 

Leaves  anonaine ALK neurotoxic  (Fofana, Ziyaev, 
Abdusamatov, & 
Zakirov, 2011; 
Matsushige, 
Kotake, et al., 
2012) 

Leaves  isolaureline  ALK - (Fofana et al., 
2011) 
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Leaves xylopine  ALK - (Fofana et al., 
2011) 

Leaves Quercetin 3-O-α-
rhamnosyl-        (1→ 6)-
β-sophoroside  

FTG - (Nawwar et al., 
2012) 

Leaves gallic acid  FTG - (Nawwar et al., 
2012) 

Leaves epicatechine  FTG - (Nawwar et al., 
2012) 

Leaves quercetin 3-O-rutinosid FTG - (Nawwar et al., 
2012) 

Leaves  quercetin 3-O-
neohispredoside  

FTG - (Nawwar et al., 
2012) 

Leaves quercetin 3-O-
robinoside  

FTG - (Nawwar et al., 
2012) 

Leaves catechine  FTG - (Nawwar et al., 
2012) 

Leaves chlorogenic acid  FTG - (Nawwar et al., 
2012) 

Leaves argentinine (1-N,N-
dimethylethanyl- 
4,6-dimethoxy-3,8-
dihydroxy-
phenanthrene)  

FTG - (Nawwar et al., 
2012) 

Leaves kaempferol 3-O-
rutinoside  

FTG - (Nawwar et al., 
2012) 

Leaves quercetin 3-O-glucoside  FTG - (Nawwar et al., 
2012) 

Leaves quercetin  FTG - (Nawwar et al., 
2012) 

Leaves kaempferol  FTG - (Nawwar et al., 
2012) 

Leaves annonamine  ALK - (Matsushige, 
Kotake, et al., 
2012) 

Leaves (S)-norcorydine  ALK - (Matsushige, 
Kotake, et al., 
2012) 

Leaves (R)-4′-O-
methylcoclaurine  

ALK - (Matsushige, 
Kotake, et al., 
2012) 

Leaves (R)-O,O-
dimethylcoclaurine  

ALK - (Matsushige, 
Kotake, et al., 
2012) 

Leaves annoionol A  MG - (Matsushige, 
Matsunami, et al., 
2012) 

Leaves annoionol B  MG - (Matsushige, 
Matsunami, et al., 
2012) 

Leaves annoionol C  MG - (Matsushige, 
Matsunami, et al., 
2012) 

Univ
ers

ity
 of

 M
ala

ya



42 
 

Leaves annoionoside  MG - (Matsushige, 
Matsunami, et al., 
2012) 

Leaves vomifoliol  MG - (Matsushige, 
Matsunami, et al., 
2012) 

Leaves roseoside  MG - (Matsushige, 
Matsunami, et al., 
2012) 

Leaves turpinionoside A  MG - (Matsushige, 
Matsunami, et al., 
2012) 

Leaves citroside A  MG - (Matsushige, 
Matsunami, et al., 
2012) 

Leaves blumenol C  MG - (Matsushige, 
Matsunami, et al., 
2012) 

Leaves (+)-epiloliolide  MG - (Matsushige, 
Matsunami, et al., 
2012) 

Leaves loliolide  MG - (Matsushige, 
Matsunami, et al., 
2012) 

Leaves (1S,2S,4R)-trans-2-
hydroxy-1,8-cineole β-
D-glucopyranoside  

MG - (Matsushige, 
Matsunami, et al., 
2012) 

Leaves (Z)-3-hexenyl β-D-
glucopyranoside  

MG - (Matsushige, 
Matsunami, et al., 
2012) 

Leaves  rutin  MG - (Matsushige, 
Matsunami, et al., 
2012) 

Leaves  kaempferol 3-O-
rutinoside  

MG - (Matsushige, 
Matsunami, et al., 
2012) 

Leaves  kaempferol 3-O-
robinobioside  

MG - (Matsushige, 
Matsunami, et al., 
2012) 

