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viii. Abstract 

Cancer remains uncurable, and the current treatment strategies are associated with 

inefficiency and adverse side effects. The majority of the populace relies on traditional 

doctors who prescribe medicinal plants to treat a plethora of ailments. Even with the 

existence of modern medicine, traditional medicines have sustained their therapeutic 

popularity for cultural and historical reasons. Natural products such as earthly plants are 

said to have directly or indirectly contributed to 74% of therapeutic drugs developed today, 

and have served as a platform from which novel therapies could be developed. Drimia 

calcarata (D. calcarata) is one of the plants used by Pedi people to treat a plethora of 

ailments; however, the anticancer therapeutic use of D. calcarata is less understood. The 

anticancer potential of this plant has been reported from cell viability study, but there is 

little information on its anticancer molecular mechanisms; thus, the aim of this study was 

to investigate the potential anticancer activities and molecular mechanisms of D. 

calcarata bulb extracts against different human cancer cells. 

The phytochemicals of the D. calcarata bulb extracts were analysed using the Thin Layer 

Chromatography (TLC), qualitative phytochemical tests, and Liquid Chromatography 

Mass Spectrometry (LC-MS), while the antioxidant activity of the plant was investigated 

using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging and Ferric Reducing 

Antioxidnt Power (FRAP) assays. The Total Phenolic content (TPC), Total Tannin (TTC) 

and Total Flavonoid Content (TFC) were also determined. The inhibitory effects and half 

maximal inhibitory concentration (IC50) values of D. calcarata extracts were determined 

using the MTT and Muse® Count and Viability assays. Induction of cellular apoptosis was 

assessed using fluorescence microscopy, the Muse® Cell Analyser, and gene expression 

analysis by Polymerase Chain Reaction (PCR).The proteins expressions were analysed 

using Immunocytochemistry (ICC), Western blotting analysis and Proteome protein 

Profiler Arrays.  

This study demonstrated that the Drimia calcarata bulb water and methanol extracts 

possessed significant amounts of tannins and flavonoids with antioxidant activities. Using 

LC-MS, several phytochemicals were identified in D. calcarata bulb extracts, with most 

implicated in anticancer activities. Psoralene was identified as the major compound in D. 
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calcarata water and methanol fractions, which can be attributed to the antioxidant activity 

observed from the D. calcarata bulb water and methanol extracts. These suggest that D. 

calcarata plant contain healthy and beneficial phytochemicals that can be targeted for 

disease prevention and drug development, especially against different cancers.  

In this study, the anticancer activities of the D. calcarata bulb extracts were investigated 

against different human cancer cell lines. Both the methanol and water extracts 

demonstrated safety against non-canceruous HEK-293 cells and selective anticancer 

activities against colorectal cancer cells. The methanol extract inhibited the growth of 

colorectal Caco-2 cancer cells; however, the same cells showed resistance against the 

water extract. On the other hand, the colorectal HT-29 cancer cells showed sensitivity to 

both extracts (P 0̓.001).  The D. calcarata methanol extract significantly (P 0̓.001) 

induced cell death through an intrinsic p53-dependent apoptotic pathway in both cell lines, 

while the water extract induced the extrinsic apoptosis pathway in HT-29 cells. The 

methanol extract upregulated TP53 and downregulated BCL-2, STAT1, STAT3, and 

STAT5B in HT-29 cells. Additionally, the methanol extract induced caspase-dependent 

apoptosis. The anticancer effect of the D. calcarata extracts were not only limited to 

colorectal cancer but other cancer cells, including cervical cancer. 

The D. calcarata ME and WE showed safety against non-cancerous KMST-6 cells after 

treatment with the concentrations 62.50-1000 ɛg/mL. The extracts exhibited anticancer 

activity against HeLa, with no significant cytotoxic effect against the Ca-Ski cells. The WE 

increased the Ki67 positive Ca-Ski population, while both ME and WE arrested HeLa cells 

at G2/M phase, and Ca-Ski cells in G0/G1 phase. AO/EB staining, Annexin V and 

Caspase 3/7 Activation revealed that the extracts significantly (P 0̓.001) induced 

apoptosis in HeLa cells. In HeLa cells, the ME downregulated TP53 variants, while WE 

upregulated both TP53 variants in HeLa cells. Additionally, both extracts decreased the 

STAT5A and STAT5B mRNA expression in HeLa cells; however, these extracts 

upregulated cancer-promoting STAT3 in Ca-Ski cells. Moreover, these extracts 

inactivated the PI3K signaling pathway in HeLa cells but not in Ca-Ski cells. The 

resistance of the Ca-Ski cells to the D. calcarata extracts may be due to the upregulation 

of STAT3 and persistent activated PI3K signaling pathway. The cytotoxicity and apoptosis 
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induction in HeLa cells by D. calcarata extracts may be attributed due to downregulation 

of STAT5A survival mechanisms.  

D. calcarata extracts also displayed antineoplastic effects against T47D and MDA-MB31 

breast cancer cells (P 0̓.001); however, T47D cell line showed higher sensitivity to the 

methanol extract. Fluorescence microscopy and Annexin V showed that both extracts 

induced apoptosis in breast cancer cells; but ME significantly induced a caspase-

dependent apoptosis in T47D cells, while the WE significantly (P 0̓.001) induced a 

caspase-dependent apoptosis in MDA-MB-231 cells. RT-PCR showed that the D. 

calcarata extracts induced p53-dependent apoptosis where the ME upregulated TP53 

splice variant 1 and down-regulated splice variant 2 while the WE had an opposite effect 

on the TP53 splice variants. Additionally, the D. calcarata methanol extracts 

downregulated BCL2. The Drimia calcarata extracts upregulated the expression of 

STAT3 and downregulated the expression of STAT5A in both breast cancer cell lines. 

Treatment of the MDA-MB 231 resulted in downregulation of CLB, cIAP1 and cIAP2 

proteins. Interestingly, Caspase-8, p53, ɓ-TrCP1 and FBXO15 protein expressions were 

upregulated by ME and Curcumin. The data suggest that D. calcarata extracts do not 

target STAT3-related pathway. Importantly, D. calcarata extracts effectively induced 

growth inhibition and p53-related apoptosis in human breast cancer T47D and MDA-MB-

231 cells through STAT5A regulation. Moreover, the present study indicates that D. 

calcarata extracts exhibited their anticancer activities against breast cancer MDA-MB-231 

cancer cells through the suppression of cIAP1, cIAP2, TNF-R1 proteins while ME and 

Curcumin also supported the expression of tumour suppressor proteins, FBXW7 and p53, 

which are known for their anticancer activities.  

The extracts further demonstrated safety against non-cancerous lung MRC-5 fibroblasts 

and exhibited significant (P 0̓.001) anticancer potency against the H1437 (IC50 values: 

62.50 ɛg/mL ME and 125 ɛg/mL WE), H1573 (IC50 value: 125 ɛg/mL for both extracts) 

and A549 (IC50 value: 500 ɛg/mL ME). The water extract had no effect on the cell viability 

of A549 cells. Treated H1437 cells underwent p53-dependent apoptosis and S-phase cell 

cycle arrest while H1573 treated cells underwent p53-independed apoptosis and G0/G1 

cell cycle arrest through upregulation of CDKN1A mRNA expression levels. The 
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expression levels of STAT1, STAT3, STAT5A and STAT5B genes increased significantly 

following the treatment of H1573 cells with ME and WE. Treatment of H1437 cells with 

ME upregulated the STAT1, STAT3, STAT5A and STAT5B mRNAs. The results indicate 

that the proliferative inhibitory effect of D. calcarata extracts on A549 and H1573 cells is 

correlated with the suppression of BCL2, STAT3 and STAT5B while that is not the case 

in H1437 cells. Thus, these results suggest that the dysregulation of anti-apoptotic 

molecules, BCL2, STAT3, STAT5A and STAT5B, in H1437 may play a role in cancer cell 

survival, which may consequently contribute to the development of TP53-mutated non-

small human lung cancer.  The growth inhibition of human lung cancer cells by D. 

calcarata extracts was also observed and was found to be associated with induction of 

apoptosis and G0/G1 and S-phase cell cycle arrest. D. calcarata anticancer activities 

against lung cancer cells was attributed to the activation of TP53 tumour suppressor 

gene, and inhibition of the anti-apoptotic gene, BCL-2, and cancer-related gene, RBBP6, 

which has been implicated in both cell cycle and apoptosis regulation. All the anticancer 

activities that were deciphered in different cell lines can be attributed to anticancer 

compounds that were detected in D. calcarata bulb extracts. 

Scillaren A, Protocatechuic acid, Vanillic acid, Chlorogenic acid and Limonin showed 

safety against the non-cancerous HEK-293 cells. Scillaren A showed potent activity 

against the HeLa and T47D cancer cells. Furthermore, the study has shown that 

Protocatechuic acid, Vanillic acid, Chlorogenic acid and Limonin exhibited selective 

cytotoxicity against Ca-Ski, MDA-MB-231 and T47D. Therefore, D. calcarata extracts and 

its constituents could be useful for therapeutic use against various human cancer cells. 

Further studies are required to determine the identity and biological functions of the 

unknown compounds that were detected in methanol and water D. calcarata bulb 

extracts. In vivo studies should be considered, post this study, to study novel formulations 

derived from Drimia calcarata phytochemicals. Taking into account all these suggestions 

will help in identifying novel compounds with less to no side effects. 
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Chapter One: Introduction 

 

1. Introduction 

Cancer is a group of diseases involving aberrant cell proliferation with a potential 

of spreading to other parts of the body (Ferreira et al., 2014). Cancer arises from 

numerous gene mutations, especially in genes that regulate cell proliferation, 

differentiation and programmed cell death (Calon et al., 2015). Cancer is regarded 

as a stressful and potent disease, worldwide (Bray et al., 2018; Siegel et al., 2015), 

and remains the top cause of death, with 19.3 million new cancer cases and almost 

10.0 million cancer deaths estimated for 2020 (Sung et al., 2021). Although there 

has been progress in both the treatment of cancer and the development of new 

drugs, cancer incidences are still on the rise. Despite the fact that there have been 

many advancements in medicine, cancer still accounts for thousands of deaths per 

year, worldwide (Pucci et al., 2019). It is for this reason that oncological research 

is heavily focused on finding new and effective treatment strategies that can 

alleviate the adverse effects associated with conventional regimes. Research has 

extensively demonstrated anti-proliferative and pro-apoptotic activities of natural 

antioxidants and phytochemicals in anti-cancer adjuvant therapies (Benot-

Dominguez et al., 2021; Chikara et al., 2018; Singh et al., 2016). The practice of 

traditional medicine has been around for thousands of years and is currently 

recognised as a viable alternative treatment approach for cancer (Xiang et al., 

2019).  

Plant phenols with biological activity have a wide range of pharmacological effects, 

including antitumor, antimicrobial, antioxidant, and anti-inflammatory activity. 

Despite their widespread use in Western medicine and thousands of scientific 

papers devoted to their activity each year, the molecular mechanisms of action of 

these compounds remain unknown (Indira Priyadarsini, 2013). Pan-assay 

interference compounds (PAINS) are chemical compounds that frequently 

produce false positive results in high-throughput screening. PAINS tend to react 

nonspecifically with a variety of biological targets rather than affecting a single 

desired target. A true drug inhibits or activates a protein by binding to its binding 
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site. Artefacts exhibit subversive reactivity, masquerading as drug-like binding and 

producing false signals in a variety of assays. When a hit is identified, the next step 

is frequently to test it in cells. PAINS frequently have multiple interfering 

mechanisms. Even if they do not act as expected, they may produce a desired 

cellular readout, such as growth inhibition. Researchers are far too quick to believe 

that a compound has potent anti-protein activity. In fact, true hits frequently do not 

show activity in cells until their structures are modified to bind more efficiently or 

enter cells more easily (Baell et al., 2013; Baell, 2010). 

 

1.1. Cancer prevalence 

Cancer is a chronic health condition whose incidence and mortality rate are rapidly 

increasing in all regions of the world (Xiang et al., 2019). Cancer affects all human kinds 

across the world (Xiang et al., 2019). Globally, cancer remains the top cause of death, 

with 19.3 million new cancer cases and almost 10.0 million cancer deaths estimated for 

2020 (Sung et al., 2021). Female breast cancer has surpassed lung cancer as the most 

commonly diagnosed cancer, with an estimated 2.3 million new cases (11.7%), followed 

by lung (11.4%), colorectal (10.0 %), prostate (7.3%), and stomach (5.6%) cancers. With 

an estimated 1.8 million deaths (18%), lung cancer remained the leading cause of cancer-

related mortalities, followed by colorectal (9.4%), liver (8.3%), stomach (7.7%), and 

female breast (6.9%) [Sung et al., 2021]. Every year, cancer is responsible for millions of 

deaths, worldwide and, even though much progress has been achieved in medicine 

 

1.2. Cancer treatment 

The common cancer treatment strategies include radiation therapy, surgery, 

chemotherapy, immunotherapy and hormonal therapy. These approaches have not been 

fully effective in decreasing the mortality rates associated with different human cancers. 

For locally located tumours, radiotherapy and/or surgery are the most appropriate 

treatment options. For hematologic malignancies and metastatic tumours, systemic 

treatments (Systemic therapy refers to any type of cancer treatment that targets the entire 

body e.g. chemotherapy, endocrine treatment and targeted therapy, the most common 
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form of systemic cancer treatment, which circulates throughout the bloodstream to 

destroy cancerous cells in multiple locations) are necessary. Chemo-therapeutic, 

immune-therapeutic and antiangiogenic agents are current forms of systemic treatment 

used (Gottesman et al., 2009). Cancer patients can now live longer and have an improved 

quality of life, owing to recent advances in cancer treatment strategies. Although initial 

responses to treatment can be favourable, relapse and recurrence of cancer do occur 

frequently (Nikolaou et al., 2018). 

Cancer stem cells (CSCs) are difficult to eliminate as they overexpress drug efflux pumps 

and have an increased capacity to activate anti-apoptotic and pro-survival pathways. 

Therefore, chemotherapeutics tend to de-bulk tumours, but they potentially enrich for 

CSCs in the process. Previous strategies to develop drugs against CSCs have 

predominantly focused on identifying unique cell-surface markers that can be targeted. 

Previously, it was found that the transcription factor, STAT3, is crucially important for 

maintaining the stemness of CSCs and, using computational biology in combination with 

phenotypic screening, napabucasin (BBI608) was identified as a specific inhibitor of 

STAT3. STAT3 is known to be essential for the maintenance of embryonic, but not adult 

stem cells. The researchers suggest that CSCs 'hijack' STAT3 and thereby become highly 

sensitive to its inhibition. BBI608 has shown good tolerability and activity in Phase I clinical 

trials and is therefore a promising candidate for a new generation of cancer therapeutics 

that prevent relapse and metastasis (Flemming, 2015). 

The main reason for the difficulties in cancer treatment is that targeting cancer stem cells 

(CSCs) is difficult. Drug resistance properties of cancer stem cells make them immune to 

anticancer drugs. There are a variety of technologies under evaluation in clinical trials or 

that have already entered clinical use (Pucci et al., 2019), which are expected to eradicate 

cancer or provide better results. Additionally, to reduce morbidity and mortality associated 

with cancer, novel approaches must be considered for anti-proliferative screening, as well 

as for monitoring cancer progression or recurrence (Beretov et al., 2015). Plants have 

given humans most of their needs regarding safe house, attire, sustenance, flavours, 

scents and the basis of health care throughout the world since the earliest days of 

humanity and are still globally utilised. Globally, plants, particularly, medicinal plants 
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remain the source of anticancer agents. Most chemo agents have been sourced from 

plants and natural products (Mbele et al., 2017). 

 

1.2.1. Chemotherapy 

Chemotherapy refers to the administration of cytotoxic chemicals, which implies 

chemicals capable of eliminating cells, thus, reducing the tumour burden, which is 

accompanied by lessening of tumour symptoms, therefore extending the quality of 

life. Chemotherapy has been around since the 1940s when nitrogen mustards and 

antifolates were introduced. Since then, drug development has gone from a low-budget, 

government-supported research programs to a multibillion-dollar business (Chabner and 

Roberts, 2005). The disadvantages of chemotherapy are the toxic side effects, the 

development of resistance to the chemical agents, and the need for other forms of 

treatment, in combination with chemotherapy, in order to cure the patient. Regardless of 

its limitations, chemotherapy remains an important treatment option in oncology and 

probably will for some time to come (Nygren, 2001). The use of chemotherapy may be 

combined with other forms of treatment such as radiation therapy or alone as a major 

therapy. A major limitation of conventional chemotherapy is its inability to dissolve in 

water, lack of selectivity, and multiple drug resistance (Chidambaram et al., 2011).  

1.2.2. Radiation therapy 

A radiation therapy treatment eliminates cancer cells by using high levels of radiation. 

During this type of treatment, the radiation forms ions (electrically charged particles) and 

deposits energy within the cells of the tissues. In addition to killing cancer cells, this 

deposited energy can cause genetic changes that lead to cell death. The use of radiation 

therapy in cancer treatment remains important as approximately 50% of all patients are 

treated with radiation therapy during their illness; regarding the curative treatment of 

cancer, radiation contributes to 40%. The main goal of radiation therapy is to stop the 

multiplication (cell division) of cancer cells (Baskar et al., 2012). Radioactive particles 

damage genetic material (deoxyribonucleic acid, DNA) in cells, preventing them from 

dividing and replicating (Jackson and Bartek, 2009). Even though radiation damages both 

normal and cancer cells, the purpose of radiation therapy is to maximize exposure to 
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abnormal cancer cells and minimize the exposure to normal cells in the vicinity of or near 

cancer cells. The normal cells are able to repair themselves more quickly and maintain 

their normal function status than the cancer cells. The damage caused by radiation 

treatment to carcinoma cells is not repaired as efficiently as it is to normal cells, leading 

to differential cell death (Begg et al., 2011). Surgery is done to remove the cancer, and 

radiation therapy is done to destroy any cancer cells that may remain after surgery 

(Nuyttens et al., 2000).  

 

1.2.3. Surgery 

In the treatment of solid tumours, the mainstay is surgical excision (Coffey et al., 2003; 

Sullivan, 1998). A major component of cancer treatment and control is surgery, which can 

be used for preventive, diagnostic, curative, supportive, palliative, and reconstructive 

purposes. Preventive surgery in cancer is performed in order to remove tissues that may 

become cancerous; for example, colposcopy for atypical cervical lesions (Meara et al., 

2015). All countries, regardless of their income status level, utilise surgery as a 

fundamental method for treating cancer. Despite this, surgery is given a low priority within 

most national cancer plans and is allocated a few resources from domestic funds or donor 

assistance programs in the majority of low-income and middle-income countries. As a 

result, there is a lack of access to affordable, safe surgical services to treat cancer, with 

a large proportion of the population unable to access even the most basic surgical 

procedures (Sullivan et al., 2015). Existing studies that combine surgery and 

immunotherapies have revealed that this combination strategy is not straightforward and 

patients have experienced both therapeutic benefit and drawbacks (Bakos et al., 2018). 

 

1.2.4. Immunotherapy 

As a cancer treatment strategy, leveraging the immune system of the host has been used 

for decades. The theory is based on the recognition that the immune system is able to 

destroy malignant cells during initial transformation in a process called immune 

surveillance (Sharma et al., 2011). Different strategies for cancer immunotherapy include 

activating the innate and adaptive immune systems, neutralizing inhibitory and 
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suppressive mechanisms, and modifying immune regulatory functions. The types of 

immunotherapeutic treatment include, adoptive cell therapies, monoclonal antibodies, 

oncolytic virus therapy, immune checkpoint inhibitors, cancer vaccines and immune 

system modulators. These methods employ tumour antigens or augmented antigen 

presentations to boost the capacity of a patient's own immune system to mount an 

immune response against neoplastic cells (Yaddanapudi et al., 2013; Lasaro and Ertl, 

2010; Schreibelt et al., 2010). Over the past decade, considerable progress in tumour 

immunology has been made, but the conclusion that cancer vaccines effectively preclude 

tumour regression should not be taken too literally. It is unfortunate that the lack of 

understanding of the mechanisms of immunization and particularly the role of dendritic 

cells has led to a series of clinical trials of therapeutic cancer vaccines failing (Mellman et 

al., 2011; Rosenberg et al., 2004). 

 

1.2.5. Hormonal therapy 

Hormone replacement therapy is a treatment strategy that invoves the administering of a 

medication that contains hormones, especially in gender-based cancers. In the treatment 

of oestrogen and progesterone receptor-positive breast and prostate cancers, hormone 

therapy is effective and non-toxic (Abraham and Staffurth, 2020; Dietel et al., 2005; 

Mcleod, 2003; Osborne, 1998). A pathway connecting the hypothalamus, pituitary, and 

gonadal glands is responsible for regulating serum oestradiol and testosterone 

concentrations. The parafollicular ovaries of premenopausal women and the adrenal 

glands of postmenopausal women synthesize oestrogen from cholesterol following a 

series of reactions. A majority of testosterone, which makes up 90% of the circulating 

androgen, is produced by the leydig cells in the testis of males. Gonadotropin-releasing 

hormone (GnRH) stimulates the anterior pituitary to release luteinizing hormone (LH) and 

follicle-stimulating hormone (FSH), inhibiting the hypothalamus from releasing them as 

well. A large portion of testosterone is secreted by the testes and circulates in the 

bloodstream attached to a glycoprotein known as sex hormone-binding globulin 

(Abraham and Staffurth, 2016). Androgens, including dihydroxyandrostenedione (DHA), 

androstenedione, and DHA sulphate, are mainly generated from cholesterol in the 

adrenal cortex, but also in prostate tissue (Abraham and Staffurth, 2016; Abraham and 
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Staffurth, 2011). Women in the postmenopausal and premenopausal stages of breast 

cancer are approximately 80% more likely to have hormone receptor-positive cancers.  

One out of every ten cases of male breast cancer is likely to be hormone-receptor positive. 

In newly diagnosed cases of breast cancer, the degree of positivity is determined by the 

expression levels of both oestrogen (ER) and progesterone receptors (PR), which are 

routinely measured with immunohistochemical methods in breast tissue biopsies. In 

breast cancer, the hormone receptor status will influence systemic treatment and, to some 

extent, prognosis. Studies suggest that patients who overexpress both hormone and 

human epidermal growth factor (HER-2) receptors are less likely to be helped by 

endocrine therapy alone, therefore it may be imperative to target both these receptors. 

Contrary to this, measurements of the androgen receptor in prostate cancer are not 

routinely performed since they are of little or no importance for diagnosis or treatment. 

The reason for this is that both hormone-dependent and non-dependent prostate cancers 

possess functional androgen receptors. Recent findings have detected gene 

translocations between androgen-sensitive transmembrane protease, serine 2 

(TMPRSS2) gene and certain erythroblast transformation-specific (ETS) factors 

(especially ERG) in approximately 60% of men with prostate cancer (Tomlins et al., 2005). 

Clinical significance of gene fusions, however, is not yet known. Delay in cancer diagnosis 

can occur at various levels and complicates treatment options (Al-Azri, 2016). 

 

1.3. Diagnosis of cancer 

The delays in cancer diagnosis can be credited with high mortality rates that continue to 

soar. Patient delays may occur when the patient fails to recognise and act on suspicious 

cancer symptoms (Al-Azri, 2016; Allgar and Neal, 2005). Inavailability of adequate health 

facilities, coping styles, depression and gender influence fear of diagnosis. Failure to 

recognise signs and symptoms, lack of time for medical consultation, low capacity of 

communicating with the medical personnel delay diagnosis of cancer, this potentially 

contributing to a bad prognosis of oncology patients. There are two major types of delays. 

Firstly, a patient delay where a victim delays seeking medical attention after self-

discovering a potential breast cancer symptom. Secondly, there is a system delay where 

there is a delay within the health care system in getting appointments, scheduling 
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diagnostic tests, receiving a definitive diagnosis, and initiating therapy (Caplan, 2014). 

Treatment options depend upon the tumour stage and the degree of underlying synthetic 

dysfunction (Volk and Marrero, 2008). Herbal medicines also provide opportunities for the 

treatment of cancer. Consumption of chemo-preventative agents containing phyto-

compounds show an important insight to fight against cancer and yield promising 

outcomes (Roy et al., 2018). 

 

1.4. Medicinal plants 

The influence of natural products on drug discovery has been well recognised and 

documented and continues to play an important role in humankind as source of food and 

medicine. Research studies in search of alternative and better therapeutic strategies for 

cancer treatment has intensified over the years, and this includes the exploration of 

compounds from natural products, inclusive of medicinal plants. Targeting biomolecules 

that regulate molecular mechanisms associated with carcinogenesis has become popular 

and phytochemistry has attracted a lot of research interest across the globe. The 

consumption of medicinal plants as an alternative therapy to treat many diseases, has 

been a common practice since thousands of years. On the other hand, the search for the 

active constituents present in medicinal plants only began in the nineteenth century and 

are gaining popularity (Zahoor et al., 2019).   

Most South Africans, including the ones in urban areas as well as rural communities, 

depend on herbal medicines for their health care needs. Besides their cultural 

significance, this is due to their accessibility and affordability. Many therapeutic drugs are 

of limited use due to toxicity (Mareggesi et al., 2008). Many plants, particularly those used 

by traditional healers, contain compounds that have several medical effects, including 

antimicrobial, antihelminthic, antifungal, antiviral, anti-inflammatory and antioxidant 

activities (Bouyahya et al., 2021; Merrouni and Elachouri, 2021; Owusu et al., 2021; 

Palanisamy et al., 2021; Schultz et al., 2021). The solution and utilization of traditional 

herbs at present is not controlled, with the outcome that there is dependably the risk of 

misadministration, particularly of toxic plants. The world health organisation (WHO, 2013) 

declared that the herbal medicines serve the well-being need of about 80% of the total 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/medicinal-plant
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world populace, particularly for many individuals in the rural regions of developing 

countries. An extraordinary exertion will be important to stimulate the association among 

the scholarly community and pharmaceutical companies and to improve the scientific 

level of publications, seeking to explore mechanistic aspects, safety, pharmacokinetics 

and clinical viewpoints to make it possible to produce new drugs from our immense 

biodiversity later (Dutra et al., 2016).  

Most developing countries still use medicinal plants for a variety of purposes due to a lack 

of modern medicine, low costs, effectiveness, and cultural beliefs (Nann, 2021; Shanley 

and Luz, 2003). They are rich in bioactive compounds, which has led to their exploration 

for potential anticancer drug leads. Phytochemicals are plantȤderived nonȤnutritive 

molecules that can provide protection against a wide range of diseases, including 

neurodegenerative disorders (Sunkaria et al., 2017). It is well known that natural products, 

primarily those obtained from plants, are exceptional compounds, possessing unique 

properties, and making them excellent candidates for these therapeutic treatments. 

These natural molecules have revolutionized the therapeutic system (Mishra and Tiwari, 

2011). Research in search of alternative and better therapeutic strategies for cancer 

treatment has intensified over the years, including exploration of compounds from natural 

phytochemicals (Kumar and Chauh, 2016; Gavamukulya et al., 2014).  

To reduce morbidity and mortality rates associated with cancer, novel approaches must 

be considered (Beretov et al., 2015). Medicinal plants are utilised by individuals in most 

developing countries than developed countries due to their low cost, specificity and 

effectiveness (Shanley and Luz, 2003). Studies have focused on using existing 

experimental procedures to discover natural anticancer agents (Mantzorou et al., 2019; 

Ren and Kinghorn 2019; Nabavi et al., 2018; Nie et al., 2016; Krishnaiah et al., 2011). 

Each class of the secondary metabolites (phenols, saponins, flavonoids, alkaloids, 

glucosinolates, and terpernoids) consists of a vast range of chemicals with differing 

effectiveness (Saxena et al., 2013). Research has been carried out throughout the past 

decades and validated the significant role of bioactive compounds in treating chronic 

illnesses like cancer, diabetes and coronary heart disease (Gil and Maldonado, 2011; Lu 

and Serrero, 1999; Knekt et al., 1996; Pace-Asciak et al., 1995). Plants produce 

chemically diverse range of anticancer compounds which include, vincristine, vinblastine 
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from Catharanthus roseus, paclitaxel, docetaxel, cabazitaxel from Taxus genus, 

etoposide, teniposide from Podophyllum hexandrum and Curcumin from Curcuma longa 

(Agarwal, et al., 2020; Tomeh et al., 2019; Ardalani et al., 2017; Martino et al., 2017). A 

number of Drimia species have also been reported to harbour numerous phytochemicals, 

and should be further studied for novel drug targets (Rajput et al., 2018). 

Drimia species contain a colossal number of natural compounds, which include cardiac 

glycosides, saponins, terpenes, alkaloids and flavonoids with significant biological 

properties (antibacterial, antifungal, antiviral, antioxidant, anti-inflammatory and 

insecticidal) [Rajput et al., 2018; Baskaran et al., 2013; Bozcuk et al., 2011; Fouché et 

al., 2008]. Drimia species may be considered as promising therapeutic plants with various 

medicinal properties and can further be investigated against several ailments and free 

radical-mediated diseases (Rajput et al., 2018). However, due to reclassification, 

Liliaceae and Hyacinthaceae families are now classified under Asparagaceae family. 

Consequently, the genus, Urginea, has been changed to Drimia (Moodley et al., 2007), 

thus, others see Urginea as the main synonym of Drimia species (Bozorgi et al., 2017).  

Drimia species have many potential therapeutic applications and can be further 

investigated pharmacologically against various ailments and for free radical-related 

diseases (Bozorgi et al., 2017). There is no study that has reported the phytochemical 

analysis of the plant Drimia calcarata. A fresh perspective on the immense value of Drimia 

would be presented as a result of this study and will encourage phytochemists to work on 

the rest of the species.  

