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ABSTRACT 

HASSAN, ARIJ, F., Masters: June : [2022:], Pharmaceutical Sciences 

Title: The Effect of Natural and Synthetic Compounds on Colorectal Cancer: In vitro 

and In vivo Studies 

Supervisor of Thesis: Asharf, A., Khalil. 

Colorectal cancer (CRC) is one of the deadliest malignancies in the world. 

Despite improved treatment, CRC incidence and mortality rates have been increasing 

lately. Current conventional therapies are associated with severe side effects that affect 

patients' quality of life. Drug resistance, severe pain, hair loss, and blood abnormalities 

are the most common side effects. Therefore, novel, and safe alternatives are required 

to control metastasis and prevent CRC with minimum or no side effects. Recently, 

natural products became an attractive target as a safe resource for anticancer agents. 

Flavonoids are a group of biologically active compounds naturally found in a wide 

range of human dietary. Additionally, flavonoids from natural and synthetic sources, 

showed significant therapeutic effects against CRC. Elaeagnus Angustifolia (EA) is a 

natural resource for flavonoids traditionally used to treat different illnesses. Another 

resource for flavonoids is synthetic chalcone analogs. Previous work from our team 

explored the effect of EA and chalcone compounds against various types of cancer. In 

this study, we sought to particularly illustrate the impact of the EA flower’s aqueous 

extract and the nitrogen-based-synthetically designed chalcone analogs (DK13 and 

DK14) and their underlying mechanisms of action on CRC using in vitro (the human 

CRC cell lines [𝐻𝐶𝑇-116 and LoVo]) and in vivo (the Drosophila melanogaster Ras 

mutant fly lines) model systems.  

Our results showed that EA extract inhibits cell proliferation and alters cell cycle 

progression of both CRC cell lines as compared to the control group. Moreover, EA 
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extract significantly reduces colony formation and cell invasive ability of HCT-116 and 

LoVo cell lines; a phenotype accompanied by a significant upregulation of E-cadherin 

and a downregulation of vimentin and β-catenin, which are important epithelial-

mesenchymal transition (EMT) biomarkers. Also, and as detected in our in vivo model, 

EA-treated Ras85D mutant fly lines exhibited a significantly increased survival rate as 

compared to their control. Furthermore, molecular pathway analysis in vitro revealed a 

significant suppression in total and phosphorylated EGFR and AKT expression in EA-

treated cells as compared to controls, suggesting the EGFR-RAS and PI3K-AKT 

pathways as key molecular pathway targeted by EA to control ongoing oncogenic 

events. Along this, our data related to DK13 and DK14 also revealed that these 

compounds inhibit cell proliferation and deregulate cell-cycle progression in both cell 

lines. Additionally, DK13 and DK14 significantly reduce cell invasion and colony 

formation of both cell lines compared to the action of conventional anticancer 5'-

fluorouracil (5-FU) and DMSO-treated control. This was translated into a significant 

increase in the survival rates of D. melanogaster Ras85D mutant fly lines as compared 

to their controls. Moreover, the molecular pathway analysis of chalcone- treated cells 

revealed an inhibitory effect of DK13 and DK14 on the expression patterns of both 

AKT and mTOR, highlighting RAS/MAPK and PI3K/AKT/mTOR pathways as key 

molecular pathway targeted by DK13 and DK14 to control ongoing oncogenic events. 

Collectively, our study findings demonstrate an apparent anticancer effect of EA 

extract and chalcone compounds on CRC, presenting EA, Dk13, and Dk14 as promising 

chemotherapeutic agents. 

Keywords: Colorectal cancer, Elaeagnus Angustifolia, Nitrogen-based chalcones, D. 

melanogaster, Epithelial-mesenchymal transition (EMT), EGFR/RAS, RAS/MAPK, 

PI3K/AKT/mTOR, Wnt/β-catenin. 
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CHAPTER 1: INTRODUCTION 

Cancer is a major concern for public health around the world, with an increasing 

burden on health systems each year. It is predicted that cancer cases may reach 420 

million by 2025 (1). Typically, cells divide and grow in a controlled and systemic 

process to form new cells needed by the human body. Further, the body generally 

eliminates damaged, old, or useless cells. However, this is not the case in cancer, in 

which the cells divide uncontrollably and reach different regions of the human body. 

Cancer is raised through the transformation of normal cells into tumors that occur in 

multiple stages. This transformation is a result of complicated genetic or environmental 

factors. Cancer is a complex disease caused by numerous factors at cellular and genetic 

levels and can affect any cells, tissues, and organs with particular hallmarks. These 

hallmarks include uncontrollable cell division, independent microenvironment for 

cellular growth, angiogenesis, and the ability to metastasize to different parts of human 

body. The abnormal proliferation of cells leads to tumor formation. Tumors are lumps 

of tissues that can be benign or malignant. The main difference is that benign tumors 

do not invade nearby tissues. On the other hand, malignant tumors can invade distant 

parts of the human body. If cancer metastasis spreads without efficient treatments, it 

will lead to death eventually (2). Although tremendous efforts are made to manage the 

cancer burden, the cancer mortality rate is expected to increase by 60% in the upcoming 

years (3).  
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1.1 Colorectal cancer (CRC) 

1.1.1 Burden of CRC 

CRC or also called bowel cancer, is a disease that occurs in the colon (large 

intestine), rectum, or anus due to abnormal growth of cells. It is considered the second 

deadliest cancer after breast and second for malignancy in females (Figure 1)  (4). In 

males CRC is the third deadliest cancer and malignancy in males (Figure 2). According 

to cancer statistics in 2022 by the American Cancer society, CRC is the third most 

diagnosed cancer, and the third deadliest cancer in both genders in the USA (5). 

Globally, CRC is responsible for 10% of cancer incidence and more than 9% of cancer 

deaths in 2020 (6). Further, CRC incidence may reach 2.5 million cases in 2035 (7). In 

addition, 13% of the malignant tumors in the GI tract are due to CRC (8).  The incidence 

of CRC in males is more than in females, with 576,000 and 521,000 cases in 2018, 

respectively. In 2020, 50 new CRC cases were diagnosed per day (9). The CRC burden 

is expected to increase to more than 2 million cases and 1 million deaths globally (10).  

Moreover, the risk of CRC is high in developed countries and Hungary is the 

country with the highest CRC incidence in males and Norway for females (11). In Arab 

countries, CRC incidence is the highest in the KSA, UAE, and Qatar (12).On the other 

hand, all African regions have the lowest rates of CRC incidence for both genders (11). 

In Qatar, CRC is diagnosed in 11.71% and 8.63 %of males and females, respectively 

which makes the second most common cancer. Further, 68% of CRC cases are 

diagnosed in advanced stages in Qatar (13).   

Regarding the age of CRC patients, they are mostly above 50 years old, 80% of 

them is due to colon cancer and 75% due to rectal cancer (14). In addition, CRC 

incidence in age younger than 50 years old has increased over the last decades, called 
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Early onset of CRC (EOCRC). EOCRC is the occurrence of CRC in people below 50 

years old due to hereditary cancer syndromes and familial CRC (15). 

 

 

 

 

  

Figure 1. Distribution of incidence and mortality for the top three Most Common 

Cancers in females in 2020. The area of the pie charts reflect the total number of (A) 

cases and  (B) deaths of the most common cancers in femlaes world wide according to 

the estimation of global cancer incidence, mortality and prevalence (GLOBOCAN)  36 

cancers in 185 countries. Picture is adapted from Sung, H et al. (2020). 
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Figure 2. Distribution of incidence and mortality for the top three Most Common 

Cancers in males in 2020. The area of the pie charts reflect the total number of (A) 

cases and  (B) deaths of the most common cancers in femlaes world wide according to 

the estimation of global cancer incidence, mortality and prevalence (GLOBOCAN)  36 

cancers in 185 countries. Picture is adapted from Sung, H et al. (2020). 
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1.1.2 Etiology of CRC 

Colon is a region in the large intestine at the end of the GI tract that performs 

vital roles in digesting food and absorbing nutrients and water. The GI tract or digestive 

system consists of upper and lower GI. The upper GI comprises the mouth, pharynx, 

esophagus, and stomach. Lower GI consists of the small and large intestines (16). The 

small intestine is 7 meters long from the pylorus to the ileocecal valve. This valve 

presents between small and large intestines to block the returning of intestinal contents 

from the large to small intestine. Small intestine comprises of duodenum, jejunum, and 

ileum (17). Large intestine is 1.5 meters long, and it exists as a frame surrounding the 

small intestine, at the end of the GI tract, and it begins from the ileocecal valve to the 

anus. Absorption of water and indigested food is the responsibility of the large intestine 

to relieve the body from any waste matter. From left to right, the large intestine is made 

up of the cecum with the appendix, ascending colon, transverse colon, descending 

colon, sigmoid colon, rectum, and anal canal (Figure. 3). The cecum is the beginning 

portion of the large intestine existing as a large pouch connected to the ileum. It is 

responsible for the reabsorption of fluids, and it temporarily stores the chyme. Part of 

the cecum is a blind lymphoid pouch called an appendix that maintains the flora in the 

gut. Colon is a term used to describe the regions between the cecum and rectum: 

ascending colon, transverse colon, descending colon, and sigmoid colon (18). Colon 

has three vital functions: absorption of water, electrolytes, and vitamins, forming feces 

to eliminate waste out of the body, and microbial digestion (19). The colon starts when 

the cecum receives food materials known as chyme from the small intestine into the 

large intestine. Then, when cecum is full of chyme, this induces the movement of colon 

muscles to start functioning. As chyme slowly moves through ascending colon, 

transverse colon, descending colon, and sigmoid colon, some materials cannot be 

digested by the human body. Thus, the gut microbiota is essential to digest these 
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indigestible materials. Ascending colon and transverse colon are responsible for 

absorbing water and nutrients from indigestible chyme to form stool by solidification. 

Then, feces are stored by descending colon and removed into the rectum. The sigmoid 

colon facilitates the movement of stool into the rectum by increasing the pressure inside 

the colon. Finally, the rectum holds the feces until defecation to eliminate all wastes 

(20). The colon is considered simple in structure compared to other organs; however, it 

is susceptible to different diseases such as cancer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Anatomy of the large intestine in the digestive system of human body. Colon 

is the region between the cecum and rectum: ascending colon, transverse colon, 

descending colon, and sigmoid colon. Illusteration of different organs in the upper and 

lower GI tract of human body. 
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Most CRC tumors are developed from the colonic epithelium layer in three 

phases initiation, promotion, and progression. According to recent studies, colorectal 

tumorigenesis is initiated due to stable mutations in the DNA sequence of tumor 

suppressor genes and oncogenes. These DNA alternations lead to abnormal neoplastic 

clones, eventually leading to cancer development (21). The sequence of CRC 

development starts as follows: normal mucosa- small adenoma, large adenoma, and 

cancer (Figure. 4). CRC beings from focal changes with the growth of benign pre-

cancerous polyps. These polyps are accumulations of cells in the intestinal mucosa. 

Over cellular increase in these polyps, genetic alternations make these polyps able to 

invade other layers of the colon, which is a hallmark of cancer. With time, these polyps 

become more aggressive to invade local lymph nodes until they metastasize to other 

tissues (22). The growth of these malignant polyps is slow that may take several decades 

without apparent symptoms. CRC symptoms start when the tumor reaches several 

centimeters that inhibit the normal defecation. Mainly, CRC develops from dysplastic 

adenomatous polyps that involve alternations in multiple genes responsible for 

suppressing tumors and repairing DNA. All these are combined with significant 

oncogenes activation (23). 
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Figure 4: Development of CRC. Progression of CRC starts from small polyp. Then, due 

to accumlation of genetic and epigenetic alternations, polyp transform into 

precancerous polyp and into cancer eventually. 
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1.1.3 Types of CRC 

           CRC starts in the inner layer of the colon and gradually travels to the outer layer. 

When cancer begins in the colon is called colon cancer, and when it starts in the rectum 

is called rectal cancer. Mostly it is called colorectal cancer due to shared features 

between the colon and rectal cancer. CRC occurs in a complicated multistep process 

that begins with benign tissue to a malignant tumor. According to the World Health 

Organization (WHO), CRC is classified into histological subtypes adenocarcinomas 

(AC), mucinous adenocarcinomas (MAC), and signet-ring cell carcinomas (SC), and 

other types that rarely occurred (24). AC affects glands of epithelial cells, and the colon 

has a vast network of glands to facilitate the absorption of water and nutrients. Thus, 

AC is the most common type of CRC; it accounts for 90% of CRC cases. The 

development of AC, MAC, and SC is associated with the excess production of mucin. 

However, AC might develop due to the lack of mucus, which damages the lining layer 

of the colon and eventually leads to genetic disturbance and abnormal cell proliferation 

(25). MAC is found in more than 10% of CRC patients and usually occurs in the 

proximal colon with a specific characteristic that 50% of tumor volume is mucinous. 

The incidence rate of mucinous adenocarcinoma is much higher than non-mucinous 

adenocarcinoma. It has a poor prognosis, and it is chemo-resistant compared to non-

mucinous adenocarcinoma (26). Many theories believe that mucus overproduction 

helps tumors metastasize to neighboring tissues aggressively (27). MAC shared several 

clinical features with SC, such as both subtypes occur in young patients with high 

invasive to the lymph nodes. Pathologically, SC has a particular characterization: the 

presence of intracytoplasmic mucin in single or tumor cells that displace the nuclei, and 

these cells are called signet-ring cells (28). CRC has other rare types like 

neuroendocrine carcinoma (NEC), accounting for less than 1% of all CRC cases. 

Although it is rare, NEC is considered an aggressive type of CRC with a high tendency 
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for metastasis. Additionally, it is diagnosed only at advanced stages with less than 20% 

of 3-year overall survival (29). Squamous, adeno-squamous, spindle cell, and 

undifferentiated carcinomas are other histological subtypes of CRC that rarely occur 

(30). 

1.1.4 Risk factors of CRC 

At present, we live in an era with high standards of living. However, this comes 

with consequences that have negative impacts on human health and diseases. CRC was 

not diagnosed several decades ago, and now it is the cause of more than 50% of deaths 

related to cancer in the world (31). Multiple reasons explain the increase in incidence 

and mortality of CRC. For instance, poor dietary habits, aging, smoking, and alcohol 

addiction, along with a destructive lifestyle. In addition, several genetic, bacterial/viral 

infections and environmental factors contribute to CRC. 

1.1.4.1 Environmental factors 

Individual lifestyles are strongly associated with CRC development, such as 

obesity and smoking. Recent studies in the U.S claimed that over 50% of CRC 

incidences could be prevented by modifying lifestyle habits. The most common risk 

factor of CRC is obesity. Several epidemiological studies confirmed the association 

between overweight and CRC as 5% of CRC cases in the U.S are due to obesity (32). 