Leaves kaempferol 3-O-β-D- 
(2′′-O-β-D-
glucopyranosyl,6′′-O-α-
L-
rhamnopyranosyl)gluco
pyranoside  

MG - (Matsushige, 
Matsunami, et al., 
2012) 

Roots montecristin AGE - (C Gleye et al., 
1997) 

Roots cohibin A AGE - (Christophe Gleye 
et al., 1997) 

Roots cohibin B AGE - (Christophe Gleye 
et al., 1997) 

Roots cis-solamin AGE - (Gleye, Duret, 
Laurens, 
Hocquemiller, & 
Cavé, 1998) 
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Roots cis-panatellin AGE - (Christophe Gleye 
et al., 1998) 

Roots cis-uvariamicin IV AGE - (Christophe Gleye 
et al., 1998) 

Roots cis-uvariamicin I AGE - (Christophe Gleye 
et al., 1998) 

Roots cis-reticulatacin AGE - (Christophe Gleye 
et al., 1998) 

Roots cis-reticulatacin-10-one AGE - (Christophe Gleye 
et al., 1998) 

Roots chatenaytrienin 1 AGE - (Christope Gleye et 
al., 1998) 

Roots chatenaytrienin 2 AGE - (Christope Gleye et 
al., 1998) 

Roots chatenaytrienin 3 AGE - (Christope Gleye et 
al., 1998) 

Roots muridienin 3 AGE  - (Christope Gleye et 
al., 1998) 

Roots muridienin 4 AGE - (Christope Gleye et 
al., 1998) 

Roots muricadienin AGE - (Christope Gleye et 
al., 1998) 

Roots coronin AGE - (Gleye, 
Akendengue, 
Laurens, & 
Hocquemiller, 
2001) 

Roots, 
Fruits 

sabadelin AGE - (Gleye, Laurens, 
Laprévote, Serani, 
& Hocquemiller, 
1999; Ragasa et al., 
2012) 

Seeds murisolin  AGE - (MYINT et al., 
1990) 

Seeds muricatacin AGE toxicity against HT-
29, MCF-7 and 
A549 cancer cells 

(Rieser, Kozlowski, 
Wood, & 
McLaughlin, 1991) 

Seeds, 
Leaves, 
Pericarp 

annonacin AGE neurotoxic, 
molluscicidal, 
inhibitor of 
mitochondrial 
complex I 

(Champy et al., 
2004; Escobar-
Khondiker et al., 
2007; Jaramillo et 
al., 2000; Luna et 
al., 2006; Rieser et 
al., 1991; Wu, Gu, 
et al., 1995) 

Seeds, 
Leaves 

corossolone  AGE toxicity against KB 
cancer cells and 
brine shrimp larva, 
antileishmanial 

(Cortes et al., 1991; 
Liaw et al., 2002; 
Vila-Nova et al., 
2013; Vila-Nova et 
al., 2011) 

Seeds corossolin  AGE toxicity against KB 
cancer cells and 
brine shrimp larva 

(Cortes et al., 1991) 
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Seeds, 
Roots, 
Leaves 

solamin  AGE toxicity against KB 
and VERO cancer 
cells 

(Christophe Gleye 
et al., 1998; Hla 
Myint et al., 1991; 
Liaw et al., 2002) 

Seeds corepoxylone AGE - (Gromek, Figadère, 
Hocquemiller, 
Cavé, & Cortes, 
1993) 

Seeds, 
Leaves 

annonacin-10-one AGE - (Rieser, Fang, 
Rupprecht, et al., 
1993; Wu, Gu, et 
al., 1995) 

Seeds isoannonacin AGE molluscicidal, 
anticancer 

(Luna et al., 2006; 
Rieser, Fang, 
Rupprecht, et al., 
1993) 

Seeds isoannonacin-10-one AGE - (Rieser, Fang, 
Rupprecht, et al., 
1993) 

Seeds, 
Leaves 

goniothalamicin AGE molluscicidal  (Luna et al., 2006; 
Rieser, Fang, 
Rupprecht, et al., 
1993; Wu, Gu, et 
al., 1995) 