 

1.5. Problem statement 

Despite the major developments in cancer diagnosis and treatment, cancer remains a 

major life-threatening disease. The most common types of cancer in males include, lung, 

prostate, colorectal, stomach and liver cancers, while breast, colorectal, lung and cervix 

cancers are the most common among females (Bray et al., 2018). The current treatment 

strategies, which include chemotherapy, radiotherapy and surgery, lack efficacy and are 

associated with multidrug resistance (Ma et al., 2013), lack of specificity, linked with 

targeting all cell types including normal cells, and have side effects (Biswas et al., 2015; 
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Shah et al., 2015). Consequently, cancer incidences continue to grow. Medicinal plants 

have been the foundation of traditional remedies for decades and continue to grant new 

prescriptions to humans (Ren and Kinghorn, 2019), with little to no side effects (Kaya et 

al. 2017). 

Medicinal plants are rich in bioactive compounds and this has presented a great 

opportunity to further explore medicinal plants for bioactive compounds and assessing 

their potential anticancer activities. There is a huge number of medicinal plants that are 

currently used, worldwide and Drimia calcarata is one of the plants used by Pedi people 

to treat a plethora of ailments such as dropsy, respiratory problems, skin ailments and 

epilepsy (Semenya et al., 2013). Prior to reclassification, phytochemical compound, 

Riparianin 2 was isolated and identified in Urginea riparia (now, Drimia calcarata). 

Riparianin 2 was tested for its anti-cancer activity against the MCF7 (breast), TK10 (renal) 

and UACC62 (melanoma) cell lines and displayed moderate anticancer activity (Moodley 

et al., 2007). The anticancer activity of the compound was concluded based only on cell 

viability MTT studies, only. How this plant exerts its anticancer activities and their 

molecular mechanisms remain less understood, especially against different cancer cells.  

 

1.6. Research questions 

Riparianin 2 isolated from Drimia calcarata (D. calcarata) was implicated in anticancer 

activities against different cancers but underlying pharmacological mechanisms remain 

unclear. This study is aimed at answering the following questions: 

ü Does D. calcarata have anticancer activities against other cancers, including 

different breast cancer subtypes? 

ü Does D. calcarata have regulatory capacity against cancer-related processes, 

including cell cycle, apoptosis and cell survival pathways? 

ü Does D. calcarata have ability to regulate the expression of apoptotic-related 

genes? 

ü Is the Riparianin 2 the only bioactive compound possessing anticancer activity 

in the D. calcarata extracts? 
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1.7. Aim of the study 

To examine the potential anticancer activities and molecular mechanisms of Drimia 

calcarata bulb extracts against different human cancer cells. 

 

1.8. Objectives: 

The objectives of the study were to: 

i. profile the bioactive compounds within the Drimia calcarata (D. calcarata) bulb 

extracts using Thin Layer Chromatography (TLC), Free Radical Scavenging 

assay, Folin Ciocalteu method, Aluminium chloride colorimetric method, Ferric 

Reducing Power assay and Liquid ChromatographyïMass Spectrometry (LCïMS)  

ii. determine the cytotoxicity of D. calcarata methanol and water bulb extracts against 

different human cancer cells (HeLa, Ca-Ski, Caco2, HT-29, A549, T47D and MDA-

MB-231) and non-cancerous cells (HEK-29) using 3-(4, 5-dimethyl-thiozol-2-yl)-2, 

5-diphenyltetrazolim bromide (MTT) assay and the Muse® Count and Viability 

assay. 

iii. determine the molecular mechanisms of D. calcarata bulb extracts on the selected 

human cancer cells, based on the cytotoxicity of the bulb extracts by analysing the 

Muse® signalling pathways. 

iv. evaluate the proteins regulated by D. calcarata bulb extracts using the Proteome 

ProfilerÊ Array Analysis on the most responsive cell line.  

v. determine the expression pattern of cancer-related genes in response to the D. 

calcarata bulb methanol and water extracts using Reverse Transcriptase 

Polymerase Chain Reaction (RT-PCR) on the selected human cancer cells. 

 

1.9. Hypothesis 

i. Drimia calcarata (D. calcarata) bulb extracts encompasses a number of potent 

phytochemicals and beneficial anticancer agents that are responsible for their 

activity against different cancer cells through the regulation of cell homeostasis 

processes.  

https://www.sciencedirect.com/topics/chemistry/liquid-chromatography-mass-spectrometry-lcms
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ii. D. calcarata bulb methanol and water extracts demonstrate specific therapeutic 

efficacy against different human cancer cells. 

 

1.10. Organisation of the thesis 

The thesis is organised into ten chapters, accompanied by a reference list and 

appendices. This section covers what each chapter entails. 
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Chapter one 

This chapter covers the introduction of the study. The different treatment strategies of 

cancer and their limitations are covered. It furthers introduce the promising therapeutic 

importance of medicinal plants. 

 
Chapter two 

This chapter covers the literature review addressing important information relevant to the 

study. This chapter also highlights the knowledge and the gaps that exist in our 

understanding of the role of phytochemicals and the mechanisms that they may play in 

cancer and its treatment.  

 
Chapter three 

Chapter three covers the materials and methodology used to achieve the objectives of 

the study. This chapter is complemented by several appendices, with recipes for the 

solutions required for the methods also provided. 

 

Chapter four 

This chapter covers the phytochemical screening and characterisation of the Drimia 

calcarata bulb extracts. The chapter also describes the results from the qualitative 

(Section 4.1) and quantitative (Section 4.2) phytochemical analysis of Drimia calcarata 

bulb extracts. The chapter further covered the quantitative antioxidant investigations 

using DPPH and FRAP assays (Section 4.3), chemical composition of the extracts 

(Section 4.4) and the chemical composition of the fractions (Section 4.5 and Section 4.6), 

which were done using LC-MS.  

 

Chapter five 

This chapter covers the cytotoxicity of the Drimia calcarata bulb extracts on colorectal 

Caco-2 and HT-29 cells. The data that is presented in this chapter includes cell viability 
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analysis using MTT assay (Section 5.1), and Muse® Count and Viability assay (Section 

5.2). The apoptosis detections were done using morphological analysis, Muse® Annexin 

V and Dead Cell assay, Muse® Caspase 3/7 assay and Polymerase Chain Reaction 

(PCR) [Section 5.3, Section 5.4, Section 5.5 and Section 5.6, respectively]. The cell cycle 

analysis were also carried out using Muse® Cell Cycle assay (Section 5.7) and PCR 

(Section 5.8). Followed by the expression of signal transducers and activators of 

transcription (STAT) genes using PCR (Section 5.9). The data covered in this chapter 

has been published (Laka et al., 2021). 

Chapter six 

This chapter covers the anticancer activities of the Drimia calcarata bulb extracts against 

cervical HPV-18 positive HeLa cells and the cervical HPV-16 and HPV-18 positive Ca-

Ski cells. These activities include cell viability reduction that was done using MTT assay 

(Section 6.1) and Muse® Ki67 assay (Section 6.2). Apoptosis induction was determined 

using morphological analysis, Muse® Annexin V and Dead Cell assay, Muse® Caspase 

3/7 assay and Polymerase Chain Reaction (PCR) [Section 6.3, Section 6.4, Section 6.5 

and Section 6.6, respectively]. The cell cycle analysis were also determined by the aid of 

Muse® Cell Cycle assay (Section 6.7) and PCR (Section 6.8), followed by the expression 

analysis of signal transducers and activators of transcription (STAT) genes was using 

PCR (Section 6.9), the STAT proteins expression using western blot (Section 6.10), the 

effects of extracts on PI3K activation using Muse® PI3K Dual Activation assay (Section 

6.11). Lastly, the chapter covers the discussion (Section 6.12) and conclusion (Section 

6.13). The data covered in this chapter has been published (Laka et al., 2022). 

 

Chapter seven 

This chapter covers the potential anticancer activities of the Drimia calcarata bulb extracts 

against the breast cancer luminal-A T47D cells and metastatic MDA-MB-231 cells. These 

activities include cell viability reduction that was done using MTT assay (Section 7.1) and 

Muse® Count and Viability assay (Section 7.2). Apoptosis induction was determined 

using morphological analysis, Muse® Annexin V and Dead Cell assay, Muse® Caspase 

3/7 assay and Polymerase Chain Reaction (PCR) [Section 7.3, Section 7.4, Section 7.5 
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and Section 7.6, respectively]. The chapter further covers the cell cycle progression 

analysis using Muse® Cell Cycle assay (Section 7.7) and PCR (Section 7.8). Followed 

by the expression of signal transducers and activators of transcription (STAT) genes 

(Section 7.9) and STAT3/5 targeted genes (Section 7.10) using PCR. Followed by the 

expression of the human ubiquitin proteins using profiler array analysis (Section 7.11).  
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Chapter eight 

This chapter covers the anticancer activities of the Drimia calcarata bulb extracts against 

human non-small lung A549, H157 and H1437 cancer cells. The anticancer activities that 

are covered in this chapter include cell viability reduction that was done using MTT assay 

(Section 8.1) and Muse® Count and Viability assay (Section 8.2). Apoptosis induction 

was determined using morphological analysis, Muse® Annexin V and Dead Cell assay 

and Polymerase Chain Reaction (PCR) [Section 8.3, Section 8.4 and Section 8.5, 

respectively]. Autophagy analysis was done using immunocytochemistry (Section 8.6) 

and Western blotting analysis (Section 8.7). The cell cycle analysis, which was carried 

out using the Muse® Cell Cycle assay (Section 8.8) and PCR (Section 8.9) is also 

reported in this chapter. Followed by the expression of RBBP6 genes (Section 8.10) and 

STATs genes (Section 8.11) using PCR. The data covered in this chapter has been 

accepted for publishing (Laka and Mbita, 2022). 

 

Chapter nine 

This chapter covers the potential anticancer activities of the Drimia calcarata fractions 

and selected pure compounds on various human cancer cells. This chapter also reports 

the cytotoxic activities of the D. calcarata bulb extracts, which was carried out using MTT 

assay (Section 9.1 and Section 9.3). The results on the effect of D. calcarata bulb extracts 

on apoptosis induction, which was determined using Muse® Annexin V and Dead Cell 

assay are also reported (Section 9.2 and Section 9.4). 

 

Chapter ten 

This chapter covers the general conclusion, future perspectives, and limitations of the 

study.  

 

References  
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Chapter Two: Literature review 

 

2. Introduction 

Carcinogenesis is a complex process involving large-scale reprogramming of cell genetic 

information, signalling mechanisms, structural components, and energy metabolism 

(Biswas et al., 2012; Teicher et al., 2012). It promotes the existence of a group of 

malignant disorders that are characterized by deregulated cell proliferation, resistance to 

apoptosis and amplified cell survival signals and the ability to metastasize to distant 

organs by invading adjacent tissues (Baba and Câtoi, 2007). Cancer ranks as a leading 

cause of death and an important barrier to increasing life expectancy in every country, 

worldwise (Bray et al., 2021). Multidrug resistance, drug efflux capacity, the narrow 

therapeutic window, and unintended side effects are critical complications that hinder 

cancer or tumour eradication (Shrestha et al., 2019). Every year, cancer is responsible 

for millions of deaths, worldwide, and even though much progress has been achieved in 

medicine, there are still many issues that must be addressed in order to improve cancer 

therapy. Female breast cancer has surpassed lung cancer as the most commonly 

diagnosed cancer, followed by lung cancer, colorectal cancer, prostate cancer and 

stomach cancer. Lung cancer remains the leading cause of cancer-related deaths 

followed by colorectal cancer, liver cancer, stomach cancer and female breast cancer, 

globally (Sung et al., 2021).  

The common treatment methods for cancer include surgery, chemotherapy and 

radiotherapy; however, none of these treatment regimes are always effective and the 

results are not always satisfactory (Yang et al., 2012). Even though chemotherapy and 

radiotherapy are highly effective treatments for cancer, they have asoociated severe side 

effects (Qi et al., 2010). Treatment for cancer is hampered by the gradual resistance of 

cancer cells to treatment (Wang et al., 2012). Immunopharmacological studies aim to 

improve cancer treatment outcomes by developing a new approaches. Previously, cancer 

was only classified and treated based on organs of origin and simple histomorphological 

features. On the basis of a broad application of cytotoxic chemotherapies to unselected 

cancer patients, treatments had reached their therapeutic plateau (Safarzadeh et al., 



6 
 

2014). It became clear that it was necessary to develop molecularly targeted therapies 

and to select treatments based on specific molecular alterations. Molecular profiling of 

cancer tumours and the discovery of predictive molecular targets have driven the 

evolution of cancer treatments since then (Zugazagoiti et al., 2016).  Zugazagoiti et al 

suggested that it may be necessary to combine medications that target more than one 

molecular alteration or cancer hallmark.  

Humans are frequently exposed to all kinds of exogenous insults, including ultraviolet 

(UV) rays, air pollution, and tobacco smoke. These entities cause our bodies to produce 

reactive species, especially oxidants and free radicals, which cause a number of 

diseases, including cancer. It is also possible for these molecules to be produced if 

medications are taken, but they can also be naturally created inside our cells and tissues 

by mitochondria, peroxisomes, and macrophage metabolism during normal physiological 

aerobic processes. As a consequence of oxidative stress and radical oxygen species, 

DNA is damaged, leading to genetic changes, DNA double strand breaks, and 

chromosomal aberrations (Cadet et al., 1997; Floyd et al., 1986) and other bio-

macromolecules (Doolittle, 2012), such as lipids (membrane peroxidation and necrosis) 

and proteins (significantly changing the regulation of transcription factors and, as a 

consequence of essential metabolic pathways) [Halliwell, 2007]. 

It is often impossible to counteract the huge damage caused by these molecules with the 

protective mechanisms our bodies have developed. Studies had been conducted on 

natural antioxidants, such as vitamins, polyphenols, and plant-derived bioactive 

compounds, with the aim of developing them as preventative agents and therapeutic 

drugs (Katz and Baltz, 2016). Several vegetables and spices contain these molecules, 

which have anti-inflammatory and antioxidant properties (Iqbal et al., 2017). Compounds 

such as vitamins, alkaloids, flavonoids, carotenoids, curcumin, berberine, quercetin, and 

many others have been screened in vitro and tested in vivo, demonstrating remarkable 

anti-proliferative and pro-apoptotic properties, and have been used as complementary 

treatments for cancer. (Chikara et al., 2018; González-Vallinas et al., 2013). Many plant-

derived cytotoxic drugs are used in cancer treatment, including camptothecin, paclitaxel, 

epipodophyllotoxins, vinblastine, and vincristine (Gullett et al., 2010).  In previous years, 

it has become increasingly crucial to advance chemotherapy due to the complexity of 
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cancer as well as the development of resistance to existing anticancer drugs (Masood et 

al., 2016). The bioactive components of African flora are now being tested against various 

models of multidrug resistance (MDR) cancer cell lines (Mbaveng et al., 2017; Kuete and 

Efferth, 2015).  The bioactive compounds show protective effects against various forms 

of cancer. Chemoprevention of cancer may be one of the feasible approaches to control 

this disease. 

 

2.1. Carcinogenesis and different cancers 

Cancer is a group of diseases involving abnormal cell growth with the potential to spread 

to other parts of the body (Ferreira et al., 2014). Cancer arises from numerous gene 

mutations, especially in genes that regulate cell proliferation, differentiation and 

programmed cell death (Calon et al., 2015).  The process of carcinogenesis is associated 

with different epigenetic mechanisms, which can affect intra- and inter-cellular 

communications and gene expression, affecting cell proliferation, differentiation, and 

apoptosis. There are a number of epigenetic, molecular, and cellular mechanisms 

responsible for protein methylation and histone acetylation, in addition to classical 

epigenetic events such as DNA methylation and histone acetylation (hormones, growth 

factors, fatty acids, etc.), damage to intracellular signal transduction pathways caused by 

hormones, growth factors, and drugs (Hofmanová et al. 2000), which are involved in the 

development of various cancer hallmarks.  Hallmarks of cancer are illustrated in Figure 

2.1 and these include selective growth and proliferative advantage, altered stress 

response favoring overall survival, vascularization, invasion and metastasis, metabolic 

rewiring, an abetting microenvironment and immune modulation (Fouad and Aanei, 

2017). Further characteristics, including "resisting cell death," "genome instability," 

"deregulating cellular energy," "evading growth suppressors," "enabling replicative 

immortality," "promoting angiogenesis," and "promote tumour growth," have contributed 

to the refinement of tumour classification, and have been shown to be particularly 

predictive (Hofmanová et al. 2000). 
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Figure 2.1. Hallmarks of cancer. The diagram was adapted from Fouad and Aanei, (2017). 

 

Approximately two point three million new cases (25.43%) of female breast cancer were 

diagnosed in 2020 alone, overtaking lung cancer as the most commonly diagnosed 

cancer (Sung et al., 2021). Lung cancer (24.78%), colorectal cancer (21.74%), prostate 

cancer (15.87%), and stomach cancer (12.17%) followed. Cancer death rates continued 

to show lung cancer as the leading cause of death, with an estimated 1.8 million deaths 

(36.04%), followed by colorectal (18.61%), liver (16.44%), stomach (15.55%), and female 

breast (13.66%) [Figure 2.2]. Cancer treatment paradigms have been significantly shifted 

by advances in molecular biology and tumour biology. 
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Figure 2.2. The new cancer cases and cancer deaths for the five top cancers in 2020. This 

figure was obtained from Sung et al. (2021). 
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2.1.1. Colorectal cancer 

Colorectal cancer is a standout amongst other comprehended neoplasms from a genetic 

perspective (Radtke et al., 2005). Colorectal cancer develops slowly and, in general, 

doesn't cause symptoms until it reaches a significant size of several centimetres, in which 

case it may block faeces and cause cramping, pain, or bleeding that presents as visible 

bleeding with bowel movements or, rarely, dark tarry stools. Over the course of time, a 

series of histological, morphological, and genetic changes lead to the development of 

most colorectal tumours (Frank, 2018). Colorectal cancer results from an anomalous 

development of epithelial cells inside the colorectal and rectum of the large intestines. It 

is a major public health problem, and the most colorectal cancers causes are benign, 

precancerous polyps. Intestinal polyps are growths or aggregations of abnormal cells in 

the mucosa that protrude through the intestinal wall. Over time, the dividing cells in these 

polyps may acquire sufficient genetic changes that make them capable of invading the 

bowel wall, the hallmark of colorectal cancer, and eventually may become more altered 

and spread to local lymph nodes, and eventually to distant metastatic sites (Stracci et al., 

2014). 

The development of colorectal cancer can be traced to two main genetic pathways 

(Bateman, A.C., 2014). Adenomas and sessile serrated polyps are the two types of polyps 

from which colorectal cancer develops. Most sporadic cancers are associated with the 

chromosomal instability pathway, which is characterized by accumulating mutations and 

typically observed in 65%ï70% of cases. In most cases, the first mutations to appear are 

located in the adenomatous polyposis coli (APC) gene, which plays a role in chromosome 

segregation during cell division. Further mutations affect the Kirsten rat sarcoma 2 viral 

oncogene homolog (KRAS), which plays a role in cell proliferation, differentiation, motility, 

and survival. Over time, these mutations can cause a loss of function of the TP53 gene, 

which is a master regulator of transcription and apoptosis, thus, impacting a wide range 

of cellular functions that ultimately results in carcinogenesis (Pino and Chung, 2010). 

Early detection of colorectal cancer is critical, bearing in mind the negative result on 

survival conferred by spreading cancer (van der Geest et al., 2015). Metastatic disease 

has previously been viewed as fatal, causing massive effects and interfering with the 
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physiological condition (Riihimäki et al., 2014). However, no predominant mutations have 

been related to metastatic colorectal malignant growth (Mlecnik et al., 2016).  

 

2.1.1.1. Risk Factors of colorectal cancer 

The risk factors that cause colorectal cancer include age, overweight, physical inactivity, 

unhealthy diets, alcohol consumption, and smoking (Keum et al., 2019; Islami et al., 

2018). Additional risk factors include the family history of colorectal cancer, heredity 

conditions like polyposis and hereditary nonpolyposis colorectal cancer, and individual 

history of inflammatory bowel disease, polyps, and other cancers (Jasperson et al., 2010; 

Amersi et al., 2005).  

 

2.1.1.2. Treatment of colorectal cancer 

The regular strategies utilised for colorectal cancer treatment include surgery, 

radiotherapy, and chemotherapy (Mishra et al., 2013). If diagnosed early via colonoscopy, 

surgery is often successfully carried out to remove the tumour. Thus, colorectal malignant 

growth can be effectively treated when identified early; however, at a later stage when 

the ailment has spread to different tissues, it becomes an arduous task to treat this 

disease (Hansen et al., 2018). Late diagnosis can result in a poor prognosis, but 

advanced colorectal cancer can be controlled by chemotherapy and radiotherapy (Wessel 

and Coldwell, 2016). For metastatic colorectal cancer patients, around 75% continue to 

live beyond 1 year, 35% beyond 3 years, and less than 20% beyond 5 years after 

diagnosis.  

The prime treatment for unresectable metastatic colorectal cancer is a systemic therapy. 

Clinical trials done in the previous five years have proved that modifying treatment to the 

molecular and pathologic features of the tumour enhances overall survival (Biller and 

Schrag, 2021), even though the clinical outcomes and treatment responses of each 

patient with colorectal cancer differ greatly (Linnekamp et al., 2015), the use of 

standardized treatment possibilities is limited in standard practice (Dienstmann et al., 

2017; Dienstmann et al., 2015). As a component of first- and second-line combination 

therapies, oxaliplatin is used to treat metastatic colorectal cancer.  The response rate has 
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significantly improved by more than 50% and led to a significant increase in median 

survival times (Gargett et al., 2019; Cremolini et al., 2015). Nevertheless, most colorectal 

cancer patients ultimately develop drug resistance, and the five-year survival rate for 

progressive colorectal cancer patients is less than 10% (Ciombor et al., 2015). Thus, it is 

important to irradiate the mechanism of chemoresistance due to the fact this 

understanding may also strengthen new techniques to overcome drug resistance in 

colorectal cancer patients. 

The emergence of chemoresistance is a fundamental drawback of colorectal cancer 

therapies and there is an urgent need for novel plant-derived therapeutics. In this regard, 

other compounds are needed to increase the efficacy of treatment against colorectal 

cancer. Natural compounds have received increasing attention as potential adjuvant 

therapy against cancer to improve tumour response to treatment. However, the efficacy 

of classic chemotherapeutic agents is reduced by the insurgence of chemoresistance. In 

this context, the search for alternative therapeutic approaches has received great 

attention. Above all, some bioactive compounds, including gambogic acid isolated 

from Garcinia hanburyi, hinder cell growth, promote apoptosis, and overcome drug 

resistance in colorectal cancer cells (Wen et al., 2015). In particular, emerging data 

demonstrate that some natural compounds including S-adenosylL-methionine, have the 

potential to overcome drug resistance in colorectal cancer cells devoid of p53 (Mosca et 

al., 2021).  

 

2.1.1.3. Molecular mechanisms of colorectal cancer 

A number of different cell populations have been implicated in colorectal cancer, each of 

which possesses its own gene expression and tumourigenic properties (Zeuner et al., 

2014; Melo et al., 2013). Hereditary colorectal cancer and sporadic colorectal cancer both 

originate from stem cells. The colorectal cancer stem cell population represents a small 

part of the colorectal cancer cell population with self-renewal and differentiation potential 

and tumourigenicity (Vaiopoulos et al., 2012). Mutations in specific signal transduction 

pathways are responsible for certain forms of colorectal cancer, which are characterized 

by a multistep genetic disorder. As an adenoma develops and progresses to cancer and 

metastatic disease, several protective mechanisms fail simultaneously,and these include 
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adenomatous polyposis coli (APC), p53, and transforming growth factor ɓ (TGFȤɓ 

anticancer activities, and oncogenic pathways are activated, including Ras 

(Lampropoulos et al, 2012; Markowitz and Bertagnolli, 2009). 

There are three possible mechanisms by which colorectal cancer stem cells (CCSCs) 

originate. Firstly, CCSCs may arise from the malignant transformation of normal 

colorectal stem cells. Proliferation and self-repair are properties of colonic stem cells. 

During their long survival, gene mutations accumulate further. The evidence 

demonstrates that colorectal stem cells are more prone to becoming tumourigenic 

(Vaiopoulos et al., 2012; Takahashi and Yamanaka, 2006). According to Barker et al. 

(2009), only the presence of Leucine-rich repeats in G protein-coupled receptor 5 (Lgr5+) 

stem cells or APC deficiency may predispose to the development of colorectal adenoma. 

The stem-like Lgr5+ tumour initiating cells located in the base of adenomas are similar to 

normal stem cells (Schepers et al., 2012). During the initiation process of CRC, the 

interaction between internal and external factors causes the colorectal stem cells to 

acquire oncogenic mutations. Moreover, in the evolution of colorectal cancer, the 

heterozygous loss of APC, netrin receptor DCC (DCC), and p53 occurs in conjunction 

with DNA damage, DNA repair mutations, and altered methylation status (Castets et al., 

2012). As a second possibility, CCSCs can be derived from common cancer cells that 

have dedifferentiated. Cells with certain differentiation characteristics, such as progenitor 

cells or mature cells, acquire stemness by dedifferentiation. Even differentiated cells at 

the terminal differentiation stage can regain stemness through the use of certain specific 

regulatory factors after the induction of induced pluripotent stem cells (IPS).  

It has been shown that introducing transcription factors Oct3/4, Sox2, c-Myc and Klf4 into 

mouse fibroblast cells can induce their de-differentiation and stemness (Takahashi and 

Yamanaka, 2006). Schwitalla et al indicated that increasing nuclear factor-əB (NF-əB) 

signalling in intestinal epithelial cells would activate the Wnt signalling pathway, thus 

eliciting dedifferentiation and promoting tumourigenicity (Schwitalla et al., 2013). Thirdly, 

CCSCs can result from malignant transformation of cells under the influence of the 

microenvironment. The transformation of non-cancer stem cells to cancer stem cells is 

dependent on transforming growth factor-ɓ (TGF-ɓ) signalling in the micro-environment, 

and the process is most likely relevant to epithelial-mesenchymal transition (Chaffer et 
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al., 2011; Scheel et al., 2011). Mani et al found that mammary gland cells undergoing 

epithelial-mesenchymal transition by Snail or Twist induction regained stem cell markers 

and the ability to self-renew (Mani et al., 2008). 

 

2.1.2. Cervical cancer 

Cancer of the cervix, is the second utmost known malignancy detected in females, 

worldwide. Cervical cancer originates from the cervix, which is the lower part of the uterus 

that connects to the vaginal canal (Johnson et al., 2019; Nahand et al., 2019). Cervical 

cancer is caused by human papilloma virus (HPV), mostly in sexually active individuals. 

It is not transmitted genetically and diet has no role in preventing cervical cancer. 

Persistent infections with carcinogenic human HPV are responsible for over ninety-five 

per cent of cervical cancer cases (Schiffman et al., 2011). There are different types HPVs, 

high risk and low risk. The types 16 and 18 belong to the High risk. Types 16 and 18 

continue to be the utmost common in cervical lesions and cause 60-80% of all 

gynaecological tumours (Lowy et al., 2008; Muñoz et al., 2003). The infection with a 

precise HPV type has been perceived as a fundamental root of this disease (Franco and 

Harper, 2005). The development of new biomarkers for cervical cancer diagnosis remains 

a challenge despite several attempts. As one of the most powerful biomarkers for cervical 

cancer detection, treatment, and monitoring response to therapy, miRNA has emerged 

as one of the most important biomarkers for prognostic, diagnostic, and therapeutic 

purposes (Nahand et al., 2019). A study on the safety and effectiveness of prophylactic 

vaccines against HPV has revealed inspiring outcomes with almost 100% adequacy in 

preventing the advance infections and lesions not merely from the uterine cervix, but also 

from other organs including anus, vagina, and vulva (Schiller and Lowy, 2018). 

Consequences of HPV infection depend on the infecting HPV type and site of infection, 

as well as on host factors that regulate virus persistence, regression, and latency. Thus, 

identification and subsequent functional evaluation of host proteins associated with HPV 

E6 and E7 oncoproteins is a major challenge for their utilization as molecular biomarkers, 

and may provide useful information in understanding cervical carcinogenesis for 

developing specific targeting strategies against tumour cells (Peralta-Zaragoza et al., 

2012). 
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2.1.2.1. Risk Factors of cervical cancer 

There are behavioural as well as infectious factors associated with cervical cancer. The 

behavioural contributors include sexual activity and lifestyle factors, such as age of first 

sexual interaction, number of partners, parity, smoking, co-infections, and prolonged use 

of oral contraception.  Infection by the human papillomavirus (HPV) is the most important 

risk factor for cervical cancer (Johnson et al., 2019). 

 

2.1.2.2. Treatment of cervical cancer 

The common clinical treatment for most of cervical cancer patients include surgery, 

radiotherapy and chemotherapy (Ai et al., 2020, Shen et al., 2020; Bhatla et al., 2018). 

While surgery and chemoradiotherapy can cure more than 80% of women with early 

stage cancer, recurrence and metastatic disease continue to drive increase in cancer 

deaths (Peralta-Zaragoza et al., 2012). Despite the fact that cervical cancer vaccines 

have been developed, only a few people receive cervical cancer vaccines. The most 

effective vaccines are prophylactic vaccines for treatment of HPV-mediated cervical 

cancer (HLA-B, 2017). A variety of tests are applied for cervical cancer diagnosis and 

screening including HPV test, cytologic test and colposcopy, that have been effective in 

reducing mortality resulted from cervical cancer (Wang et al., 2018; Xiao et al., 2018). 

However, there is still a need for cervical precancer screening and early diagnosis (Della 

Corte et al., 2020). One of the challenges is the metastasis cervical cancer that is 

incurable, even if its diagnosis occurs at early stages and surgery is performed for its 

removal (Uyar and Rader, 2014; Koh et al., 2013).  