The association between obesity and CRC is highly related to gut microbiota that 

induces epigenetic alternations. These epigenetic alternations occurred due to a diet rich 

in fat that affects transcriptional responses, eventually causing CRC initiation and 

progression (33). A gut flora F. nucleatum bacteria is the most common type of bacteria 

associated with CRC. A crossover study found that F. nucleatum levels were higher in 

people with a high-fat diet than those who switched to a low-fat diet and were high in 

fiber (34). Further, overconsumption of red and processed meat and being low in 
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calcium and vitamins are risk factors for CRC. Insufficient physical activity is also a 

risk factor related to gut microbiota. Animal studies showed that exercising affects the 

short-chain fatty acids in the gut microbiota. Additionally, the gut of obese rates found 

to restore bacterial variety upon exercising (35, 36). 

Moreover, addiction to alcohol and smoking are considered severe risk factors of 

CRC. The association of alcohol consumption with CRC depends on the dose; however, 

many data showed that even a small amount might cause CRC (37). Drinking 150 

mL/week of alcohol increases the risk of CRC incidence significantly compared with 

nondrinkers (38). According to a meta-analysis, 10 per 100x103  of CRC cases and 

deaths is associated with smoking cigarettes (39). Although drinking alcohol and 

smoking cigarettes are confirmed to aid CRC development, the molecular pathological 

pathways are not well explained yet (40). Other risk factors, including age, gender, and 

race, can contribute to CRC.  over 50 years old age group is found to be more 

susceptible to CRC, and people after 60 years old were found to be three times more 

likely to arise CRC. Gender is also a risk factor for CRC, as males are more likely to 

develop CRC than females with 30% and 40 % higher risk of incidence  and mortality, 

respectively (10). 

1.1.4.2 Genetic factors 

Genetically, CRC has three categorizations sporadic, inherited, and familial. 

Sporadic CRC accounts for 70% of CRC cases and usually develops in the distal colon 

without inherited causes (41). The development of sporadic CRC is associated with 

mutations in oncogenes and tumor suppressor genes. CRC is developed due to more 

than 80 mutations, and at least 15 of these mutations are the leading cause of 

tumorigenesis (42). A theory called adenoma-carcinoma sequence is assumed for the 

occurrence of sporadic CRC, in which mutation in adenomatous polyposis coli (APC) 



 

12 

gene will initiate several modifications in multiple genes like Kirsten RAS (KRAS) and 

TP53. According to this theory, sporadic CRC pathogenesis requires at least seven 

genes (43, 44). The second type of CRC is inherited CRC, which includes colonic 

polyps that may manifest into disease or may not. And these colonic polyps include two 

syndromes, hereditary nonpolyposis CRC (HNPCC) (Lynch syndrome I) and the 

cancer family syndrome (Lynch syndrome II). Finally, familial CRC is a not well 

understood yet; however, it accounts for 25% of the cases. In families affected with 

cancer, the development of CRC is frequent and considered as sporadic CRC but the 

not inconsistent pattern as the inherited CRC (45). 

CRC is a very complex disease with multiple pathways at the molecular level 

accompanied by mutator mechanisms and classic suppressors (46). It involves 

mutations in the APC protein and heterozygosity and chromosomal instability (CIN). 

The other molecular mechanism of CRC involves APC and KRAS mutations, which 

are more heterogeneous than the common pathway (47). Mutations at baseline are not 

enough to cause the required modifications for CRC development. Mutations per base 

pair of a nucleotide is estimated to be 10−9 per cellular generation. Therefore, CRC 

acquires intrinsic genomic instability to increase the new mutations rate (48).  CRC is 

recognized to have three genetic instability pathways which are Chromosomal 

Instability (CIN), Microsatellite Instability (MSI), and CpG Island Methylator 

Phenotype pathways (CIMP) (49).  The most common and characterized pathway of 

CRC is CIN, also called the adenoma-carcinoma sequence. CIN accounts for 70% of 

sporadic CRC with a predictable genetic progression and histological alternations. This 

genetic progression includes three significant changes, which are suppression of tumor 

suppressor gene such as APC in region 5q21of chromosome, loss of p53 in region 

17p13 of chromosome, and activation of proto-oncogenes such as RAS. In addition, 
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tumorigenesis involves several proteins and regulator checkpoints for a different 

mitotic spindle that affect the stability of the mitotic chromosome (50). CIN pathway 

is characterized by several mutations in the structural chromosomes that lead to loss of 

heterozygosity (LOH) at the loci of tumor suppressor gene, aneuploid karyotype, and 

chromosomal rearrangements (51). The worst outcomes of CRC are caused by the CIN 

pathway more than the MSI and CIMP pathways (52). 

The second pathway of CRC is MSI, which accounts for 15% of all CRC cases, 

and it is considered the molecular characterization of deficient mismatch repair (MMR) 

system. Due to germline mutations in MMR genes, MSI occurred when it developed 

with inherited CRC (53, 54). Epigenetic silencing of MLH1 leads to MSI in tumors of 

sporadic CRC that arise because of CpG islands' methylation. Yet, MSI has better 

progenesis than microsatellite-stable tumors with no clear explanation (55, 56). 

The third phenotype of genomic instability in CRC is CIMP. Several genes will be 

altered in their promoter methylation by CIMP. CIMP is one of the most recognized 

epigenetics forms in CRC in CpG islands. CpG islands are regions of DNA rich with 

CpGs stretching between 500 to 1000 base pairs with more than 0.6 ratios of CG: GC 

found at promoters (57). Stable promoter CpG islands methylation is required for 

normal cells and an essential mechanism for regulating gene expression. Therefore, 

alternations in this methylation mechanism led to gene silence involved in DNA repair 

and tumor suppression, leading to cancer (58). Although CIMP is not well defined yet, 

it has been found that CRC caused by this genomic instability has the worse progenesis 

with KRAS or BRAF mutations related to the poor outcome (59). 
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1.1.5 Prognostic and prediction of CRC 

CRC prognosis includes many factors like the type of cancer at the histological 

level, location and size of the tumor, and the metastasis to other organs. Most CRC 

cases are asymptotic before they transform into malignant tumors. A proliferation 

antigen called Ki-67 that disturbs cell cycle at G0 phase is considered a prediction of 

CRC. Determining the level of Ki-67 is associated with the growth fraction of the tumor 

(60). Another marker for CRC is Proliferating cell nuclear antigen (PCNA), which is 

considered a vital prognosis factor of CRC. PCNA is expressed highly in proliferating 

cells, and the over-proliferation of cells is a hallmark of cancer. Therefore, increasing 

the expression of PCNA indicates a higher cancer malignancy (61) 

Moreover, epidermal growth factor receptor (EGFR) plays an essential role in 

regulating proliferation and invasion and cell development (62). EGFR pathway is 

mediated by multiple downstream pathways like RAS-RAF-mitogen activated protein 

kinase (MAPK) and phosphatidylinositol 3-kinase (PI3K)-AKT-mTOR pathways (63). 

EGFR and KRAS are both considered essential biomarkers in patients with advanced 

CRC. KRAS mutations are found in more than 40% of advanced CRC patients (56). In 

addition, serum markers like Carcinoembryonic antigen (CEA) are important for CRC. 

It is an immunoglobulin gene and functions as an intercellular adhesion molecule, 

promoting cell aggregation in CRC. CEA helps CRC tumors metastasis to the lung and 

liver and is considered an adverse prognostic indicator (64). 

Several oncogenes and tumor suppressor genes are important in CRC prognosis. 

P53 is a tumor suppressor gene mutated in 70% of CRC cases and contributed to the 

worst outcomes. Clinically, p53 mutations are found in primary tumors (65). The 

process starts with genetic instability that induces KRAS activation, which suppresses 

p53 and APC from playing their role as tumor suppression genes. This process leads to 
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the transformation from adenoma to CRC adenocarcinoma, which is mainly resistant 

to chemotherapies (66). More than 40% of malignant CRC tumors have RAS mutations, 

characterized by the worst prognosis (67). RAS family has three genes KRAS, NRAS, 

and HRAS. RAS genes initiate signal transduction by binding to growth factor receptors 

on the cell membrane to perform important functions like cell survival (68). MAPK and 

PI3K are the two main pathways involving RAS proteins. In CRC, 45% and 8% of the 

malignancies are due to KRAS and HRAS mutations, respectively (69). 

1.1.6 Diagnosis and management of CRC 

CRC is asymptomatic at early stages, and if symptoms exist, they would be 

similar to other lower abdomen diseases. Thus, CRC diagnosis is challenging, and it is 

a long and complex process with multiple events, including the patient, physician, and 

the health system. CRC is diagnosed because of severe symptoms in the patient or due 

to screening. Symptoms of CRC include pain in the lower abdomen, fatigue, blood in 

stools, and others like weight loss and shortness of breath. Colonoscopy is the preferred 

first investigation method in the case of symptomatic CRC. Other methods for primary 

assessment are there for population screening and then followed by colonoscopy in mild 

cases (70). The accuracy of colonoscopy is high and can access the tumor location 

specifically. It allows biopsy sampling, which provides an opportunity to diagnose the 

molecular profiling of the sample for confirmation histologically. Additionally, 

colonoscopy is the only investigation method that offers a diagnostic and therapeutic 

effect, and it reduces CRC death by 53% (71). The second diagnosis method for CRC 

is capsule endoscopy. It is a wireless capsule swallowed by the patient, and it detects 

more than 70% of CRC cases. Further, capsule endoscopy allows the investigation of 

the whole GI tract (72, 73). Finally, computed tomography (CT) is a CRC diagnosis by 

taking several images for the colon using X-rays. Then, specific software combines 
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these images to show any tumors or abnormal growth in the colon (74).  

Another method to diagnose CRC is by fecal occult blood test (hemoccult). 

Usually, CRC leads to bleeding in the large intestine and causes anemia. Therefore, 

quantifying the number of red blood cells can indicate bleeding triggered by CRC (75). 

Further, biomarker testing is effective in CRC diagnosis by determining important 

biomarkers found in the blood or tumor tissue of the patient. There are several important 

biomarkers in CRC such as KRAS, NRAS, BRAF, EGFR, HER2, PIK3CA, and PD-

L1. The determination of these biomarkers specifies the treatment plan for each patient 

(76). According to Union for International Cancer Control (UICC), CRC has five stages 

described by the TNM system. TNM refers to T for tumor size, N stage for lymph nodes 

involvement, and M indicates the distant metastases of cancer (77) (Table. 1). 
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Table 1. Staging system of colorectal cancer according to UICC. 

UICC 

Stage 

TNM N 

stage 

M 

stage 

Events 

0 TIS N0 M0 Growing polyps are in the lining layer of the colon 

and considered as non-cancerous growing 

I TI, 

T2 

N0 M0 Dukes' A colon cancer, in which cancer spreads to 

the middle layer of the colon. 

IIA T3 N0 M0 Dukes' B colon cancer. Stage IIA in which cancer 

spreads to the outer layers of the colon, stage IIB 

cancer spreads out of the colon and stage IIC cancer 

spreads to the neighboring tissue, but it did not 

reach the lymph nodes. 

IIB T4 N0 M0  

IIIA TI, 

T2 

NI M0 Dukes' C colon cancer. Stage IIIA cancer spreads to 

one or three lymph nodes, stage IIIB cancer spreads 

to four or more lymph nodes and stage IIIC cancer 

reaches the adjacent tissues. 

IIIB T3, 

T4 

NI M0  

IIIC TI-4 N2 M0  

IV TI-4 NI-2 MI Dukes' D colon cancer. Cancer reaches one or more 

of the organs such as lung or liver. It may reach 

distant regions of the peritoneum 

T: Tumor, N: Lymph node, M: Metastasis 
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1.1.7 Treatment of CRC 

CRC treatment is mainly dependent on the stage of cancer. Surgery is the first choice 

for treating CRC at stage 0 as the polyp grows only in the lining layer of the colon. 

Thus, the polyp is eliminated by local excision, or if the size of the cancer is big, then 

a part of the colon is removed (colectomy). Surgery is also an option at stage I if there 

are no cancer cells left after local excision. In some cases, multiple surgeries are 

required at stage I to remove the polyps. At stage II, cancer reaches some tissues, thus 

removing a section of the colon or a partial colectomy. Adjuvant chemotherapy is 

needed after the surgery at stage II. Stage III also required partial colectomy along with 

affected lymph nodes. Standard chemotherapies at stage III are FOLFOX such as 5-FU, 

leucovorin, and oxaliplatin or CapeOx such as capecitabine and oxaliplatin. Some stage 

III cases are advanced and cannot be treated with surgery (78). Therefore, neoadjuvant 

chemotherapy with radiation or chemoradiation is needed to shrink cancer and remove 

it with surgery later. The last stage is stage IV, in which cancer spreads to distant regions 

like the liver, brain, lung, and distant lymph nodes. At this stage, surgery is not 

functional; however, it can be helpful to remove cancer from the affected organs. At 

this stage combination of chemotherapies is needed to control cancer (7, 79). 

Despite the strenuous efforts to control and treat CRC at all stages, the five-year 

survival rate of CRC dropped from 64% to 12% (80). Furthermore, several studies have 

recently reported that tumors develop resistance against these drugs over the treatment 

course, apart from the severe side effects generated by these treatment regimens (81). 

Additionally, CRC highly impacts the patient and their family's life directly because of 

symptoms like severe pain, loss of appetite, and blood or indirectly by the treatment 

regimens. All these challenges of CRC and its conventional treatments necessitate 

developing alternative, reliable, and targeted therapies against CRC. These alternative 
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therapies should provide a means to prevent the progression of CRC, control metastasis, 

and treat the disease with minimal to no side effects.  

1.2 Complementary and alternative medicine (CAM) 

CAM is a term that refers to a wide range of preventions and treatments based on 

folklores and traditional techniques other than systemic medicines. CAM mainly 

consists of mind and body therapies like meditation and yoga or biologically based 

natural resources to extract vitamins and dietary supplements. According to the WHO, 

80% of people use CAM techniques to treat different illnesses worldwide (82). For 

instance, the prevalence of CAM is notably high in France and Germany compared to 

other European countries, and more than 70% of Canadians use at least one technique 

of CAM. In Asia, 60% of Chinese people and more than 20% of doctors in Japan are 

using CAM (83-85). 

Moreover, CAM has been used to treat different chronic diseases like cancer. 

Biologically based CAM or also called phytotherapy considered the most common 

technique used by cancer patients. It includes plants extract or a combination of 

different plants to treat a specific disease. Several studies have shown that phytotherapy 

enhances the capability of the human body to protect and heal itself (86). Therefore, it 

has been a trusted resource for valuable anticancer agents for several decades. 