Seeds gigantetrocin  AGE - (Rieser, Fang, 
Rupprecht, et al., 
1993) 

Seeds, 
Leaves 

gigantetrocin A  AGE toxicity against HT-
29 cancer cells 

(D.-Y. Li et al., 
2001; Rieser, Fang, 
Anderson, et al., 
1993; Wu, Gu, et 
al., 1995) 

Seeds gigantetrocin B  AGE toxicity against HT-
29 cancer cells 

(D.-Y. Li et al., 
2001; Rieser, Fang, 
Anderson, et al., 
1993; Wu, Gu, et 
al., 1995) 

Seeds, 
Leaves 

muricatetrocin A AGE toxicity against HT-
29 cancer cells 

(Rieser, Fang, 
Anderson, et al., 
1993) 

Seeds, 
Leaves 

muricatetrocin B  AGE toxicity against HT-
29 cancer cells 

(Rieser, Fang, 
Anderson, et al., 
1993) 

Seeds, 
Leaves 

epomuricenin A  AGE - (Melot et al., 2009; 
Roblot, Laugel, 
Lebœuf, Cavé, & 
Laprévote, 1993) 

Seeds, 
Leaves 

epomuricenin B AGE - (Melot et al., 2009; 
Roblot et al., 1993) 

Seeds annomuricatin A  CP - (Chao-Ming et al., 
1998; C.-M. Li et 
al., 1995) 

Seeds annocatacin A   AGE toxicity against 
human hepatoma 
cells 

(Chang et al., 2003) 
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Seeds annomuricatin C CP - (Wélé et al., 2004) 
Seeds cis-annonacin AGE crown gall tumor 

inhibition, toxicity 
against brine 
shrimp, HT-29, 
MCF-7 and A549 
cancer cells 
 

(Rieser et al., 1996) 

Seeds cis-annonacin-10-one   AGE crown gall tumor 
inhibition, toxicity 
against brine 
shrimp, HT-29, 
MCF-7 and A549 
cancer cells 

(Rieser et al., 1996) 

Seeds cis-goniothalamicin  AGE crown gall tumor 
inhibition, toxicity 
against brine 
shrimp, HT-29, 
MCF-7 and A549 
cancer cells 

(Rieser et al., 1996) 

Seeds arianacin AGE crown gall tumor 
inhibition, toxicity 
against brine 
shrimp, HT-29, 
MCF-7 and A549 
cancer cells 

(Rieser et al., 1996) 

Seeds javoricin AGE crown gall tumor 
inhibition, toxicity 
against brine 
shrimp, HT-29, 
MCF-7 and A549 
cancer cells 

(Rieser et al., 1996) 

Seeds murihexol  AGE - (Yu et al., 1998) 
Seeds donhexocin  AGE - (Yu et al., 1998) 
Seeds cohibin C  AGE - (Gleye et al., 2000) 
Seeds cohibin D  AGE - (Gleye et al., 2000) 
Seeds muricatenol  AGE - (De Yu, YU, Xiu 

Zhen, Lan, & 
YANG, 2000; D.-
Y. Li et al., 2001) 

Seeds 2,4-cis-gigantetrocinone AGE - (D.-Y. Li et al., 
2001) 

Seeds 2,4-trans-
gigantetrocinone 

AGE - (D.-Y. Li et al., 
2001) 

Seeds 2,4-trans-isoannonacin-
10-one 

AGE - (D.-Y. Li et al., 
2001) 

Seeds annomontacin AGE - (D.-Y. Li et al., 
2001) 

Seeds longifolicin  AGE toxicity against 
human hepatoma 
cells 

(Chang & Wu, 
2001) 

Seeds muricin A  AGE toxicity against 
human hepatoma 
cells 

(Chang & Wu, 
2001) 
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Seeds muricin B  AGE toxicity against 
human hepatoma 
cells 

(Chang & Wu, 
2001) 

Seeds muricin C AGE toxicity against 
human hepatoma 
cells 

(Chang & Wu, 
2001) 