However, only a few individuals are receiving the vaccine since it is not affordable for 

numerous public health facilities in poor countries. The vaccine consists of two HPV types 

(16 and 18) associated with malignant growth; consequently, we can just anticipate an 

incomplete assurance against disease (70/100), making it important to come up with 

innovative tactics to spot precursor lesions and tumour in the post vaccine period (Madrid-

Marina et al., 2009). HPVs encode only 8 to 10 proteins and they rely broadly on cytokines 

to regulate viral transcription and replication. Therefore, the interaction between viral 

proteins and host cell factors is critical for the productive life cycle. Several papillomavirus 
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proteins can directly activate transcription, while other proteins act indirectly by altering 

the activity of cellular factors. These viruses encode two transforming proteins, E6 and 

E7. E6 binds to cellular ubiquitin ligase and then targets p53 for degradation (Goodwin 

and DiMaio, 2000; Scheffner et al., 1993). E7 binds to the Rb family of proteins, leading 

to regulatory changes in the inducible E2F gene that controls entry of S-phase (MuÈnger 

et al., 2001). It appears that during HPV infection, cellular gene expression changes 

(Chang and Laimins, 2000). 

Prevention of cervical cancer and its early detection depends on cytology screening 

programs, which, when available, have obviously decreased cervical cancer mortality 

rates. Despite this, over 80% of cervical cancer cases arise in the poor countries, wherein 

neither populace screening nor most reliable medication is available. Additionally, existing 

treatments and, to a big range, current screening techniques regularly do not recognise 

the viral etiology of this well-known tumour, thus, new therapeutic approaches are 

required (Giorgi et al., 2010). Regardless of medical developments in antitumour therapy, 

there may be nevertheless a need for innovative antitumour metabolites, with better 

effectiveness and minor side effects (Paskeh et al., 2021). Herbal medicine as natural 

resource had obtained significant attention as potential chemotherapeutic agents (Gezici 

and ķekeroĵlu, 2019; Dwivedi et al., 2011).  

 

2.1.2.3. Molecular mechanisms of cervical cancer 

Often, cervical tumourigenesis is triggered by persistent infection with high-risk HPV 

types, particularly, 16 and 18 (Lin et al., 2019; Pappa et al., 2018). Over 100 different 

HPV types exist, and the type of virus that is present in a patient determines the prognosis 

of the cancer (Bogani et al., 2018; (Cox, 2006). It is important to mention that not all cases 

with high-risk HPV infection will result in the high-grade cervical intraepithelial neoplasia 

(CIN) development and cervical cancer, suggesting that HPV infection is not sufficient to 

cause cervical cancer (Senapati et al., 2016). The immune system clears HPV infections 

spontaneously, so most subclinical changes are transient. Only a minority of HPV 

infections lead to integration into the host genome, resulting in abnormal gene structures 

and functions; thus, malignant transformation of cervical cells (Senapati et al., 2016; 
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M¿nger et al., 2004). Genome-wide association studies (GWAS) have shown that cervical 

cancer has genetic variations in several susceptibility loci (Bahrami et al., 2018). 

A growing body of evidence demonstrates that HPV infection causes cancer (Zhang et 

al., 2018). HPV-infected cervical cancers may be caused in part by viral oncoproteins E6 

and E7. When the viral genome integrates into the host DNA genome, E6 and E7 will be 

upregulated and subsequently deregulate critical proteins in cellular signalling pathways, 

such as inhibition of two important tumour suppressor proteins, p53 and pRb (Oyervides-

Muñoz et al., 2018). In a study by Lau et al. (2015), oncogenes from DNA tumour viruses, 

including E7, were found to disrupt the cGAS-STING DNA-sensing pathway. It has been 

documented that not all integrations necessarily depend on the E6 and E7 oncogenes 

expression (Groves and Coleman, 2015). Notably, several reports have showed that 

cervical cancer has driver mutations such as PIK3CA (phosphatidylinositide 3-kinases 

catalytic subunit Ŭ), a key protein in the PI3K pathway, Kirsten rat sarcoma viral oncogene 

homolog (KRAS), and epidermal growth factor receptor (EGFR) [Wright et al., 2013]. 

 

2.1.3. Lung cancer 

Known as lung carcinoma, lung cancer is the result of abnormal cells dividing rapidly and 

forming a tumour in the lung, which may spread to other organs such as the brain. Lungs 

are spongy organs in the chest which take in oxygen and release carbon when human 

inhales and exhales, respectively. Lung cancer begins in the lungs, and it is a dominant 

type of cancer, which kills many people every year compared to other types of cancers. 

When a lung cell cannot correct DNA damage, lung cancer appears. Inhaling 

carcinogenic substances is the main reason of lung cancer (Namazi, H. and 

Kiminezhadmalaie, 2015). There are three basic types of lung disease, and these are 

non-small cell lung cancer, small cell lung cancer, and lung cancers caused by a carcinoid 

tumour. It is essential to understand which type of cancer one has since it impacts 

treatment options and outlook.  Worldwide, little is known about the lung cancer subtypes 

mortality as the death certificates do not record the subtype information (Howlader et al., 

2020). Adenocarcinomas, squamous cell carcinomas, and huge cell carcinomas are 

among the types of non-small lung cancer.  Small cell lung cancer is a disease in which 
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malignant (cancer) cells form in the tissues of the lung, named after their appearance 

under the microscope, and are the second most common and lethal human malignancies 

(Jemal et al., 2008). A carcinoid tumour is one of the types of neuroendocrine lung 

tumours (Pelosi et al., 2005). Unlike lung cancer, mesothelioma arises in the membranes 

surrounding the lungs (the pleura). A typical carcinoid cancer is distinguished by its 

pathologic features (Travis et al., 1998). 

 

2.1.3.1. Risk factors of lung cancer 

The trends and rates of lung cancer differ greatly by sex, age, race / ethnicity, 

socioeconomic status, and geography, owing to differences in historical smoking patterns. 

Tobacco smoking is one of the causes of lung cancerï with each cigarette smoked, the 

risk increases. The exposure to second-hand tobacco smoke and domestic and industrial 

pollution are other known lung cancer causes.  

 

2.1.3.2. Treatment of lung cancer 

Treatment for lung malignant growth is dependent on the type and progress of the tumour, 

as well as general wellbeing.  In terms of treatment, lung cancer is typically treated by 

surgery, chemotherapy, and radiation (Bryan and Donington, 2019).  Lung cancer 

treatment is changing significantly thanks to directed therapies. Therapies in this category 

include drugs that target driver mutations, those that inhibit immune checkpoint 

molecules, and those that target presumptive important molecules in malignant growth 

and survival (Hirsch et al., 2016).  

 

2.1.3.3. Molecular mechanism of lung cancer  

Lung cancer has a complex and heterogeneous molecular basis. Research on the role of 

molecular alterations at multiple levels of the cell (genetics, epigenetics and protein 

expression) for diagnosis, prognosis, and therapy of lung cancer has improved 

significantly (Sekido et al., 2003). Several genetic and epigenetic changes are required 

for lung cancer to develop, including the activation of growth-promoting pathways and 

inhibition of tumour suppressor pathways. Developing treatment strategies that target 
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molecular aberrations and their downstream pathways requires a better understanding of 

the multiple biochemical pathways involved in the molecular pathogenesis of lung cancer 

(Cooper et al., 2013; Larsen and Minna, 2011). Similarly to other malignancies, positive 

signallers, such as RAS, and negative signallers, such as retinoblastoma protein (RB), 

promote unchecked cell growth and proliferation in lung cancer. Among the key molecular 

changes associated with lung cancer are angiogenesis, tissue invasion, and metastasis, 

which can be considered hallmarks of the disease. A novel method for evading cell control 

mechanisms is epigenetic inactivation of genes by DNA methylation (Larsen and Minna, 

2011). In addition to gene amplification, other genetic alterations, including point 

mutations and structural rearrangements, can activate growth promoting oncogenes 

(Cooper et al., 2013; Lynch et al., 2005). New knowledge of the human genome, 

combined with methods that detect genetic abnormalities and profile gene expression in 

tumour cells, may allow us to understand the signalling pathways in lung cancer cells. 

 

2.1.4. Breast cancer 

Breast cancer is a heterogeneous disease arising in the terminal duct lobular units (the 

functional unit of the breast) of the collecting duct. This condition is characterized by 

histological and biological differences, as well as clinical manifestations, such as tumour 

size, stage and differentiation (Chen et al., 2012; Li et al., 2005). There is little information 

about hereditary forms, as well as some histologic types. The most commonly diagnosed 

cancer is breast cancer among women, worldwide (Sung et al., 2021; Bray et al., 2018). 

The mammary epithelial tissue of the breast is the site where breast cancer begins, 

specifically, the milk ducts. It is attributed to uncontrolled cell proliferation and the ability 

to resist apoptosis. Development of breast cancer is also characterized by deregulation 

of cell cycle control (Pavlidou et al., 2014) in which various pathways are deregulated 

during cancer development. Through the same mechanism, breast cancer can also 

invade other organs, which include the lungs, bones, and a liver (Dai et al., 2016).  

 

Other hallmarks, such as genome instability and mutation, deregulating cellular 

energetics, evading growth suppressors, enabling replicative immortality, inducing 
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angiogenesis and tumour-promoting inflammation, contribute to breast tumour 

heterogeneity (Dai et al., 2016). Apoptosis resistance by tumour cells can be mediated 

by several anti-apoptotic proteins, including the Inhibitor of Apoptosis Protein (IAP) family, 

which includes Bcl-2 that plays a critical role in B cell development and differentiation 

(Merino et al., 1994). Caspases, which are critical to the execution of apoptosis, are 

inhibited by these proteins (Jha et al., 2012). In most cases, the disease spreads to the 

armpit lymph nodes that are located closest to the affected breast due to metastasis. 

Clinical features, tumour markers, and histopathological types are all factors that can be 

considered when categorizing breast cancer. New discoveries about the biology of this 

disease and molecular targeted therapies are exciting and could potentially further reduce 

breast cancer mortality. However, breast cancer can present itself in many ways and 

respond to treatment in different ways. It is clear that patients with breast cancer need 

personalised medicine. In order to plan individualised treatment for each breast cancer 

patient, it is crucial that resources be available to stratify patients correctly. It is also 

imperative to distinguish between those who may benefit from aggressive therapy and 

those who may not (Masood, 2016).  

 

2.1.4.1. Risk factors of breast cancer 

There are two groups of risk factors that are credited to breast cancer development. The 

first category includes inherent factors such as age, sex, race, and genetic makeup that 

can lead to the occurrence of tumours or benign proliferative lesions in the mammary 

gland. They all constitute independent parameters and do not undergo simple 

modification in the course of an individual's life. A second group consists of extrinsic 

factors resulting from lifestyle, diet, or medical interventions such as oral hormonal 

contraceptives or hormonal replacement therapy. These factors can have an effect on the 

neoplastic process in varying degrees (KamiŒska et al., 2015). 
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2.1.4.2. Breast cancer subtypes 

Breast cancer is categorized into four major subtypes based on the presence or absence 

of molecular markers for oestrogen or progesterone receptors and human epidermal 

growth factor 2. The subtypes include: Luminal A breast cancer, luminal B breast cancer, 

triple negative breast cancer and HER2-enriched breast cancer (Table 2.1) [Waks and 

Winer, 2019; Anderson et al., 2014]. 

 

2.1.4.2.1. Luminal A and Luminal B 

Among breast cancers, luminal tumours, luminal A and B, are the most widely recognized 

subtypes, with luminal A being the most common (OôBrien et al., 2010). Luminal tumours 

can be classified according to their gene expression profiles of ER, PgR, HER-2 and their 

proliferation index through Ki67 expression (Holli-Helenius et al., 2017; Sorlie et al., 

2003).  Luminal A is associated with lower Ki-67 rate than subtype luminal B. Luminal A 

(ER-positive and/or progesterone receptor [PR]-positive, human epidermal growth factor 

receptor type 2 [HER2] -negative, proliferation marker Ki-67 < 20 and low grade [I] and 

luminal B [ER-positive and/or PR-positive, HER2-positive or HER2-negative with high Ki-

67 Ó20 and higher grade (II or III)] (Holli-Helenius et al., 2017). There is a poorer 

prognosis for luminal B tumours than luminal A tumours because of higher proliferation 

index. Luminal tumours respond well to hormone treatment yet ineffectively to ordinary 

chemotherapy (Brenton et al., 2005). Luminal A tumours could be satisfactorily treated 

with endocrine treatment, while luminal B tumours which are increasingly proliferative 

may profit more from the joined restorative technique of chemotherapy and hormonal 

treatment (Brenton et al., 2005). 
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Table 2.1: Molecular classification of breast cancer subtypes 

Classification Immunoprofile Other characteristics Cell lines 

Luminal A ER+, PR+/-, HER2- Ki67 low, endocrine 

responsive, often 

chemotherapy 

responsive 

MCF-7, T47D, 

SUM185 

Luminal B ER+, PR-, HER2+ Ki67 high, usually 

endocrine responsive, 

variable to 

chemotherapy, 

trastusumab responsive  

BT474, ZR-75 

Triple negative ER-, PR-, HER2- EGFR+ and /or 

cytokeratin 5/6+, Ki67 

high, endocrine 

nonresponsive, often 

chemotherapy 

responsive 

MDA-MB-231, 

MDA-MB-468, 

SUM190 

HER2-enriched ER-, PR-, HER2+ Ki67 high, trastusumab 

responsive, 

chemotherapy 

responsive 

SKBR3, MDA-

MB453 
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2.1.4.2.1.1. Treatment of Luminal tumours 

Patients' ages, tumour size, histological grade, lymph node involvement, and hormone 

receptor levels are taken into account in foundational treatments. In terms of medical 

treatment, oestrogen receptor (ER) and HER2 are the two main prescient markers. In 

about 15% of patients with breast cancer who have HER2 overexpression or additional 

intensified tumours, are treated with a combination of trastuzumab, a monoclonal 

antibody that targets HER2 and chemotherapy (Slamon et al., 2001). 

 

2.1.4.2.2. Triple negative 

Triple-negative breast cancers, which are also called basal-like breast cancers, are 

characterised by lacking the expression of oestrogen receptor (ER) and progesterone 

receptor (PR) as well as an absence of human epidermal growth factor receptor-2 (HER2) 

expression (Dawson et al., 2009). About 15 percent of all breast cancers are of this 

subtype. Breast cancer appears to be more common in African and African-American 

women who are approaching menopause (Dawood, 2010; Cleator et al., 2007). In fact, 

hormonal therapy has demonstrated the big difference between breast cancers that 

express oestrogen receptors (ER) and those that do not. Compared with other forms of 

breast cancer, triple-negative cancers are more aggressive, invade faster and is more 

likely to come back after treatment than other types of breast cancer (Dawood et al., 

2010).   The lack of agents against triple negative cancers poses challenges in the fight 

against breast cancer. 

 

2.1.4.2.2.1. Treatment of triple negative 

Currently, there are no specific treatment strategies for triple-negative breast cancers. To 

address this deficit, standard treatment is used; however, such standard treatment leaves 

them linked with a high rate of local and systemic relapse (Cleator et al., 2007). The lack 

of ER, PR and HER2 expression precludes the use of targeted therapies, and the only 

approved systemic treatment option is chemotherapy with or without bevacizumab 

(KhosraviȤShahi et al., 2018). A number of efforts have been made over the past few 

years to expand therapeutic options for triple negative breast cancer, because there are 
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no targeted treatments. In recent years, several treatments have been investigated, 

including immune checkpoint inhibitors, programmed death receptor (PD-1) and 

programmed death receptor ligand (PD-L1) antibodies, and the use of poly (ADP-ribose) 

polymerase (PARP) inhibitors in those who harbour germline mutations in the breast 

cancer susceptibility genes such as BReast CAncer gene 1 (BRCA1) and BReast CAncer 

gene 2 (BRCA2) [Schmid et al., 2020; Robson et al., 2019; Schmid et al., 2019; Schmid 

et al., 2018; Litton et al., 2018; Robson et al., 2017]. 

 

2.1.4.1.3. HER2-enriched 

HER2-enriched breast cancers are those neoplasms that are both oestrogen receptor 

and progesterone receptor negative and HER2 positive (Llombart-Cussac et al., 2017). 

There is no relationship between the HER2-enriched and age or race (OôBrien et al., 

2010), as well as known risk factors (Brenton et al., 2005; Colditz et al., 2004). 

 

2.1.4.1.3.1. Treatment of HER2-enriched 

HER2-enriched cancers are more aggressive than luminal tumours and can have a more 

terrible prognosis; however, they are often successfully treated with targeted therapies 

aimed at the HER2 protein, for example, Herceptin (trastuzumab), Perjeta (pertuzumab), 

Tykerb (lapatinib), Nerlynx (neratinib), and Kadcyla (T-DM1 or ado-trastuzumab 

emtansine). Even though HER2-enriched tumours convey a poor prognosis (Sotirious et 

al., 2003; Sørlie et al., 2003; Sørlie et al., 2001), they are sensitive to anthracycline and 

taxane-based neoadjuvant chemotherapy, with fundamentally higher pathological 

complete response than luminal breast tumours (Brenton et al., 2005).  

 

2.1.4.3. Molecular mechanisms of breast cancer  

There are two types of breast tissues; namely, stromal (supporting) tissues and glandular 

tissues. The glandular tissues of the breast include the glands that produce milk (lobules) 

and the ducts from which milk travels, while the stromal tissues are fatty and fibrous. 

There is also lymphatic tissue that is part of the immune system that removes waste 

products and cellular fluids from the breast (Sharma et al., 2010). During the initiation of 
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breast cancer, a single cell undergoes transforming (genetic and epigenetic) changes. 

The progression of a tumour proceeds by accumulating additional genetic changes, along 

with expansion and selection of clones (Polyak, 2007). The interaction between epithelial 

and mesenchymal cells is known to affect mammary gland development and tumour 

formation (Howlett and Bissell, 1993).  

The understanding of this heterogeneity at a molecular level has been made possible by 

gene expression profiling, which has refined taxonomy based on measures such as 

histological type, tumour grade, lymph node status, and the presence of predictive 

markers like oestrogen receptor and human epidermal growth factor receptor 2 (HER2) 

to an increasingly advanced characterization containing luminal A, luminal B, basal-like, 

HER2-positive and normal subgroups (Dai et al., 2015; Holliday and Speirs, 2011). The 

oestrogen receptor (ER) is a ligand-activated enhancer protein that is a member of the 

steroid/nuclear receptor superfamily, encoded by ERŬ and ERɓ genes. ER is the most 

important and prevalent biomarker for breast cancer classification (Klinge, 2001). 

There are four breast cancer subtypes, of which two result from ER-negative tumours 

(basal-like and HER2-positive) and two result from ER-positive tumours (luminal A and 

B). Breast cancers with basal-like characteristics are overrepresented among African-

American women and BRCA1 mutation carriers (Iwamoto and Pusztai, 2010). In contrast 

to women with other types of breast cancer, women with basal-like breast cancer survived 

shorter without relapses. According to Perou et al. (2000), basal-like breast cancers are 

also more prone to metastasizing to the viscera (versus the bone). The preponderance 

of hormone receptor-expressing breast cancers, that is oestrogen receptor (ER) or 

progesterone receptor (PgR), as well as ERBB2-expressing cancers, account for 75ï80% 

and 15ï20% of breast cancer cases, respectively, (Konecny et al., 2003; Slamon et al., 

1989) with about an equal portion of ERBB2-positive cases coexpressing hormone 

receptors. However, 70% to 80% of breast cancers fall into the ductal/no-special-type 

category (invasive ductal carcinoma), which, rather than representing a unique entity, 

show marked heterogeneity with respect to tumour morphology, underlying molecular 

biology, and prognosis (Provenzano et al., 2018). 
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Approximately 15% of breast cancers are classified as receptor-negative or triple-

negative. Due to its hostile nature, the disease is resistant to existing targeted therapeutic 

agents, such as trastuzumab and hormonal treatments, which is why it is one of the most 

concerning diagnoses among breast cancer patients. Therefore, it is urgently needed to 

identify novel antitumour agents and therapeutic targets to treat human breast cancer. 

Globally, traditional medicine has long been used in human illness management systems, 

and the World Health Organization promotes it as a less expensive and more 

comprehensive medical care option, especially in developing nations (Tuasha et al., 

2019; WHO, 2013). Many plant-derived cytotoxic drugs are used in breast cancer 

treatment, including camptothecin (Ulukan and Swaan, 2002), paclitaxel (Seidman, 1995) 

and vinblastine (Lu et al., 1983). In recent years, it has become increasingly crucial to 

advance chemotherapy due to the complexity of cancer as well as the development of 

resistance to existing anticancer drugs (Masood et al., 2016). The bioactive components 

of African flora are now being tested against various models of MDR cancer cell lines 

including breast cancer Luminal A subtype cell line MCF-7 (Mbaveng et al., 2017; Kuete 

and Efferth, 2015). Most bioactive compounds are mostly derived from medicinal plants, 

and they provide hope for novel anticancer drugs. 

 

2.2. Medicinal plants 

People have utilised remedies from nature to improve their wellbeing or to cure ailments 

for decades. Many people around the world today turn to traditional practitioners and their 

arsenals of medicinal plants for their health care (Hosseinzadeh et al., 2015). The 

connection between a man and his quest for drugs in nature dates from ecient times.  For 

these communities, traditional medicine is more than just health care - it is an integral part 

of their culture. Though the public health sector has made impressive advances in public 

health, modern health-care systems around the world still fail to adequately meet the 

health needs of large sections of the global population and the health and development 

goals of many communities remain unmet (Kim et al., 2013). Most cancer drugs are 

derived from natural products, including medicinal plants. While existing therapeutic 

agents have insufficient efficacy and number of serious side effects, plants continue to 
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provide drugs for the treatment of a wide range of diseases. Plant-derived active 

compounds are used as single compounds to treat modern illnesses (Azwanida, 2015). 

A majority of the clinically used medicines for communicable diseases and cancers of 

different origins are from medicinal plants (Mbele et al., 2017; Chitemerere, and 

Mukanganyama, 2014).  

 

2.2.1. Plant derived drugs in cancer treatment 

Since ancient times, herbal medicines have been used to treat various ailments. It is not 

an exaggeration to say that herbal medicines have been used as long as mankind has 

existed (Choudhary et al., 2015). For more than 3000 years, herbal medicines have been 

used either directly or indirectly to prepare modern pharmaceuticals (Thirumal et al., 

2012). It is therefore possible to find new, more effective and less expensive drugs by 

studying traditional plants (Kalita et al., 2012). A growing problem in public health has 

caused Africans to turn to traditional healers for alternative medicine so that they can fight 

cancer, as they cannot afford Western medicine. As a common practice, Africans use 

plant barks, leaves, and roots by dissolving them in boiled water and treat illnesses orally 

or apply the mixture to wounds. Natural products play an important role in African 

countries; however, other parts of the world also use plants for medicinal purposes, 

including Europeans. 

Despite considerable efforts and advancements, cancer remains an aggressive killer, 

globally. Despite the substantial costs associated with the development of new synthetic 

chemotherapeutic agents, currently in use clinically, the drawbacks associated with 

anticancer drugs still exist (Solowey et al., 2014; Coseri, 2009). As a result, there is a 

constant need for new, effective, and affordable anticancer drugs; thus, plant-derived 

chemical compounds provide hope in the fight against cancer. A growing body of 

evidence suggests that plant-derived compounds can inhibit tumourigenesis and 

associated inflammation, underscoring their importance in cancer prevention and 

treatment (Solowey et al., 2014). More than 60% of the drugs currently used for cancer 

treatment come from natural sources, primarily plants (Gurung et al., 2021; Rasool et al., 

2020; Newman, 2008). Consequently, research endevours on the anticancer potential of 
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medicinal plants are continuing, worldwide. Understanding the effects of various natural 

products on cancer cells may enhance their usage as anti-proliferative agents, which may 

be beneficial for many health problems (McCubrey et al., 2018). The use of plant-based 

anticancer agents began with the discovery of vinblastine and vincristine, two alkaloids 

found in Catharanthus roseus, a plant native to Madagascar (Verma and Singh, 2010). 

The two drugs have been used in clinical oncology for almost 50 years, and they prevent 

the mitotic spindle from forming which results in metaphase arrest and apoptosis (Jordan 

et al., 1991). Additionally, Paclitaxel (Taxol) was discovered in the bark of the Pacific Yew, 

Taxus brevifolia, providing further evidence of the success of natural product-mediated 

drug discovery. Among naturally occurring anticancer agents, paclitaxel has had the 

greatest impact (Khazir et al., 2014). Palitaxel was the first compound discovered to 

promote microtubule formation, and it is used for the treatment of several types of 

cancers, including ovarian cancer, breast cancer and non-small lung cancer (Kinghorn 

and Seo, 1996). Podophyllotoxin is an important anticancer compound obtained from the 

Podophyllum peltatum plant (Imbert, 1998). After its discovery, this compound was shown 

to bind reversibly to tubulin (Wilson, 1975) and therefore has potential as an anticancer 

agent (Srivastava et al., 2005).  

Several combretastatins have been isolated from the bark of the South African tree 

Combretum caffrum. A drug known as combretastatin A4 is effective in treating cancers 

of the colorectal, lung and leukemia. Combrestatins have historically been known for their 

remarkable biological activity regarding inhibition of tubulin assembly and in vitro 

cytotoxicity against human cancer cells (Khazir et al., 2014; Cirla and Mann, 2003). 

Combretastatin 4P and combretastatin 1P, which bind at the colchicine site of ɓ-tubulin 

are among the most active prodrugs of the natural products isolated from C. caffrum (Cirla 

and Mann, 2003). Many phase I/II trials have been conducted on combretastatin 4P, 

seeking to test its safety and tolerability when combined with other treatment regimens 

like chemotherapy, radiotherapy, and angiogenesis inhibitors (Nathan et al., 2012). 

Combretastatin 4P proved to be a safe treatment option when combined with several 

other conventional treatments and has led to phase II clinical trials in patients suffering 

from non-small lung cancer and anaplastic thyroid cancer. 
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Betulinic acid was isolated from Mauritiana rugosa and Mauritiana oenoplia (Pisha et al., 

1995, Shoeb, 2006) and exhibits various biological activities, such as anti-HIV, anti-

inflammatory, antioxidant, antiretroviral and antibacterial properties (Tzakos et al., 2012; 

Onwuchekwa and Oluwole, 2010; Nguemfo et al., 2009; Yogeeswari and Sriram, 2005; 

Fujioka et al., 1994). Mostly, it has been employed as a potential anticancer agent by 

inhibition of topoisomerase (Khazir et al., 2014). 

Curcumin is a polyphenol derived from the Curcuma longa plant, commonly known as 

turmeric. Turmeric contains a class of compounds known as the curcuminoids, which 

comprise curcumin, demethoxycurcumin and bis-demethoxycurcumin. Curcumin is the 

principal curcuminoid and constitutes over 5% of turmeric; it is responsible for the yellow 

colour of the spice as well as the majority of turmeric's therapeutic effects (Wilken et al., 

2011). It has a variety of therapeutic properties, including antioxidant, analgesic, anti-

inflammatory and antiseptic activity (Akram et al., 2010). More recently curcumin has 

been found to possess anticancer activities via its effect on a variety of biological 

pathways involved in mutagenesis, oncogene expression, cell cycle regulation, 

apoptosis, tumourigenesis and metastasis (Sordillo and Helson, 2015; Vallianou et al., 

2015; Wilken et al., 2011). Curcumin has gone through the phase II clinical trial for the 

prevention of colorectal neoplasia (Carroll et al., 2011). In addition, it is also undergoing 

several phase I and II trials against other several solid tumours (Khazir et al., 2014). 

Together with the above mentioned plant-derived drugs, a large number of other 

anticancer agents isolated from plants and their curative properties are listed in Table 2.2. 

The identified compounds from plants have been altered to produce potent derivatives. 

These plant-derived compounds can affect cellular functions in several ways (Khazir et 

al., 2014). These include: disruption of cell membrane functions and structure 

(Chitemerere, and Mukanganyama, 2014), decrease DNA damage from oxidative stress 

(Amin et al., 2009) and cell cycle interference (Solowey et al., 2014). 
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Table 2.2: Plant-derived secondary metabolites 

Anticancer 

agent 

Medicinal plant Biological activity Reference 

Berberine Berberis aristat Induces DNA damage, promotes 

cell cycle arrest, hinders 

telomerase activity and induces 

apoptosis 

Pierpaoli et al., 

2013; Wang et al., 

2012; Naasani et 

al., 1999 

 

Berbamine Berberis 

amarensis 

Induces apoptosis Kapoor et al., 

2012;  Liang et al., 

2009 

Betulinic acid  Mauritiana rugosa 

and Mauritiana 

oenoplia 

Anti-HIV, anti-inflammatory, 

antioxidant, antiretroviral and 

antibacterial properties and 

inhibition of topoisomerase 

Tzakos et al., 

2012, 

Onwuchekwa and 

Oluwole, 2010 

Combretastatin A-

4 phosphate 

Combretum 

caffrum 

Anti-angiogenic; vasuclar shut-

down of tumours; tumour 

necrosis 

Shah et al., 2013; 

Cragg and 

Newman, 2005 

Curcumin Curcuma longa Antioxidant, anti-inflammatory 

and antiseptic activity, cell cycle 

regulation and induces  

apoptosis 

Sordillo and 

Helson, 2015; 

Vallianou et al., 

2015.  