According to the National Cancer Institute (NCI), 3,000 plant species out of 35,000 

were potential in treating cancer (87). In the middle east region, more than 700 plant 

species are considered for cancer treatment (88). Furthermore, several medicinal plants 

showed significant anti-CRC activities based on in vitro and in vivo studies (89, 90). In 

addition, many promising anticancer compounds were synthesized according to the 

molecular structure found in different phytochemical families such as flavonoids. 
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1.2.1 Flavonoids 

Flavonoids are an enormous phytochemical group found in most plants, flowers, 

fruits, and vegetables. They are secondary metabolites in plants in the family of 

polyphenolic compounds with a wide range of different structures. Naturally, 

flavonoids are responsible for other plants' characterizations, such as the attractive 

colors and leaves, the fragrance of flowers, and sweet flavor. Additionally, they exhibit 

a protective effect in plants against ultraviolet radiations, invaders, and pathogens (91). 

The general chemical structure of flavonoids consists of the essential core flavan C6-

C3-C6, two phenyl rings connected by a ring containing Oxygen or called heterocyclic 

ring (Figure. 5). There are two biosynthesis pathways for natural flavonoids in plants, 

the phenylpropanoid, which generates the C6-C3 skeleton, and the polyketide pathway 

that produces units of polymeric C2 (92). Several co-enzymes like p-coumaroyl CoA 

and malonyl CoA and chalcone synthase enzyme are used in multiple steps to make 

different forms of flavonoids (Figure. 6) (93). 

Furthermore, flavonoids are subdivided into groups based on several factors like 

the saturation degree of the central heterocyclic ring. Other factors like substituents on 

the A and B rings and molecular size can affect flavonoids classification. The main 

subgroups of flavonoids are chalcones, flavones, flavonols, flavonones, flavononols, 

flavan-3-ols, anthocyanins, and isoflavones (Figure. 7) (92).   
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Figure 5. Structure of flavan, basic core of flavonoids C6-C3-C6. A and B are two 

phenyl rings connected by C the heterocyclic ring. 

Figure 6. General biosynthesis of flavonoids. Flavonoids are polyphenols and 

secondary metabolites corresponding in plants and have wide range of varitey in terms 

of structure and funcion. Flavonoids mostly found as aglycones or glycosides in many 

edible plants. Biosynthesis of flavonoids is occur by phenylpropanoid metabolic 

pathway in which coumaroyl-CoA is produced. Then, the backbone of flavonoids, 

chalcones are synthesized. Pictutre adabpted from Dias, MC et al (2021). 
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Nowadays, flavonoids have become the focus of research from natural and 

synthetic resources due to their significant health benefits.  In addition, flavonoids 

become essential in human daily dietary intake of food like fruits and vegetables.  

Although it is not easy to accurately determine the amount of flavonoids intake by 

humans due to their complexity and diversity, A study estimated that about 158 to 203 

mg/day is the total amount of food flavonoids consumed by human (94, 95). 

Several studies showed the significant effect of flavonoids as anticancer agents 

(96). Phytotherapy can treat cancer by three means: suppressing agents that inhibit 

procarcinogens from transforming into cancer, blocking agents that block carcinogenic 

compounds from reaching vital sites and initiate cancer, or altering agents that help 

metabolize carcinogenic components to inhibit their biological activity (97).  

Flavonoids can function in all of these methods (98). Since flavonoids exist in a vast 

range of edible natural products and are consumed by humans daily, they considerably 

Figure 7. Flavonoid classes, and examples of subclasses. Chemical structure of 

flavonoids  consises of of 15 carbons constituted by a common skeleton of nucleus flava 

(C6–C3–C6). Picture adabted from Liu, W et al (2021).  
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affect colon and bowel diseases.  An updated meta-analysis of epidemiological studies 

reported that a flavonoids-rich diet might decrease the risk of human CRC (99, 100).  

Therefore, flavonoids from natural and synthetic resources are considered for future 

potential treatments for CRC. Thus, Elaeagnus Angustifolia and chalcones can both be 

considered as promising natural and synthetic flavonoids   as potential therapeutic 

agents for CRC treatment. 

1.2.1.1 Elaeagnus Angustifolia (EA) 

Elaeagnus Angustifolia (EA), or Russian olive, is a large shrub with flexible 

branches as a perennial tree with 5 to 12 meters in height. It belongs to Family 

Elaeagnaceae that includes about 80 species in the world. EA is a deciduous plant with 

alternate leaves. Flowers of EA are characterized by their pleasant fragrance with an 

oval shape, and they are sweet, fleshy, and edible. Geographically, EA is wildly spread 

in Asia and Europe. Further, it has high adaptability to different environments in many 

countries, from the Mediterranean to northern Russia. Traditionally, EA has been used 

for centuries for its valuable extract. As a result, it has a wide diversity of folklore 

medicine in different nations. Recently, several studies focused on EA extract's 

biological and pharmacological activities from its various parts like flowers and fruits 

(101, 102). 

Phytochemical studies revealed that EA contains a wide variety of effective 

compounds like flavonoids, phenolic acids, carotenoids, terpenoids, lignanoids, organic 

acids, coumarins, alkaloids, steroids, and vitamin C. EA biological activities were 

evaluated and found to have multiple activities like muscle relaxation, antinociceptive, 

antimicrobial, anti-inflammatory and later proved to have chemoprevention activity 

(103). Chemoprevention is a strategy to suppress, reverse, or prevent cancer using 

natural or synthetic agents, whether it is an extract or chemical to reduce the adverse 
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side effects of conventional chemotherapies. Accordingly, EA flowers have been used 

traditionally as a drink to treat diseases such as asthma, diarrhea, and osteoporosis. 

Based on phytochemical studies flowers and leaves, EA has a significant abundance of 

flavonoids that are suggested to be responsible for its therapeutic effect (104, 105). 

 

 

 

 

 

 

 

 

  

 

Figure 8. Fresh EA flower.  
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1.2.1.2 Chalcones 

Chalcones are a class of flavonoids found naturally in many medicinal plants in 

flowers, fruits, and vegetables. They are made of unsaturated ketone, including a 

reactive keto-ethylenic group that unique pigmentation for chalcones compounds. 

Chalcones have other chemical names like benzalacetophenone and benzylidene 

acetophenone, and they are the biosynthetic precursor for many cyclic derivatives. 

Further, chalcones structure contains conjugated double bonds with two aromatic rings 

(106). They considered the main precursors for biosynthesis of different classes of 

flavonoids. Chalcones are not like the rest of flavonoids classes and are called open-

chain flavonoids due to the presence of an open ring structure (Figure. 9). The 

advantage of the chalcones' system is that it assists in skeletal modification and is used 

as a unique scaffold in medicinal chemistry to synthesize novel compounds. 

Chemically, chalcones analogs can be synthesized by several condensation reactions. 

Claisen–Schmidt reaction is the most common and straightforward reaction used in 

chalcone synthesis. It’s the condensation of substituted acetophenone and selected 

benzaldehyde analogs under base catalyzed conditions at room temperature for 

specified period of time (Figure. 10) (107). 

For decades, chalcones were found to have a wide range of pharmacological 

activities as anticancer and chemoprevention. They exhibit different activities against 

cancer, such as inhibiting the metabolism of procarcinogen, inducing enzymes 

responsible for carcinogen-detoxifying, and inhibiting tumor growth at early stages. 

(108). 
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Figure 9. General structure of chalcones. A and B are two rings conjugated with a 

carbonyl group. 

Figure 10. General Claisen–Schmidt scheme to synthesize chalcone analogs. 
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1.2.2 Promising CRC molecular targets for natural and synthetic flavonoids 

CRC is a heterogeneous disease that involves multiple genetic and epigenetic 

alternations. Thus, different molecular pathways are involved in CRC development and 

are aimed for treatment as shown in Tables 2 and 3. Nowadays, significant efforts have 

been made to understand how extracted flavonoids from natural and synthetic resources 

affect fundamental cellular functions in CRC at the molecular level. These studies 

focused on the signaling pathways that these natural products might function in healthy 

and cancer conditions. Flavonoids affect different pathways, including Wnt/β-Catenin 

Signaling, PI3K/AKT/mTOR pathway, apoptosis, and epithelial-mesenchymal 

transition (EMT) (109). 

 

Table 2. Examples of natural flavonoids explored on different CRC cell lines 

CRC cell lines Flavonoid Signaling and target pathways References 

HT-29 Quercetin Wnt/β-Catenin Signaling, cell 

cycle 

(110) 

HCT-116 Rutin Apoptosis (111) 

DLD-1 Naringenin Apoptosis (112, 113) 

HT-29 Silibinin EMT and Wnt/β-Catenin 

Signaling 

(114) 

W480, HT-29, and 

Caco-2 

Chrysin Apoptosis (115) 

 

 

Table 3. Examples of synthesized chalcone analogs explored on different CRC cell lines 

CRC cell lines Chalcone analogs Signaling and target 

pathways 

References 

HCT116 Benzylidenetetralones, cyclic 

chalcone 

Cell cycle and 

apoptosis 

(116) 

HCT-116 and 

LoVo 

Polymethoxylated Chalcones EMT (117) 

LoVo, COLO 

205 

4-Boc-piperidone chalcones Apoptosis (118) 
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1.2.2.1 Wnt/β-Catenin Signaling  

The Wnt signal transduction pathway is considered one of the most studied in 

recent research in the hope of finding the mechanisms controlling normal development. 

Wnt signaling pathways consist of many signal transduction pathways that function 

thru proteins and receptors on the cell's surface (119). Wnt name refers to two parts, 

Wnt refers to the wingless gene in Drosophila flies and the second part is the name of 

the vertebrate homolog of this gene, which is integrated or int-1 (120). Wnt signaling 

pathways function through glycol-lipo proteins under the Wnt family; these proteins 

play crucial roles during embryonic development. Therefore, mutations in Wnt 

pathways are associated with severe defects in human birth and chronic diseases like 

cancer (121). Wnt signal stimulates multiple signal transduction cascades in the cell, 

such as Wnt/β-Catenin dependent and independent pathways (122). 

In healthy cases, Wnt/β-Catenin pathways are off as β-catenin protein is degraded 

constantly by Axin complex that includes Axin protein, APC, casein kinase 1 (CK1), 

and glycogen synthase kinase 3 (GSK3) (123)The amino-terminal region of the β-

catenin protein is phosphorylated, which makes it recognizable for the β-Trcp, an 

ubiquitin ligase subunit. Subsequently, β-catenin is degraded and prevented from 

reaching the nucleus (124)  (Figure. 11). In cancer cases, the Wnt/β-Catenin signaling 

pathway is responsible for cell proliferation and has a crucial pathological function in 

tumorigenesis. In addition, it modulates several genes that regulate cell cycle genes and 

oncogenes  (125) (Figure. 12). 

Further, Wnt/β-Catenin signaling pathway induces chemoresistance in CRC 

patients. Several studies illustrated that induction of Wnt/β-catenin signaling and 

accumulation of β-catenin enhance therapeutic resistance to 5-FU (126). Thus, CRC 

sensitivity to the drug can be adjusted by Wnt/β -catenin signaling pathway  (127). 
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Furthermore, anticancer activity of flavonoids is associated with Wnt/β-catenin 

signaling pathway modulation. Flavonoids regulate the Wnt/β-catenin signaling 

pathway thru the interaction with ligand-receptor or by component methylation in the 

genes expressing pathway. Subsequently, flavonoids inhibit the reach of β-catenin to 

the nucleus (128). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Overview of Wnt/β-catenin signaling. In Wnt-off state, Axi complex is the 

core component to activate β-catenin phosphorylation for degradation by β-Trcp. GSK 

and CK1 promote Axin and APC phosphorylation to support their binding to β-catenin 

and destabilize the complex. The destruction of the complex lead to subsequent 

degradation of β-catenin. Picture adabted from Ozhan, G et al. (2015). 
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1.2.2.2 PI3K/AKT/mTOR pathway 

Phosphatidylinositol 3-kinase (PI3K)/protein kinase B (AKT)/ mammalian 

target of rapamycin (mTOR) pathway is an intracellular survival pathway that is 

essential for normal cellular development and cell cycle regulation (129). However, 

mutations in this pathway induce multiple processes related to human cancer (130). For 

example, in CRC, PI3K/AKT/mTOR pathway was involved in drug resistance, 

angiogenesis, EMT, and cancer progression. In addition, PI3K is a group of intracellular 

lipid kinases involved in regulating cellular proliferation. Thus, mutations in these 

proteins contribute to over-proliferation of cells by Phosphatase and Tensin Homolog 

(PTEN), which is controlled PI3K/AKT signaling cascade negatively (131). Along with 

overexpression of dephosphorylates PIP3 to PIP2 that present in more than 60% of 

Figure 12. Overview of Wnt/β-catenin signaling in cancer. Accumulation of nucleic β-

catenin with prmotion of oncogenes contirbute to CRC development and tumor 

progression. In Wnt-on state, translocation of β-catenin occurs to the nucleus as a result 

of destruction complex disturbtion by LRP5/6, FRAT1, which enhances β-catenin 

phosphorylation. Picture adabted from Ozhan, G et al. (2015). 
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CRC patients (132). AKT AKT1 is responsible for apoptotic and cellular survival 

pathways. In cancer, it induces the proliferation of cancer cells by blocking apoptosis. 

Moreover, overexpression of AKT induces resistance to mitogen-activated protein 

kinase (MEK) inhibitor treatment in RAS and BRAF-mutated CRC (133). Further, 

mTOR is an essential protein in multiple biological processes like immunity, 

autophagy, and cell survival. In CRC, mTOR signaling is upregulated, promoting 

tumorigenesis and its progression by different pathways. These pathways include 

angiogenesis, cancer cell migration, and inhibition of autophagy (134). Accordingly, 

PI3K/AKT/mTOR is a promising pathway for CRC therapy. Several studies showed 

that natural compounds are treating CRC thru effectively downregulating this pathway. 

Recently, flavonoids were shown to potent affect cancer by affecting 

PI3K/AKT/mTOR (135). 