Seeds muricin D   AGE toxicity against 
human hepatoma 
cells 

(Chang & Wu, 
2001) 

Seeds muricin E  AGE toxicity against 
human hepatoma 
cells 

(Chang & Wu, 
2001) 

Seeds muricin F  AGE toxicity against 
human hepatoma 
cells 

(Chang & Wu, 
2001) 

Seeds muricin G  AGE toxicity against 
human hepatoma 
cells 

(Chang & Wu, 
2001) 

Seeds muricin H   AGE toxicity against 
human hepatoma 
cells 

(Liaw et al., 2002) 

Seeds muricin I   AGE toxicity against 
human hepatoma 
cells 

(Liaw et al., 2002) 

Seeds cis-annomontacin AGE toxicity against 
human hepatoma 
cells 

(Liaw et al., 2002) 

Seeds, 
Leaves 

annonacinone AGE - (Liaw et al., 2002) 

Seeds xylomaticin AGE - (Liaw et al., 2002) 
Seeds N-fatty acyl tryptamines ALK - (D.-Y. Li et al., 

2001) 
Seeds annoreticuin-9-one  AGE - (Ragasa et al., 

2012) 
Stem barks epoxymurin A  AGE - (Hisham et al., 

1993) 
Stem barks epoxymurin B  AGE - (Hisham et al., 

1993) 
Leaves, 
Roots, 
Stems, 
Barks 

reticuline ALK - (Leboeuf et al., 
1981) 

Leaves, 
Roots, 
Stems, 
Barks 

coclaurine ALK - (Leboeuf et al., 
1981) 

Leaves, 
Roots, 
Stems, 
Barks 

coreximine ALK - (Leboeuf et al., 
1981) 

Leaves, 
Roots, 
Stems, 
Barks 

atherosperminine ALK - (Leboeuf et al., 
1981) 
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Leaves, 
Roots, 
Stems, 
Barks 

stepharine ALK - (Leboeuf et al., 
1981) 

Leaves, 
Roots, 
Stems, 
Barks 

anomurine ALK - (Leboeuf et al., 
1981) 

Leaves, 
Roots, 
Stems, 
Barks 

anomuricine ALK - (Leboeuf et al., 
1981) 
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Figure 2.5: Structures of the major chemical compounds of Annona muricata. 
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Figure 2.5, continued 
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Figure 2.5, continued 
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Figure 2.5, continued 
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Figure 2.5, continued 

 

Univ
ers

ity
 of

 M
ala

ya



54 
 

 

 

Figure 2.5, continued 
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Figure 2.5, continued 
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2.4.5 Anticancer Activity of A. muricata 

 
Describing A. muricata as “the cancer killer” highlights the marked anticancer potential 

of this plant and AGEs (Mishra et al., 2013). Extensive research has reported the 

substantial cytotoxic activity of A. muricata and its identified AGEs against different 

cancer cells (Arroyo, Prashad, Vásquez, Li, & Tomás, 2005; Astirin, Artanti, Fitria, 

Perwitasari, & Prayitno, 2013; Gavamukulya, Abou-Elella, Wamunyokoli, & AEl-

Shemy, 2014; George, Kumar, Rajkumar, Suresh, & Kumar, 2012; Jaramillo et al., 2000). 

Nonetheless, only limited investigations have tried to clarify the molecular mechanisms 

of this anticancer potential (Table 2.2). A recent study on the ethanolic extract of A. 

muricata leaves showed caspase-3 activation upon treatment in myelogenous leukemic 

K562 cells, suggesting apoptosis induction, which was substantiated by the TUNEL assay 

(Ezirim et al., 2013). The anticancer potential of the A. muricata leaf water extract was 

also determined against rat prostates and the benign prostatic hyperplasia (BPH-1) cell 

line. The in vitro findings demonstrated an IC50 value of 1.36 mg/ml against BPH-1 cells 

after 72 hours. The extract also caused the down-regulation of Bcl-2 and up-regulation of 