Ellipticine Ochrosia 

borbonia 

Topoisomerase II inhibitor Iveta et al., 2013; 

Stiborová et al., 

2012 

Epigallacotechin-

3-gallate 

Catechin; green 

tea 

Antioxidant; decrease DNA 

damage from oxidative stress; 

anti-proliferative effects; 

inhibition of specific kinases; 

inhibit carcinogenesis induced 

chemically or by UV 

Amin et al., 2009; 

Hakim et al., 2003 
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Epipodophyllotoxi

n 

Podophyllum 

peltatum  

Pro-apoptotic effects; cell cycle 

interference 

Solowey et al., 

2014; Shah et al., 

2013 

Flavopiridol Dysoxylum 

binectariferum 

Anti-inflammatory; 

immunamodulatory activity; 

tyrosine kinase activity; growth 

inhibitory effects 

Shah et al., 2013; 

Newcomb, 2004 

Genistein Genista tinctoria Obstructs glucose uptake, 

promotes cell cycle arrest, 

hinders telomerase activity and 

induces apoptosis 

Xie et al., 2013; 

Sprouse et al., 

2012; Gossner et 

al., 2007; 

Tominaga et al., 

2007 

Noscapine Papaver 

somniferum 

Antiproliferative properties; 

microtubule interfering; inhibits 

tumour growth and progression 

Jyoti et al., 2015; 

Henary et al., 

2014 

Vincristine Catharanthus 

roseus 

Anti-mitotic; microtubule 

inhibitor; bind to ɓ-tubulin; 

microtubule stabilizers or 

destabilizers; pro-apoptotic 

properties and induce cell cycle 

arrest; anti-tumour activity 

Solowey et al., 

2014; Amin et al., 

2009 

Vinblastine Solowey et al., 

2014; Amin et al., 

2009 

Vinorelbine Solowey et al., 

2014; Amin et al., 

2009 

Vindesine Solowey et al., 

2014; Amin et al., 

2009 

Vinflunine Shah et al., 2013; 

Amin et al., 2009 

Pomiferin Maclura pomifera Pro-apoptotic effects; DNA 

fragmentation; inhibits oxidative 

damage of DNA; antioxidant 

Amin et al., 2009; 

Son et al., 2007 
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activity; inhibits histone 

deacetylases; cytotoxicity of 

cancer cells 

Paclitaxel (Taxol) Taxus brevifolia  Microtubule disruptor; block 

mitosis; induce apoptosis; 

microtubules are polymerized 

and stabilized; disruption of 

spindle formation; inhibition of 

translational machinery 

Che et al., 2015; 

Cragg and 

Newman, 2005 

Podophyllotoxin  Podophyllum 

peltatum 

binds reversibly to tubulin  

 

Srivastava et al., 

2005; Wilson, 

1975 

Resveratrol Fallopia japonica Anti-inflammatory, 

neuroprotective, 

cardioprotective, promotes cell 

cycle arrest, induces DNA 

damage, induces apoptosis,  

antioxidant and 

chemopreventive 

McCalley  et al., 

2014; Michels  et 

al., 2006; Bhat et 

al., 2001 

Roscovitine Raphanus sativus Inhibition of cyclin dependent 

kinases; reduction of cell cycle 

progression 

Shah et al., 2013; 

Cragg and 

Newman, 2005 

Sulphoraphane Isotiocynanate in 

cruciferous 

vegetables 

Brassica 

Induces phase 2 detoxification 

enzymes; inhibits tumour growth 

in breast cancers; antiproliferate 

effects 

Pledgie-Tracy et 

al., 2007; Heiss et 

al., 2001 

Cannabidiol Cannabis sativa Inhibits cell invasion, migration 

and metastasis, induces 

apoptosis 

Anand et al., 

2019; Ramer et 

al., 2010 

 

Although modern medicine as well as traditional medicine exist, there is no doubt that 

traditional medicine has continued to be popular for cultural reasons and historical 

reasons (Vishwakarma et al., 2013). Traditional medicine is most commonly used in 
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various regions including Sub-Saharan African countries (James et al., 2018). In today's 

economy, traditional medicine remains the best and most affordable source of primary 

health care in poor communities. In the field of pharmacology, medicinal plants are of 

significant importance due to their numerous therapeutic properties, low cost, and as the 

source of new drugs based on their composition, which is primarily made up of 

phytochemicals with minimal side effects (Kaya et al., 2017; Shanley and Luz, 2003; 

Clark, 1996). In a similar way, the World Health Organization (WHO, 2013) acknowledged 

the significance of herbal medicine and has developed strategies, standards, and 

guidelines. The aim is to keep populations healthy by providing access to effective and 

affordable alternatives to expensive Western medicine, and to provide healthcare choices 

coherent with peopleôs cultural practices (Poswal et al., 2019). The ancient and modern 

therapeutics have worked together to uncover the reasons behind the powerful healing 

properties of plants. The observed therapeutic effects of plants are attributed to a variety 

of bioactive compounds (Shanley and Luz, 2003). One group of the medicinal plants that 

is getting a lot of attention, is the Drimia genus. Drimia plants are African medicinal plants 

used by Pedi people to treat various diseases. 

 

2.3. Drimia Species 

The Drimia species (D. species) are usually deciduous, more rarely evergreen, growing 

from bulbs. The bulbs may be underground or occur on or near the surface. Each bulb 

has one to quite a few leaves that are frequently dry by the time the flowers open. Drimia 

species include D. calcarata, D. maritima, D. indica, D. wightii, D. coromandeliana, D. 

elata, D. sanguinea, D. depressa, D. razii, D. altissima and D. delagoensis. Thse may be 

considered as promising therapeutic plants with various medicinal properties and can 

further be investigated against several ailments and free radical-mediated diseases 

(Rajput et al., 2018). However, due to reclassification, Liliaceae and Hyacinthaceae 

families are now classified under Asparagaceae family. Consequently, the genus, 

Urginea, has been changed to Drimia (Moodley et al., 2007). Others see Urginea as the 

main synonym of Drimia species (Bozorgi et al., 2017). This has risen more questions, 

especially on the role Drimia plant species play. Drimia elata, Drimia indica and Drimia 

maritima have been documented to possess biological activities such as antibacterial, 
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antifungal, antiviral, antioxidant, anti-inflammatory and insecticidal effects (Fouché et al., 

2008; Bozcuk et al., 2011; Baskaran et al., 2013). Moreover, cytotoxic and antitumour 

activities which may be related to bufadienolide content of these plants have been 

considered by many researchers. 

Drimia species may be considered as promising therapeutic plants with various medicinal 

properties and can further be investigated pharmacologically against quite a lot of 

ailments and free radical-mediated diseases. The phytochemicals that have been 

reported to be found in Drimia species suggest that these plants may have anticancer 

properties (Rajput et al., 2018). It has been shown that natural compounds from medicinal 

plants regulate signal transduction pathways, modulate cell cycleȤregulating proteins, and 

are good inducers of apoptosis in numerous carcinoma cell lines (Ulrich et al., 2005). 

Additionally, natural products, in particular, those attained from plants are high-quality 

compounds with unique properties, making them perfect candidates for the much-needed 

therapeutics (Mishra and Tiwari, 2011). 

Drimia genus includes plants that were used from ancient time for various ailments such 

as dropsy, respiratory ailment, bone and joint complications, skin disorders, epilepsy and 

cancer. Toxic properties of some Drimia species also were noted by ancient scientists 

and these plants have been traditionally used for rat control. The plant genus Drimia is 

popularly known as Urginea which belongs to the family fabaceae (Bozorgi et al., 2017). 

Extracts and compounds isolated from Drimia species showed biological activities such 

as antibacterial, antifungal, antiviral, antioxidant, anti-inflammatory and insecticidal 

effects through several in vivo and in vitro studies (Fouché et al., 2008; Bozcuk et al., 

2011; Baskaran et al., 2013; Rajput et al., 2018). Moreover, cytotoxic and antitumour 

activities, which may be related to bufadienolide content of these plants have been 

considered by many researchers (Bozorgi et al., 2017).  

Natural products from medicinal plants, either as pure compounds or as standardised 

extracts, provide boundless opportunities for new drug leads because of the unmatched 

availability of chemical diversity. Due to an increasing demand for chemical diversity in 

screening programs, seeking therapeutic drugs from natural products, particularly in 

edible plants has grown throughout the world (Sasidharan et al., 2011). Bioactive 

https://www.sciencedirect.com/topics/medicine-and-dentistry/antiinfective-agent
https://www.sciencedirect.com/topics/medicine-and-dentistry/antineoplastic-activity
https://www.sciencedirect.com/topics/medicine-and-dentistry/antineoplastic-activity
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compounds in plants can be defined as secondary plant metabolites eliciting 

pharmacological or toxicological effects in man and animals. Secondary metabolites are 

produced within the plants besides the primary biosynthetic and metabolic routes for 

compounds associated with plant growth and development and are regarded as products 

of biochemical ñsidetracksò in the plant cells and not needed for the daily functioning of 

the plant. Several of them are found to hold various types of important functions in the 

living plants such as protection, attraction or signalling. Most species of plants seem to 

be capable of producing such compounds (Bernhoft, 2010).  

Bioactive compounds are extra nutritional constituents that typically occur in small 

quantities in foods. They are being intensively studied due to their potential implications 

in human health (Kris-Etherton et al., 2002). Main groups of bioactive compounds include: 

phenolics, flavonoids, tannins, carbohydrates, alkaloids, steroids, terpenoids, cardiac 

glycoside. High content of phenolic and flavonoids in medicinal plants have been 

associated with their antioxidant activities that play a role in the prevention of the 

development of age-related disease, particularly cause by oxidative stress (Owen et al., 

2000; Sala et al., 2002; Ghasemzadeh and Ghasemzadeh, 2011; Zhang et al., 2015).  

 

2.4. Classes of bioactive compounds in Drimia species 

Natural products from medicinal plants, either as pure compounds or as standardized 

extracts, provide boundless opportunities for new drug leads because of the unmatched 

availability of chemical diversity. As screening programs search for natural products with 

a wide range of chemical diversity, global demand for therapeutic drugs is increasing 

(Sasidharan et al., 2011). A bioactive compound is a secondary metabolite which elicits 

pharmacological or toxicological effects in humans and animals. Plants produce 

secondary metabolites that produce compounds that are not necessary to the daily 

functioning of the plant but are produced by biochemical pathways in the plant cells. 

These compounds are not used to produce primary biosynthetic and metabolic 

compounds within plants. They are found to serve a variety of functions in living plants, 

including protection, attraction, and signalling. Such compounds seem to be produced by 

a wide variety of plants (Bernhoft, 2010). The bioactive compounds in foods are typically 
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present in small quantities and contribute to the nutritional value. Considering their 

potential health implications, they have been extensively studied (Kris-Etherton et al., 

2002). Phytochemicals including phenols, flavonoids, tannins, carbohydrates, alkaloids, 

steroids, terpenoids and cardiac glycosides are the most important groups of bioactive 

compounds.  

There is strong evidence that plants with a high content of phenolic and flavonoid 

compounds act as antioxidant agents, preventing the development of age-related adverse 

health conditions especially those caused by oxidative stress (Owen et al., 2000; Sala et 

al., 2002; Ghasemzadeh and Ghasemzadeh, 2011; Zhang et al., 2015). Different criteria 

are used to classify bioactive compounds in plants. It has relevance for clinicians, 

pharmacists, and toxicologists since it considers both the clinical function and the 

pharmacological or toxicological aspects of the drug or substance (Bernhoft, 2010). 

Drimia species contain a colossal number of natural compounds, which include tannins, 

cardiac glycosides, saponins, terpenes, alkaloids, carbohydrates and flavonoids (Sharma 

and Devi, 2017) with significant biological properties, which include antibacterial, 

antifungal, antiviral, antioxidant, anti-inflammatory and insecticidal (Rajput et al., 2018; 

Baskaran et al., 2013; Bozcuk et al., 2011; Fouché et al., 2008). The classes of bioactive 

compounds, their typical structures are summarised in Table 2.3. 

 

2.4.1. Tannins 

Several plant foods contain tannins, which are polyphenols that are water-soluble. It has 

been shown that they have contributed to decreases in feed intake, growth rate, feed 

efficiency, net metabolizable energy, and protein digestibility in experimental animals. 

Consequently, nutrition rich in tannin is not considered beneficial for human health 

(Chung et al., 1998). Tannins can be divided into two categories. Condensed tannins are 

enormous polymers of flavonoids, while hydrolysable tannins are polymers consisting of 

a monosaccharide centre (often glucose) with numerous catechin derivatives attached. 

While both tannins have many properties in common, hydrolysable tannins are less stable 

and are potentially more toxic. As tannin molecules become bigger, their water solubility 

declines. Tannins can bind to proteins regardless of the structure, and the larger tannins 
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Table 2.3: Classes of bioactive compounds 

Class Typical structure  Reference 

Tannins 

 

Sieniawska and Baj, 

2017.  

Alkaloids 

 

Kan et al., 2019 

Phenols 

 

Liu et al., 2016 

Flavonoids 

 

Safe et al., 2021 

Glycosides 

 

Tian et al., 2021 

Carbohydrates 

 

Ackerman et al., 

2017 

Saponins 

 

Sparg et al., 2004 

Terpenoids 

 

Ludwiczuk et al., 

2017 
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are typically used as astringents in case of diarrhea, skin bleeding, and transudates 

(Naczk et al., 1996; Hagerman et al., 1998). There are a lot of epidemiological data which 

suggest that tannins are useful in the external treatment of skin inflammation and injuries, 

and that the intake of tannins may prevent the onset of chronic diseases (Serrano et al., 

2009). Tannins also exhibit antidiabetic and antiobesity bioactivities. Tannins possess 

antidiabetic potential, firstly, due to their ability to lower blood glucose levels by delaying 

intestinal glucose absorption, and by inducing an insulin-like effect on insulin-sensitive 

tissues, and, secondly, by delaying the onset of insulin-dependent diabetes mellitus by 

regulating the antioxidant environment of pancreatic ɓ-cells (Serrano et al., 2009). Bawadi 

et al. (2005) reported that tannins isolated from black beans were evaluated for the 

anticancer activities using colorectal cancer Caco-2 cells, breast cancer MCF-7 cells and 

breast cancer Hs578T cells, and human prostatic cancer DU 145 cells and safety against 

the HEL 299 non-cancerous human fibroblast lung cells. Tannins did not affect the growth 

of non-cancerous cells, but dose-dependently induced cancer cell death by apoptosis. 

 

2.4.2. Alkaloids 

These alkaloids are nitrogen-containing heterocyclic compounds, most of which are 

effective and have an unpleasant taste. Within the realm of plants, they have a limited 

distribution. Each group has its own clinical characteristics. Alkaloids are one of the 

intriguing secondary metabolites, which provide effective drug leads (Wangchuk, 2004). 

Alkaloids consist of different structures, and many show a variety of pharmacological 

activities including anticancer properties (Kan et al., 2019; Othman et al., 2019; Ahmad 

et al., 1989). The use of plant alkaloids for cancer therapy depends not only on their 

efficacy to inhibit tumour growth, but also on their tolerability by normal tissues. Berberine 

from (Papaver curviscapum) and macranthine from (Papaver pseudo-orientale) exhibited 

cytotoxic activity against the human cervical cancer cell line (HeLa) [Demirgan et al., 

2016]. Yoo et al. (2019) reported that piperine, a major pungent alkaloid present in black 

pepper (Piper nigrum), inhibited the growth of melanoma cells. Several apoptotic events 

were observed following treatment, as revealed by DAPI staining. Piperine increased the 

expression of BCL2-associated X (BAX), an apoptosis regulator, cleaved poly(ADP-

ribose)polymerase and caspase-9, phospho-c-Jun N-terminal kinase and phospho-p38, 
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and reduced that of B-cell lymphoma 2 (BCL2), X-chromosome-linked inhibitor of 

apoptosis, and phospho-extracellular signal-regulated protein kinase (ERK1/2) in a 

concentration-dependent manner. In an in vivo experiment, treatment of mice for 4 weeks 

with piperine inhibited tumour growth without apparent toxicity.  

 

2.4.3. Phenols 

Plant phenols comprise a broad range of secondary metabolites that are synthesized from 

carbohydrates by the shikimate pathway. In microorganisms and plants, this biosynthesis 

pathway produces aromatic amino acids. The biosynthesis of phenolic compounds occurs 

in almost all parts of the plant kingdom, including fruits and vegetables, but they are 

distributed differently between dissimilar tissues and populations of the same species. A 

small number of plants have been systematically inspected with respect to their phenolic 

content, which is a complex mixture of compounds. Hence, our knowledge of plant, fruit 

and vegetable phenol content remains incomplete after almost two decades (Robards, 

2003). The screening of phenolic compounds has gained much attention recently due to 

their antioxidant activity and free radical scavenging ability. Researchers demonstrated 

the antitumour, antiangiogenic, anti-platelet aggregation, anti-inflammatory and 

immunoregulating effects of erianin and moscatilin in pharmacological studies (Gong et 

al., 2004; Fan et al., 2001; Lin et al., 2001; Zhao et al., 2001), which support the notion 

that phenol composition can be a systematic assessment of the antioxidant properties 

(Yang et al., 2006). Curcumin, natural plant phenolic food additive of the plant turmeric 

(Curcuma Ionga) reduced the proliferation rate of human colorectal cancer HT-29 and 

HCT-15 cell lines in a dose- and time-dependent manner, causing a 96% decrease by 48 

hours, even though there was no apoptosis was detected. The antiproliferative effect was 

preceded by accumulation of the cells in the G2/M phase of cell cycle (Hanif et al., 1997), 

suggesting that curcumin regulate cell cycle progression in certain cancer cells and 

apoptosis in others. Wu et al. (2015) reported that curcumin exhibited its therapeutic 

efficiency in lung cancer treatment by means of the downregulation of NF-əB in human 

lung cancer cell lines A549 and also by acting on the JAK2/STAT3 signalling pathway, 

inhibiting JAK2 activity. 
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2.4.4. Flavonoids 

Flavonoids are a group of naturally occurring polyphenolic compounds with a focal three-

ring structure that constitute one of the most predominant classes of compounds in fruits, 

vegetables, and plant-derived beverages (Lin and Tang, 2007; Huvaere and Skibsted, 

2015). Flavonoids are known for their wellbeing advancing properties and benefits in 

human weight control plans. Most flavonoids for example, ascorbate (vitamin C) and Ŭ-

tocopherol (vitamin E), are outflank recognised antioxidants, due to their solid ability to 

give electrons or hydrogen molecules in in vitro antioxidant tests (Hernández et al., 2009). 

Over 5000 naturally occurring flavonoids have been classified into six classes: flavonols, 

flavones, flavanones, flavan-3-ols, isoflavones and anthocyanidins. A general antioxidant 

effect is exerted by all the compounds containing phenolic groups. Their bioactive effects 

include antiviral activity, anti-inflammation, cardioprotective, anti-diabetic activity, 

anticancer activity, anti-geriatric activity, and anti-aging activity (Wang et al., 2018). 

Studying the mechanisms behind the biological effects of plant flavonoids may lead to 

new strategies for cancer prevention and treatment (Crozier et al., 2008). Hirano et al. 

(1995) reported that naturally occurring flavone of citrus origin, tangeretin (5,6,7,8,4ô-

pentamethoxyflavone), induces apoptosis in human promyelocytic leukaemia HL-60 

cells, whereas the flavone showed no cytotoxicity against human peripheral blood 

mononuclear cells (PBMCs). Furthermore, Susanti et al. (2007) reported Naringenin and 

kaempferol-3-O-(2ǌ,6ǌ-di-O-p-trans-coumaroyl)glucoside, which was isolated from 

Melastoma malabathricum, was found to be an active radical-scavenger that inhibiting 

cell proliferation of breast cancer MCF-7 cells. 

 

2.4.5. Glycosides 

Glycosides comprise of different classes of secondary metabolites bound to a mono- or 

oligosaccharide or to uronic acid. Among the two parts, one is called glycone, the other 

aglycone. Glycosides can be divided into cardiac glycosides, cyanogenic glycosides, 

glucosinolates, saponins, and anthraquinone glycosides (Bernhoft, 2010). Additionally, 

flavonoids sometimes transform into glycosides. As a result of ingestion, glycosides 

typically hydrolyse in the colorectal, leading to the absorption of aglycones with a greater 
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hydrophobicity. A steroidal structure is observed in the aglycones of cardiac glycosides. 

One of the most noteworthy functions of cardiac glycosides involves the inhibition of Na+, 

K+-ATPase in the plasma membrane, which raises intracellular Ca2+ ion concentrations 

(Prassas and Diamandis, 2008). Pumps like these are located within and are important 

for cardiac function, so they produce very strong effects in the heart, causing contractility 

to increase, and reducing heart rate. Few cardiac glycosides have been shown to inhibit 

proliferation and stimulate apoptosis in prostate cancer cells when administered in 

clinically relevant concentrations (Yang et al., 2013; Newman et al., 2007). Moreover, 

topoisomerase II inhibiting activity was found to be associated with the degree to which 

cardiac glycosides inhibited cancer cell development. Additionally, cardiac glycosides can 

also regulate one of the most potent angiogenesis promoting substances, fibroblast 

growth factor-2 (FGF-2) and may impede its activation and that of nuclear factor kappa-

light-chain-enhancer of activated B cells (NF-əB), which are significant targets for 

anticancer drugs (Winnicka et al., 2006). Cardiac glycoside, convallatoxin derived from 

Adonis amurensis, presented antiproliferative effects and induced apoptosis against 

colorectal cancer HCT116 cells (Anderson and Barton, 2017). Zhang et al. (2020), 

showed that convallatoxin promotes apoptosis and inhibits proliferation and angiogenesis 

through crosstalk between JAK2/STAT3 (T705) and mTOR/STAT3 (S727) signalling 

pathways in colorectal cancer cell lines HCT116 and SW62. 

 

2.4.6. Carbohydrates 

Carbohydrates serve a range of functions in the body, both structurally and as storage 

macromolecules, as well as playing a major role in cell growth and cell-to-cell 

communication. This functional diversity is resembled by the enormous range of 

macromolecules that contain carbohydrates. Generally, there are four groups of 

carbohydrates, which include polysaccharides, proteoglycans, glycoproteins and 

glycolipids (Gleeson, 1988). A significant number of epidemiological studies have not 

looked at the relationship between carbohydrates and cancer. Studies suggest a possible 

relationship between dietary fibre and the risk for colorectal malignant growth; however, 

results vary, and no conclusion can be definitively drawn, but the accessible data suggest 

that high intakes of dietary fibre probably reduce the risk for colorectal cancer. (Chan and 
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Giovannucci, 2010; Larsson et al., 2005; Slavin et al., 1999). There is too little information 

available to even draw conditional conclusions when considering other types of 

carbohydrates or other types of cancer. After many decades, there are several limitations 

to the study of carbohydrates and cancer risk (Sharon, 1975). The potential risk of cancer 

from carbohydrates requires further research. 

 

2.4.7. Saponins 

Saponins are a diverse group of compounds widely distributed in the plant kingdom, 

which are characterized by their structure containing a triterpene or steroid aglycone and 

one or more sugar chains. Consumer demand for natural products coupled with their 

physicochemical (surfactant) properties and mounting evidence on their biological activity 

(such as anticancer and anticholesterol activity) has led to the emergence of saponins as 

commercially significant compounds with expanding applications in food, cosmetics, and 

pharmaceutical sectors (Güçlü-¦st¿ndaĵ and Mazza, 2007). Saponins are a vast group 

of glycosides, widely distributed in higher plants. Their surface-active properties are what 

distinguish these compounds from other glycosides. They dissolve in water to form 

colloidal solutions that foam upon shaking.  

Saponin containing plants are sought after for use in household detergents (Bruneton, 

1995). One such example is the soapwort (Saponaria officinalis), which has been widely 

used for centuries. Saponins have also been sought after in the pharmaceutical industry 

because some form the starting point for the semi-synthesis of steroidal drugs. Many have 

pharmacological properties and are used in phytotherapy and in the cosmetic industry. 

They are believed to form the main constituents of many plant drugs and folk medicines, 

and are considered responsible for numerous pharmacological properties (Estrada et al., 

2000). Liu and Henkel (2002) consider saponins and polyphenols key ingredients in 

traditional Chinese medicines, and are responsible for most of the observed biological 

effects. 

There are a number of reports of saponins with anti-inflammatory properties (Sparg et al., 

2004). In a study by Just et al. (1998), Fruticesaponin B, a bidesmosidic saponin with an 

unbranched saccharide moiety isolated from Bupleurum fruticescens, was shown to have 
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the highest anti-inflammatory activity of the all the saponins tested in the mouse oedema 

assays. Just et al. (1998) suggested that the anti-inflammatory activity of saponins 

isolated from Bupleurum fruticescens is related to the chemical structure of the saponins. 

In vivo studies on saponins isolated from Bupleurum rotundifolium were reported to have 

anti-inflammatory activity against both 12-O-tetradecanoylphorbol-13-acetate (TPA) 

induced ear oedema and chronic skin inflammation (Navarro et al., 2001). Numerous 

reports highlight the highly cytotoxic properties of many saponins. A novel triterpene 

saponin, isolated from the root bark of Aralia dasyphylla showed significant cytotoxic 

activity against cervical HeLa cells (Xiao et al., 1999). Mimaki et al. (1999) tested nine 

triterpene saponins isolated from the roots of Pulsatilla chinensis (Bunge) Regel 

(Ranunculaceae) for their cytotoxic activity. All the saponins tested exhibited moderate 

cytotoxic activity against acute myeloid leukaemia HL-60 cells. 

 

2.4.8. Terpenoids 

Among all the natural products found in plants, terpenoids, also known as isoprenoids, 

are the most abundant and structurally diverse. This class of compounds exhibits a wide 

range of very important pharmacological properties in vitro, in preclinical models, and in 

human clinical trials. Some terpenoids with established medical applications have been 

registered as drugs as a result of their diverse chemical structures and functions 

(Ludwiczuk et al., 2017). Eugenol is one of the most active and the most studied terpenoid 

isolated from Eugenia caryophyllata. The drug inhibited cell growth in melanoma cells, 

Sbcl2, and WM3211. In an in vivo study, administrated 125 mg/kg twice a week 

intraperitoneally in mice (melanoma xenograft model), this drug reduced the size of 

tumours by 40% compared with control animals (Lesgards et al., 2014). 

 

2.5. Biological activities associated with Medicinal plants 

Most of phytochemicals from plant sources, for instance, phenolics and flavonoids have 

been portrayed to have positive impact on mankindôs wellbeing and cancer prevention 

(Venugopal and Liu, 2012). Medicinal plants are rich in bioactive compounds and this has 

introduced an incredible chance to additionally investigate medicinal plants for biologically 
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active compounds and evaluating their possible anticancer activities. Many plants 

possess anticancer, antimicrobial, anti-inflammatory, anti-diabetic, antioxidant and 

antimicrobial properties due to simple phenolics (Hussein and El-Anssary, 2019). It is 

possible that the optimal effectiveness of a medicinal plant may not be due to one main 

active constituent, but rather to the combined action of several compounds expressed by 

the plant (Essawi and Srour, 2000). It will be a great advance in cancer treatments to 

discover potent remedies from plants. The idea of using these natural products as 

therapeutics, however, requires following research, continuous updates, and well-

documented reports. In order to unlock the restricted usage of novel agents, further 

research is needed to examine their potential applications, pharmacokinetic profile, 

biosynthesis, isolation and genotoxicity profiles against various cancers in both in vitro 

and in vivo studies (Sekar et al., 2022). 

 

2.5.1. Antioxidant activity 

As oxygen is a definitive electron acceptor in the electron flow system that produces 

energy as adenosine triphosphate (ATP), it is a vital part of aerobic metabolism and life, 

since oxygen is a part of life (Davies, 1995). However, issues may arise when the electron 

is decoupled (transfer of unpaired electrons), which creates free radicals. The formation 

of oxygen-centred free radicals, known as reactive oxygen species (ROS) ensues, and 

these include superoxide hydroxyl peroxyl alkoxyl and nitric oxide (Ames et al., 1993). 

Reactive oxygen species (ROS) are thought to play a double function in plant biology. It 

has been suggested that ROS contribute to numerous important biological processes 

such as cellular proliferation and differentiation (Mittler, 2017). 

Too much production of ROS or decrease in antioxidant levels, leads to oxidative stress, 

which possibly will lead to progressive cell damage and ultimate cell death. The 

steadiness between free radical generation and scavenging decides if the free radicals 

would fill in as signalling molecules or could cause oxidative damage to the tissues. They 

are additionally significant for the development procedure of cell structures and forms part 

of the host defence system. This is shown by the bodyôs capability to signal phagocytes 

(neutrophils, macrophages, monocytes) to discharge free radicals to destroy pathogenic 

microbes (Jones et al., 2007; Foreman et al., 2003). During inflammation, ROS can 

https://link.springer.com/article/10.1007/s10658-016-1000-0?shared-article-renderer#ref-CR20
https://link.springer.com/article/10.1007/s10658-016-1000-0?shared-article-renderer#ref-CR13
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damage cell components and act as second messengers. Antioxidants can scavenge 

ROS and can also attenuate inflammation pathways. Lately, naturally occurring 

antioxidants have been of interest in scientific community to replace synthetic 

antioxidants, which are being restricted due to their carcinogenicity (Calabrese et al., 

2003). ROS play a significant role in programmed cell death induction under both 

physiologic and pathologic conditions (Mittler, 2017; Simon et al., 2000). 

 

2.5.2. Anticancer activity 

Plants have been utilised for medical purposes since the ancient time and are the root of 

modern medicine. Most chemotherapeutic drugs against malignant growth treatment are 

molecules identified and purified from plants or their synthetic derivatives. The entire plant 

extracts are promising anticancer agents (Solowey et al., 2014). New therapies are in 

high demand to treat and prevent cancer. Scientific community interest is drawing its full 

devotion towards plant-derived compounds as they are considered to have the ability to 

distinguish between cancerous and normal cells compared to current treatments, for 

example, chemotherapy (Greenwell and Rahman, 2015). In developing countries, World 

Health Organization (WHO) uses naturally obtained compounds as therapeutic agents. 

Polyphenols, brassino, steroids, and taxols have all been identified as compounds that 

have anti-tumour properties in earthly plants (Prajapati et al., 2005).  

The cytotoxicity of polyphenols on a scope of malignant growth cells has been shown and 

their antioxidant properties determined (Heo et al., 2014; Siriwatanametanon et al., 2010; 

Azmi et al., 2006). Polyphenols are thought to have programmed cell death inducing 

properties which demonstrate anticancer properties that can be used. The mechanism in 

which polyphenols are thought to initiate apoptosis by controlling the mobilization of 

copper ions which are bound to chromatin inducing DNA fragmentation. Resveratrol was 

seen to be capable of DNA degradation in the presence of copper ions. Additionally, plant 

polyphenols have shown their ability to alter the expression proteins which are present in 

cancer cells and promoting cell survival (Azmi et al., 2006). 