 

 

  

Figure 13. Overview of PI3K/AKT/mTOR signaling in cancer. Vital downstream 

effectors like mTOR are regulated by AKT by phosphorylation cascade reaction. This 

reactions occur by lipid and protein phosphatases modulation. Hyperactivation of AKT 

leads to uncontrablable growth of cells. Picture adabted from Miricescu, D et al. (2021). 
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1.2.2.3 EMT pathway 

Epithelial cells are responsible for maintaining cellular polarity and connections 

by tight junctions. Controversy, mesenchymal cells are separated due to the presence 

of ECM and the absence of apical-basolateral contradiction. EMT is a molecular 

pathway in which epithelial cells are polarized and interact with the basal surface of the 

basement membrane (136). Then, cells acquire mesenchymal cell phenotype via several 

biochemical alternations Subsequently, cells become invasive with migratory capacity, 

increasing apoptosis resistance and producing extracellular membrane (ECM) 

components (137). EMT pathway is classified into three classifications. The first type 

is essential in embryogenesis, and the second type is necessary for adults in tissue repair 

and regeneration. Additionally, it is crucial in valves and septa formation during heart 

development through endothelial-mesenchymal transition (EndMT). The last type is 

responsible for cancer development (138). Several studies showed the implication of 

the EMT pathway in cancer development in primary tumors, which leads to its 

progression and metastasis (139). 

During EMT, cells lose their adherents junctions due to the loss of critical 

epithelial-specific markers like E-cadherin and an gain of mesenchymal markers like 

vimentin (140). These events gain several cancer properties, such as invasive and 

apoptosis resistance (141). In CRC, the loss of E-cadherin and gain of vimentin 

expression indicate the worse prognosis in CRC patients. In addition to lymph nodes 

metastasis and invasive tumorigenesis (142).  Accordingly, the EMT pathway is the 

focus of research targeting cancer prevention. Flavonoids, due to their anticancer 

efficacy considered as potential agents against CRC by targeting the EMT pathway. 

Studies showed that a combination of natural flavonoids and 5-FU generates potential 

effects against cell proliferation in CRC by targeting EGFR (143). 
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1.3 Drosophila melanogaster as a model for CRC studies 

Current in vivo models such as mice and rats have many constraints, including 

difficulty in handling, complications in obtaining ethical compliance, and cost-pertinent 

matters. As such, the search for alternative model systems to overcome the limitations 

of using these traditional models is ongoing. Among different non-conventional model 

organisms, the use of the Drosophila melanogaster fruit fly as a model of choice is 

emerging. Drosophila currently serves as one of the most employed organisms for 

investigating many common cellular and developmental processes in high eukaryotes, 

including humans, and for studying a wide range of human disorders and diseases. The 

choice of Drosophila relates to several aspects including its small size, fast generation 

time (around seven to twelve days), as well as it being harmless, fecund, and non-

demanding in terms of laboratory needs and maintenance as compared to other model 

organisms (144, 145).  

Genetically, Drosophila is characterized by a simple genetic makeup ;yet,  with 

an ortholog congruency with humans, where 75% disease-causing genes homology 

with humans are also found in flies, supporting the use of D. melanogaster's as a 

foundation for further translational studies in humans (146). Moreover, the GAL4/UAS 

system in D. melanogaster allows targeted gene expression in a tissue-specific manner. 

This powerful technique in Drosophila allows in-vivo gene function studies  with an 

ability of  temporal and spatial control of the studied gene of interest (147). 

Furthermore, this evolutionary conservation between a fruity fly and a mammal 

is not only evident at the molecular level, as analogous organs with functional 

similarities also exists between both living being.  The gut system, for example, of fruit 

flies, and although simpler, is very similar to that of humans. In brief, the gut of a D. 
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melanogaster encloses a foregut responsible for transferring consumed food to the crop 

for storage and digestion. This highly relates to the process in humans where food 

passes from the esophagus to the stomach. Then, nutrients get absorbed in the anterior 

midgut in flies, similar to the process occurring in the small intestine in humans. 

Likewise, and as is the defined role of the large intestine in absorbing water and 

electrolytes in humans, the fly hindgut is engaged in the same operation, where food 

passes through the middle midgut towards the posterior midgut, arriving to the hindgut 

and rectum for water and electrolytes exchange. The final region of the fly gut 

encompasses the anus, where wastes excretion happens. This is similar to the process 

occurring in the rectum and anus in the human gut. In addition, flies possess Malpighian 

tubules connected to the midgut-hindgut junction, and are responsible for water and 

solutes absorption, a function similar to the renal structure in humans (Figure. 14) (148).  

The midgut epithelium of D. Melanogaster has one layer, and its renewal is 

dependent on intestinal stem cells (ISCs) proliferation, a process regulated by many 

signaling pathways. Interestingly, deletion in D. Melanogaster adenomatous polyposis 

coli (APC) genes promotes ISCs over-proliferation characterized by multilayered 

epithelium formation. This presents the D. melanogaster midgut as a consummate 

model for studying adenoma development (149). Advantageously, D. melanogaster 

lines with mutations in genes reported to be implicated in human CRC such as Kirsten 

Rat Sarcoma (KRAS), adenomatous polyposis coli (APC), basket (BSK), and E2F 

Transcription Factor 1 (E21F) are readily and commercially available. 
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Figure 14. Representation of human and Drosophila gut. Colors indicates organs with 

similar functions. The organs and tissues in the gut of Drosophila flies are functionally 

similar to human GI system. The foregut in Drosophila is resemble to the esophagus in 

human, midgut and hindgut is similar to small and larg intestines and crop is similar to 

the stomach in human. Picture is adapted from Sadaqat, Z et al. (2021). 
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1.4 Thesis Objectives 

CRC is considered among the most lethal malignancies globally after lung and 

breast cancer, with a notable increase in its incidence and mortality rates. Current 

chemotherapies are faced with several adverse side effects, mainly lack of selectivity. 

Thus, novel natural compounds are now presented as potential alternatives, not only for 

CRC treatment, but also for its prevention. Likewise, synthetically designed flavonoids 

are also suggested as plausible alternatives with potency against CRC. EA, for instance, 

is a medicinal plant well known for flavonoids abundance in its flowers and its 

therapeutic potential. Aqueous extract from EA flowers showed a significant effect 

against different types of cancers. Likewise, chalcones, a class of flavonoids, seems to 

possess promising anti-cancerous effect. However, the effect of EA and novel chalcone 

analogs (DK13 and DK14) against CRC has not been investigated yet. Hence, we 

hypothesized in this study an anti- CRC effect of these resources of flavonoids, an 

anticipation that will open up for the introduction of novel anti-CRC agents with high 

efficacy, selectivity, and safety, if borne out correctly. 

Objective 1: To characterize the effect of EA extract and synthesized chalcones analogs 

(DK13 and DK14) in-vitro using the two CRC cell lines HCT-116 and LoVo and the 

NCE-1 E6/E7 normal immortalized colon cells. 

Objective 2: To explore the underlying anti-cancerous mechanisms of action of EA and 

chalcones analogs (DK13 and DK14). 

Objective 3: To determine the preventive and anti-cancerous effect of EA and 

chalcones analogs (DK13 and KD14) in-vivo using wild-type and cancer mutant fly 

lines of D. melanogaster. 
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CHAPTER 2: MATERIALS AND METHODS 

2.1 Extract preparation  

Flowers of Elaeagnus angustifolia originated Montreal, Quebec, Canada, were 

collected from in June and extracted using water as previously described (150).  In brief, 

fresh flowers were dried at room temperature and stored in dark. Then, 3000 mg of EA 

dry flowers were extracted in 100 mL of autoclaved distilled water for 15 minutes at 

50oC, with continuous stirring by means of a magnet stirrer. To avoid any loss of water 

volume through evaporation, the beaker was sealed with aluminum foil. Following 

boiling, the extract solution was left to cool down for 30 minutes, filtered using a sterile 

filter with 0.45 µm pore size, and stored at 4oC. For in-vitro and in-vivo studies, 

dilutions of EA aqueous extract were prepared in cell culture media and Luria-Bertani 

media (LB) media, respectively. The extract was freshly prepared for each set of 

experiments and stored for a maximum of one-week. 

 

2.2 Synthesis of nitrogen-based chalcone analogs (DK13 and DK14) 

Our group recently synthesized and screened two nitrogen-based chalcone analogs 

(DK13 and DK14) (Figures 15 and 16), and patented DK14, as a lead chemotherapeutic 

compound for triple-negative breast cancer (TNBC). The two compounds were 

synthesized by Claisen-Schmidt condensation reaction as described by Elkhalifa et al. 

(2020) (151). Briefly, 4-[Bis-(2-chloroethyl) amino] benzaldehyde (1mmol, 1 eq.) was 

added to a solution of 4-(methylsulfonyl) acetophenone to synthesize DK13, 3-methoxy 

acetophenone was added to ethanol to synthesize DK14. The mixture was stirred until 

completely dissolved, cooled on ice, and then 3mmol of aqueous sodium hydroxide was 

added in a drop like mean. Reaction mixtures were stirred at room temperature until 

completion (24-48 hours). Reactions’ progress was monitored by thin-layer 

chromatography (TLC) using pre-coated silica gel aluminum plates purchased from 
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Merck (USA). Upon reaction completion, the obtained precipitate was filtered, washed 

with cold ethanol and water, and dried under vacuum. Crude products were purified by 

flash chromatography using silica column as stationary phase and a mixture of ethyl 

acetate and hexane as mobile phase. All solvents and chemicals used for synthesis and 

purification were purchased from Sigma-Aldrich (USA).  

 

 

 

 

 

 

 

  

Figure 15. Chemical structure of DK13. 

Figure 16. Chemical strcuture of DK14. 
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2.3 Drosophila stocks husbandry and maintenance  

All fly lines were purchased from the Bloomington Drosophila Stock Center 

(https://bdsc.indiana.edu/) and reared in the Drosophila facility at Zone 4/H10.  Flies’ 

stocks were maintained on regular fly food containing corn syrup, cornmeal, soy flour, 

yeast agar and preserved with Napagin in ethanol in a controlled environment with 70% 

humidity at 25°C, 12-hour day/night cycle. For oral treatment with EA, flies were 

randomly distributed into three vials containing a cellulose acetate plug infiltrated with 

either 2.5 mL of LB alone (control) or with different dilutions of EA aqueous extract 

ranging from 25 to 500 µL/mL diluted in LB media. For oral treatment with DK13 and 

DK14, flies were randomly distributed into three vials containing a cellulose acetate 

plug infiltrated with either DMSO alone (control) or 10 µM of chalcone compounds 

(DK13 or DK14), or 5-FU, prepared in DMSO. For practical purposes and similar to 

many internationally adopted protocols, all experiments were conducted on female 

flies. All experimental procedures using D. melanogaster flies were performed 

according to the international standard guidelines and were approved by Qatar 

University's Institutional Biosafety Committee (QU-IBC-2020/070). Institutional 

Animal Care and Use Committee (IACUC) approval was not required as D. 

melanogaster is an invertebrate model organism. 

 

2.4 Cell culture 

Two CRC cell lines, HCT-116 and LoVo, were obtained from American Type 

Culture Collection (ATCC) (Rockville, MD, USA). To test the selectivity of EA 

aqueous extract, human normal colon cells immortalized by E6/E7 oncoproteins of 

HPV type 16 (NCE-1 E6/E7) were generated by the lab of Dr. Al Moustafa (152). All 

cell lines were cultured in a complete growth medium Dulbecco's modified Eagle 

medium (DMEM) supplemented with 10% fetal bovine serum (PAN-Biotech, 

https://bdsc.indiana.edu/
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Aidenbach, Bavaria, Germany) and 1% penicillin/streptomycin (1X) antibiotics 

(Thermo Fisher Scientific, USA). Cells' maintenance was at 37°C, and 5% CO2 in the 

air, in a humidified atmosphere in an incubator. All cells were routinely maintained by 

splitting them in T-75 and T-25 filtered tissue culture flasks per the experimental needs. 

 

2.5 Cell viability assay (Alamarblue™ assay) 

HCT-116, LoVo, and NCE-1 E6/E7 cells were seeded at density of 1x104 cells/well 

in 100 µL of DMEM media at 96-Well microplates and incubated for 24 hours. Then, 

old media was discarded, and fresh media was added as a negative control for cells 

treated with EA extract or DK13 and DK14. The EA extract was diluted in media with 

five different concentrations from 25 to 200 µL/mL for 48 hours. For chalcone 

compounds, CRC cells were treated with different concentrations of DK13 and DK14 

from 2.5 to 60 µM or with vehicle (DMSO) of final concentration less than 0.1% for 

48 hours. After treatment,10 µL of alamarBlue™ (Invitrogen™, ThermoFisher 

Scientific, USA). AlamarBlue™ was added to each well and incubated for 3 hours. 

After incubation, fluorescence using a fluorescent plate reader (Infinite M200, Tecan, 

Austria) was determined at 560 nm and 590 nm. Viable cells were quantified according 

to the fluorescence of treated cells and relative to the untreated cells by using the 

following formula: 

𝐶𝑒𝑙𝑙 𝑉𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (%) =  
𝐹𝑙𝑢𝑜𝑟𝑒𝑠𝑐𝑒𝑛𝑐𝑒 𝑜𝑓 𝑇𝑟𝑒𝑎𝑡𝑒𝑑 𝐶𝑒𝑙𝑙𝑠 

𝐹𝑙𝑢𝑜𝑟𝑒𝑠𝑐𝑒𝑛𝑐𝑒 𝑜𝑓 𝑈𝑛𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝐶𝑒𝑙𝑙𝑠
× 100 

Next, with a scatter plot, we determined the half-maximal inhibitory concentration 

(IC50), the concentration that reduced 50% of cell viability compared to the control. 

IC50 was calculated further to investigate EA extract, DK13, and DK14. 
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2.6 Cell morphology analysis 

HCT-116, LoVo, and NCE-1 E6/E7 cells were seeded in a 6-well plate at a density 

of 100x103 cells/well for 24 hours. The next day, old media was discarded from all 

wells and replaced with fresh media, and wells were treated with EA extract (100 and 

200 µL/mL) and DK13, DK14, and 5-FU (10µM) for 48 hours. Morphological changes 

of cells were examined with Leica SP8 UV/Visible inverted microscope (Leica 

Microsystems, Wetzlar, Germany) with 10X objective lens. Representative pictures 

were taken with Leica DFC550 digital camera (Leica Microsystems, Wetzlar, 

Germany) of 12.5 Megapixel resolution. 

 

2.7 Flow cytometric analysis of cell cycle 

HCT-116 and LoVo cells were seeded in 100 mm Petri dishes and incubated for 

24 hours. The next day, all cells starved for 24 hours with serum-free media for 

synchronization at G0 phase. After starvation, cells were treated with EA extract (100 

and 200 µL/mL) and DK13, DK14, and 5-FU (10µM) for 48 hours. Then, all cells 

floated, and adherent were harvested by centrifugation, and the obtained pellet was 

washed twice with cold 1X Phosphate-buffered saline (PBS). After washing, cells were 

fixed with 70% ice-cold ethanol and kept at -20oC overnight. For flow cytometric 

analysis, the DNA stained with 50 µg/mL FXCycle PI/RNase staining solution® 

(Thermo Fisher Scientific, USA) was supplemented with 200μg/mL RNase, all cells 

incubated in the dark at room temperature in a shaking water bath for 50 minutes. 