Bax, as assessed by gene analysis. Upon in vivo testing, prostate size in rats was reduced 

after administration of the extract (30 and 300 mg/ml), which was proposed to occur 

through apoptosis induction (Asare et al., 2015). Another investigation on 7, 12-

dimethylbenzene anthracene (DMBA)-induced cell proliferation in mouse breast tissues 

also confirmed this anticancer activity, implying notable antitumor potential against 

breast carcinogenesis (Minari & Okeke, 2014). In addition, skin papillomagenesis 

induced by croton oil and DMBA in mice was inhibited by A. muricata leaves (30 mg/kg) 

at the initiation and promotion stages (Hamizah et al., 2012). A. muricata anticancer and 

antitumor research has not been restricted solely to in vitro and in vivo studies. A case 

study on a 66-year old woman demonstrated that the concomitant intake of Xeloda and 

boiled A. muricata leaves stabilized metastatic breast cancer (Hansra, Silva, Mehta, & 
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Ahn, 2014). The promising antitumor and anticancer potential of A. muricata leaves has 

resulted in tablet formulations to be consumed as a complementary therapy against cancer 

(Elisya, Kardono, & Simanjuntak, 2014).  

 
 

Table 2.2: Anticancer studies on A. muricata. 
Plant part Subject of study  Effect Reference  
water extract of 
the leaves 

rat’s prostate reduction of prostate size (Asare et al., 
2015) 

ethanolic extract 
of the leaves 

breast tissues of 
mice 

prevention of DMBA-induced DNA 
damage 

(Minari & 
Okeke, 
2014) 

ethanolic extract 
of the leaves 

DMBA/croton oil 
induced mice skin 
papillomagenesis 

suppression of tumor initiation and 
promotion 

(Hamizah et 
al., 2012) 

ethanolic extract 
of the leaves 

DMH induced 
colon cancer 

reduction of ACF formation (Eggadi et 
al., 2014) 

ethanolic extract 
of the leaves 

K562 induction of apoptosis (Ezirim et 
al., 2013) 

leaves boiled in 
water 

metastatic breast 
cancer 

stabilization of disease  (Hansra et 
al., 2014) 

 

 
2.4.6 Anti-inflammatory and Anti-nociceptive Activities of A. muricata 

Oral treatment in rats with A. muricata ethanolic leaf extracts (10, 30, 100 and 300 mg/kg) 

significantly reduced carrageenan-induced edema in rat paws by 79% in a dose-dependent 

manner, demonstrating its anti-inflammatory activities (Roslida, Tay, Zuraini, & Chan, 

2010). This anti-inflammatory effect was accompanied by reductions in leukocyte 

migration and exudate volume (De Sousa et al., 2010). Oral administration of the same 

extract in mice showed significant suppression of abdominal contortions induced with 

acetic acid (0.6% v/v), exhibiting a powerful anti-nociceptive activity (Hamid et al., 2012; 

Roslida et al., 2010). In addition, the formalin test, paw licking and hot-plate responses 

also corroborated the marked analgesic effect of A. muricata leaves (De Sousa et al., 

2010; Hamid et al., 2012; Roslida et al., 2010). The protective effect of A. muricata leaves 

against Complete Freund’s adjuvant (CFA)-induced arthritis in rats and xylene-induced 

ear edema in mice was associated with attenuation in TNF-α and IL-1β protein 
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expression, demonstrating that the leaves could be used against both acute and chronic 

inflammation (Hamid et al., 2012). The same assays have shown anti-inflammatory and 

analgesic activities for A. muricata fruits, which were demonstrated to be induced through 

the suppression of inflammatory mediators and interactions with the opioidergic pathway, 

respectively (Ishola, Awodele, Olusayero, & Ochieng, 2014). These findings 

demonstrated the anti-nociceptive and anti-inflammatory effects of A. muricata and 

substantiated its traditional consumption as a pain killer. 