 

https://www.sciencedirect.com/science/article/pii/S0378874106002091#bib3
https://www.sciencedirect.com/science/article/pii/S0378874106002091#bib3
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From thousands African species assessed regarding their cytotoxic activity, D. elata was 

classified as the group of plants with moderate impact against different malignancies 

(Fouché et al., 2000). Among 61 plants used in Egyptian traditional medicine for cancer 

therapy, D. maritima showed the best cytotoxic impact against human lymphoma cell line. 

Proscillaridin A was identified as its bioactive compound El-Seedi et al. (2013), D. 

maritima exhibited anticancer effect on malignant human n neuroblastoma cell line SH-

SY5Y, non-small cell lung cancer (NSCLC) cell line A549, human cervical cell lines SiHa 

and HeLa (Elghuol et al., 2012; Bozcuk et al., 2011; Merghoub et al., 2009). In addition 

to extracts, cardiac glycosides from Drimia plants also showed cytotoxic properties. 

Proscillaridin A indicated progressively powerful antiproliferative  activity against human 

breast carcinoma cells in comparison with ovabain and digoxin (Winnicka et al., 2007). 

Among 1120 compounds assessed against human multiple myeloma cell lines, 

proscillaridin A inhibited some cytokines secreted by these cells higher than 90% and 

caused more than 50% reduction in cell viability. Among 1120 mixes evaluated against 

human different myeloma cell lines, proscillaridin A restrained a few cytokines discharged 

by these cells higher than 90% and caused over half decrease in cell reasonability 

(Bielawski et al., 2006; Winnicka et al., 2007). 

In correlation with other cardiac glycosides which displayed a similar capacity, 

poscillaridin A demonstrated progressively powerful antiproliferative impact (Feng et al., 

2010). Among 2816 compounds tested toward advanced human adrenocortical 

carcinoma cell line, proscillaridin A was categorised in group of 21 components which 

showed intense antiproliferative activity against this cell line (Nilubol et al., 2012). There 

is a huge number of medicinal plants that are currently used, worldwide and Drimia 

calcarata is one of those used by Pedi people to treat a plethora of ailments (Semenya et 

al., 2013). Riparianin 2 isolated from D. calcarata (as Urginea riparia) [Moodley et al., 

2007] and 29 kDa glycoprotein isolated from the bulb of D. indica (Deepak and Salimath 

2006) are among other compounds with anticancer properties. Researchers have isolated 

and characterized a novel C-glucosylflavonoid from Drimia altissima family called 

altissimin, whose C-glucosylflavonoid arrangement is unique to apigenin. A significant 

anti-proliferative effect of altissimin was observed against HeLa cervical cancer cells 

(Nyambe et al., 2019). 

https://www.sciencedirect.com/topics/medicine-and-dentistry/cardiac-glycosides
https://www.sciencedirect.com/topics/medicine-and-dentistry/antiproliferative-activity
https://www.sciencedirect.com/topics/medicine-and-dentistry/breast-carcinoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/multiple-myeloma-cell-line
https://www.sciencedirect.com/topics/medicine-and-dentistry/cell-viability
https://www.sciencedirect.com/topics/medicine-and-dentistry/glycoprotein
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2.5.3. Anti-inflammatory 

As a result of traumatic, infectious, post-ischaemic, toxic or autoimmune trauma, 

inflammation is a complex set of interactions among soluble factors and cells. Normally, 

this leads to a rapid recovery of the injured tissue. It should be noted, however, that if 

targeted destruction and assisted repair are not phased properly, inflammation may result 

in prolonged leukocytes, lymphocytes and collagen damage (Nathan, 2002). The process 

of inflammation evolved in higher organisms as a reaction to noxious conditions, such as 

infections and injuries. It is a crucial immune response that allows the body to remove 

harmful stimuli and heal damaged tissues. It is commonly reported that inflammation 

occurs when infected living tissues are damaged, whether by bacterial, viral, fungal 

infections, physical agents, or poor immune responses. The primary objective  of 

inflammation is to identify and eliminate the harmful agents, while its secondary objective 

is to remove damaged tissues and organs in order to facilitate healing (Ahmed, 2011; 

Garrett et al., 2010; Barnes, 2009).  

There are side effects associated with anti-inflammatory drugs. Currently, research 

studies are focused on how medicinal plants may be used to fight inflammation. Novel 

anti-inflammatory agents can be discovered from the chemicals found in medicinal plants. 

Over the last two centuries, plant biological studies have yielded compounds that have 

subsequently led to the development of modern drugs (Padmanabhan and Jangle, 2012). 

A variety of diseases, including inflammatory diseases, have been treated by Africans 

using medicinal plants for centuries. Africa is a large continent. From Egypt, Morocco, 

and Algeria in the north to Nigeria and Ghana in the west, Cameroon and Gabon in the 

center, Kenya and Tanzania in the east and South Africa, Lesotho, Namibia, Swaziland, 

and Zimbabwe in the south, there are many medicinal plants. In Zimbabwe, there are 

over 5000 plant species, with nearly 10% of them possessing medicinal value, while in 

South Africa, over 30000 flowering plants exist, and some are used in the treatment and 

management of pain-related inflammation in both animals and humans (Maroyi, 2013; 

Street et al., 2008; Iwalewa et al., 2007). D. nagarjunae effectively showed the potential 

of being a source of novel antioxidant, anti-inflammatory and thrombolytic drugs. There 
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may be a possibility of obtaining a single bioactive compound after bioassay guided 

purification which might cure oxidative stress related diseases (Alluri et al., 2016). 

 

2.5.4. Anticancer activities of Drimia plants and their molecular mechanisms 

It has been shown that natural compounds from medicinal plants regulate signal 

transduction pathways, modulate cell cycleȤregulating proteins, and are good inducers of 

apoptosis in numerous carcinoma cell lines (Ulrich et al., 2005). In vitro evaluation of 

medicinal plants with high bioactive values is found to be highly useful for production of 

medicinally important compounds. Thus, identifying medicinal plants with therapeutic 

capacities is a good criterion for identifying species with high levels of anticancer 

activities. From thousands of plant African species assessed regarding their cytotoxic 

activity, D. elata was found to have moderate cytotoxic effects on various forms of 

malignancy (Fouché et al., 2000). From 61 plants used in Egyptian traditional medicine 

to treat cancer, D. maritima was found to possess the greatest cytotoxicity against human 

lymphoma cells (El-Seedi et al., 2013). Furthermore, D. maritima exhibited anticancer 

effect on malignant human neuroblastoma cell line, SH-SY5Y, a non-small cell lung 

cancer (NSCLC) cell line, A549, human cervical cell lines, SiHa and HeLa (Elghuol et al., 

2012; Bozcuk et al., 2011; Merghoub et al., 2009). Proscillaridin A, a cardiac glycosides 

was identified as its bioactive compound (El-Seedi et al., 2013). Proscillaridin A exhibited 

significant antiproliferative efficacy compared to cardiac glycoside ovabain from 

Strophanthus gratus and digoxin from foxglove plant, against human breast cancer cells 

(MCF-7 and MDA-MB-231) [Winnicka et al., 2008; Bielawski et al., 2006]. A study 

conducted on 1120 compounds against human multiple myeloma cell lines revealed that 

proscillaridin A inhibited more than 90% of cytokine secretion by these cells and reduced 

their cell viability by more than 50% (Winnicka et al., 2007). Proscillaridin A showed potent 

cytotoxic effects in NSCLC cells at nanomolar levels. Treatment mechanism studies 

indicated that proscillaridin A elevated calcium ion (Ca2+) levels, activated the AMP-

activated protein kinase (AMPK) pathway and downregulated phosphorylation of 

mammalian target of rapamycin (mTOR). Subsequently, proscillaridin A increased death 

receptor 4 (DR4) expression and downregulated nuclear factor kappa B (NFïəB). 
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Interestingly, proscillaridin A selectively suppressed EGFR activation in EGFR mutant 

cells but not in EGFR wild-type cells. In vivo, proscillaridin A significantly suppressed 

tumour growth in nude mice compared to vehicle-treated mice (Li et al., 2018). 

In correlation with other cardiac glycosides, which displayed a similar capacity, 

Proscillaridin A demonstrated progressively powerful antiproliferative impact (Feng et al., 

2010). A total of 2816 compounds were tested against advanced human adrenocortical 

carcinoma cells, and proscillaridin A was one of 21 components with intense 

antiproliferative properties (Nilubol et al., 2012). Riparianin 2 isolated from D. calcarata 

(as Urginea riparia) [Moodley et al., 2007] and 29 kDa glycoprotein isolated from the bulb 

of D. indica (Deepak and Salimath 2006) are among other compounds with anticancer 

properties. Riparianin 2 was tested for its anti-cancer activity against the MCF7 (breast 

cancer), TK10 (renal carcinoma) and UACC62 (melanoma) cell lines and displayed 

moderate anticancer activity (Moodley et al., 2007). The anticancer activity of the 

compound was concluded based only on cell viability studies. However, the mechanisms 

this plant exerts its anticancer activity and its molecular mechanisms remain less 

understood, especially against different cancer cells. The potential anticancer activities 

that plants may have, need to be investigated to understand how these plants exert their 

effect. The process of apoptosis is crucial to anticancer drug-induced cytotoxicity. 

Molecular mechanisms underlying how anticancer drugs induce apoptosis depend upon 

death receptor-dependent and independent pathways that act by releasing cytochrome c 

from mitochondria via voltage-dependent anion channels within the inner mitochondrial 

membrane (Kim et al., 2002). D. maritima significantly induced mitochondrial-mediated 

apoptosis in human breast cancer cells. Furthermore, endoplasmic reticulum stress 

seemed to be involved in D. maritima-induced cell death (Hamzeloo-Moghadam et al., 

2018). However, the mechanism of Drimia plant extracts and derived bioactive 

compounds-induced-anticancer effect at the molecular level remains to be elucidated. 

Further investigations are needed to establish anticancer molecular mechanisms of both 

extracts and anticancer agents derived from Drimia plants.  

 



50 
 

2.6. Drimia calcarata 

In vitro evaluation of medicinal plants with high bioactive values is found to be highly 

useful for identification of medicinally important compounds. This applies for Drimia 

calcarata (Figure 2.3), which is an exceptionally little and thin plant, up to 35 cm, typically 

found in regions with occasional dryness. Riparianin 2 isolated from Drimia calcarata 

dichloromethane extract was implicated in anticancer activities against different cancer 

cells based only on the cytotoxicity MTT assay (Moodley et al., 2007). To ensure 

extraction of a wide range of compounds with different polarities, it is always best to use 

a variety of solvents of increasing polarity from nonpolar to more polar. The polarity of the 

solvent has been shown to significantly influence the extract yield and antioxidant activity 

of phenolic compounds in plant material (Ghasemzadeh et al., 2015; Ghasemzadeh et 

al., 2011).  

 

Figure 2.3. Drimia calcarata plant: The picture was obtained from an open access website 

(www.ispotnature.org).  

 

http://www.ispotnature.org/
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2.7 Type of cell death 

The most widely used classification of mammalian cell death recognizes two types: 

apoptosis and necrosis (Hotchkiss et al., 2009; Vandenabeele, et al., 2009). Autophagy, 

which has been proposed as a third mode of cell death, is a process in which cells 

generate energy and metabolites by digesting their own organelles and macromolecules 

(Klionsky, 2007). The compounds are able to eliminate cells mainly through three distinct 

mechanisms, illustrated in Figure 2.4, distinct by morphological features; thus grouped 

into two self-destructive processes (1. Apoptosis and 2. Autophagy) and the bioenergetic 

catastrophic process (3. Necrosis) [Edinger and Thompson, 2004]. Programmed cell 

death, referring to apoptosis, autophagy and programmed necrosis, is proposed to be 

death of a cell in any pathological format, when mediated by an intracellular program. The 

fate of malignant neoplasm cells is determined by these three forms of cell death; 

apoptosis and necrosis are always associated with death, whereas autophagy can serve 

either as a survival or death mechanism (Ouyang, et al., 2012). New classification of 

apoptosis is gaining traction; thus, apoptosis has several sub-classes, which include 

necroptosis, ferroptosis and pyroptosis. However, due to the use of conventional 

apoptosis analysis, cell death that will be discussed in throughout this document will refer 

to apoptos, and where a specific class is referred to, a distinction will be made.  

 

2.7.1. Apoptosis 

An apoptosis is a highly controlled, energy-dependent process in which a cell initiates a 

signalling cascade that leads to its death without causing inflammation. An apoptosis 

plays an essential and crucial role in maintaining tissue homeostasis as well as in the 

removal of abnormal cells that are no longer needed, that have become infected, or that 

are no longer necessary for tissue function. Various stimuli can trigger apoptosis, such as 

developmental signals, cellular stress, and disruption of the cell cycle (Kerr et al., 1972). 

It is one of the most complex signalling pathways known, where cells undergo death to 

maintain cell homeostasis (Kim et al., 2006; Ghobrial et al., 2005). Morphologic hallmarks 

of apoptosis include cell shrinkage, apoptosis bodies are formed, nuclear DNA is 

fragmented and phosphatidylserine is externalized. It plays important functions in many 
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normal processes ranging from the foetal development to adult tissue maturation 

(Hengartner, 2000; Rich et al., 2000).  

 

Figure 2.4. The three major types of cell death. Several factors influence the way cells are 

directed to die by programmed cell death. On the left is an illustration of the apoptosis pathway, 
in which the cellular membrane shrinks and the apoptotic bodies form. A necrotic pathway can be 
seen in the middle of the picture, where the cytosol swells up and organelles rupture, followed by 
cellular contents leaching. As shown on the right, autophagy involves vacuoles, the 
autophagosome and lysosome fusion, which results in digestion of the cell organelles (Nunes et 
al., 2014). 

 

As demonstrated in Figure 2.5, there are two most studied apoptotic pathways that lead 

to cell demise; these include the intrinsic (mitochondrial-dependent) and extrinsic (death 
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receptors-dependent). During the intrinsic pathway, a cell initiates the suicide process 

from inside, which results in the demise of the cell (Wei et al., 2013). Cells suffer a 

reduction in size as a result of the breakdown of cellular components and the migration 

of their organelles into the cytosol. A surface of the cell membrane is covered with bubble-

like structures called blebs. Afterwards, the cell fragments into smaller parts known as 

apoptotic bodies. In order to prevent injury to nearby cells, the fragments are enclosed in 

membranes. Apoptotic bodies are engulfed and destroyed by phagocytic cells, most 

usually macrophages (Ashkenazi, 2008). 

Biochemical substances, such as cytokines and growth factors, can also induce apoptosis 

where the signal comes from outside the cell. This is the process by which certain white 

blood cells initiate apoptosis in infected cells and it is referred to as extrinsic apoptosis 

(Duiker et al., 2010). In spite of the fact that cancer cells acquire various mechanisms to 

avoid apoptosis, their transformed state makes them particularly vulnerable to 

reactivation if resistance is breached. For more than two decades, researchers have been 

targeting apoptotic pathways anticancer therapeutic targets (Ashkenazi, 2015). It has 

been a common knowledge that targeting the apoptotic cell death is ideal for anticancer 

strategies than the necrosis cell death. 

 

2.7.2. Necrosis 

Necrosis, which is on the other hand described by the swelling of organelles and the 

whole cell, resulting in the burst of plasma membrane and the dissolution of an organized 

structure. In addition, the cell membrane forms bubble-like projections (i.e., blebs). These 

blebs, which contain no organelles, fuse and increase in size. Eventually, the cell 

membrane ruptures, resulting in the release of the cellôs components into the surrounding 

tissue, causing an inflammatory response (Wyllie et al., 1980). At biochemical level, 

necrosis is associated with the loss of osmoregulation, with random DNA degradation by 

lysosomal enzymes at a late stage (Proskuryakov et al., 2003). 
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Figure 2.5. The intrinsic and extrinsic apoptotic pathways: There are several ways to activate cell 
death pathways, including through binding of ligands (such as FasL or TNF) to death receptors 
on the cell surface (extrinsic pathway) or directly through mitochondria (intrinsic pathway). The 
Figure was adapted from Tan et al. (2014). 

 

Necrosis has been viewed as a passive type of cell death in which the cell dies as a result 

of a bioenergetics catastrophe caused by external conditions such as infection, toxins, or 

trauma. Despite this, in response to alkylating DNA damage, cells undergo necrosis as a 

self-determined cell fate (Sandle et al., 2018). This type of death does not require the 

central apoptotic mediators, such as p53, Bax/Bak, or caspases, and actively induces an 

inflammatory response. Necrosis in response to DNA damage requires activation of the 
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DNA repair protein, poly (ADP-ribose) polymerase (PARP), but PARP activation is not 

enough to determine cell fate (Zong et al., 2004). 

In apoptosis, the affected cell actively participates in the cell death process, whereas in 

necrosis, cell death takes place in response to adverse conditions in the cellôs 

environment. Hence, necrosis may be seen as the outcome of a ñbiological accidentò that 

leads to the death of an ñinnocent victimò (Rosser and Gores, 1995). Necroptosis (an 

alternative mode of cell death mimicking apoptosis and necrosis) has been implicated in 

innate immunity as well as a variety of human pathologies, which has motivated intense 

interest in the underlying molecular mechanism. Necroptosis, in contrast to apoptosis, is 

caused by the ligation of death receptors and Toll-like receptors (TLR), which leads to 

cell lysis and release of immunogens (Petrie et al., 2019). Necroptosis is characterized 

by rapid permeabilization of the plasma membrane, which is associated with the release 

of the cell content and subsequent exposure of damage-associated molecular patterns 

(DAMPs) and cytokines/chemokines. Cancer cells that undergo necroptosis exhibit an 

immunogenic property, allowing them to induce efficient anti-tumour immunity. 

Experimental cancer treatments have increasingly focused on triggering necroptosis 

rather than apoptosis because one of the hallmarks of cancer is an evasion of apoptosis 

(Krysko et al., 2017). 

 

2.7.3. Autophagy 

Autophagy is a highly regulated cellular pathway for degrading long-lived proteins and is 

the only known pathway for clearing cytoplasmic organelles. Autophagy is a major 

contributor to maintain cellular homeostasis and metabolism. Autophagy is an 

evolutionarily conserved and highly regulated lysosomal pathway that degrades 

macromolecules (e.g., proteins, glycogen, lipids, and nucleotides) and cytoplasmic 

organelles (Levine and Klionsky, 2004). This catabolic process is involved in the turnover 

of long-lived proteins and other cellular macromolecules and it might play a protective 

role in development, aging, cell death, and defence against intracellular pathogens (Qu 

et al., 2007). Moreover, autophagy has been linked to a variety of pathological processes 
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such as neurodegenerative diseases and tumourigenesis, which highlights its biological 

and medical importance (Levine and Kroemer, 2019). 

Autophagy consists of several sequential steps: induction, autophagosome formation, 

autophagosome-lysosome fusion, and degradation (Tong et al., 2010). Depending on the 

delivery route of the cytoplasmic material to the lysosome, there are three major types of 

autophagy in eukaryotes: Chaperone-mediated autophagy, microautophagy, and 

macroautophagy (Di Bartolomeo et al., 2010). Chaperone-mediated autophagy allows the 

direct lysosomal import of unfolded soluble proteins that contain a particular pentapeptide 

motif (Majeski and Dice, 2004). In microautophagy, cytoplasmic material is directly 

engulfed into the lysosome at the surface of the lysosome by membrane rearrangement 

(Li et al., 2012). Finally, macroautophagy, a process where the cell forms a double-

membrane sequestering compartment termed the phagophore, which matures into an 

autophagosome. Following delivery to the vacuole or lysosome, the cargo is degraded 

and the resulting macromolecules are released back into the cytosol for reuse (Feng et 

al., 2014).  

When entotic cells are engulfed, they are often eliminated by a specific autophagy-related 

process called Microtubule-associated protein 1A/1B-light chain 3 (LC3)-associated 

phagocytosis (Florey et al., 2011). Several (but not all) components of the 

macroautophagy apparatus are recruited to the cytosolic side of entotic cells-containing 

vesicles and facilitate the fusion with lysosomes (in the absence of bona fide 

autophagosome formation). Examples include microtubule associated protein 1 light 

chain 3 beta (MAP1LC3B), autophagy related 5 (ATG5), and phosphatidylinositol 3-

kinase catalytic) [Florey et al., 2011]. Eventually, the lysosomal degradation of 

internalized entotic cells generates nutrients that are recovered by engulfing cells, via a 

mechanism that reportedly involves phosphoinositide kinase, FYVE-type zinc finger 

containing (PIKFYVE) [Krishna et al., 2016; Krajcovic et al., 2013]. 

 

2.8. Cell cycle 

The cell cycle division is a complex sequence of events that take place during cell division 

and duplication of cellular genetic material (DNA) to generate two identical daughter cells 
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(Elledge, 1996). The eukaryotic cell cycle is controlled by a regulatory network, and its 

general features are conserved from yeast to humans. It proceeds through tightly 

regulated transitions to ensure that specific events take place in an orderly manner 

(Bertoli et al., 2013). The accurate transition from G1 phase of the cell cycle to S phase 

is crucial for the control of eukaryotic cell proliferation, and its misregulation promotes 

oncogenesis. 

In eukaryotic cells, this process includes a series of four distinct phases. These phases 

consist of the Mitosis phase (M), Gap 1 phase (G1), Synthesis phase (S), and Gap 2 

phase (G2). The G1, S, and G2 phases of the cell cycle are collectively referred to as the 

interphase (Wang and Levin, 2009) as illustrated in Figure 2.6. The division cycle of 

eukaryotic cells is controlled by a family of protein kinases known as the cyclin-dependent 

kinases (CDKs). The sequential activation of individual members of this family and their 

consequent phosphorylation of critical substrates promote orderly progression through 

the cell cycle (Serrano et al., 1993). The dividing cell spends most of its time in interphase 

as it grows in preparation for cell division. The mitosis phase of the cell division process 

involves the separation of nuclear chromosomes, followed by cytokinesis (division of the 

cytoplasm forming two distinct cells) [Morrish et al., 2010]. At the end of the mitotic cell 

cycle, two distinct daughter cells are produced (Maton et al., 1997). The time it takes for 

a cell to complete one cell cycle varies depending on the type of cell. Some cells, such 

as blood cells in bone marrow, skin cells, and cells lining the stomach and intestines, 

divide rapidly and constantly. Other cells divide when needed to replace damaged or dead 

cells (Cooper, 2000). Most somatic cells divide in order to maintain tissue homeostasis; 

however, if damaged cells are allowed to go through the cell cycle, diseases, such as 

cancer occur.  
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Figure 2.6. The cell cycle phases: The figure was adapted from Lee et al. (2013). 

 

Other cell types, including nerve cells, stop dividing once they have matured (Brownell et 

al., 2011). Once a cell has completed the cell cycle, it goes back into the G1 phase and 

repeats the cycle again. Cells in the body can also be placed in a non-dividing state called 

the Gap 0 phase (G0) at any point in their life. Cells may remain in this stage for very long 

periods of time until they are signalled to progress through the cell cycle as initiated by 

the presence of certain growth factors or other signals. Cells that contain genetic 

mutations are permanently placed in the G0 phase to ensure that they are not replicated. 

When the cell cycle goes wrong, normal cell growth control is lost, cancer cells may 

develop, which gain control of their own growth signals and continue to multiply 

unchecked (Sakaue-Sawano et al., 2008). 

 

2.9. Transcription factors 

Despite a marked increase in knowledge regarding the molecular events that occur during 

the development of cancer, the vast majority of current therapies still rely on non-specific 
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drugs, or treatments such as radiation, that indiscriminately eliminate cells. The common 

occurrence of hair loss with chemotherapy is the most obvious manifestation of the 

inability of these drugs to distinguish normal bystander cells (such as hair follicles) from 

the malignant cells that the drugs are intended for elimination. Given that cancer cells are 

often characterized by an intrinsic resistance to being killed, this approach has yielded 

minimal progress in decades for the treatment of most cancers. Thus, the current 

challenge is to convert an increased knowledge of molecular events into meaningful 

therapies for patients with cancer (Frank, 2009). 

Transcription factors directly interpret the genome, performing the first step in decoding 

the DNA sequence. Many function as ñmaster regulatorsò and ñselector of genesò, 

exerting control over processes that specify cell types and developmental patterning (Lee 

and Young, 2013) and controlling specific pathways such as immune responses (Singh 

et al., 2014). In the laboratory, transcription factors can drive cell differentiation (Fong and 

Tapscott, 2013) and even de-differentiation and trans-differentiation (Takahashi and 

Yamanaka, 2016). Mutations in transcription factors and transcription factors -binding 

sites underlie many human diseases. The process of transcription is the first stage of 

gene expression, resulting in the production of a primary RNA transcript from the DNA of 

a particular gene. It, therefore, represents acritical first step in gene expression which is 

followed by a number of post-transcription processes such as RNA splicing and 

translation (Papavassiliou, 1995; Latchman, 1993). 

Ultimately, the malignant behaviour of a cancer cell is driven by the pattern of genes that 

are expressed in that cell. Activated kinases that change the gene expression of a cell 

operate by modulating the transcription factor family of proteins (Figure 2.7). Transcription 

factors bind to specific sequences of DNA (response elements) in a cell and activate or 

inactivate the expression of nearby genes. In a normal cell, transcription factors are 

controlled with precise regulation to ensure that the correct cohort of genes is expressed 

at any given time. In a cancer cell, as a result of abnormalities in the transcription factors 

themselves or, more commonly, because of mutations in regulating proteins such as 

kinases, transcription factors may be activated continuously. This activation drives the 

continuous expression of genes that promote cellular growth, survival, invasion and 

spread, all of which are the hallmarks of a cancer cell (Frank, 2009). 
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Figure 2.7. The malignant behaviour of a cancer cell. Cancer cell behavour is driven by the cell's 

pattern of gene expression. Mutations that result in continuous cell activation may occur in any 
number of kinases, and converge on a relatively small number of transcription factors that regulate 
gene expression. The diagram was adapted from Frank (2009). 

 

Most human cancer cells overexpress a select number of transcription factors, which can 

be used as targets for anticancer drugs. According to Darnell (2002), they are the most 

direct and hopeful targets for treating cancer because there are many more human 

oncogenes involved in signal pathways than there are oncogenic transcription factors. 

Transcription factors are encoded by a large number of oncogenes and tumour 

suppressor genes. Deregulation of transcription factors, as well as mutations and 

translocations play a crucial role in tumourigenesis. Three major families of transcription 

factors have emerged as important players in human cancer and are validated targets in 

drug discovery for cancer therapy. These include the nuclear factor kappa B (NF-kB) and 

activator protein 1 (AP-1) families of transcription factors, the signal transducers and 
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activators of transcription (STAT) family members and the steroids receptors (Libermann 

and Zerbini, 2006). 

STAT family is a group of transcription factors (STAT1, STAT2, STAT3, STAT4, STAT5A, 

STAT5B, and STAT6) having a significant role in various physiological processes, such 

as cell differentiation, cell survival, or cell development (Liang et al., 2009; Bromberg and 

Darnell, 2000). STAT1 plays a role as a tumour suppressor, while substantial evidence 

implies that STAT3 and STAT5 have appeared to play a role in tumour growth and 

proliferation (Ma et al., 2005). Regulation of STATs and STAT-linked signalling pathways 

have been detected in diseased states, such as chronic inflammatory bowel diseases and 

malignant transformation (Mudter et al., 2005). STATs might signify a novel molecular 

target for therapeutic interventions (Chiarle et al., 2005; Nam et al., 2005). 

Since STATs play important roles in gene expression, inhibiting STATs might also have 

adverse effects on normal cells. As such, a STAT inhibitor might be effective against 

cancer cells, but could have the same toxicity as currently prescribed chemotherapeutic 

drugs. The loss of STAT function does not seem to impair normal cells, as evidenced by 

previous studies (Haura et al., 2005). A number of transcription factors are simultaneously 

activated by STATs. A normal cell is able to tolerate the loss of one transcription factor 

due to this level of redundancy. Cancer cells, however, depend on a single transcription 

factor to remain active continuously. Upon loss of the transcription factor, the cancer cell 

tend to die. Together, these findings indicate that therapies targeting transcription factors 

may possess a high therapeutic index - the ability to eliminate cancer cells with minimal 

effect on normal cells (Frank, 2009; Haura et al., 2005). 

 

2.9.1. Screening for transcription factor inhibitors 

One of the ways of identifying transcription factor inhibitors is to test large libraries of 

chemicals for the ability to block STAT activation. Researchers were able to identify 

molecules that can specifically block one STAT but not any other members of the 

transcription factor family by testing hundreds of chemicals simultaneously. Moreover, 

once a compound has been identified as an active ingredient, reverse engineering can 

be used to determine how it interferes with STAT function, thereby identifying other 
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possible targets for drugs. An application of this approach has been successful in 

identifying potent and effective inhibitors of STATs, demonstrating the feasibility of 

developing specific inhibitors of specific transcription factors (Frank, 2009). Given that 

some STAT target genes promote survival and resistance to chemotherapy and radiation, 

a STAT inhibitor may be useful in conjunction with other types of therapy (Quesnelle et 

al., 2007). Having access to transcription factor inhibitor drugs that can be tested in proof-

of-concept trials will significantly speed up the development of targeted therapies, even 

though it might take several years before optimal inhibitors of STATs or other transcription 

factors are available. Therefore bioactive compounds inhibiting transcription factors are 

potentially of great interest for developing lead structures for the treatment of cancer.  
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Chapter Three: Methodology 

 

3.1. Materials 

All the chemicals, consumables, buffers, and solutions that were used in this study are 

provided under the Appendices. Consumables and reagents are tabulated in Appendix 

3.1, while the protocols for preparing different solutions that were used in this study are 

given in Appendix 3.2, cell lines which were used are listed below. 