Analysis of cell cycle was done using BD Accuri™ C6 Plus flow cytometry and data 

analyzed by FlowJo™ V10 software to quantify cells in G0/G1, S, G2/M phases 

according to the DNA content represented by histograms of PI signal intensity. 
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2.8 Cell invasion assay 

To explore the effect of EA aqueous extract and chalcone compounds on the 

invasive characteristic of HCT-116 and LoVo cell lines, Matrigel-coated invasion 

chamber plates (CORNING, USA) were used. In the upper chambers of the plate, HCT-

116 and LoVo cells with a density of 50x103 cells/well were suspended in serum-free 

media containing EA extract (100 and 200 µL/mL)  or DK13, DK14, and 5-FU (10µM) 

to a final volume of 500 µL/well. The lower chambers were loaded with a complete 

growth medium (DMEM with 10% FBS) as a chemoattractant to a final volume of 600 

µL/well. CRC cells were allowed to invade for 48 hours. After, non-invaded cells on 

the upper chamber were removed using sterilized cotton swabs wetted with 1X PBS. 

For the fixation of invaded cells, 3.7% formaldehyde was used for 10 minutes, then 

soaked in absolute methanol for permeabilization for 5 minutes. For staining, invaded 

cells were stained first with 0.5% crystal violet prepared in 2% ethanol for 30 minutes. 

Then cells were visualized under the microscope and took pictures with Leica MC170 

HD camera. Then, for confirmation, invaded cells were stained with 4',6-Diamidino-2-

Phenylindole (DAPI) for 5 minutes. Visualization and pictures were taken using EVOS 

fluorescence microscope. Finally, invaded cells were quantified by randomly counting 

at least four different fields/well. 

 

2.9 Soft agar colony formation assay 

To determine the ability of EA and chalcone compounds in preventing CRC cells 

(HCT-116 and LoVo) colony formation, we used the well-established soft agar colony 

formation assay. Noble agar (Sigma-Aldrich, USA) with 2% concentration was 

prepared in autoclaved water as a stock solution. DMEM medium with pre-solidified 

0.4% agar plated in each well of 6-well plate, then cells were suspended in complete 

growth medium at a density of 100x103/well containing EA extract (100 and 200 



 

43 

µL/mL) or DK13, DK14 and 5-FU (10 µM) to a final volume of 1 mL/well and pre-

solidified 0.3% agar plated on the top of the first layer. Colonies formation of both cell 

lines was examined every two days for three weeks. Representative pictures were taken 

with Leica MC170 HD camera for three weeks. For quantification, formed colonies 

were counted randomly in each group from four different fields/well. 

 

2.10 RNA extraction and quantitative real-time PCR (qRT-PCR) 

To confirm ras1 mutation in cancer mutant fly line (Ras85D) used as compared 

to the Yw control group, total RNA was extracted from the whole body of one week old 

adult female flies by using NucleoSpin TriPrep, Mini kit for RNA purification 

(MACHEREY-NAGEL, Germany) according to the manufacturer's protocol. The 

concentration of the extracted RNA was measured using a nanodrop reader (Thermo-

Fisher Scientific, USA) and RNA purity was evaluated by the 260/280nm ratio. An 

RNA sample with a ratio of ~2 was considered pure. To synthesize cDNA, RNA was 

then reverse transcribed using SuperScript™ III First-Strand Synthesis SuperMix 

(Thermo Fisher, USA) kit, according to the manufacturer's protocol (Table. 4) and the 

ProFlex™ 2 x 96-well PCR System (Applied Biosystems™, Thermo Fisher, USA) (30 

minutes at 42°C, 85°C for 10 minutes). For qRT-PCR and using the iTaq™ Universal 

SYBR® Green Supermix kit (BIO-RAD, USA), a total volume of 10 µL per samples 

was prepared in 96 well microplate (Applied Biosystems™) (Table. 5) and RT-PCR 

was subsequently performed in QuantStudio® 5 Real-Time PCR System. The list of 

primer sequences used are shown in Table 6.  
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Table 4. Reverse transcription and cDNA synthesis reaction consituents 

Reagent Concentration Volume 

2X Reaction Mix 

 

2.5 μM 10μL 

RT Enzyme Mix 0.4mM 2μL 

   

E. coli RNase H 

 

2U 1μL 

 

Total RNA Up to 1μg X uL 

 

Nuclease Free Water  - Up to a total reaction volume of 20uL 

 

Table 5. RT-qPCR reaction consituents 

Reagent Concentration Volume 

SYBR® Green Supermix 

 

2X 5uL 

 

Forward primer 

 

10 μM 1μL 

Reverse primer 10 μM 1μL 

   

cDNA template 

 

1:10 diluted 1μL 

Nuclease Free Water - Up to a total reaction volume of 10uL 

 

 

Table 6. List of used primers in RT-qPCR 

Target 

Gene 

Forward (5' to 3') Reverse (3' to 5') 

Ras1 

 

GCAACAAGTGCGACCTACAG

TCG 

CGGCTGACTTTATCTTTGCGTAT

CTC 

Rp49 TACAGGCCCAAGATCGTGAA

G 

GACGCACTCTGTTGTCGATACC 
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2.11 Western blot analysis 

CRC cells were seeded in 100 mm Petri dishes and incubated for 24 hours to 

attach. Next day, both cell lines were treated with EA extract (100 and 200 µL/mL) or 

DK13, DK14, and 5-FU (10 µM). First, floating, and adherent cells were washed with 

5 mL ice-cold 1X PBS, all floating cells were harvested in a 15 mL tube. Then adherent 

cells were lysed using cold sodium dodecyl sulfate (SDS) lysis buffer (0.5M Tris pH 

6.8, 0.2% SDS) with Halt™ Protease and Phosphatase Inhibitor Cocktail (Thermo 

Fisher Scientific, USA). 

For proteins extraction from Drosophila whole body, 10 female flies per genotype 

were homogenized in cold sodium dodecyl sulfate (SDS) lysis buffer (0.5M Tris pH 

6.8, 0.2% SDS) supplemented with Halt™ Protease and Phosphatase Inhibitor Cocktail 

(Thermo Fisher Scientific, USA). 

 Protein samples were then reduced and denatured in SDS-PAGE sample buffer 

(Thermo Fisher Scientific, USA) for 20 minutes 95°C.  Extracted proteins were finally 

quantified by the Pierce BCA Protein Assay Kit (Thermo Scientific, USA) according 

to the manufacturer's protocol.  

30 µg of each sample was loaded on 10% polyacrylamide gels and SDS–

polyacrylamide gel electrophoresis (SDS-PAGE)/ Mini-PROTEAN Electrophoresis 

System (BioRad, USA) was used to separate proteins based on their molecular weight. 

The resolution protein size was estimated relevant to the PageRuler™ Prestained 

Protein standard Ladder (10-250kDa) (Thermo Scientific, USA).  

By means of wet transfer, proteins were transferred into a 0.45 μm Polyvinylidene 

fluoride (PVDF) membrane.  Membranes enclosing transferred proteins were then 

blocked with Bovine serum albumin (BSA) blocking buffer, and incubated with the 

primary antibodies (Table 7 and 8), overnight at 4°C. The next day, membranes were 

incubated with relevant secondary antibody for 2 hours. ECL Western blotting substrate 
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(Pierce Biotechnology, Rockford, IL, USA) was used to detect protein bands. Blots 

were imaged using Bio-Rad Chemidoc MP Imaging System and quantified by ImageJ 

software. Bands intensity reflecting relative protein expression was analyzed relative to 

GAPDH or alpha Tubulin. 

 

Table 7. Antibodies used in western blot analysis of proteins extracted from CRC cell 

lines. 

No. Antibody Source MW 

(KDa) 

Manufacturer Dilution 

      

1. Anti-Mouse Mouse N/A Cell Signaling CST:  

Ab #7076 

 

1:1000 

2. Anti-Rabbit Rabbit N/A Cell Signaling CST:  

Ab #7074 

 

1:1000 

3. E-cadherin Rabbit 135 Cell Signaling CST:  

mAb #3195 

 

1:1000 

4. Vimentin Mouse 57 Cell Signaling CST:  

mAb #46173 

 

1:1000 

5. β-Catenin Rabbit 92 Cell Signaling CST:  

Ab #9562 

 

1:500 

6. Phospho-β-

Catenin 

Rabbit 92 Cell Signaling CST: 

 Ab #4176 

 

1:500 

7. AKT Rabbit 60 Cell Signaling CST: 

 Ab #9272 

 

1:1000 

8. Phospho-AKT Rabbit 60 Cell Signaling CST:  

mAb #4060 

 

1:1000 

9. EGFR Rabbit 134 Abcam: abID# ab52894 

 

1:1000 

10. Phospho-EGFR Rabbit 170 Santa Cruz, SC-57545 

 

1:500 

11. m-TOR Rabbit 289 Cell Signaling CST:  

mAb #2983 

 

1:1000 

12. Phospho-m-TOR Rabbit 289 Abcam: abID# ab 

109268 

1:1000 
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13. GAPDH Rabbit 37 Cell Signaling CST:  

Ab #7074 

1:1000 

MW: Molecular weight, NA: Not Applicable 

 

 

 

 

Table 8. List of the used antibodies in Western blotting analysis of D. melanogaster fly 

lines. 

No. Antibody Source MW 

(KDa) 

Manufacturer Dilution 

1. Anti-Mouse Mouse N/A Cell Signaling CST:  

Ab #7076 

 

1:1000 

2. Anti-Rabbit Rabbit N/A Cell Signaling CST:  

Ab #7074 

 

1:1000 

3. ERK1/2 Mouse 44 Abcam: abID# 

ab50011 

 

1:500 

4. Phospho-Drosophila 

AKT 

Rabbit 65 Cell Signaling CST:  

Ab #4054 

 

1:100 

5. AKT Rabbit 65 Cell Signaling CST:  

Ab #9272 

 

1:100 

6. Alpha- Tubulin Rabbit 50 Abcam: abID# 

ab52866 

1:500 

MW: Molecular weight, NA: Not Applicable 
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2.12 Survival assay 

To explore the effect of EA extract and synthesized chalcones (DK13 and DK14) 

on the survival rates of the fly line with ras mutations Ras85D as compared to wild-

type Yw flies, different dilutions of EA aqueous extract or chalcone compounds were 

used as described above. Dead flies were counted twice a day (12-hour interval between 

each count) until flies in all groups succumbed to death. Mean survival was calculated, 

and the results were compared to untreated control flies fed with LB only for EA-treated 

groups or with DMSO only for chalcone compounds-treated ones. 

 

2.13 Statistical analysis 

The IBM® SPSS® software version 28.0.0.0 (190), was used to analyze all data. 

All experiments were conducted at least three independent times, and the obtained data 

represents mean ± standard error of the mean (SEM) of the three independent biological 

repeats. IC50 values were calculated using non-linear curve and exponential equation 

using Microsoft Excel. One-way analysis of variance (ANOVA) followed by Tukey's 

multiple measurement tests was used to compare three or more levels of the investigated 

factor. For survival analysis, at least 30 flies per biological replicate were used in treated 

and untreated groups. The Kaplan-Meier survival test was used to calculate percent 

survival, and statistical significance between compared groups was calculated using the 

log-rank test. Cox proportional hazards regression analysis was used to determine the 

hazard ratio (HR). Differences with p-values <0.05 (α-level =0.05) were considered 

statistically significant. For all the statistical analysis, * indicates p<0.05, ** indicates 

p<0.01, and *** indicates p<0.001. 
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CHAPTER 3: RESULTS 

3.1 Effect of EA aqueous extract on CRC cell lines 

3.1.1 Cell viability assay (Alamarblue™ assay) 

Cell viability assay is used to study the effect of our plant extract and chalcone 

compounds on the viability of normal and cancer cells. AlamarBlue™ Assay 

(resazurin) is a colorimetric assay that is used as an indicator to define the percentage 

of viable cells under certain conditions. The active ingredient of alamar blue is 

resazurin, which is not toxic and characterized by high permeability through the cell 

membranes, soluble in water with stability in culture media. Therefore, it is the best 

candidate for our aim in this experiment (153). 

The effect of EA on HCT-116 and LoVo, was assessed after exposing both cell 

lines to different dilutions of EA extract for 48 hours. After analyzing the viability of 

CRC cells (HCT-116 and LoVo) relative to the untreated controls, we found that EA 

significantly inhibits the proliferation of HCT-116 and LoVo cells. The percentage of 

viable cells decreases with increasing the EA concentrations, as shown in Figures 17 A 

and B. EA extract reduces cells viability up to 59.76 ± 4.04 and 86.45 ± 1.89 in HCT-

116 cell line and up to 49.76 ± 1.28 and 55.39 ± 1.59 in LoVo cell line at 150 and 200 

µL/mL, respectively. Then, the IC50 values of EA extract in HCT-116 and LoVo cell 

lines are calculated for further investigation. After treating the cells for 48 hours with 

five different dilutions of EA (0, 25, 50, 100, 150, and 200 µL/mL), the percentage of 

viable cells is obtained by alamar blue. A scatter plot is created as a function of 

concentrations. Then IC50 of EA extract in HCT-116 and LoVo cell lines is calculated 

as shown in Table. 9. Accordingly, two concentrations (100 and 200 µL/mL) of EA 

extract are used in all experiments. To assess the selectivity of cytotoxic effect of EA 

aqueous extract on cancerous cell lines, the effect of 100 and 200 µL/mL concentrations 

were explored on the viability of NCE-1 E6/E7 cell line. EA aqueous extract does not 
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affect the viability of NCE-1 E6/E7, as the cell proliferation is not affected by any 

dilution used (Figure. 18). 

 

  

Figure 17. Outcome of different doses of EA aqueous extract on the viability of (A) 

HCT-116 and (B) LoVo. Both cell lines were treated with a range of five different 

concentrations of EA extract. Cell viability was quantified 48 hours post-treatment 

relative to the untreated control for each cell line (Mean ± SEM; n=3). Statistical 

analysis was performed using one-way ANOVA, Tukey’s post-hoc test was conducted 

to compare treatment groups. Asterisks indicate significant results compared to the 

untreated control at *** p <0.001. 
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Table 9: IC50 of EA aqueous extract in CRC cell lines after 48 hours of treatment. 