2.4.7 Antioxidant Activity of A. muricata 

The immoderate generation of intracellular ROS is a precursor of oxidative stress, which 

subsequently catalyzes metabolic deficiency and cellular death through biochemical and 

physiological lesions (Chance, Sies, & Boveris, 1979). The identification of antioxidants 

from natural products has become a matter of great interest in recent studies for their 

noteworthy role in nullifying the destructive effects of ROS (W. Chen, Weng, & Tseng, 

2003; Liao et al., 2012). DRSA, FRAP and HRSA tests on the aqueous and methanolic 

leaf extracts of A. muricata revealed the marked antioxidative activities of both extracts, 

accompanied by DNA protective effects against H2O2-induced toxicity (George et al., 

2014). The antioxidant activity of A. muricata leaves was found to be stronger than for 

the A. squamosa and A. reticulata species, as shown in different in vitro models, such as 

ABTS, nitric oxide and hydroxyl radicals (Baskar, Rajeswari, & Kumar, 2007). The seeds 

and leaves of the plant are reported to possess enzymatic antioxidants, including catalase 

and superoxide dismutase, and non-enzymatic antioxidants, including vitamin C and E 

(Vijayameena, Subhashini, Loganayagi, & Ramesh, 2013). Padma and colleagues 

showed that the ethanolic extract of A. muricata stem bark caused a reduction in lipid 

peroxidation induced by cold immobilization stress in the brain and liver of rats, 

indicating the adaptogenic potential of this plant (Padma, Chansauria, Khosa, & Ray, 

2001; Padma, Chansouria, & Khosa, 1997). The stem bark extract (200 mg/kg) also 
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showed protective effects against oxidative stress induced by carbon tetrachloride in rats 

and significantly increased the oxidant levels and serum enzyme activities to near-normal 

levels. The DPPH test showed the antioxidant activity of the stem bark (Olakunle, 

Onyechi, & James, 2014). These findings strongly suggest the potential use of A. muricata 

as a natural source of antioxidants.  
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CHAPTER 4: CONCLUSION 

In summary, these results from the current investigation have yielded insight into the 

chemopreventive potential of Annona muricata. The apoptosis-inducing effect of A. 

muricata on three different cancer cell lines and subsequent bio-assay-guided 

investigation on AMEAE have resulted in the isolation of annomuricin E. Annomuricin 

E was demonstrated to possess cytotoxic effects towards HT-29 cells. The exposure of 

annomuricin E to HT-29 cells triggered mitochondrial-mediated events and altered the 

balance of the mitochondrial membrane potential in favor of cytochrome c release 

through the elevation of Bax expression and the attenuation of Bcl-2 expression. These 

changes were accompanied by G1 cell cycle arrest in the treated cells. An in vivo study 

on azoxymethane-induced colonic aberrant crypt foci in rats also revealed similar 

promising chemopreventive effects. The decrease in the number of aberrant crypt foci 

and PCNA expression associated with changes in Bax and Bcl-2 expression levels 

strongly substantiated the in vitro results.  

The in vivo gastroprotective potential of AMEAE was tested against ethanol-induced 

gastric mucosal injury in rats. Our findings showed a promising antiulcer effect of the 

plant extract. Hsp70 protein expression was down-regulated after the oral administration 

of AMEAE, which was associated with elevation in the activities of enzymatic 

antioxidants. The gastroprotective potential of A. muricata leaves is strongly attributed to 

the anti-inflammatory activity of AMEAE and inhibitory effect against oxidative damage, 

leading to the preservation of the gastric wall mucus.  

Wound healing studies of AMEAE have revealed that the plant extract accelerates 

different stages of wound healing, such as collagen synthesis, epithelialization and wound 

contraction. The topical application of AMEAE to the wounds led to the attenuation of 

inflammatory cells and the arranged formation of collagen fibers. The wound healing 
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effect of AMEAE is probably mediated through the anti-inflammatory and anti-oxidative 

activities of A. muricata leaves. 

In addition to being an important source for the food industry and an indigenous medicinal 

plant, A. muricata has been proven to possess a wide spectrum of biological activities. 

Because the majority of previous studies were focused on the biological activities of the 

plant extract, further investigations on the biochemical and physiological functions of 

active compounds and the more detailed mechanisms underlying these activities are 

pivotal for the development of nutraceutical products. 
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