 

3.1.1. Cell Lines 

The HeLa (CCL-2Ê), Ca-Ski (CRM-CRL-1550Ê), Caco-2 (HTB-37Ê), HT-29 (HTB-

38Ê), T47-D (HTB-133Ê), MDA-MB-231 (CRM-HTB-26Ê), H1573 (CRL-5877Ê), 

H1437 (CRL-5872Ê) and A549 (CRM-CCL-185Ê) cancer cells were used as  in vitro 

cancer models  while the non-cancerous human kidney HEK-293 cells (CRL-1573Ê), 

non-cancerous lung fibroblast MRC-5 cells (CCL-171Ê), and skin fibroblast KMST-6 cells  

were used as the non-cancerous experimental cell lines. 

 

3.2. Methods 

This section covers the analytical techniques used in the study. The plant collection, plant 

extraction (Section 3.2.1), followed by qualitative and quantitative phytochemical analysis 

and quantitative antioxidant analysis (Section 3.2.3, Section 3.2.4 and Section 3.2.5, 

respectively), which were done to determine the presence and the type of secondary 

metabolites and the level of antioxidants, are discussed. The Liquid chromatography-

mass spectrometry (LC-MS) [section 3.2.6] was also done to identify the compounds 

present within each extract, followed by fractionation of the extracts and characterisation 

of compounds [section 3.2.7] within the extracts.  

The cell culture maintenance (Section 3.2.8) and the in vitro cytotoxicity (Section 3.2.9) 

using 3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide (MTT) assay (Section 

3.2.9.1) was performed to determine the cytotoxic effect of Drimia calcarata (D. calcarata) 

extracts, fractions, pure compounds, DMSO, sterile H2O and Curcumin. The Muse® 
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Count and Viability (Section 3.2.9.2) and Muse® KI67 Proliferation assays (Section 

3.2.10), which were done to confirm the MTT assay results, are also covered. The 

apoptosis (Section 3.2.11) was assed using fluorescent microscopy (Section 3.2.11.1), 

Muse® Annexin V and Dead Cell (Section 3.2.11.2) and Muse® Caspase 3/7 (Section 

3.2.11.3) assays. The Muse® Cell Cycle assay (Section 3.2.12), which was done to 

measure the DNA content, is also described. The Muse® PI3K Activation Dual assay 

(Section 3.2.13), which was done to analyse the mechanism in which D. calcarata 

extracts inhibited the growth of selected cancer cells, is an integral part of this chapter 

and thesis.  

The total RNA extraction (Section 3.2.14), Electrophoresis (Section 3.2.15), cDNA 

synthesis (Section 3.2.16), cDNA quantification (Section 3.2.17), and Polymerase Chain 

Reaction (PCR) [Section 3.2.18] was used to assess mRNA expression level, while 

Western blotting (Section 3.2.19), Protein Profiler Array (Section 3.2.20), and 

Immunocytochemistry (Section 3.2.21) were used to analyse protein expression levels.  

 

3.2.1. Plant collection, verification and preparation 

The Drimia calcarata plant was collected at Phalakwane village, Ga-Mphahlele in the 

Limpopo province, South Africa. The tree labels were used to verify the identity of the 

plant at the University of Limpopo Herbarium and the voucher specimen number (121629) 

was obtained. The plant was air-dried and later ground to fine powder using a commercial 

blender. The grounded plant materials were stored in air-tight containers in the dark until 

extraction. 

 

3.2.2. Extraction of Drimia calcarata secondary metabolites 

The freshly collected and grounded plant material (40 g) was macerated in 400 mL of 

methanol in a 10:1 ration and the other 40 g of plant materials were infused in 800 mL 

(10:2) boiled tap water. The plant solvent mixtures were vigorously shaken for 24 hours 

at room temperature in shaking incubator machine (New Brunswick Scientific Co, Inc., 

United State of America) at 100 revolutions per minute (rpm). The extracts were filtered 

into pre-weighed labelled containers. The process was repeated for 3 hours and 1 hour 
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to exhaustively extract the constituents, and the extracts from each mixture were 

combined. The solvents were removed under a stream of cold air at room temperature. 

Following drying, the percentage yield was calculated as follows (Equation 1): 

ϷὣὭὩὰὨ
  

  
 ὢ ρππ    (Equation 1) 

3.2.3. Qualitative phytochemical tests 

The pharmacological activity of a plant can be estimated by determining the 

phytochemicals present in its extracts. The phytochemicals of the D. calcarata were 

determined using both the conventional qualitative tests and quantitative analysis. 

 

3.2.3.1. Thin Layer Chromatography (TLC) Fingerprint profiling of the plant extracts 

The plant extracts were re-dissolved in acetone to a final concentration of 10 mg/mL. 

About 10 microlitres of to9he reconstituted extracts were loaded on aluminium-backed 

TLC) plate (Merck, Germany), and developed in saturated chambers with 3 solvent 

systems of different polarity; namely, EMW (ethyl acetate/methanol/water, 10:1.35:1; 

polar/neutral), CEF (chloroform/ethyl acetate/formic acid, 10:8:2, intermediate 

polarity/acidic) and TEA (toluene/ethanol/ammonia, 18:2:0.2; nonpolar/basic). Developed 

plates were observed under ultraviolet (UV) light at 254 nm using the Camac Universal 

UV lamp TL-600 for the presence of fluorescing compounds. The chromatograms were 

air-dried; and the plates were sprayed with 0.2% 2,2-diphenyl-2-picryl-hyrazyl (DPPH) 

[Sigma-Aldrich, Germany] to detect any antioxidant compounds present in the separated 

plant extracts. The freshly prepared p-anisaldehyde (1 mL p-anisaldehyde, 18 mL 

ethanol, 1 mL sulphuric acid) and vanillin (0.1 g vanillin, 28 mL methanol, 1 mL sulphuric 

acid) spray reagents were also used to detect various classes of compounds. The 

sprayed plates with p-anisaldehyde and vanillin were carefully heated at 105ºC for optimal 

colour development. The presence of antioxidant activity was detected by yellow spots 

against a purple background on TLC plates sprayed with 0.2% DPPH in methanol. The 

various classes of compounds were displayed by bands with different colours. 
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3.2.3.2. Secondary metabolites tests 

The phytoconstituents of Drimia calcarata bulb extracts were evaluated to determine the 

presence of tannins, phenols, anthraquinones, quinones, steroids, terpenoids, flavonoids, 

alkaloids, carbohydrates cardiac glycosides saponins, proteins, coumarina, 

phlobatannins leucoanthocyanins according to standard methods (Maria et al., 2018; 

Harborne, 1998). Ten milligrams (10 mg) of the extracts was used and any colour change 

or the precipitate formation was used as indicative of positive response to these tests. 

 

3.2.3.2.1. Testing for Tannins 

The presence of phenols was analysed using the ferric chloride test. One mL of 10 mg 

acetone-dissolved extracts was added into a test tube and to this, 2 ml of 5% ferric 

chloride were added. Formation of greenish black colour formation indicated the presence 

of tannins. 

 

3.2.3.2.2. Testing for Phenols (Ferric chloride test) 

The presence of phenols was analysed using the ferric chloride test. Ten milligrams (10 

mg) of each extract, which were dissolved in acetone, were added into 15 mL tubes, then 

2 mL of distilled water was added followed by 0.5 mL of ferric chloride aqueous solution 

(10% w/v). Formation of a blue or green colour indicated the presence of phenols. 

 

3.2.3.2.3. Testing for Anthraquinones (Ammonium hydroxide test) 

One drop of undiluted ammonium hydroxide was added to 1 mL of 10 mg of each acetone-

dissolved extract. The samples were incubated for 2 minutes at room temperature, and 

the formation of red colour indicated the presence of anthraquinone. 

 

3.2.3.2.4. Testing for Quinones (Sulfuric acid test) 

One drop of undiluted sulfuric acid was added to 10 mg of each acetone-dissolved extract. 

Formation of red colour indicated the presence of quinones. 
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3.2.3.2.5. Testing for Steroids (Salkowski test) 

Two millilitres (2 mL) of chloroform and 1 mL undiluted sulfuric acid were added to 1 mL 

of the 10 mg acetone dissolved extracts, slowly until double phase formation. The 

presence of a dish-brown colour in the middle layer in indicative of steroidal ring. 

 

3.2.3.2.6. Testing for Terpenoids (Lieberman Bouchard test) 

One mL of undiluted anhydrous acetic acid and 0.3 mL of undiluted sulfuric acid were 

added to 2 mL of the extracts dissolved in acetone. After 5 min a blue/green colour middle 

layer was indicative of sterols, but pink, red, magenta or violet colour revealed the 

presence of terpenoids. 

 

3.2.3.2.7. Testing for Flavonoids (Lead acetate test) 

One millimetre (1 mL) of lead acetate (10% w/v) was added to 1 mL of each 10 mg extract 

dissolved in acetone. The yellow colouration indicated the presence of flavonoids. 

 

3.2.3.2.8. Testing for Xanthones, Flavones, Flovonols, Chalcones and 

Anthoyanins (Sodium hydroxide [10%] test)  

Three drops of sodium hydroxide solution (10% w/v) were added to 1 mL of each 10 mg 

extract dissolved in acetone. Formation of yellow-red, coffee orange, purple-red or blue 

colouration indicated the presence of xanthones and flavones, flovonols, chalcones and 

anthoyanins, respectively. 

 

3.2.3.2.9. Testing for Chalcones, Flavones and Flavonols (Shinoda test) 

One mL of absolute ethanol and 0.3 mL of undiluted hydrochloric acid were added to 0.5 

mL of 10 mg extracts diluted in acetone. Formation of red colour indicated the presence 

of chalcones. The formation of orange, red or magenta coloration indicated the presence 

of flavones and flavonols, respectively. 
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3.2.3.2.10. Testing for Alkaloid 

Two mL of each 10 mg extract dissolved in acetone was added to a test tube. To this, 2 

mL of undiluted hydrochloric acid was added. Formation of green colour observed, which 

indicate the presence of alkaloids. 

 

3.2.3.2.11. Testing for Carbohydrates 

Two millilitres (2 mL) of 10 mg extracts dissolved in acetone were added into a test tube 

and 0.5 mL of undiluted sulphuric acid were added. Purple colour formation indicated the 

presence of carbohydrates. 

 

3.2.3.2.12. Testing for Cardic glycoside (Keller-Killian test) 

To test for the presence of cardic glycosides, 0.5 ml of 10 mg extracts dissolved in 

acetone was taken in test tube. To this, 2 mL of glacial acetic acid and few drops of 5% 

ferric chloride solution were added, followed by the addition of 2 mL undiluted sulphuric 

acid along the side of the test tube. Reddish brown colour that appears at the junction of 

the 2-liquid layers indicates the presence of cardiac glycosides. 

 

3.2.3.2.13. Testing for Saponins (Froth test) 

Two (2 mL) of water was added to 2 mL of each 10 mg extract dissolved in acetone and 

heated. Froth appearance indicated the presence of saponins. 

 

3.2.3.2.14. Testing for Proteins 

One millilitre (1 mL) of undiluted sulphuric acid was added to 1 mL of each 10 mg 

extract dissolved in acetone. White precipitate indicated the presence of proteins. 

 

3.2.3.2.15. Testing for Coumarins 

One and half millilitre of sodium hydroxide (10% w/v) was added to 1 mL of each 10 mg 

extract dissolved in acetone. The yellow colouration indicated the presence of coumarins 
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3.2.3.2.16. Testing for Phlobatannins 

One millilitre (1 mL) of hydrochloric acid (1%) was added to 1 mL of each 10 mg extract 

dissolved in acetone and the samples were heated. Red precipitate indicated the 

presence of phlobatannins. 

 

3.2.3.2.17. Testing for Leucoanthocyanins  

One millilitre (1 mL) of isoamyl alcohol was added to 1 mL of each extract. Organic layer 

into red indicated the presence of leucoanthocyanins. 

 

3.2.4. Quantitative Phytochemical Analysis 

The total phenolic content of the D. calcarata extracts was determined by Folin-Ciocalteu 

reagent method and measured in terms of GAE whereas, the total tannin content was 

measured in terms of TAE/g and flavonoid content measured in terms of QAE/g. 

 

3.2.4.1. Total Phenolic Content (TPC) Determination  

The concentration of phenolic content in 70% aqueous acetone-dissolved extract of the 

selected concentrations (62.5, 125, 250, 500, and 1000 µg/mL) was determined using 

spectrophotometric method previously reported (Matotoka and Masoko, 2018). The 

determination of the total phenol content employed the Folin-Ciocalteau method, where 

0.1 mL of each extract concentration and 0.9 mL of distilled water were mixed in 15 mL 

centrifuge tube. To this mixture, 0.1 mL of Folin-Ciocalteau phenol reagent was added 

and the mixture was tilted, then the mixture was left at room temperature for minutes. One 

milliliter of 7% w/v sodium carbonate (Na2CO3) solution was added to the mixture. The 

volume was made up to 2.5 mL with sterile distilled water. A set of standard solutions of 

gallic acid (62.5, 125, 250, 500, and 1000 µg/mL) were prepared as described for the 

extracts above. The mixtures were incubated for 90 minutes at room temperature and the 

absorbance for test and standard solutions were determined against the negative control, 

where the extracts were substituted with sterile distilled water. Absorbance readings were 

taken at 550 nm using a microtitre plate reader (Promega, USA). The experiment was 
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conducted in triplicates and independently repeated, three times. Total phenol content 

was calculated using equation 2, below: 

Ὕὖὅὅ 8 
 

    (Equation 2) 

Where C is the concentration of gallic acid (mg/mL), V is the volume (mL) of the plant 

extract and m (g) is the mass of the plant extract.  

 

3.2.4.2. Total Tannin Content (TTC) Determination.  

The tannin content was determined using Folin-Ciocalteau method, was previously 

described by Kudumela and Masoko (2018). About a tenth of a millimetre (0.1 mL) of the 

70% aqueous acetone extract of different concentrations was added to a 15 mL centrifuge 

tube and mixed with 5 mL of distilled water. To this mixture, 0.2 mL of 2 M Folin-Ciocalteau 

phenol reagent and 1 mL of 35% Na2CO3 solution was added and this was made up to 

10 mL with distilled water. The mixture was shaken well and kept at room temperature for 

30 minutes. A set of standard solutions of tannic acid (62.5, 125, 250, 500, and 1000 

µg/mL) were prepared in the same manner as the extracts. Absorbance for test samples 

and standard solutions were measured against the negative control in which the extract 

was substituted with sterile distilled water at 725 nm using microtitre plate reader 

(Promega, USA). The experiment was conducted in triplicates and independently 

repeated, three times. The tannin content was expressed as mg of tannic acid 

equivalence (TAE) of extract calculated using equation 3:  

ὝὝὅὅ 8 
 

    (Equation 3) 

Where C is the concentration of tannic acid (mg/mL), V is the volume (mL) of the plant 

extract and m (g) is the mass of the plant extract.  

 

3.2.4.3. Total Flavonoid Content (TFC) Determination.  

Total flavonoid content was determined by the aluminium chloride colorimetric assay, 

which was previously described by Beseni et al. (2019). Briefly, 0.1 mL of each 

concentration (62.5, 125, 250, 500 and 1000 Õg/mL) was mixed with 10% aluminium 
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chloride (100 µL), 1 M potassium acetate (100 µL) and distilled water (2800 µL). The 

mixture was left to stand at room temperature for 30 minutes. A set of reference standard 

concentrations of quercetin (0, 62.5, 125, 250, 500 and 1000 Õg/mL) were prepared in the 

same manner as the concentrations of the plant extracts. The absorbance of the 

experimental samples and the standard samples were determined using microtiter plate 

reader (Promega, USA) at 415 nm. The total flavonoid content of the samples was 

expressed as milligram quercetin equivalence/gram of extract (mg QE/g extract) 

calculated using equation 4: ó 

ὝὊὅὅ 8 
 

    (Equation 4) 

Where C is the concentration of quercetin (mg/mL), V is the volume (mL) of the plant 

extract and m (g) is the mass of the plant extract.  

 

3.2.5. Quantitative antioxidant activity assays 

The potential antioxidant activity of D. calcarata bulb extracts was evaluated using the 2, 

2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity assay and the Ferric 

Reducing Antioxidant Power assay. 

 

3.2.5.1. 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity assay 

Free radical scavenging activity of the different methanol and water extract concentrations 

was quantified and compared using 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) (Sigma-

Aldrich, USA), following a protocol previously described by Brand-Williams et al. (1995) 

with some modification. Different concentrations of the D. calcarata bulb extracts (62.5, 

125, 250, 500 and 1000 Õg/mL) were prepared to a volume of 1 mL of the solution. 

Ascorbic acid was used as standard. To the 1 mL solutions, 2 mL of 60 ɛg/mL DPPH 

solution dissolved in methanol was added and thoroughly mixed. All the prepared 

mixtures were left to stand in the dark for 30 minutes. The negative control solution was 

prepared by adding 2 mL of 60 ɛg/mL DPPH to 1 mL of distilled water. After the elapsed 

time, the absorbance of the solutions was read at 517 nm using a microtitre plate reader 
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(Promega, USA). The experiment was performed in triplicates and repeated three times. 

The percentage scavenging activity was calculated using equation 5: 

 

ϷὍὲὬὭὦὭὸὭέὲ
      

   
ὢρππ  (Equation 5) 

 

3.2.5.2. Ferric Reducing Antioxidant Power  

The ferric reducing power of the D. calcarata bulb water and methanol extracts was 

determined using Ferric Ion Reducing Power assay, following a method previously 

described by Kudumela and Masoko (2018). Different concentrations of the D. calcarata 

bulb extracts (62.5, 125, 250, 500 and 1000 Õg/mL) were prepared by serially diluting a 

stock solution of 10 000 ɛg/mL with acetone. The blank was prepared in the same 

manner; however, the extracts concentrations were replaced by an equal amount of 

distilled water. Ascorbic acid (62.5, 125, 250, 500 and 1000 Õg/mL) was used as a positive 

control and was prepared similar to the concentrations of the extracts. Five hundred 

micromolar (500 µM) of different concentrations were mixed with 500 µL of 0.2 M (pH 6.6) 

sodium phosphate buffer, followed by addition of 500 µL of potassium ferricyanide (1% 

w/v in distilled water) and vortexed. The mixtures were incubated for 20 minutes at 50 ÁC. 

Then, 400 µL of trichloroacetic acid (10% w/v in distilled water) was added to each tube 

after incubation. The samples were centrifuged at 300 x g for 10 min and 1000 ÕL of the 

resulting supernatant was transferred to a clean 2 mL centrifuge tube. To this solution, 

5 mL of distilled water and 1 mL ferric chloride (0,1% w/v in distilled water) were added 

consecutively with thorough vortexing after each addition. The absorbances were 

measured at 700 nm using a microtiter-plate reader (Promega, USA). The percentage 

reducing-power was calculated using equation 6: 

ϷὙὩὨόὧὭὲὫ ὴέύὩὶὃχππ ὲά έὪ ίὥάὴὰὩρ 8 
    

 (Equation 6) 

 

3.2.6. LC-MS Analysis of D. calcarata ME and WE 

The characterisation of the D. calcarata methanol and water extracts was done at 

Stellenbosch University (Western Cape Province, South Africa). The protocol used is 
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attached in the appendices (Appendix 3.3). However the LC-MS analysis and 

identification of the compounds in methanol, water extracts and fractions was done at the 

University of Limpopo by searching literature using the combination of molecular masses 

and retention times from LC-Mass generated data.  

 

3.2.7. Fractionation 

The bulb methanol extract and water extract (2 g) were chromatographed on a glass 

column (30 Ĭ 2 cm2) packed with silica gel (60 g) dissolved in 50:50 acetone and hexane. 

Elution was carried out using 50:50 (Acetone: Hexane), 100% Acetone, 50:50 (Acetone: 

Methanol) for the methanol extract and 50:50 (Acetone: Hexane), 100% Acetone, 50:50 

(Acetone: Methanol) and 7:1:2 (Butanol: Acetic acid: Distilled water). The solvents were 

removed under a stream of cold air at room temperature. Once the solvents were 

evaporated, the samples were dissolved in DMSO/water for cell culture experiments and 

Liquid Chromatography-Mass Spectrometry (LC-MS) Analysis (section 3.2.6). 

 

3.2.8. Cell culture maintenance  

The human cancer cells (HeLa [CCL-2Ê], Ca-Ski [CRM-CRL-1550Ê], Caco-2 [HTB-37], 

HT-29 [HTB-38Ê], MDA-MB-231 [HTB-26Ê], T47D [HTB-133Ê], A549 [CCL-185], 

H1573 [CRL-5877Ê] and H1437 [CRL-5872Ê]) and non-cancerous cells (HEK-293 

[CRL-1573], KMST6 and MRC-5 [CCL-171Ê]), originally purchased from the American 

Type Culture Collection (ATCC, Manassas, USA), were donated from various 

universities, which include, University of the Western Cape, University of Johannesburg 

and University of Pretoria; and were used as model cells for this study. The cell lines were 

cultured in either RPMI or DMEM supplemented with 10% FBS according to the 

manufacturerôs instructions and maintained in culture flasks at 37ÜC in a humidified 

incubator containing 5% CO2. 
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3.2.9. In Vitro cytotoxicity assays 

For in vitro cytotoxicity assay, two assays were utilized. Firstly, the MTT assay was used 

to determine the cell viability of various human cancer cells in response to the D. calcarata 

extracts and Curcumin. It was then followed by the Muse® Count and Viability assay to 

confirm both the effects of the extracts and their IC50s.  

 

3.2.9.1. MTT assay 

The effects of D. calcarata methanol and water extracts on the viabilities of different 

cancer cell lines (HeLa, Ca-Ski, HT-29, Caco2, T47D, MDA-MB 231, A549, H1573 and 

H1437), D. calcarata fractions and (Appendix 3.1) on selected cancer cells, as well as the 

non-cancerous HEK-293, KMST6 and MRC-5 cells were determined using the 3-(4, 5-

dimethyl-thiozol-2-yl)-2, 5-diphenyltetrazolim bromide (MTT) assay, according to the 

manufacturerôs instructions. Briefly, the cells were cultured in a flask until 80% confluency. 

The cells were then counted using the Countess Cell Counter (ThermoFisher Scientific, 

USA) and 1 X 103 cells/well were seeded in 96-well plates and incubated overnight to 

allow the cells to attach. Cells were then exposed to various concentrations of D. calcarata 

bulb extracts (0, 15.63, 31.25, 62.50, 125, 250, 500 and 1000 µg/mL), DMSO and 

Curcumin (50 µM) for 24 hours. Curcumin was used as a positive control. Following 24 

hours incubation, treatment was discarded and 10 µL of MTT reagent (5 mg/mL) was 

added and incubated for an additional 3 hours. Following incubation, 100 µL of DMSO 

was added to dissolve the formed formazan crystals, which were incubated for one hour 

at room temperature (25°C) in the dark. Thereafter, absorbance readings were taken at 

a wavelength of 560 nm using microtiter plate reader (Promega, USA). The cell viability 

was calculated using Equation 7, below. 

 

ὅὩὰὰ ὺὭὥὦὭὰὭὸώ Ϸ
   

    
 ὢ ρππ  (Equation 7) 
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3.2.9.2. Muse® Count and Viability assay 

The HeLa, Ca-Ski, HT-29, Caco2, T47D, MDA-MB 231, A549, H1573 and H1437 cancer 

cells as well as the non-cancerous HEK-293, KMST6 and MRC-5 cells (2 X 105 cells/well) 

were cultured in 12-well plates, overnight. Following incubation, the cells were washed 

with sterile 1 X PBS and the cells were treated with the IC50s for each extract and 50 µM 

Curcumin for 24 hours in appropriate cell culture conditions. Following treatment, the cells 

were trypsinized and centrifuged at 300 x g for 5 minutes. The cells were then re-

suspended in 20 µL cell culture medium and 380 µL Muse® Count and Viability Reagent 

was added to each sample. The samples were incubated for 5 minutes in the dark at 

room temperature, and thereafter, analysed using the Muse® Cell Analyser (Merck-

Millipore, Germany). 

 

3.2.10. Muse® Ki67 Cell proliferation assay 

Cell proliferation of the Ca-Ski and A549 cells was determined using the Muse® Ki67 

Proliferation Kit (Merck Millipore, Germany). The cells (5 X 103 cells/well) were seeded in 

a 12-well plate overnight. Following incubation, the cells were treated with various 

concentrations for 24 hours. The cells were harvested using trypsin and resuspended in 

200 µL of 1 X PBS. The cell suspensions were centrifuged at 300 x g for 5 minutes, then 

resuspended in 50 µL of fixation buffer solution and incubated at room temperature for 

15 minutes. The samples were then washed and incubated in 100 µL permeabilization 

buffer (Merck Millipore, Germany) for 15 minutes. Following the wash in 1 X PBS, the 

pellets were resuspended in 50 µL of buffer solution and were incubated in for 15 minutes. 

Following incubation, 10 µL of the Muse® Hu IgG1-PE (Overlay) [Merck Millipore, 

Germany] was added and incubated for 30 min at room temperature in the dark. This was 

followed by the addition of 150 µL Muse assay buffer was added to each sample and 

thoroughly mixed. The samples were analysed using the Muse® Cell Analyser to 

separate and determine the percentages of Ki67-positive and Ki67-negative populations. 
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3.2.11. Apoptosis analysis 

The apoptosis induction induced by the D. calcarata extracts was evaluated using various 

assays which included; Morphological examination using fluorescence microscopy 

imaging, Muse® Annexin V and Dead Cell assay and Muse® Caspase 3/7 activation 

Assay. 

 

3.2.11.1. Morphological examination (fluorescence microscopy imaging) 

The HeLa, Ca-Ski, HT-29, Caco2, T47D, MDA-MB 231, A549, H1573 and H1437 cancer 

cells (3 X 103 cells/well) were seeded in 24 well plates, overnight. After incubation, the 

cells were then exposed to the IC50s of methanol and water extracts, Curcumin (50 µM) 

for 24 hours. After treatment, the cells were washed with sterile 1 X PBS and fixed in 

3.7% paraformaldehyde for 10 minutes at room temperature. The cells were then washed 

twice with 1 X PBS and stained with 1 µg/mL acridine orange/ethidium bromide (AO/EB) 

[ThermoFischer Scientific, USA] for 15 minutes at room temperature, in the dark. After 

incubation, the cells were washed twice in 1 X PBS and morphological changes were 

observed under the Eclipse Ti-U fluorescence microscope while images were captured 

using DSRI-1 camera (Nikon Instruments Inc., USA). 

 

3.2.11.2. Muse® Annexin V and Dead Cell assay 

To determine if Drimia calcarata (D. calcarata) methanol extract (ME) and water extract 

(WE) induced apoptosis, Annexin V and Dead Cell Kit (Merck-Millipore, Germany) was 

used. Briefly, the HeLa, Ca-Ski, HT-29, Caco2, T47D, MDA-MB 231, A549, H1573 and 

H1437 cells (2 X 103 cells/well) were seeded in 24 well plates. After overnight incubation, 

the cells were treated with the IC50 values, 0.25% DMSO, 0.25% H2O and 50 µM of 

Curcumin for 24 hours. Following treatment, the cells were detached using trypsin, which 

was deactivated trypsin with a completed medium and centrifuged at 300 x g for 5 

minutes. The pelleted cells were re-suspended in 100 µL of DMEM containing 1% FBS 

and 100 µL of the Annexin V and Dead Cell reagent (Merck-Millipore, Germany) was 

added to each tube. Each sample was mixed with a pipette thoroughly for 5 seconds and 
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incubated in the dark at room temperature for 20 minutes. Samples were analysed using 

the Muse® Cell Analyser (Merck-Millipore, Germany). 

 

3.2.11.3. Muse® Caspase 3/7 activation Assay 

To further confirm whether D. calcarata methanol and water extracts induced caspase-

dependent apoptosis, the Muse® Caspase3/7 Activation Kit (Merck-Millipore, Germany) 

was used. Briefly, the HeLa, Ca-Ski, HT-29, Caco2, T47D, MDA-MB 231 and A549 cells 

(5 X 103 cells/well) were seeded in 12 well plates. After overnight incubation, the cells 

were treated with the IC50s and 50 µM of Curcumin for 24 hours. After incubation, the cells 

were trypsinized and centrifuged at 300 x g for 5 minutes. The cells were re-suspended 

in 50 ɛL of 1X assay Buffer and 5 ɛL of MuseÈ Caspase-3/7 Reagent (Merck-Millipore, 

Germany) working solution was added to each tube. The samples were thoroughly mixed 

by pipetting up and down at a medium speed for 5 seconds. The tube caps were loosened 

and incubated samples for 30 minutes in the 37°C incubator with 5% CO2. After 

incubation, 150 ɛL of MuseÈ Caspase 7-AAD (Merck-Millipore, Germany) working 

solution was added to each tube. The samples were vortexed for 5 seconds and 

incubated in the dark at room temperature for 5 minutes. Samples were analysed using 

the Muse® Cell Analyser (Merck-Millipore, Germany). 

 

3.2.12. Muse® Cell Cycle assay 

The HeLa, Ca-Ski, HT-29, Caco2, T47D, MDA-MB 231, A549, H1573 and H1437 cells (2 

X 105 cells/well) were cultured in 25 cm cell culture flasks overnight. Following incubation, 

the cells were washed with sterile 1 X PBS and treated with IC50s of the plant extracts 

and 50 µM of Curcumin for 24 hours in appropriate cell culture conditions. Following 

treatment, the cells were trypsinized and centrifuged at 300 x g for 5 minutes. The cells 

were then washed with sterile 1 X PBS and fixed for 3 hours in 70% ethanol at -20 C. 