CRC cell line IC50 of EA 

HCT-116 

 

91.04 µL/mL ± 4.2 

LoVo 155.67 µL/mL ± 3.6 

 

 

 

  

Figure 18. Outcome of EA aqueous extract on the viability of NCE-1 E6/E7 cell lines 

at 100 and 200 µL/mL. Cell viability was quantified 48 hours post-treatment relative to 

the untreated control for each cell line (Mean ± SEM; n=3). Statistical analysis was 

performed using one-way ANOVA, Tukey’s post-hoc test was conducted to compare 

treatment groups.  
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3.1.2 Cell morphology analysis  

Analysis of cell morphology is essential in drug discovery as it provides 

important indications of cell activities and their regulations induced by any phenotypic 

change caused by treatment (136). As shown in Figure 19, EA extract notably affects 

the morphology of both CRC cell lines (HCT-116 and LoVo). In addition, it increases 

the cell-cell adhesion among cells by alternating the shape to be more flattened 

epithelial cells, suggesting that EA extract inhibits the progression of Epithelial-

mesenchymal transition (EMT) in both CRC cells. On the other hand, EA extract does 

not affect the cell morphology of NCE-1 E6/E7 cells as the morphology does not 

change under the effect of both concentrations used. 
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Figure 19. Outcome of EA aqueous extract on the morphology of (A) HCT-116, (B) 

LoVo and (C) NCE-1 E6/E cells after treatment at 100 and 200μL/mL for 48 hours. 

Images visualized at 10X magnification. 
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3.1.3 Flow cytometric analysis of cell cycle 

The cell cycle in mammalian cells is defined as the series of events in a cell to 

produce duplication of DNA, with cytoplasm and organelles division by mitosis to 

produce two identical daughter cells. The cell cycle consists of four sequential phases, 

which are Sub-G0, G0/G1, S, and G2/M phase, and specific events are taking place in 

each phase (154). Cancer is considered a disease of the cell cycle, as the deregulation 

of the cell cycle is one of the hallmarks of cancer development. In addition, the loss of 

cell cycle checkpoints is the cause of genetic instability related to cancer (155). 

Flow cytometric analysis of cell cycle is a direct analysis to highly measure the 

DNA content in each cell by quantifying this content after staining the DNA with 

different dyes such as propidium iodide (PI) (156). 

Here, cell cycle analysis is performed to study the effect of our treatment on the 

cell cycle phases of CRC cell lines (HCT-116 and LoVo). Flow cytometric analysis is 

used for DNA quantification in each phase of cell cycle of CRC cells under the effect 

of EA extract (100 and 200 µL/mL). Peaks in Figures 20 and 21 represent the arrested 

cells in each phase. The first peak represents arrested cells in G0/G1 phase, the second 

peak for cells arrested in the S phase, and the third peak for cells arrested in the G2/M 

phase. The results show that EA extract significantly disturbs the cell cycle. As shown 

in figure 20, at 200 µL/mL concentration, HCT-116 cells are arrested at the G2/M 

phase; however, 100 µL/mL is not effective. On the other hand, EA extract significantly 

arrests LoVo cells at the S phase at both concentrations (Figure 21). 
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Figure 20. Cell cycle analysis of HCT-116 cells. (A) Peaks are representation of the 

percentage of cells in G0/G1, S and G2/M phase post-treatment with EA extract for 48 

hours. (B) The three phases were quantified and results are presented as the Mean ± 

SEM: (n=3). Statistical analysis was performed using one-way ANOVA, Tukey’s post-

hoc test was conducted to compare treatment groups and results were stated as Asterisks 

indicate significant results compared to the untreated control at *p <0.05 and ** 

p<0.01. 
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Figure 21. Cell cycle analysis of  LoVo cells. (A) Peaks are representation of the 

percentage of cells in G0/G1, S and G2/M phase post-treatment  with EA extract for 48 

hours. (B) The three phases were quantified and results are presented as the Mean ± 

SEM: (n=3). Statistical analysis was performed using one-way ANOVA, Tukey’s post-

hoc test was conducted to compare treatment groups and results were stated as Asterisks 

indicate significant results compared to the untreated control at * p<0.05 ,** p<0.01 

and *** p<0.001. 
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3.1.4 Cell invasion assay  

Cancer invasion is the ability of cancer cells to penetrate and the extent to other 

neighboring tissues, which eventually lead to cancer metastasis (157). As illustrated in 

Figures 22 and 23, EA extract significantly decreases CRC cells invasion by increasing 

the extract dose. EA inhibits the invasion of 38.7 and 97% of HCT-116 cells and 85.2 

and 94.5% of LoVo cells at 100 and 200 µL/mL, respectively. The effect of EA is 

evident as the number of dyed cells is decreasing in crystal violet dye. We modified the 

staining of this technique by DAPI to confirm the number of invasive cells, as DAPI 

will only stain the nucleus of the cell. However, crystal violet might stain the pores of 

the Matrigel®. 
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Figure 22. Outcome of EA extract on cell invasion of HCT-116 cells. Cells are stained 

with (A) crystal violet staining (CV) and (B) DAPI. Images were acquired at 10X 

magnification. (C) Invaded cells quantified by counting the number of invaded cells 

manually in four different fields and expressed as percentage of treatment relative to 

the control, and results are presented as the Mean ± SEM: (n=3). Statistical analysis 

was performed using one-way ANOVA, Tukey’s post-hoc test was conducted to 

compare treatment groups. Asterisks indicate significant results compared to the 

untreated control at *** p<0.001. 
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Figure 23. Outcome  of EA extract on cell invasion of LoVo cells. Cells are stained with 

(A) crystal violet staining (CV) and (B) DAPI. Images were acquired at 10X 

magnification. (C) Invaded cells quantified by counting the number of invaded cells 

manually in four different fields and expressed as percentage of treatment relative to 

the control, and results are presented as the Mean ± SEM: (n=3). Statistical analysis 

was performed using one-way ANOVA, Tukey’s post-hoc test was conducted to 

compare treatment groups. Asterisks indicate significant results compared to the 

untreated  control at *** p<0.001. 
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3.1.5 Soft agar colony formation assay  

Colony formation assay is a technique to evaluate the proliferation rate of cells 

that can form colonies in soft agar in a certain period. Soft agar indicates a cancer cell's 

ability to grow in an adhesion-independent manner (158). In this experiment, we found 

that EA inhibits 70.9 and 57.6% of HCT-116 and LoVo cells colonies, respectively, at 

100 µL/mL. In addition, EA reduces colony formation of both CRC cell lines compared 

to untreated control at 200 µL/mL as shown in Figures 24 and 25. 
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Figure 24. Outcome of EA extract on colony formation of HCT-116 cells. (A) Images 

were acquired at 10X magnification. (B) Formed colonies were quantified by counting 

the number of colonies manually in four different fields and expressed as percentage of 

treatment relative to the control. and results are presented as the Mean ± SEM: (n=3). 

Statistical analysis was performed using one-way ANOVA, Tukey’s post-hoc test was 

conducted to compare treatment groups. Asterisks indicate significant results compared 

to the untreated control at *** p<0.001. 
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Figure 25. Outcome of EA extract on colony formation of LoVo cells. (A) Images were 

acquired at 10X magnification. (B) Formed colonies were quantified by counting the 

number of colonies manually in four different fields and expressed as percentage of 

treatment relative to the control. and results are presented as the Mean ± SEM: (n=3). 

Statistical analysis was performed using one-way ANOVA, Tukey’s post-hoc test was 

conducted to compare treatment groups. Asterisks indicate significant results compared 

to the untreated control at *** p<0.001. 
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3.1.6 Outcome of EA extract on AKT/EGFR and EMT biomarkers in CRC cell 

lines 

Western blot analysis or immunoblotting is an essential technique in drug 

discovery to identify specific proteins from a complex mixture extracted from tissues 

or cells (159). According to our results above, EA extract has a notable effect on EMT 

regulator genes. Therefore, we investigated the expression of key biomarkers of EMT 

in CRC cells (HCT-116 and LoVo) by western blot.  

Our data showed that cells treated with EA aqueous extract enhanced the 

expression of calcium-regulated adhesion molecule E-cadherin. Along with a 

significant downregulation of vimentin, which is a leading protein in the EMT 

biomarkers. Furthermore, compared to untreated control, EA inhibits the expression of 

phosphorylated β-catenin in both CRC cell lines. Regarding the underlying molecular 

mechanism, EA inhibits the expression of activated AKT that is regulated by EGFR. 

Accordingly, our flower extract significantly downregulates the expression patterns of 

EGFR in both HCT-116 and LoVo cells in comparison to the untreated control (Figures 

26 and 27). 
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Figure 26. Expression patterns of EMT biomarkers and their molecular pathways 

provoked by EA extract in HCT-116 cells. GAPDH is used as a housekeeping protein 

in this assay. Cells were treated with 100 and 200 µL/mL of EA extract for 48 hours. 

Results are presented as the Mean ± SEM: (n=3). Statistical analysis was performed 

using one-way ANOVA, Tukey’s post-hoc test was conducted to compare treatment 

groups. Asterisks indicate significant results compared to the untreated control at 

*p<0.05, ** p<0.01, *** p<0.001. 
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Figure 27. Expression patterns of EMT biomarkers and their molecular pathways 

provoked by EA extract in LoVo cells. GAPDH is used as a housekeeping protein in 

this assay. Cells were treated with 100 and 200 µL/mL of EA extract for 48 hours. 

Results are presented as the Mean ± SEM: (n=3). Statistical analysis was performed 

using one-way ANOVA, Tukey’s post-hoc test was conducted to compare treatment 

groups. Asterisks indicate significant results compared to the untreated control at ** p 

<0.01, *** p <0.001. 
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3.2 Effect of DK13 and D14 on CRC cell lines 

3.2.1 Cell viability assay (AlamarBlue™ assay) 

DK13 and DK14 are novel chalcone compounds evaluated for their anti-cancer 

effect on CRC cell lines HCT-116 and LoVo after 48 hours of treatment. Both 

compounds, DK13 and DK14, significantly reduce the cell viability of both CRC cell 

lines (Figures 28 A and B). DK13 at high concentration 60 µM inhibits 71.18% ± 2.6 

and 69.88% ± 1.8 of HCT-116 and LoVo cell lines, respectively. On the other hand, 

DK14 at 60 µM inhibits 93.06% ± 2.05 and 84.5 % ± 1.8 of HCT-116 and LoVo cell 

lines, respectively.  

Six concentrations (2.5, 5, 10, 20, 40, and 60 µM) are used to calculate the IC50 

of DK13 and DK14 in HCT-116 and LoVo cell lines. After obtaining the percentage of 

viable cells upon treatment, a scatter blot is created as a function of concentrations and 

the IC50 was calculated as shown in Table. 10. Based on the IC50 values of DK13 and 

DK14 and on our previous studies for the effect of both compounds on breast cancer, 

10 µM concentration is be used for all experiments (151, 160).  

To assess the selectivity of cytotoxic effect of DK13 and DK14 on cancerous 

cell lines, the effect of 10 and 20 µM concentrations were explored on the viability of 

NCE-1 E6/E7 cell line. As shown in Figure. 29, DK13 significantly inhibited 50.5 and 

66.6 % of NCE-1 E6/E7 cells at 10 and 20 µM, respectively. On the other hand, DK14 

does not show toxicity on NCE-1 E6/E7 cells at 10 µM, however it only reduces 13.29% 

of the cells at 20 µM.   

According to a recent study, the IC50 of 5-FU is 11.23 µM and 12.28 µM in 

HCT-116 and LoVo cells, respectively (161). Thus, a similar concentration is used for 

the 5-FU for comparison. 
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Figure 28. Outcome of different concentrations of DK13 and DK14 on the viability of 

(A) HCT-116 cells and (B) LoVo. Cells were treated with a range of six different 

concentrations of both compounds. Percentage of cell viability is calculated 48 hours 

post-treatment relative to the untreated control for each cell line (Mean ± SEM; n=3). 

Statistical analysis was performed using one-way ANOVA, Tukey’s post-hoc test is 

conducted to compare treatment groups. Asterisks indicate significant results compared 

to the untreated control at *** p<0.001. 
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Table 10. IC50 of DK13 and DK14 in CRC cell lines after 48 hours of treatment. 

CRC cell line IC50 of DK13 IC50 of DK14 

HCT-116 23.31 µM ± 1.4 7.04 µM ± 1.22 

 

LoVo 17.63 µM ± 4.4 10.08 µM ± 1.4 

 

 

  

Figure 29: Outcome of DK13 and DK14 on the viability of NCE-1E6/E7. Cells were 

treated with 10 and 20 µM of both compounds. Percentage of cell viability is calculated 

48 hours post-treatment relative to the untreated control for each cell line (Mean ± SEM; 

n=3). Statistical analysis was performed using one-way ANOVA, Tukey’s post-hoc test 

is conducted to compare treatment groups. Asterisks indicate significant results 

compared to the untreated control at *** p<0.001. 
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3.2.2 Cell morphology analysis 

Afterward, we analyzed the effect of DK13 and DK14 on HCT-116 and LoVo 

morphological characteristics. Results are compared to the effect of DMSO, and 5-FU 

treated cells. Notably, DK13 and DK14 at 10µM change the morphology of both cell 

lines from mesenchymal phenotype to epithelial as the shape of the cells became flat, 

increasing cell-cell adhesion among treated cells compared to untreated cells, as shown 

in Figures 30 and 31. However, 5-FU does not show that effect on both cell lines. 
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Figure 30. Outcome of DK13 and DK14 on the morphology of HCT-116 cells after 

treatment at 10μM for 48 hours. Images visualized at 10X magnification. 