Following incubation, the cells were centrifuged, washed with sterile 1 X PBS and 200 µL 

of Muse® Cell Cycle Reagent was added and incubated in the dark for 30 minutes. The 

samples were analysed using the Muse® Cell Analyser (Merck-Millipore, Germany). 
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3.2.13. Muse® Phosphatidylinositide 3-kinases (PI3K) Dual Activation assay 

The Muse® phosphoinositide 3-kinase (PI3K) Assay was performed to detect the extent 

of Akt phosphorylation relative to the total Akt expression in the untreated and treated cell 

population. The HeLa and Ca-Ski cells (3 X 103 cells/well) were seeded in 24 well plates 

in a 37ºC humidified incubator containing 5% CO2, and allowed to attach, overnight. The 

cells were then treated with D. calcarata extracts, 0.25% DMSO, 0.25% H2O and 50 µM 

Curcumin for 24 hours. Following treatment, the cells trypsinized and centrifuged at 300 

x g for 5 minutes. The cells were re-suspended in 500 µL of 1 X PI3K assay buffer (Merck-

Millipore, Germany and equal amount of fixation buffer (Merck-Millipore, Germany) was 

added. The samples were placed on ice for 5 minutes. The samples were centrifuged at 

300 x g or 5 minutes, permeabilized by adding 1 mL of ice-cold permeabilization buffer 

(Merck-Millipore, Germany) and placed on ice for 5 minutes. Following incubation, the 

cells were centrifuged at 300 x g for 5 minutes, re-suspended in 450 µL of 1 X PI3K assay 

buffer (Merck-Millipore, Germany) and 10 µL of antibody working cocktail (5 µL of anti -

phospho-Akt [Ser473], Alexa, Fluor®555 and 5 µL of anti-Akt/PKB, PECy5 conjugated 

antibodies) was added and incubated for 30 minutes in the dark at room temperature. 

Following incubation step, 100 µL of 1 X PI3K buffer was added to each sample and 

centrifuged at 300 x g for 5 minutes. The cells were re-suspended in 200 µL of 1 X PI3K 

assay buffer (Merck-Millipore, Germany) and analysed using Muse® Cell Analyser 

(Merck-Millipore, Germany). 

 

3.2.14. Total RNA Extraction  

In order to analyse the expression of cell cycle markers, Total RNA was extracted. Total 

RNA from treated and untreated cells was extracted using the ZR® RNA MiniPrep Kit 

(Zymo Research, USA), and the manufacturerôs instructions were followed. In its entirety, 

the HEK-293, HeLa, Ca-Ski, HT-29, Caco2, T47D, MDA-MB 231, A549, H1573 and 

H1437 cells were grown in 75 mL cell culture flasks. The cells were treated with the 

DMSO, IC50s for the plant extracts and 50 µM of Curcumin for 24 hours in cell culture 

conditions as previously described. The cells, both the detached and attached, were 

collected and transferred to 15 mL tubes and centrifuged at 6 000 x g for a minute. The 
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supernatant was discarded and the cells were re-suspended in 500 µL of Tri-Reagent, 

mixed and left at room temperature for 5 minutes. After 5 minutes incubation, each sample 

was centrifuged at 6000 x g for 15 minutes to remove the particles and debris. The 

supernatant was transferred to new 15 mL tubes and the same volume as the supernatant 

of 95% cold ethanol was added to the supernatant and mixed thoroughly. The solutions 

were then transferred into Zymo-Spin IIC columns inserted in collection tubes and 

centrifuged at 7 500 x g for 5 minutes at 4 °C. The flow through was discarded. Four 

hundred µL of RNA Wash Buffer was added to the column and centrifuged for 5 minutes 

at 7 500 x g, followed by addition of 5 µL DNase mixed with 75 µL DNA Digestion Buffer 

and incubated for 15 minutes. Four hundred µL of Direct-ZolTM RNA-PreWash was 

added to the column and centrifuged for 5 minutes at 7 500 x g at 4 °C. The flow-through 

was discarded and this step was repeated one more time. To ensure complete removal 

of wash buffer 700 µL of RNA Wash Buffer was added to the column and centrifuged for 

5 minutes at 7 500 x g at 4 °C. The columns were carefully transferred into 1.5mL 

microcentrifuge tubes. The RNA was eluted by adding 50 µL DNase/RNase-free water 

into the column matrix and centrifuged for 5 minutes at 7 500 x g at 4 °C. The eluted RNA 

was then stored at -80 °C until further use. 

 

3.2.15. RNA Agarose Gel Electrophoresis 

One gram of Agarose (Sigma-Aldrich, Germany) was weighed and dissolved in 100 mL 

of 1 X MOPS buffer using a microwave. The gel was allowed to cool for 1 minute and 2µL 

of (0.0002 µg/µL) ethidium bromide (ThemoFischer Scientific, USA) was added and 

gently mixed. The gel was poured and allowed to cast in the gel tray with a comb in place. 

The comb was removed and the gel with formed wells was pre-run for 10 minutes. Before 

mixing RNA sample with loading dye, the RNA samples were heated at 65ºC for 5 

minutes. The samples were then prepared by mixing 5 µL of RNA and 10 µL of gel loading 

buffer (Biolabs, New England). The RNA samples were run for 60 minutes at 90V. The 

gel was then viewed using the D-DiGit Gel Scanner (LI-COR Biosciences, USA). 
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3.2.16. Reverse Transcription (cDNA synthesis) 

The AMV II Reverse Transcription System (Promega, USA) was used to synthesize cDNA 

from the extracted total RNA (Section 3.2.14). The total RNA samples were thawed and 

used to reverse transcribe RNA following manufacturer's instructions. The reverse 

transcription components were mixed as tabulated in Table 3.1. 

 

Table 3.1: The components of a reverse transcription reaction 

Components Amount Final concentration 

MgCl2 (25 mM) 4.0 µL 5 mM 

Reverse Transcription 10 X Buffer 2.0 µL 1 X 

dNTP mixture (10 mM) 2.0 µL 1 Mm 

Recombinant RNasin Ribonuclease Inhibitor (40 u/µL) 0.5 µL 0.8 u/µL 

Oligo (dT)15 Primers (500 µg/mL) 1.0 µL 20 µg/mL 

Total RNA (1µg) 5.0 µL 0.2 µg 

AMV Reverse Transcriptase (160 u/µL) 1.0 µL 6.4u/µL 

Nuclease-free Water 4.5 µL  

Total reaction volume 20 µL - 

 

After the addition of all the components with the reverse transcriptase added last, the 

samples were incubated at 25ºC for 5 minutes, 42ºC for 60 minutes and then heated at 

70ºC for 15 minutes. Finally, the samples were incubated at 4ºC for 5 minutes to inactivate 

the AMV reverse transcriptase and prevent it from binding to the cDNA. The cDNA 

samples were stored at -20ºC until further use. 

 

3.2.17. Nucleic acids Quantification 

Quantification of both RNA and cDNA was performed using the BeckMan Coulter Life 

Sciences UV Spectrophotometer (Life Science Instruments, USA).  
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3.2.18. Polymerase Chain Reaction (PCR) 

The primers were manually designed (Section 3.2.18.1), validated using bioinformatics 

databases and purchased from Inqaba Biotech, South Africa. Following cell culturing 

(Section 3.2.8), RNA extraction (Section 3.2.14) and cDNA synthesis (Section 3.2.16) 

using the extracted total RNA, Polymerase Chain Reaction (PCR) was employed by 

firstly, optimizing each set of primers in order to get the appropriate annealing 

temperature at which each primer set works best. Secondly, once the annealing 

temperatures were obtained, the experimental PCR reactions were performed. After each 

run, the samples were subjected to DNA agarose gel electrophoresis and images were 

captured.  

 

3.2.18.1. Primer design 

The primers were designed manually using the complete mRNA sequences (CDKN1A, 

CDC2, CLA1, CLB1, TP53, Bcl-2, Bax, STAT1, STAT2, STAT3, STAT5A, STAT5B, 

FOXP3, DOCK8, CCND2, VEGF, Cyclin D1, IGF) retrieved from National Center for 

Biotechnology Information (NCBI) database (https://www.ncbi.nlm.nih.gov). The amino 

acid sequences for each variant were then downloaded from UniProt (www.uniprot.com) 

and then aligned using Muscle Multiple Sequence Alignment tool (www.EMBL.com) to 

determine the unique region in each gene. The unique nucleotide sequences were then 

identified and the primers were then manually designed using general primer design rules 

(Appendix 3.4). OligoAnalyser 3.1 was used to assess the properties of the primers; 

looking at the GC content and their melting temperatures (TM).  

Additionally, the blast tool (https://blast.ncbi.nlm.nih.gov/Blast.cgi) was used to ascertain 

the specificity of each primer. The primers were designed in such a way that primer pairs 

had the same or close (less than 1ºC difference) melting temperatures (TM). The TMs were 

calculated using Equation 8:  

TM= 4 (G+C) + 2 (A+T)   (Equation 8) 

https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
file:///C:/Users/Tezz/OneDrive/RESEARCH%202017/MSc%20DISSERTATION%20%20FROM%202017/2018%20WORK/CORRECTIONS/DRAFT%203/www.uniprot.com
file:///C:/Users/Tezz/OneDrive/RESEARCH%202017/MSc%20DISSERTATION%20%20FROM%202017/2018%20WORK/CORRECTIONS/DRAFT%203/www.EMBL.com
https://blast.ncbi.nlm.nih.gov/Blast.cgi
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From the TMs obtained, the annealing temperatures (TA) of the primers were derived by 

subtracting 5ºC. The primer pairs which had satisfied all the requirements are tabulated 

(Table 3.2). 

 



83 
 

Table 3.2: The primer sequences of cell cycle- and apoptosis-related genes 

Gene Primers 
Number of expected 

products 

Product 

length (bp) 
Accession numbers 

CDKN1A 

Forward: GACCTGTCACTGTCTTGTAC 

Reverse: GGTAGAAATCTGTCATGCTGG 
1 122 NM_000389.5 

CLB1 
Forward: GTGCCAGTGCCAGTGTCTGAG 

Reverse: TCATGTTTCCAGTGCTTCCCG 
1 337 NM_001354844.2 

CLA1 
Forward: GCACTGCAGCAACCCCAAGAG 

Reverse: GAGCTGCAGTTTCCCTCTCAG 
1 730 NM_003914.4 

CDC2 
Forward: GGTTCCTAGTACTGCAATTCG 

Reverse: TTTGCCAGAAATTCGTTTGG 
1 700 NM_033379.5 

TP53 
Forward: GTTGCCCAGGCTGGAGTGGAG 

Reverse: GGCTGAGACAGGTGGATCGC 
1 250 NM_000546.6 

BCL2 
Forward: GCACCGGGCATCTTCTCCTC 

Reverse: CCGAGATGTCCAGCCAGCTG 
1 199 NM_000657.3 

BAX 
Forward: GGGTGGTTGGGTGAGACTC 

Reverse: AGACACGTAAGGAAACGCATTA 
1 191 NM_001291429.2 
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STAT1 
Forward: GCCCCGATGGTCTCATTCCG 

Reverse: GTCCTTCAACAGGGCACGCT 
1 185 NM_001384880.1 

STAT3 
Forward: TGCCTGCGGCATCCTTCTGC 

Reverse: ACAGGCGTGAGCCACCATGC 
1 242 NM_139276.3 

STAT5A 
Forward: AGAAGCACCACAAGCCCCAC 

Reverse: GTGTTTCCTGACCGCCCCAA 
1 280 NM_001288718.2 

STAT5B 
Forward: GGATGGGTGCATCGGGGAAG 

Reverse: TCTCAGAGGCAGGTGCTGGT 
1 166 NM_012448.4 

RBBP6 RING 
Forward: GGATAATATGTGGCATCACTT G 

Reverse: TCCCTGTATGACACTGTGTTG 

1 300 NM_032626.6 

RBBP6 Exon 16 

Variant 1&2 

Forward: GTATAGTGTCCCTCCTCCAGG 

Reverse: GTAATTGCGGCTCTTGCCTCT 
2 445 and 343 NM_006910.5 

FOXP3 
Forward: TCAACGGTGGATGCCCACGC 

Reverse: CTGGGGCACAGCCGAAAGGG 
2 647 and 390 NM_014009.4 

DOCK8 
Forward: GCAGCCCTCTTTGCCGGAGG 

Reverse: GCAGTGACGGGGCCTTTCCC 
1 380 XM_047423927.1 

CCND2 Forward: AGGAGCTGCTGGAGTGGGAA 1 310 X68452.1 
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Reverse: TTGCGATCATCGACGGTGGG 

VEGF 
Forward: CCTTGCTGCTCTACCTCCAC 

Reverse: ATCTGCATGGTGATGTTGGA 
1 300 AY500353.1 

Cyclin D1 
Forward: AGCTCCTGTGCTGCGAAG 

Reverse: AGTGTTCAATGAAATCGTGCGGGGT 
1 580 NM_053056.3 

IGF 
Forward: GCTGTGCCTGCTCACCTTCA 

Reverse: GCTCCGGAAGCAGCACTCAT 
1 190 NM_001111283.3 

GAPDH 
Forward: AGCTGAACGGGAAGCTCACT 

Reverse: TGCTGTAGCCAAATTCGTTG 
1 297 NM_001289745.3 
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3.2.18.2. Polymerase Chain Reaction (PCR) components 

The PCR components were thawed on ice and mixed as per manufacturerôs 

instructions (Takara, Japan), and the components of PCR reaction were combined as 

tabulated in Table 3.3.  

 

Table 3.3: The components of a PCR reaction 

Components Amounts  Final concentrations 

EmeraldAmp® GT PCR Master Mix (2X) 12.5 µL 1 x 

PCR water 9.5 µL  

Forward primer 1.0 µL 0.2 µM 

Reverse primer 1.0 µL 0.2 µM 

cDNA sample 1.0 µL 200 ng 

Total reaction volume 25 µL  

The samples were subjected to Polymerase Chain Reaction using the T100Ê Thermal 

Cycler (BioRad, USA) under different conditions as per primer set (Table 3.2). 

The general PCR conditions were as follows: 

Step 1: 98ºC for 30 seconds for initial denaturation for one cycle 

Step 2: 96ºC for 30 seconds 

Step 3: Annealing at TA for 45 seconds 

Step 4: Extension at 72ºC for 1 minute 

Steps 2 to 4 were repeated for 25 to 30 cycles. 

Step 5: Final extension at 72ºC for 5 minutes for one cycle. 

 

3.2.18.3. DNA Agarose Gel Electrophoresis 

One gram (1g) of Agarose (Sigma-Aldrich, Germany) was weighed and dissolved in 

100 mL of 1 X TBE buffer (Appendix 3.2) and microwaved for 3 minutes. The gel was 

allowed to cool and then poured in the gel trays with a comb in place. After the gel had 

set, the comb was removed and the gel with formed wells was pre-ran for 10 minutes. 

The samples were firstly mixed with the novel juice (Cat no. LD001-1000) [Anatech, 

South Africa), followed by loading and ran the samples for 60 minutes at 90 V. The gel 
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was then viewed using the D-DiGit Gel Scanner (Anatech, South Africa). The band 

densities from three independent experiments were measure using image J software 

(https://imagej.nih.gov/ij/docs/index.html). 

 

3.2.19. Western Blotting Analysis 

3.2.19.1. Protein extraction and determination of protein concentration 

The HeLa, Ca-Ski and A549 cells were seeded in 75 mL flasks overnight. Following 

incubation, the cells were treated with the solvent controls (DMSO and H2O), positive 

control (50 µM Curcumin) and IC50s for the plant extracts for 24 hours. The cells, 

including both the detached and attached, were collected and centrifuged at 12 000 x 

g for 5 minutes at 4ºC. To the cell pellet, ice-cold 1X PBS was added, washed and 

centrifuged at 12 000 x g for 5 minutes at 4ºC. The ice-cold RIPA lysis buffer was 

added to the pellet and samples were placed on ice with continuous agitation for 30 

minutes. Following agitation, the samples were centrifuged at 12 000 x g for 30 

minutes at 4ºC. The supernatant was transferred to a new clean microcentrifuge tubes 

and placed on ice. The quantification was done using the Bicinchoninic Acid Kit (Sigma 

Aldrich, Germany). The assay was done in triplicates in a 96 well plate, where 200 µL 

of BCA reagent was added to each well containing 25 µL protein sample. BSA was 

used to prepare the standard solutions from 200 µg/µL to 1000 µg/µL. The samples 

were incubated for 30 minutes at 37ºC. Following incubation, absorbance readings 

were measured at 560 nm using microtiter plate reader (Promega, USA). A standard 

curve was constructed and the protein concentrations of the unknown samples were 

determined. The protein samples were normalized to a consistent concentration of 

2000 µg/µL. The same volume of the 2X sample buffer was added to each protein 

sample and placed at 4ºC. 

 

3.2.19.2. Preparation of 12% SDS PAGE 

The SDS PAGE gel was prepared using the recipe in Appendix 3.2. This mixture was 

poured into the acrylamide gel casting apparatus (BioRAD, USA). It was then overlaid 

with water and after solidifying the water was discarded. Once sealed, the resolving 

gel was prepared Appendix 3.2 and added on top of the sealing gel. A stacking gel 

Appendix 3.2 was made and added on top of this separating gel. 

https://imagej.nih.gov/ij/docs/index.html
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3.2.19.3. SDS-PAGE gel electrophoresis 

Equal amounts of protein samples (20 µg) with 2X sample buffer were loaded into the 

wells of SDS-PAGE gel. The protein electrophoresis system was then set at a constant 

voltage of 150V and allowed to run for 2 hours in 1X SDS-PAGE running buffer. 

 

3.2.19.4. Electroblotting and blocking 

An electro-blotting cassette (BioRAD, USA) was assembled according to the 

manufacturerôs instructions to transfer proteins onto the polyvinylidene fluoride 

membrane (PVDF) membrane (Sigma-Aldrich, Germany) in transfer buffer for 30 

minutes. Following the transfer, the membrane was blocked in 5% non-fat milk for an 

hour. 

 

3.2.19.5. Probing the blot with antibodies 

The milk-blocked membranes were probed with respective primary antibodies 

(Appendix 3.5 A-E) prepared in milk (1:1000 in 5% non-fat milk) STAT1, Mouse mAb, 

STAT3, Mouse mAb, STAT5A, Mouse mAb and STAT5B Antibody [Cell Signalling 

Technology, United State of America] and incubated for overnight on a shaker at 4 ºC. 

Following incubation, the membranes were washed three times, (10 min for each), 

with 1X TBS containing 0.1% Tween 20. After washing, the membrane was incubated 

in a secondary antibody (1:5000 in 5% non-fat milk), Polyclonal Rabbit Anti-Mouse 

Immunoglobulins/HRP conjugated (Dako, Denmark) [Appendix 3.6]] for one hour at 

room temperature. This was followed by washing the membrane three times (10 min 

each) with 1X TBS containing 0.1% Tween 20. 

 

3.2.19.6. Detection and exposure  

To visualize the protein + primary antibody + secondary antibody complexies, the 

membranes were immersed in same volumes of ECL Express peroxide solution and 

ECL Express Luminol Enhancer solution containing Substrate (Expedeon, USA) for 

five min. The blot was then scanned using the blot C-Digit scanner (LI-COR, Germany) 

over two periods (6 minutes and 12 minutes), and the pictures were captured. 
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3.2.20. Protein Profiler array 

3.2.20.1. Protein extraction and determination of protein concentration 

The protein from the MDA-MB 231 cells was extracted using the protocol described in 

Section 3.2.18.1. The protein samples were normalized to a consistent concentration 

of 300 µg/µL.  

 

3.2.20.2. Protein array 

The Array Buffer 1 (2 mL) [R&D Systems, USA] was pipetted into each well of the 4-

Well Multi-dish. Using flat-tip tweezers, the membranes were removed from between 

the protective sheets and placed in a well of the 4-Well Multi-dish and incubated for 

one hour on a rocking platform shaker. Following incubation, 1 mL of each protein 

sample (300 µg/µL) was adjusted to 1.5 mL using Array Buffer 1. The Array Buffer one 

was aspirated from the wells of the Multi-dish and the protein samples were added 

and placed the lid on the 4-Well Multi-dish. The samples were incubated overnight at 

4°C on a rocking platform shaker. After overnight incubation, each membrane was 

placed into individual plastic containers with 20 mL of 1X Wash Buffer (R&D Systems, 

USA). The membranes were washed two times for 10 minutes on a rocking platform 

shaker at room temperature. The 4-Well Multi-dish was rinsed with distilled water and 

dried thoroughly. For each array, 1.5 µL of Detection Antibody (R&D Systems, USA) 

was mixed with 1.5 mL 1X Array Buffer 2 (R&D Systems, USA). The diluted Detection 

Antibody was added to each well of the 4-Well Multi-dish. Each array was carefully 

removed from its container, allowed excess Wash Buffer to drain from the membrane 

and returned to the 4-Well Multi-dish containing the diluted Detection Antibody. The 4-

Well Multi-dish was covered with a lid and incubated for 1 hour on a rocking platform 

shaker. Following incubation, the membranes were placed into individual plastic 

containers with 20 mL of 1X Wash Buffer and washed two times for 10 minutes on a 

rocking platform shaker. The 4-Well Multi-dish was rinsed with distilled water and dried 

thoroughly. The Streptavidin-HRP (R&D Systems, USA) was diluted in 1X Array Buffer 

2 using the dilution factor 1:2000. The diluted Streptavidin-HRP (2 mL) was added into 

each well. Each membrane was carefully removed from its wash container, allowed 

excess Wash Buffer to drain from the membrane and returned to the 4-Well Multi-dish 
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containing the diluted Streptavidin-HRP. The arrays were incubated at room 

temperature for 30 minutes on a rocking platform shaker. Following incubation, the 

membranes were placed into individual plastic containers with 20 mL of 1X Wash 

Buffer and washed two times for 10 minutes on a rocking platform shaker. The 4-Well 

Multi-dish was rinsed with distilled water and dried thoroughly.  

 

3.2.20.3. Detection and exposure  

To visualize the arrays, equal volumes of Chem Reagent 1 and Chemi Reagent 2 were 

mixed to create the Chemi reagent mixture, 1 mL of the Chemi Reagent mixture was 

added into 4-Well Multi-dish. The membranes were immersed into 4-Well Multi-dish 

containing Chemi Reagent mixture and incubated in the dark for 5 minutes. The arrays 

were then scanned with blot C-Digit scanner (LI-COR Biosciences, USA) for 12 

minutes and the pictures were captured. 

 

3.2.21. Immunocytochemistry 

The A549 cells (1 X 105 cells/well) were seeded in 12-well plates overnight. Following 

incubation, the cells were treated with D. calcarata methanol and water extracts, 

positive control (Curcumin) and solvent controls (DMSO and H2O) for 24 hours. 

Following treatment, the cells were washed with sterile 1 X PBS and fixed with 500 µL 

of 4% paraformaldehyde (Sigma-Aldrich, Germany) for 15 minutes. The cells were 

then permeabilized with 500 µL of 0.25% TritonÊ X-100 (ThermoFischer Scientific, 

USA) solution for 10 minutes and blocked with 500 µL of 5% Bovine Serum Albumin 

(BSA) [Sigma-Aldrich, Germany] for 1 hour at room temperature. The cells were 

labelled with 200 µL of 1:250 primary monoclonal antibody; STAT1 and STAT5B 

[Santa Cruz Biotechnology, USA] and STAT3, FoxP3 rabbit monoclonal antibody , 

LC3B rabbit monoclonal antibody [Cell Signalling Technology, USA] overnight at 4°C. 

The cells were then washed with sterile 1 X PBS, then proteins were detected with 

200 µL of 1:30 Polyclonal Rabbit Anti-Mouse Immunoglobulins/FITC secondary 

antibody (Nr-. F 0261) [Dako, Denmark) or 4 µg/mL of Goat anti-Rabbit IgG (H+L) 

Cross-Adsorbed Secondary Antibody, Alexa Fluor 488 [Thermo Fisher Scientific, 

USA] for 1 hour in the dark at room temperature. The full information for each antibody 

is provided in appendix D and E. The samples were examined using an inverted digital 
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microscope CytoSmart Lux3 (CytoSmart Technologies, Netherlands) and images 

were captured at 20X magnification. The fluorescence intensities for the proteins were 

measured using the Image J software (https://imagej.nih.gov/ij/docs/index.html). 

 

 

https://imagej.nih.gov/ij/docs/index.html
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Chapter Four: Phytochemical screening and Characterisation of Drimia calcarata 

extracts 

 

4. Introduction 

The screening of plant materials for new anticancer compounds represents an important 

source for new effective medicines. This chapter covers the qualitative analysis of the 

phytochemical constituents in the plant Drimia calcarata (D. calcarata) [Section 4.1], 

quantitative phytochemical anlysis (Section 4.2), where the total phenolic, total tannin and 

total flavonoid content were done. Additionally, the quantitative antioxidant activity 

(Section 4.3) of the D. calcarata extracts was analysed using the 2, 2-Diphenyl-1-

picrylhydrazyl (DPPH) and free radical antioxidant power (FRAP) assays. Futhermore, 

the identification of chemical composition of water extract and methanol extract were 

done using Liquid chromatographyïmass spectrometry (LC-MS) [Section 4.4]. Chemical 

composition of the D. calcarata fractions was done using the LC-MS (Section 4.5). Lastly, 

the discussion (Section 4.6) and conclusion (Section 4.7) will be provided in respect to 

the implications of this plantôs constituents for cancer treatment. 

 

4.1. Qualitative analysis of phytochemicals 

Phytochemical screening of the D. calcarata extracts was done using the standard tests 

and thin layer chromatography (TLC). The quantitative phytochemical analysis were done 

using the total phenolic, total tannin and total flavonoid contents. The chemical 

compositions of the D. calcarata extracts and fractions were performed using LC-MS. 

 

4.1.1. TLC analysis 

The presence of phytoconstituents in the water and methanol extracts of D. calcarata was 

confirmed through TLC. In this study, the three mobile phase systems; namely, (EMW 

[ethylacetate, methanol and water], TEA [toulene, ethanol and ammonia solution] and 

CEF [chloroform, ethylacetate and formic acid]), were used to separated compounds 

according to their polarities, and visualisation was done using three different methods 

(ultraviolet [UV], vanillin-sulphuric acid and p-anisaldehyde-sulphuric reagents). 
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Furthermore, the antioxidant activities of the two extracts was confirmed by spraying the 

TLC plates with DPPH solution. 

 

Data from this chapter has been published as part of the publications that came from this thesis. 

 

 

4.2.1.1. Fluorescing compounds 

Under UV light light at 245nm and 365 nm, a number of compounds were observed. The 

water and methanol extracts of Drimia calcarata (D. calcarata) [Figure 4.1], shows the 

presence of a number of compounds at 245 nm and 365 nm. TLC plates demonstrated 

that the D. calcarata extracts contained different compounds of varying polarities.The 

EMW polar system was found to be the best system as it rosolved more compounds than 

CEF and TEA. CEF and TEA showed better separation of the plant compounds but 

resolved few phytoconstituents.  

 



94 
 

Figure 4.1: Chromatograms showing separated compounds from D. calcarata extracts. The 

bands were visualised under UV light at 365 nm and 245 nm. The chromatograms were developed 
in three different solvent systems of varying polarities; namely, EMW (polar), CEF (intermediate 
polarity) and TEA (non-polar). Keys: WE-water extract and ME- methanol extract. 

 

4.2.1.2. Vanillin-sulphuric acid and p-anisaldehyde-sulphuric acid stained 

The chromatograms in Figure 4.2 were visualised using vanillin-sulphuric acid and p-

anisaldehyde-sulphuric reagents, EMW also confirmed to be the better system. The ME 

contains more compounds with a wide range of polarities as seen by the separation of 

compounds by the three mobile phases. Based on this results, D. calcarata extracts 

contain compounds of various polarity as there were phytoconstituents detected in all the 

system systems; however, there were more polar compounds. 

Figure 4.2: Chromatograms of D. calcarata extracts visualized with vanillin-sulphuric acid and p-

anisaldehyde-sulphuric. The chromatograms were developed in three different solvent systems: 
EMW (polar), CEF (intermediate polarity) and TEA (non-polar). Keys: WE-water extract and ME- 
methanol extract. 

 



95 
 

4.2.1.3. Compounds with antioxidant activities 

As shown in Figure 4.3., this study also demonstrated that the D. calcarata contains 

compounds with antioxidative activity, both extracts showed antioxidant activities against 

the free radical, 2, 2-Diphenyl-1-picrylhydrazyl (DPPH). This is observed in Figure 4.3, 

where yellow spots appearing on the chromatograms against the purple DPPH 

background demonstrated antioxidant activity. Higher antioxidant activity was observed 

in the EMW solvent system for both extracts, followed by the CEF. 

 

Figure 4.3: Chromatogram of D. calcarata extracts developed in EMW, TEA and CEF solvent 

systems. The Chromatograms were soaked in 0.2% DPPH solution. Yellow spots against the 
purple background are indicative of antioxidant activity. Keys: WE-water extract and ME- 

methanol extract. 
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4.1.2. The secondary metabolites detected in D. calcarata extracts 

Qualitative analysis of the phytochemicals was performed in order to determine the 

presence of different phytochemical groups, which included flavonols, chalcones, 

anthocyanins, steroids, terpernoids, anthraquinones, quinones, anthraquinone, quinones, 

terpenoids, tannins, phenols, xanthones and flavones, alkaloids, carbohydrates and 

cardic glycosides, saponins, coumarins and leucoanthocyanins in the methanol extract 

(ME) and water extract (WE). As shown in Table 4.1, both D. calcarata extracts revealed 

the presence of tannins, phenols, steroids, terpernoids and cardic glycosides. The 

flavonols, xanthones, flavones and anthraquinones were only present in WE, while 

carbohydrates and proteins were only present in ME. Chalcones, anthocyanins, 

phlobatannins and alkaloids were not detected in all the extracts. 