Figure 31: Outcome of DK13 and DK14 on the morphology of LoVo cells after 

treatment at 10μM for 48 hours. Images visualized at 10X magnification. 
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3.2.3 Flow cytometric analysis of cell cycle  

The cell-cycle phase distributions of cells treated with both chalcone 

compounds are analyzed by flow cytometry to validate the effect of DK13 and DK14 

on cell proliferation. DMSO-treated cells display a typical cell-cycle pattern in all 

phases G0/G1, S-phase, and G2/M. Chalcone analogs DK13 and DK14 arrest HCT-116 

and LoVo cells at the G2/M phase. On the other hand, 5-FU arrest the cells of both cell 

lines at the S phase (Figures 32 and 33). 
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Figure 32. Cell cycle analysis of HCT-116 cells. (A) Peaks are representation of the 

percentage of cells in G0/G1, S and G2/M phase post-treatment  with 10 μM of DK13, 

DK14 and 5-FU for 48 hours. (B) Quantifcation of cell cycle phases. Results are 

presented as the Mean ± SEM: (n=3). One-way ANOVA, Tukey’s post-hoc test was 

conducted to for comparisions. Asterisks indicate significant results compared to the 

untreatwd control at * p<0.05 and ** p<0.01. 
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Figure 33. Cell cycle analysis of LoVo cells. (A) Peaks are representation of the 

percentage of cells in G0/G1, S and G2/M phase post-treatment  with 10 μM of DK13, 

DK14 and 5-FU for 48 hours. (B) Quantifcation of cell cycle phases. Results are 

presented as the Mean ± SEM: (n=3). One-way ANOVA, Tukey’s post-hoc test was 

conducted to for comparisions. Asterisks indicate significant results compared to the 

untreated control at * p<0.05 and *** p<0.001. 
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3.2.4 Cell invasion assay  

Then, the ability of DK13 and DK14 in inhibiting cancer cell invasion is 

investigated by using Matrigel invasion assay. Our data revealed that DK13 and DK14 

significantly inhibit the invasion of HCT-116 cells by 89.2 % and 96.7 %, respectively, 

and by 86% and 95.8% in the LoVo cell line, respectively. However, 5-FU inhibits 55% 

and 30% of HCT-116 and LoVo cell invasion. Figures 34 and 35 represent invasive 

stained cells with crystal violet and DAPI staining, which makes the effect of both 

DK13 and DK14 on cancer cell invasion clear compared to the DMSO, and 5-FU 

treated cells. 
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Figure 34. Outcome of DK13, DK14 and 5-FU at 10μM on cell invasion of HCT-116 

cells. Cells are stained with (A) crystal violet staining (CV) and (B) DAPI. Images were 

aquired at 10X magnification. (C) Invaded cells quantified by counting the number of 

invaded cells manually in four different fields and expressed as percentage of treatment 

relative to the control, and results are presented as the Mean ± SEM: (n=3). One-way 

ANOVA, Tukey’s post-hoc test was conducted to for comparisions. Asterisks indicate 

significant results compared to the untreated control at *** p<0.001. 
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Figure 35. Outcome of DK13, DK14 and 5-FU at 10μM on cell invasion of LoVo cells. 

Cells are stained with (A) crystal violet staining (CV) and (B) DAPI. Images were 

aquired at 10X magnification. (C) Invaded cells quantified by counting the number of 

invaded cells manually in four different fields and expressed as percentage of treatment 

relative to the control, and results are presented as the Mean ± SEM: (n=3). One-way 

ANOVA, Tukey’s post-hoc test was conducted to for comparisions. Asterisks indicate 

significant results compared to the untreated control at *** p<0.001 
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3.2.5 Soft agar colony formation assay  

HCT-116 and LoVo cells' ability to form colonies in soft agar is analyzed under 

the effect of DK13 and DK14. DK13 inhibits 88% and 78.5 of HCT-116 and LoVo 

cells respectively. And DK14 inhibits 98% of both cell lines compared to the DMSO 

and 5-FU treated cells (Figures 36 and 37). 

 

  

Figure 36. Outcome of DK13, DK14 and 5-FU on colony formation of HCT-116 cells. 

(A) Images were aquired at 10X magnification. (B) Fromed colonies were quantified 

by counting the number of colonies manually in four different fields and expressed as 

percentage of treatment relative to the control. and results are presented as the Mean ± 

SEM: (n=3). One-way ANOVA, Tukey’s post-hoc test was conducted to for 

comparisions. Asterisks indicate significant results compared to the untreated control 

at *** p<0.001. 
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Figure 37. Outcome of DK13, DK14 and 5-FU on colony formation of LoVo cells. (A) 

Images were aquired at 10X magnification. (B) Fromed colonies were quantified by 

counting the number of colonies manually in four different fields and expressed as 

percentage of treatment relative to the control. and results are presented as the Mean ± 

SEM: (n=3). One-way ANOVA, Tukey’s post-hoc test was conducted to for 

comparisions. Asterisks indicate significant results compared to the untreated control 

at *** p<0.001. 
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3.2.6 Outcome of DK13 and DK14 on EMT biomarkers and AKT/mTOR in 

CRC cell lines  

According to the results above, DK13 and DK14 are suggested to inhibit the 

EMT pathway. Thus, we examined the expression patterns of EMT biomarkers in HCT-

116 and LoVo cell lines using western blot analysis. The data showed that DK13 and 

DK14 increases the expression of epithelial protein E-cadherin, while the mesenchymal 

protein Vimentin is decreased in both cell lines. Furthermore, our results suggested that 

both chalcone compounds inhibit Wnt/β-Catenin and AKT/mTOR pathways in both 

CRC cell lines by significantly deregulating the phosphorylated form of β-Catenin, 

AKT, and mTOR proteins compared to DMSO and 5-FU treated cells (Figures 38 and 

39). 
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Figure 38. Expression patterns of EMT biomarlers and their molecular pathways 

induced by DK13 and DK14 in HCT-116 cells. GAPDH was used as housekeeping 

protein in this assay. Cells were treated with 10 µM of DK13, DK14 and 5-FU for 48 

hours. Results are presented as the Mean ± SEM: (n=3). One-way ANOVA, Tukey’s 

post-hoc test was conducted to for comparisions. Asterisks indicate significant results 

compared to the untreated control at * p<0.05 and ** p<0.01. 
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Figure 39. Expression patterns of EMT biomarlers and their molecular pathways 

induced by DK13 and DK14 in LoVo cells. GAPDH was used as housekeeping protein 

in this assay. Cells were treated with 10 µM of DK13, DK14 and 5-FU for 48 hours. 

Results are presented as the Mean ± SEM: (n=3). One-way ANOVA, Tukey’s post-hoc 

test was conducted to for comparisions. Asterisks indicate significant results compared 

to the untreated control at * p<0.05, ** p<0.01and *** p<0.001. 
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4.1 Drosophila melanogaster as a model for CRC studies 

4.1.1 Ras expression in D. melanogaster fly lines with ras mutation 

To confirm the expression of ras1 (more precisely termed ras oncogene at 85D) 

in fly lines with a constitutively active form of Ras85D (the homolog of vertebrate ras1 

in Drosophila) under the control of the sev enhancer and promoter, controls, real-time 

PCR is performed. As expected, the expression of ras1 was significantly upregulated 

in Ras85D as compared to the control group Yw.  (Figure 40).   

4.1.2 ERK1/2 and AKT expression in D. melanogaster fly lines with ras mutation 

To further confirm the oncogenic status of the fly lines used in this study, we 

scored for  the protein expression of (ERK1/2 and AKT), two important biomarkers in 

the RAS signaling pathway by western blot analysis (162).  As expected, the protein 

expression of both ERK1/2 and phosphorylated AKT/total AKT ratio are significantly 

upregulated in Ras85D fly line as compared to the Yw control (Figure 41). 
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Figure 40. Relative quantification of ras1 mRNA expression levels in the whole body 

of Ras85D as compared to Yw controls. Measurements represent the mean of three 

independent repeats normalized to the transcript levels of Yw. Rp49 was used as the 

reference gene. Statistical analysis was performed using one-way analysis of variance 

(ANOVA), with Tukey’s post-hoc test . Asterisks indicate significant results compared 

to the untreated control at ** p<0.01. 

 

Figure 41. Relative quantification of ERK1/2 and Akt expression patterns  in Ras85D 

as compared to Yw controls.  (A) Representative western blot and (B) quanititfed 

expression representing the mean of three independent repeats normalized to the protein 

levels of the Yw control. Alpha-tubulin was used as the reference gene. Statistical 

analysis was performed using one-way analysis of variance (ANOVA), with Tukey’s 

post-hoc test. Asterisks indicate significant results compared to the untreated control at 

* p<0.05 and **p<0.01. 
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4.1.3 Effect of EA extract on the survival rates of fly lines with Ras mutation as 

compared to wild type flies 

To rule out any toxic effect of EA on flies, we first scored for the survival rates 

of orally fed Yw (wild-type) flies with increasing EA aqueous extract concentration 

ranging from 25 to 500µL/mL. As shown in Figure 42, a positive relationship between 

the lifespan of Yw flies and the increasing concentration of the EA extract is detected. 

The higher the concentrations of the flower extract (200 and 500 µL/mL), the longer 

the survival span of EA treated flies. The hazard ratio (HR) is also calculated by Cox 

regression and revealed a value equal to 0.605 (95%, CI, 0.545-0.672), indicating that 

EA aqueous extract decreases the likelihood of the event, which is the death of Yw flies. 

 

Figure 42. Outcome of EA extract on the survival rates of Yw  flies orally with 200 and 

500 µL/mL of EA as compared to the untreated control group. The higher the 

concentration of EA, the longer the lifespan of EA treated flies. Kaplan-Meier survival 

test was used to calculate percent survival. The statistical significance of the observed 

differences was calculated using the log-rank test. Asterisks indicate significant results 

between compared groups. Asterisks indicate significant results compared to the 

control at *p<0.05, *** p<0.001 and  ns indicating no significant difference. 

 

 

 

 

 



 

85 

 

Accordingly, the 200 and 500 µL/mL concentration of the EA flower extract is 

adopted and used to explore the effect of EA on the lifespan of ras mutant fly lines. As 

expected, both concentrations of EA significantly increase the survival rates of ras 

mutant fly line as compared to control groups (Figure 43). Also, the HR of Ras85D is 

0.377 (95%, CI, 0.377-0.677), indicating that EA aqueous extract decreases the 

likelihood of the event, which is the death of Ras85D flies. 

 

 

 

  

Figure 43. Outcome of EA extract on the survival rates of Ras85D treated with 200 and 

500 µL/mL of EA as compared to the untreated control group. Ras85D fly line survive 

sigifcantly better when treated with the EA extract.  Also, the higher the concentration 

of EA, the longer the lifespan of EA treated flies.Kaplan-Meier survival test was used 

to calculate percent survival. The statistical significance of the compared groups was 

calculated using the log-rank test. Asterisks indicate significant difference  between the 

compared groups, with  *** indicates p<0.001. 
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4.1.4 Outcome of DK13 and DK14 on the survival rates of fly lines with ras 

mutation as compared to wild –type flies   

To rule out any toxic effect of DK13 and DK14 on flies, we first scored for the 

survival rates of orally treated Yw (wild-type) flies with 10µM of DK13 and DK14. As 

shown in Figure 44 A, no significant difference is detected in the survival rates of flies 

treated with DK13 as compared to the control group, with an HR value of 0.946 (95% 

CI, 0.682- 1.312), eliminating a toxic effect of DK13 on flies. On the contrary, however, 

flies treated with DK14 exhibit a significant increase in their survival rates as compared 

to Yw control group, with an HR value of 0.606 (95%, CI, 0.451- 0.813), indicating a 

plausible protective effect of DK14 on flies.  

Accordingly, the effect of DK13 and DK14 on the lifespan of ras mutant fly 

lines is investigated and compared to 5-FU (conventional anticancer medication) and 

to an untreated control. As shown in Figure 42 B, Ras85D flies had no significant 

survival rates as compared to the control group when treated with DK13, with an HR 

of 0.787 (95%, CI, 0.557- 1.112). On the contrary however, those treated with DK14 

exhibit a significantly increased lifespan, with an HR of 0.248 (95%, CI, 0.093- 0.661), 

as compared to the control group, which indicates the potential effect of DK14 on 

cancer mutant flies. On the other hand, 5-FU shows toxic effect against ras mutant flies 

as its significantly decreases the survival rate of Ras85D flies with an HR=3.429 (95%, 

CI, 1.477- 7.475) (Figure 44 B) indicating the likelihood of event to happen which is 

the death of treated flies. 
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Figure 44. Outcome of DK13 and DK14 on the survival rates of (A) Yw flies and (B) 

Ras85D fly line orally treated with 10 μM of DK13 and DK14 as compared to the 

DMSO-treated control  groups. Unlike DK13 which did not impact the life span of 

treated flies of both fly lines, those orally fed with DK14 exhibited a significant increase 

in their survival rates as compared to the control groups. Kaplan-Meier was used to 

calculate percent survival, and the statistical significance between compared groups 

was calculated using the log-rank test. Asterisks indicate significant difference between 

compared groups, with *** indicating p<0.001, and  ns indicating no significant 

difference.  

 

 



 

88 

CHAPTER 4: DISCUSSION 

 

Cancer has become the leading cause of mortality in recent years, with the 

highest incidence rate pertaining to CRC (163),  despite the current developed 

approaches used in diagnosing and treating CRC. Traditionally, CRC treatment 

encloses 5-fluorouracil (5-FU), a therapeutic regimen that is received differently in 

toxicity and efficacy in CRC patients. Apart from their severe side effects, recently, 

studies have, for example, reported tumor resistance to some of these systemic 

chemotherapies such as  5-FU and irinotecan over the treatment course (81). This 

necessitates the development of alternative, reliable, and targeted therapies against 

CRC to prevent its progression, control its metastasis, and effectively treat patients with 

minimal to no side effects. Natural products such as flavonoids have contributed 

significantly to the field of drug discovery and development, particularly those 

presented as anti-cancerous agents. Likewise, synthesizing new chemotherapeutic 

agents like chalcones hold promising potential in establishing novel cancer therapies. 

Herein, our investigation showed, for the first time, a significant effect of EA aqueous 

extract and nitrogen-based chalcone analogs (DK13 and DK14) against CRC in both in 

vitro (human CRC cell lines [HCT-116 and LoVo]) and in vivo (D. melanogaster fly 

lines with ras mutation) systems. 
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4.1 Effect of EA aqueous extract on CRC 

According to our data,  EA flower extract reduced the viability of both CRC cell 

lines (HCT-116 and LoVo). Results of our present work are consistent with our 

published work regarding the effect of EA aqueous extract on HER2-positive cell lines 

(SK-BR-3 and ZR-751) and TNBC (MDA-MB-231 and MDA-MB-436) cell lines. EA 

had a significant effect against cell viability in both types of cancer. Additionally, EA 

aqueous extract disturbed the cell cycle distribution by arresting HCT-116 cells in the 

G2/M phase, and LoVo cells are arrested in the S phase. EA showed a significant effect 

on the cell cycle of HER2-positive cancer cell lines by arresting cells in the G0/G1 

phase of both SK-BR-3 and ZR-751. In TNBC cell lines, EA arrested both TNBC cell 

lines (MDA-MB-231 and MDA-MB-436) in the S phase (150, 164). According to 

several phytochemical studies, EA contains significant amounts of flavonoids that are 

suggested to be responsible for its therapeutic effect of (104, 165, 166). 

A flavonoid called Baicalin extracted from the Scutellaria baicalensis plant 

showed anti-cancer potency in inhibiting the proliferation of CRC cells (HCT-116 and 

HT-29). Additionally, this extract deregulated the cell cycle by arresting both CRC cells 

in S and G2/M phases (167). Supporting our anticipation that EA's anti-cancer effect is 

due to flavonoids. Moreover, EA extract did not affect the viability of human normal 

immortalized colorectal cell line, NCE-1 E6/E7, as the proliferation rate did not change 

even at high extract concentrations. The same results were found in normal epithelial 

cells (HNME-E6/E6 and MCF 10A), which confirms the selectivity of EA extract (150, 

164). According to a comprehensive review of preclinical and clinical studies, 

consuming flavonoids decrease the risk of CRC incidence and recurrence (168). 

Flavonoids were found to be safe on normal human colon fibroblast cell line CCD-

18Co and other different normal cell lines like prostate and vein endothelial cells (169, 
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170).  Furthermore, EA extracts induced notable morphological alterations of both CRC 

cell lines by increasing the cell-cell adhesion and changing cells phenotypes into more 

cuboidal shape, suggesting that EA induces the inhibition of the EMT pathway. In 

normal cases, the EMT event plays a role in developing organisms and wound healing 

(171, 172). However, the EMT event contributes to many diseases like cancer and is 

associated with different hallmarks of cancer, such as tissue invasiveness and resistance 

to chemotherapies (173). Recently, it was found that there is a strong association 

between EMT and CRC metastasis and tumor invasiveness (174).  Our study confirm 

the effect of EA extract on EMT in CRC by affecting its biomarkers such as E-cadherin, 

Vimentin, and β-catenin. Several studies have demonstrated that CRC is highly related 

to the loss of E-cadherin expression and associated with its invasiveness (175). 

According to a clinicopathologic study, Vimentin was identified in 17% of CRC cases; 

however, the expression was negative in normal samples. The same study found that 

Vimentin is significantly associated with a short survival rate, distant metastasis, and 

high tumor grade of CRC patients (176). By increasing the expression of E-cadherin 

and the junctions between cells, EA can be assumed to have potential role in inhibiting 

the motility of both CRC cell lines (HCT-116 and LoVo). This is illustrated by our 

findings; EA’s extract significantly inhibits the invasive ability of both CRC cell lines. 

Our present results are consistent with the effect of EA on oral cancer by inactivation 

of the Erk1/2 pathway and EMT inhibition (177). Furthermore, EA affect β-catenin 

expression by inhibiting the regulation of phosphorylated β-catenin in both CRC cell 

lines. Nucleic β-catenin is mutated in more than 85% of CRC tumors. Further, the 

accumulation of phosphorylated β-catenin is strongly associated with poor CRC 

prognosis (178). Flavonoids are reported to have an antitumor effect on CRC by 

modulating the Wnt/β-catenin pathway. It is promoted by the ligand-receptor 
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interaction of flavonoids with different parts of the Wnt/β-catenin cascade (128). 

Further, EA extract significantly blocked  the colony formation of both CRC cell lines, 

supported by the significant suppression of AKT and EGFR activities. AKT is 

responsible for the malignancy of CRC by the activation of the upstream receptor EGFR 

(179). According to a clinical study, EGFR initiates CRC and plays an essential role in 

CRC progression; additionally, it is expressed in 90% of CRC tumors (180). As 

mentioned, flavonoids are suggested to be responsible for the anti-cancer effect of EA, 

an in silico study identified flavonoids as effective EGFR inhibitors as they exhibit 

drug-likeness properties with good docking scores (181). Further, flavonoids inhibit 

cancer proliferation by suppressing EGFR and AKT due to their pro-oxidant activity 

(128, 182). 

After confirming the potential effect of EA extract against CRC in vitro, we 

explored its effect in vivo using ras mutant Drosophila melanogaster fly line expressing 

a constitutively active form of Ras85D under the control of the sev enhancer and 

promoter. Our choice of this model organism was tailored to several factors, one of 

which is its previously reported suitability for screening studies of anti-cancer agents, 

in addition to the several conserved physiological and biological pathways it possesses 

as compared with mammals (183). To confirm ras mutation in cancer mutant fly line 

(Ras85D) used, we scored for the expression of ras homolog to vertebrate in 

Drosophila, ras1 (Ras oncogene at 85D). We further validated ras mutation in those 

flies by scoring for expression of AKT and ERK1/2, two important biomarkers in the 

RAS signaling pathway (Figure. 39). In a tumor setting in Drosophila, gain of function 

mutations in ras genes promotes the inhibition of the pro-apoptotic protein Head 

involution defective (Hid), a scenario that culminates in, with the appearance of 

essential cancer hallmarks like impaired autophagy and increased oxidative stress (184, 
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185). In another Drosophila tumor setting, the overexpression of AKT, caused by the 

inhibition of the Hippo, which is a tumor suppressor pathway in D. melanogaster, also 

leads to uncountable cellular division and apoptosis suppression (186). In alliance with 

this, our findings revealed a significant upregulation in ERK 1/2 and AKT protein levels 

in Ras85D fly line (Figure 39), presenting this line in specific and the fruit fly model 

system in general as a suitable model for our drug screening project against CRC. 

Interestingly, and in concordance with the phenotype observed and reported in 

the in vitro system, Ras85D fly line orally treated with EA aqueous extract exhibits a 

significant increased in their life span as compared to their wild-type (Yw) control 

counter part (Figure. 41) with an HR reported value less than one. This finding presents 

a potential protective effect of EA aqueous extract not only in a tumor setting (Figure 

41), but also under normal condition (Figure. 40). Our suggested EA protective effect 

from our findings is congruent with  an in vivo study that was conducted in rats and 

reported an increase in wound healing specific markers upon EA treatment (187).  

Along this as well, EA was shown to exhibit fast healing ability of colon ulcers (188). 

Interestingly, the methanolic fruit extract of EA was reported to  promote a significant 

gastro-protective effect in vivo in an ethanol-induced ulcerogenesis rat model (189). A 

plausible explanation of this protective EA effect could relate to its rich flavonoids 

content. This anticipation aligns with a recent meta-analysis reporting that high 

flavonoids intake reduces CRC risk (99), along with other studies reporting an inverse 

association between flavonoids and different types of cancer, such as gastric and 

colorectal cancer (190). 
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4.2 Effect of nitrogen-based chalcone analogs (DK13 and DK14) on CRC 

Nitrogen-based chalcone analogs DK13 and DK14 that synthesized through 

Claisen- Schmidt condensation reaction proved to have a substantial effect on inhibiting 

cellular proliferation of CRC cell lines HCT-116 and LoVo. Both compounds inhibited 

cells proliferation of TNBC and HER2 positive cell lines (151, 160). These results 

support our findings here against CRC cell lines. However, DK14 is shown to be more 

effective than DK13 on both cell lines, which was explained by Elkhalifa et al. (2020) 

as DK14 has the methoxy substitution, which makes DK14 more potential than DK13 

that, has a 4-methylsulfonyl substitution instead (151). A benzylidenetetralones cyclic 

chalcone analogs (Q705) had the same effect on HCT-116 as it significantly inhibits 

HCT-116 cell proliferation, which is comparable with the effect of DK14 on HCT-116 

cells (116). In addition, novel polymethoxylated Chalcones showed a similar effect on 

HCT-116 and LoVo cell lines (191). Moreover, proliferation inhibition of CRC cells 

(HCT-116 and LoVo) by DK13 and DK14 is confirmed by investigating the effect of 

both compounds on cell cycle progression. The growth inhibition of HCT-116 and 

LoVo cells can be explained by G2/M accumulation caused by DK13 and DK14. A 

similar effect was observed of Q705 on the cell cycle distribution of HCT-116 cells 

(116). Further, C1 and C2 2′-hydroxyl  chalcone derivatives showed the same effect on 

the cell cycle distribution of CRC cell lines by increasing the percentage cell counts of 

CRC cells in the G2/M phase compared to normal control (192). Nevertheless, the 

effect of DK13 and DK14 on cell cycle distribution of TNBC and HER-2 positive 

cancer was different as both compounds caused S phase blockade in both cancer types 

(151, 160). The effect of DK13 and DK14 on the cell cycle is related to their chemical 

structure. The nitrogen mustard group in both compounds acts as an alkylating agent 

that binds to the DNA and prevents the genetic replication materials (193).  
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Furthermore, DK13 and DK14 cause morphological changes in HCT-116 and 

LoVo cells by inducing morphological alternations related to EMT inhibition compared 

to the DMSO and 5-FU treated cells. DK13 and DK14 significantly increase the 

expression of E-cadherin protein in both CRC cell lines; the same effect was found in 

TNBC cells (151). According to a clinical study, E-cadherin is considered a robust 

biomarker in CRC progenesis and positively associated with CRC patients' survival 

(194). Vimentin is a mesenchymal marker highly expressed in invasive tumors and 

CRC cells with invasive potential (195). Clinically, Vimentin is negatively associated 

with CRC patients' survival (196). Thus, our chalcone compounds significantly 

decrease Vimentin protein expression compared to their controls. This indicates the 

potential of DK13 and DK14 as anti-cancer agents against metastatic CRC. Conversely, 

5-FU, the first-line therapy for CRC, has no significant effect on Vimentin, and that's 

similar to the effect of 5-FU (10 µM) on gastric cancer cells compared to control (197). 

Additionally, our results show that DK13 and DK14 could inhibit EMT through the 

downregulation of β-Catenin phosphorylation in both CRC cell lines as the Wnt/ β-

Catenin pathway is responsible for regulating the cell migration, invasion, and 

progression of CRC (198). On the other hand, 5-FU increases the expression of 

phosphorylated β-Catenin in HCT-116 cells. A study showed that the stemness of CRC 

by 5-FU is through WNT/β-catenin pathway activation (199). Effect of DK13 and 

DK13 on EMT biomarkers are supported by the effect of both compounds on CRC cells 

invasiveness compared to 5-FU. Similarly, KB-34 Chalcone (1,3-diphenyl-2-propen-1-

one) derivative inhibited the invasion of CRC cell lines (HT-29 and SW620) (200).  In 

addition, our chalcone compounds have a potential effect against colony formation of 

CRC cell lines. L2H17, a chalcone derivative, had a similar potential effect on colony 

formation against CRC in vitro and in vivo (201).  Regarding the molecular pathways 
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responsible for the anti-cancer activity of DK13 and DK14 on CRC, we investigated 

the expression patterns of PI3K/AKT/mTOR signaling pathway components upon 

DK13 and DK14 treatment. PI3K protein is known to have an important role in cancer 

development, and PI3K/AKT/mTOR pathway activation is shown to be associated with 

different cellular functions in CRC such as cell survival, tumor progression, and drug 

resistance (202). Immunohistochemistry found that the biomarkers of 

PI3K/AKT/mTOR pathway, AKT and mTOR are significantly overexpressed in CRC 

(203). This correlates with our findings here as DK13 and DK14 significantly 

downregulate AKT and mTOR in both CRC cell lines. 

Next, the effect of both chalcone compounds is tested in vivo using Ras85D mutant 

Drosophila melanogaster fly line. Previous studies assessing the toxicity of chalcone 

analogs (3'-hydroxychalcone (compound 1b)) on zebrafish embryos revealed a 

myotoxic effect of tested chalcones on zebrafish embryos development (204). 

Likewise, a similar toxicity study on R7, R13, and R15 synthesized chalcones in male 

Swiss albino mice, revealed a toxic effect of these chalcones denoted by reduction in 

body weight and oxidative stress-induced liver injuries (205).  Captivatingly however, 

our generated chalcone compounds (DK13 and DK14) show no toxic effect on cancer 

mutant D. melanogaster flies (Figures. 42). Moreover, DK14 exhibits a significant 

protective effect on the wild-type fly line (Yw) and a plausible anti-cancerous effect in 

one of the Ras85D mutant fly line (Figure. 42 A and B) characterized by a significant 

increase in ras1 gene expression (Figure 38), as well as an overexpression of ERK1/2 

and Akt proteins compared to the Yw control group (Figure. 39). It is worth noting here 

that as compared to the traditionally adopted 5-FU clinical drug, DK13 and DK14 show 

better results on Ras85D mutant fly line,  which appeared to be surprisingly  toxic in 

flies, a pattern also reported in  5-FU treated CBA mice (206).  
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CHAPTER 5: CONCLUSIONS AND FUTURE DIRECTIONS 

CRC is exhibiting heavy burdens on health systems worldwide, with challenges 

pertinent to the impact of disease progression and treatment costs and side effects on 

CRC patients and their quality of life. Thus, novel, natural, and safe treatment regimens 

are required to overcome these challenges. Among various compounds, EA and 

chalcones are recently presented as promising flavonoid resources with potential and 

safe anti-cancerous effects. EA is a traditional plant that has been used by people as diet 

for centuries. Several studies have evidently shown that EA is not only safe to ingest 

but also plays effective roles as an anti-inflammatory and antimicrobial. Likewise, 

many in vivo and in vitro studies have proven the effectivity of nitrogen-based chalcone 

compounds against many types of cancer. In this study, we provide the first evidence 

for an effect of both EA aqueous extract and chalcone analogs (DK13 and DK14) on 

CRC in vivo and in vitro. We show that both EA and chalcone compounds effectively 

suppress the proliferation of CRC cell lines by disturbing cell cycle phases. In addition, 

we show that both EA and chalcone analogs significantly inhibit the invasiveness and 

tumorigenesis of both CRC cell lines. Moreover, we show that both EA, DK13, and 

DK14) deregulate the EMT progression by promoting an overexpression of E-cadherin 

and a suppression of Vimentin and β-catenin. Also, we shown an effect of EA on 

inhibiting AKT/EGFR signaling pathways, and effect of DK13 and DK14, on the other 

hand, in suppressing the AKT/mTOR signaling pathways.  

Interestingly, our findings also revealed a promising protective and anti-cancerous 

effect of EA aqueous extract and the DK14 chalcone analog in the in vivo Drosophila 

melanogaster model system, as the lifespan of wild-type and Ras85D mutant fly lines 

increased significantly upon EA or DK14 oral treatment. The findings of this study 

serve as a solid foundation for future studies directed towards unravelling the 
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potentiality and mechanism of activity of natural resources in treating deadly diseases 

like CRC.  

 

  

Figure 45: Summary of the main study findings 
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5.1 Limitations 

Working with an extract derived from a whole medicinal plant is a challenge on 

its own. Plants extracts are made of millions chemical compounds, and therefore its 

therapeutic effect could relate to a sole as well as a to a mixture of these compounds. 

Further, the stability of the extract, specifically in polar solvents like water, is not easy 

to maintain. Determining the exact amount of the extract used in our experiments was 

also another limitation in this research. EA extracts were prepared in water, and to get-

rid of water eventually, high temperature was required, a parameter than could impact 

the chemical make-up of the extract. This necessitates a better method for water 

evaporation. Additionally, the use of in vivo models like the D. melanogaster fruit fly 

adopted for this study requires proper training and handling, as well as continuous 

monitoring and delicateness while working with the insect model. 
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