 

Table 4.1: The presence/absence of various secondary metabolites in the bulb methanol and 

water extracts of D. calcarata 

Phytochemicals ME WE 

Alkaloids - - 
Anthocyanins - - 
Anthraquinones - + 
Carbohydrates + - 
Cardic glycosides + ++ 
Chalcones - - 
Coumarins ++ + 
Flavonoids ++ + 
Flavonols - + 
Leucoanthocyanins  + ++ 
Phenols + ++ 
Phlobatannins - - 
Proteins ++ - 
Quinones + + 
Saponins + ++ 
Steroids + ++ 
Tannins + ++ 
Terpenoids + ++ 
Xanthones and flavones - + 

 

Key: (++) Strong intensity reaction; (+) Weak intensity reaction; (-) Not detected 

4.2. Quantitative phytochemical analysis 

The total phenolic content of the D. calcarata extracts was determined by Folin-Ciocalteu 

reagent method and measured in terms of gallic acid equivalent (GAE), whereas the total 
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tannin content was measured in terms of tannic acid equivalent (TAE) while the total 

flavonoid content was measured in terms of quercetin equivalent (QAE). 

 

4.2.1. Total phenolic content 

The phenolic content in ME and WE of D. calcarata was evaluated using the Folin-

Ciocalteu reagent method. The linear equation of the standard control, gallic acid was 

found to be y = 1.6185x +0.0171 (Appendix 4.2). The total phenolic content was 

expressed as gallic acid equivalents and WE was found to be higher (26.654±0.153) than 

ME (9.383±0.029) at 1000 µg/mL. Quercetin was used as the positive control. The total 

phenolic content data of both extracts are presented in Table 4.2 and Figure 4.4.  

 

Table 4.2: The total phenolic content of D. calcarata extracts 

Concentration 

(µg/mL) 

Total phenolic content (mg GAE/g extract) ± SEM 

WE ME Quercetin 

0 0.000±0.000 0.000±0.000 0.000±0.000 

62.5 19.964±0.103 8.801±0.023 84.822±3.579 

125 20.939±0.211 8.776±0.027 152.650±9.613 

250 22.008±0.246 8.935±0.032 269.740±10.559 

500 23.436±0.106 9.162±0.029 397.990±5.217 

1000 26.654±0.153 9.383±0.029 645.070±15.456 
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Figure 4.4: The total phenolic content of the WE and ME extracts. The TPC of the two extracts 
was represented as Gallic acid equivalent (GAE mg/mL). Quercetin was used as positive control.  

 

4.2.2. Total tannin content (TTC) 

The total tannin content (TTC) of each extract was determined using the Folin-Ciocalteu 

reagent method and the TTC was expressed as tannic acid equivalent using the linear 

regression from the standard curve. The linear equation of tannic acid was found to be y 

= 0.2061x +0.0027 (Appendix 4.3). Total tannin content of WE was 253.580±4.356 at the 

highest concentration than that of the positive control gallic acid, which was 

239.310±9.303. The ME had the least tannin content of 51.306±0.957 at the highest 

concentration of the extract. The results of total tannin content in the D. calcarata extracts 

are displayed in Table 4.3 and Figure 4.5.  
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Table 4.3: The total tannin content of D. calcarata extracts 

 

Concentration (µg/mL) 

Total tannin content 

(mg TAE/g extract) ± SEM 

WE ME Gallic acid 

0 0.000±0.000 0.000±0.000 0.000±0.000 

62.5 126.790±0.467 50.885±0.829 139.000±0.759 

125 131.640±1.038 50.253±0.728 149.820±2.879 

250 142.910±0.273 50.660±0.601 175.710±2.281 

500 158.200±0.583 51.190±0.897 211.860±6.954 

1000 253.580±4.356 51.306±0.957 239.310±9.303 

 

 

Figure 4.5: The total tannin content of the WE and ME. The TTC was represented as tannic acid 

equivalent (TAE mg/mL). Gallic acid was used as positive control. 
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4.2.3. Total flavonoid content (TFC) 

The concentration of flavonoids in ME and WE of D. calcarata, which was measured by 

aluminium chloride method. The content of flavonoids was expressed as quercetin 

equivalents. The linear equation of quercetin was found to be y = 8E-0.5x +0.0061, 

R2=0.9919 (Appendix 4.4). The WE showed higher flavonoid content of 971.33±33.198 

at 1000 µg/mL than the ME, which showed 866.67±20.667. Epigallocatechin 

(5547.3±271.64) was used as positive control (Table 4.4 and Figure 4.6). 

 
Table 4.4: The flavonoid content of D. calcarata extracts 

Concentration 

(µg/mL) 

Total flavonoid content 

(mg QAE/g extract) ± SEM 

WE ME Epigallocatechin 
gallate 

0 0.000±0.000 0.000±0.000 0.000±0.000 

62.5 518.00±9.238 71.333±26.333 2436.0±135.68 

125 645.67±18.765 387.33±69.667 2443.3±82.850 

250 713.67±7.796 456.67±104.33 3208.0±200.92 

500 871.00±51.962 624.33±74.667 3740.3±571.14 

1000 971.33±33.198 866.67±20.667 5547.3±271.64 
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Figure 4.6: The total flavonoid content of WE and ME. The TFC was expressed as the quercetin 

equivalent (QAE mg/mL). Epigallocatechin gallate was used as positive control.  

 

4.3. Quantitative antioxidant power of D. calcarata extracts 

The antioxidant activities of the water and methanol extracts were evaluated by two tests: 

2, 2-Diphenyl-1-picrylhydrazyl (DPPH) and ferric reducing antioxidant power (FRAP) 

assays. 

 

4.3.1. DPPH free radical scavenging activity of D. calcarata extracts 

The antioxidant activity assay was carried out to assess the ability of the D. calcarata 

extracts to scavenge free radicals by the improved DPPH method. As shown in Table 4.5 

and Figure 4.7, the WE showed higher DPPH inhibition percentage (58.771±2.019), while 

the ME exhibited a lower DPPH inhibitory capacity (51.631±0.269). Based on this results, 

the highest radical scavenger capacity was found in WE than ME. 
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Table 4.5: The DPPH inhibition percentages of D. calcarata extracts 

Concentration 

(µg/mL) 

DPPH inhibition (%) ± SEM  

WE ME Ascorbic acid 

0 0.000±0.000 0.000±0.000 0.000±0.000 

62.5 52.443±0.754 37.539±2.507 50.420±0.109 

125 52.628±0.633 41.015±1.885 51.175±0.497 

250 52.412±0.378 42.680±2.156 51.379±0.364 

500 51.507±0.020 40.865±2.158 53.807±2.128 

1000 51.684±0.208 46.229±0.963 55.777±1.664 

2000 58.504±1.851 51.038±0.388 79.605±1.763 

4000 58.771±2.019 51.631±0.269 83.459±1.153 

 

 

Figure 4.7: DPPH scavenging activity of D. calcarata extracts. Ascorbic acid was used as positive 

control.  

 

4.3.2. Reducing power antioxidant activity of D. calcarata extracts 

The reducing potential of D. calcarata extracts was assessed using the FRAP method. 

As shown in Table 4.6 and Figure 4.8, WE showed the highest reducing antioxidant 

percentage power (87.099±0.832), while the ME showed a lower reducing antioxidant 

percentage power (55.378±0.269). Based on this results, WE showed better antioxidant 

power than ME.  
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Table 4.6: The reducing antioxidant power percentage of D. calcarata extracts 

Concentration 

(µg/mL) 

Ferric Reducing antioxidant power (%) ± SEM 

WE ME Ascorbic acid 

0 0.000±0.000 0.000±0.000 0.000±0.000 

62.5 29.053±0.117 39.693±4.054 31.103±0.747 

125 32.607±0.002 40.010±4.670 63.546±1.692 

250 33.623±0.111 40.044±5.485 76.280±0.493 

500 34.921±0.227 40.200±4.281 79.605±1.763 

1000 53.399±1.619 34.121±0.330 83.459±1.153 

2000 63.546±1.692 36.070±0.529 85.032±1.014 

4000 77.544±0.348 45.536±1.582 85.898±1.043 

6000 80.996±0.943 47.877±0.209 89.366±2.909 

8000 84.056±0.995 50.793±1.387 95.430±0.531 

10 000 87.099±0.832 55.378±0.269 99.791±3.645 

 

 

Figure 4.8: Reducing power antioxidant activity of D. calcarata extracts. Ascorbic acid was used 

as positive control. 

 



104 
 

4.4. Chemical composition of D. calcarata water and methanol extracts  

The LC-MS profiles of D. calcarata extracts were analysed for the identification of 

phenolic compounds.Table 4.7 shows the peak number, retention time, mass, chemical 

formula, implicated molecular pathway and sources of information. The obtained 

chromatogram for the water extract is shown in Appendix 4.5 (ZM_ Unilim_190917_27). 

Eleven compounds were identified, while only 2 compounds were not identified. Among 

the identified compounds, only 3 compounds were previously found in other Drimia 

species (Peaks 2 ï Ficuspirolide; Peak 10 - Scillirosidin-glucosido-rhamnoside and Peak 

14 - 6ɓ-Acetoxyscillarenin3-Oɓ-D-glucoside (1Ÿ4)-Ŭ-L-rhamnoside).  

The obtained chromatogram for the methanol extract is shown in Appendix 4.5 

(ZM_Unilim_190917_26). As shown in Table 4.7, 15 compounds were identified and 2 

compounds were not identified. Among the identified compounds, only 4 compounds 

were previously found in other Drimia species (Peaks 3 - Isorhamnetin derivative, Peak 

8 - Dihydroquercetin O-hexoside/Dihydromyricetin 3-O-rhamnoside, Peak 16 - 

Scillirubroside/scilliphaeosidin-glucoside and Peak 18 - 6ɓ-Acetoxyscillarenin3-Oɓ-D-

glucoside (1Ÿ4)-Ŭ-L-rhamnoside). 

 

https://www.sciencedirect.com/science/article/pii/S1359511310002084#tbl4
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Table 4.7: Compounds detected in D. calcarata extracts using Liquid Chromatography Mass Spectrometry (LC-MS) 

Water extract 

Compound (Peak number) 
Retention 

Time (Min) 
Molar mass 

Chemical 

formula 
Biological activities Reference 

Pantothenate (1) 5.81 218.1039 C9H16NO5 
Biosynthesis of co-

enzyme A 
(Rodríguez-Pérez et al., 2013) 

Ficuspirolide (2) 6.46 240.0503 C13H20O4 Unknown 
(Kakouri et al., 2019; Kuo and Li, 

1999) 

Quercetin derivative  

(3) 
6.66 299.0767 C15H10O7 Antioxidant 

(Rhimi et al., 2019; Danihelová et al., 

2013) 

Dihydrophaseic acid hexoside (4) 8.62 443.1891 C21H31O10 Unknown (Navarro et al., 2019) 

Vanillic acid (5) 10.32 329.0876 C14H17O9 Unknown (De Rosso et al., 2014) 

Unidentified (6) 10.98 351.1276 Unknown Unknown - 

Epi-3´-hydroxy-5-(1-hydroxy-

ethyl)-4´-hydroxymethyl-

octahydro-[2,3´]bifuranyl-2´-one 

(7) 

13.38 229.1070 C11H17O5 Unknown (Tang et al., 2000) 

Epi-3´-hydroxy-5-(1-hydroxy-

ethyl)-4´-hydroxymethyl-

octahydro-[2,3´]bifuranyl-2´-one 

(8) 

13.96 229.1070 C11H17O5 Unknown (Tang et al., 2000) 

Psoralene (9) 16.01 187.0979 C11H6O3 Anticancer (Wu et al., 2010) 

Baccatin III (10) 17.85 603.2449 C31H38O11 Unknown (Hai et al., 2014) 
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Cyanidin 3-O-(6  acetyl) glucoside 

(11) 
18.74 491.2128 C23H23O12 Unknown (Brito et al., 2014) 

Limonin-17-beta-D-glucoside(1-) 

(13) 
20.90 649.2471 C32H42O14 

Anticancer, antioxidant 

and hepatoprotection 

(Zunino et al., 2016; Kelley et al., 2015; 

Jayaprakasha et al., 2010; Patil et al., 

2010; Mandadi et al., 2007) 

6ɓ-Acetoxyscillarenin3-Oɓ-D-

glucoside(1Ÿ4)-Ŭ-L-rhamnoside 

(14) 

21.91 753.3328 C38H54O15 Unknown (Kakouri et al., 2019) 

6ɓ-Acetoxyscillarenin3-Oɓ-D-

glucoside(1Ÿ4)-Ŭ-L-rhamnoside 

(15) 

21.94 753.3335 C38H54O15 Unknown (Kakouri et al., 2019) 

6ɓ-Acetoxyscillarenin3-Oɓ-D-

glucoside(1Ÿ4)-Ŭ-L-rhamnoside 

(16) 

22.01 753.3345 C38H54O15 Unknown (Kakouri et al., 2019) 

6ɓ-Acetoxyscillarenin3-Oɓ-D-

glucoside(1Ÿ4)-Ŭ-L-rhamnoside 

(17) 

22.87 753.3326 C38H54O15 Unknown (Kakouri et al., 2019) 
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Methanol extract 

Compoung (Peak number) 
Retention 

Time (Min) 

Molar mass 

(g/mol) 

Chemical 

formula 
Biological activities Reference 

Salvianolic acid A (1) 4.96 492.1812 C19H25O15 

Antioxidant and 

cardioprotective 

capacity 

(Muhammad et al., 2018; Wang et al., 

2009) 

Protocatechuic acid glucoside (2) 5.47 315.0711 C15H15O9 Antidiabetic 
(Abu-Reidah et al., 2013; Scazzocchio 

et al., 2011) 

Isorhamnetin derivative (3) 6.45 373.0757 C16H12O7 

Anticancer and 

antioxidant 

 

(Wu et al., 2018; Knittel et al., 2014) 

Unidentified (4) 7.65 915.2181 
C33H38O28S 

 
Unknown - 

Dihydrophaseic acid hexoside 

(5) 
8.62 443.1893 C21H31O10 Unknown (Navarro et al., 2019) 

Eriodictyol 7-O-glucoside (6) 10.26 449.1064 C21H21O11 Cell survival (Hu et al., 2012; Areias et al., 2001) 

Dihydroquercetin 3-O-hexoside 12.25 465.1044 C21H22O12 Unknown 
(De Rosso et al., 2014; Knittel et al., 

2014) 

Petunidin 3,5-O-diglucoside (9) 13.38 641.1724 C28H33O17 Unknown (Alcalde-Eon et al., 2004) 

Epi-3´-hydroxy-5-(1-hydroxy-ethyl)-

4´-hydroxymethyl-octahydro-

[2,3´]bifuranyl-2´-one (10) 

13.94 229.1070 C11H17O5 Unknown (Tang et al., 2000) 

Epi-3´-hydroxy-5-(1-hydroxy-ethyl)-

4´-hydroxymethyl-octahydro-

[2,3´]bifuranyl-2´-one (11) 

14.00 229.1070 C11H17O5 Unknown (Tang et al., 2000) 
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Unidentified (12) 16.07 685.1863 Unknown Unknown - 

Hydroxyoleuropein (13) 17.49 557,1857 C25H33O14 Unknown (Shirzad et al., 2017) 

Oleuropein (14) 18.26 539.1779 C25H31O13 

Antioxidant, 

anticancer, 

antimicrobial, 

cardioprotective 

capacity and anti-

inflammatory 

(Longo et al., 2017; Hamdi et al., 2005; 

Visioli et al., 2002; Bisignano et al., 

1999; de la Puerta et al., 1999) 

Oleuropein (15) 18.31 539.1798 C25H31O13 

Antioxidant, 

anticancer, 

antimicrobial, 

cardioprotective 

capacity and anti-

inflammatory 

(Longo et al., 2017; Hamdi et al., 2005; 

Visioli et al., 2002; Bisignano et al., 

1999; de la Puerta et al., 1999) 

Scillirubroside/scilliphaeosidin-

glucoside (16) 
19.38 607.2750 C28H31O15 

Unknown 
(Knittel et al., 2014) 

Limonin-17-beta-D-glucoside 

(17) 
20.87 649.2489 C32H41O14 

Anticancer, antioxidant 

and hepatoprotection 

(Zunino et al., 2016; Kelley et al., 

2015; Jayaprakasha et al., 2010; Patil 

et al., 2010; Mandadi et al., 2007) 

6ɓ-Acetoxyscillarenin3-Oɓ-D-

glucoside(1Ÿ4)-Ŭ-L-rhamnoside 

(18) 

21.87 753.3318 C38H54O15 

Unknown 

(Kakouri et al., 2019) 

6ɓ-Acetoxyscillarenin3-Oɓ-D-

glucoside(1Ÿ4)-Ŭ-L-rhamnoside 

(19) 

21.99 753.3318 C38H54O15 

Unknown 

(Kakouri et al., 2019) 
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4.5. Chemical composition of D. calcarata water and methanol fractions  

The LC-MS analysis was used do characterise the phytoconstituents present in D. 

calcarata fractions. As shown and presented in Table 4.8, all the fractions contain a 

common compound, Psoralene (Molar mass: 187.09 g/mol). Water fractions, #3 and 

#6, share an unknown compound (Molar mass: 230.1216 g/mol), which was not 

detected in the methanol fraction #3. The methanol fractions, #1 and #2, and water 

fractions, #1 and #2, only share the compound, Psoralene (Molar mass: 187.09 g/mol) 

that is found in all the fractions (Table 4.9). Furthermore, a cardiac glycoside, Scillaren 

A (MH: 693.6864, Chemical formula: C36H52O13), is found in abundance in Drimia 

species, but was only present in methanol fraction 3. The obtained chromatograms of 

the fractions are shown in Appendix 4.6. 
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Table 4.8: Chemical composition of principal compounds in water fractions by Liquid Chromatography Mass Spectrometry (LC-MS) 

Fraction #1. 50:50 (Hexane:Acetone) 

Compound Retentio

n Time 

(Min) 

Molar mass 

(g/mol) 

Chemical formula Reference Compound CID 

Psoralene 19.26 187.0968 C11H6O3 (Wu et al., 2010) 6199 

Fraction #2. 100% Acetone 

Compound Retentio

n Time 

(Min) 

Molar mass 

(g/mol) 

Chemical formula Reference Compound CID 

Psoralene 19.26 187.0959 C11H6O3 (Wu et al., 2010) 6199 

Baccatin III  
21.16 603.2467 C31H38O11 

(Lee et al., 2014) 65366 

Limonin-17-beta-D-

glucoside 24.08 649.2479 C32H42O14 

(Kelly et al., 2015 ;Brito et al., 2014; 

Jayaprakasha et al., 2010;  Mandadi et 

al., 2007) 

24820753 

Vanillic acid 4-Beta-D-

Glucoside 24.38 329.2315 C14H18O9 

(Gong et al., 2019, Navarro et al., 2019) 14132336 

Fraction #3. 50:50 (Acetone: Methanol) 

Compound Retentio

n Time 

(Min) 

Molar mass 

(g/mol) 

Chemical formula Reference Compound CID 

Eriodictyol 7-O-glucoside 
13.24 449.1078 C21H21O11 

(Hu et al., 2012; Areias et al., 2001) 13254473 

Psoralene 
19.28 187.0952 C11H6O3 

(Wu et al., 2010) 6199 
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Cyanidin 3-O-(6  acetyl) 

glucoside 22.84 491.2101 C23H23O12 

(Brito et al., 2014; Sorrenti et al., 2015) - 

Scillirubroside/scilliphaeosi

din-glucoside 

22.84 607.2842 C28H31O15 

(Knittel et al., 2014) - 

Glucoscilliphaeoside 

24.13 707.3246 C36H52O14 

(Kakouri et al., 2019) 

 

- 

6ɓ-Acetoxyscillarenin3-Oɓ-

D-glucoside (1Ÿ4)-Ŭ-L-

rhamnoside  753.3319 C38H54O15 

(Kakouri et al., 2019) 

 

- 

Chlorogenic acid  355.2257 C16H18O9 (Brito et al., 2014) 1794427 

Fraction #6. 70:10:20 (Butanol: Acetic acid: Water) 

Compound Retentio

n Time 

(Min) 

Molar mass 

(g/mol) 

Chemical formula Reference Compound CID 

Psoralene 19.26 187.0934 C11H6O3 (Wu et al., 2010) 6199 
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Table 4.9: Chemical composition of principal compounds in ME fractions by Liquid Chromatography Mass Spectrometry (LC-MS) 

Fraction #1. 50:50 (Hexane: Acetone) 

Compound 
Retention 

Time (Min) 

Molar mass 

(g/mol) 

Chemical 

formula 
Reference Compound CID 

Psoralene 19.23 187.0951 C11H6O3 (Wu et al., 2010) 6199 

Fraction #2. % Acetone 

Compound Retention 

Time (Min) 

Molar mass 

(g/mol) 

Chemical 

formula 

Reference 
Compound CID 

Ficuspirolide 8.13 241.0800 C13H20O4 (Kuo and Li, 1999) 100987513 

Hydroxytyrosol 8.73 153.0574 C8H10O3 (Bertelli et al., 2020) 82755 

Quercertin derivative 8.92 299.0803 C15H10O7 (Danihelová et al., 2013) 5280343 

Quercertin derivative 9.39 299.0853 C15H10O7 (Danihelová et al., 2013) 5280343 

Vanillic acid 4-Beta-D-Glucoside 10.06 329.0868 C14H18O9 (Gong et al., 2019; Navarro et al., 2019) 14132336 

Vitexin (Apigenin-8-C-glucoside) 14.05 431.1902 C21H20O10 (He et al., 2016) 5280441 

Taxifolin 4'-glucoside 15.54 465.0994 C21H22O12 (De Ross et al., 2014, Navarro et al., 2019) 71587141 

Eriodictyol 7-O-glucoside 15.83 449.1059 C21H21O11 (Hu et al., 2012; Areias et al., 2001) 13254473 

Psoralene 19.25 187.0970 C11H6O3 (Wu et al., 2010) 6199 

Oleuropein 21.07 539.1743 C25H31O13 
(Shirzad et al., 2017; Longo et al., 2017; Pérez-

Bonilla et al., 2011; Hamdi et al., 2002) 
5281544 

Baccatin III 22.33 603.2449 C31H38O11 (Lee et al., 2014) 65366 

Bilobalide  650 C30H35O16 (Longo et al., 2017) 73581 

Limonin-17-beta-D-glucoside  649 C32H42O14 
(Kelley et al., 2015; Brito et al., 2014; Jayaprakasha 

et al., 2010; Mandadi et al., 2007) 
24820753 
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Fraction #3. 50:50 (Acetone: Methanol) 

Compound 
Retention 

Time (Min) 

Molar mass 

(g/mol) 

Chemical 

formula 
Reference Compound CID 

Hydroxytyrosol  153.0.90 C8H10O3 (Bertelli et al., 2020) 82755 

Protocatechuic acid 

glucoside 
5.45 315.0704 C13H16O9 

(Abu-Reidah et al., 2013; Scazzocchio et al., 

2011) 
11972438 

Pantothenate 5.81 218.1042 C9H16NO5 (Rodríguez-Pérez et al., 2013) 6613 

Quercertin derivative 16.16 299.0414 C15H10O7 Rhimi et al., 2019; Danihelová et al., 2013 5280343 

Petunidin 3,5-Di-O-Beta-D-

Glucoside 
16.20 641.1682 C28H33O17 (Li et al., 2019; Wang et al., 2020) 75184857 

Psoralene 19.22 187.0951 C11H6O3 (Wu et al., 2010) 6199 

Oleuropein 21.07 539.1341 C25H32O13 
(Shirzad et al., 2017; Longo et al., 2017; Pérez-

Bonilla et al., 2011; Hamdi et al., 2002) 
5281544 

Scillirubroside/scilliphaeosi

din-glucoside 
22.83 607.2767 C28H31O15 (Knittel et al., 2014) - 

Scillaren A  693.6864 C36H52O13 (Kakouri et al., 2019; Yadav et al., 2021) 441870 

Unknown 16.06 1371.4402 C52H75O62 - - 

Glucoscilliphaeoside 24.10 707.3322 C36H52O14 (Kakouri et al., 2019) - 

6ɓ-Acetoxyscillarenin3-Oɓ-

D-glucoside(1Ÿ4)-Ŭ-L-

rhamnoside 

24.13 753.3315 C38H54O15 (Kakouri et al., 2019) - 

Dihydroquercetin 
 284.0297 C15H12O7 

- 417 
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4.6. Discussion 

The traditional medicine still plays a very important role within the primary health care 

systems, across the globe. Plants have been employed for therapeutic purposes since 

ancient times. Medicinal plants are promising source of antimicrobial and anticancer 

chemotherapeutic agents. The findings of this study are consistent with other previous 

studies where extracts were compared using different solvents, methanol resulted in the 

highest percentage extraction yields relative to other solvents (Masoko et al., 2008; 

Beseni et al., 2017). This finding is mainly attributed to the small molecular weight of 

methanol, which enables it to penetrate the plant material more effectively. Although 

water resulted in the least extraction yields of 19.00%, it is of an intermediate polarity 

enabling it to extract compounds that are polar and nonpolar (Eloff, 1988).  

 

4.6.1. Drimia calcarata (D. calcarata) contains various compounds 

The TLC results showed the presence of various phytochemical compounds in the D. 

calcarata extracts after visualisation with UV at 245 and 365 nm after spraying with 

vanillin-sulphuric acid and p-anisaldehyde-sulphuric reagents. The visualisation of the 

TLC plates by UV light at 245 nm indicated the presence of alkaloids, while quenching 

fluorescence to yellow, orange or blue colour typically indicated the presence of 

flavonoidal acids or other phenolic acids at 365 nm (Wagner and Bladt, 1996). The pink 

to purple colours were developed upon spraying the TLC plates with vanillin-sulphuric 

acid and p-anisaldehyde-sulphuric reagents, and this has been previously suggested to 

indicate the presence of triterpenoid and phenolic compounds (Salih et al. (2017). In a 

study by Wagner and Bladt (1996), sparying the TLC plates with p-anisaldehyde-sulphuric 

reagent indicated the presence of terpenoids and saponins. 

The WE contained higher amounts of total phenolic compounds (26.654 mg/g GAE) as 

compared to ME (9.383±0.029 mg/g GAE), suggesting that most phenolic compounds in 

this plant were more intermediate in nature. Quercetin was used as the positive control. 

A similar quantification profile was observed for the total tannins of the extracts with WE 

having 253.580 mg/g TAE, followed by ME having the least tannin content of 

51.306±0.957 at 1000 µg/mL. The flavonoid content of extracts calculated as quercetin 
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equivalent (QAE) showed that the WE contained the highest (971.33±33.198) followed 

by ME, which showed the least (866.67±20.667) flavonoid content at 1000 µg/mL (Table 

4.4). It has been documented that compounds such as flavonoids, which contain hydroxyl 

functional groups, are responsible for antioxidant activity and their effects on human 

nutrition and wellbeing are commandable (Das and Pereira, 1990). This was also 

observed when the antioxidant potential of the plant extracts was quantified by both the 

DPPH free radical assay and the ferric ion reducing power assay.  

However, all extracts were free-radical inhibitors, but WE was more potent than ME. The 

scavenging activity was observed to be in a concentration-dependent manner. The WE 

showed higher DPPH inhibition percentage (58.771±2.019 at 4000 µg/mL) and the 

highest reducing antioxidant power percentage (87.099±0.832 at 10 000 µg/mL) with an 

EC50 values of 62.50 µg/mL and 1000 µg/mL, respectively. The DPPH inhibition (Table 

4.5 and Figure 4.8) of ME was found to be 51.631±0.269 at 4000 µg/mL with the EC50 

value of 2000 µg/mL. The FRAP results showed EC50 value of ME was 8000 µg/mL 

(55.378±0.269) [Table 4.6 and Figure 4.9]. 

 

4.6.2. D. calcarata methanol and water extracts have greater difference of 

bioactive compounds 

A high-resolution LC-MS-based approach was used to study the phytochemical variation 

in D. calcarata extracts and fractions. From Table 4.7, only three compounds were 

present in D. calcarata WE (Ficuspirolide, Scillirosidin-glucosido-rhamnoside, and 6ɓ-

Acetoxyscillarenin3-Oɓ-D-glucoside(1Ÿ4)-Ŭ-L-rhamnoside) that have been reported in 

other Drimia species, while 4 compounds that were present in ME were previously found 

in other Drimia species (Isorhamnetin derivative, Dihydroquercetin O-hexoside, 

Scillirubroside/scilliphaeosidin-glucoside and 6ɓ-Acetoxyscillarenin3-Oɓ-D-

glucoside(1Ÿ4)-Ŭ-L-rhamnoside (Table 4.7). Additionally, for the first time, 8 compounds 

were identified in WE and only one compound was unidentified, while 10 new compounds 

were found in ME and only two unidentified compounds. Dihydrophaseic acid hexoside, 

Epi-3´-hydroxy-5-(1-hydroxy-ethyl)-4´-hydroxymethyl-octahydro-[2,3´]bifuranyl-2´-one, 

Limonin-17-beta-D-glucoside(1-) and 6ɓ-Acetoxyscillarenin3-Oɓ-D-glucoside(1Ÿ4)-Ŭ-L-
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rhamnoside were found in both ME and WE. The data showed strong phytochemical 

differences between the bulb extracts. Previously, Moodley et al. (2007) attributed the 

activity of D. calcarata to a single compound, Riparianin 2 (Formula: C33H42O13; Molecular 

weight=646.7 g/mol), from a dichloromethane extract. 

Water fractions 3 and 6 share an unknown compound (Molar mass: 230.1216 g/mol), 

which is not found in the methanol fraction 3 (Table 4.8 and Table 4.9). All the D. calcarata 

fractions contain a similar compound, Psoralene, with the chemical formula C11H6O3 

(Molar mass: 187.09 g/mol). Many reports have also confirmed that Psoralene has the 

potential to eliminate various human cancer cells (Wu et al., 2013; Wang et al, 2011). 

Previously, Wu et al. (2010) reported that Psoralene showed significant anti-proliferative 

activity against the HepG-2 and C6 cancer cell lines. Thus, this might be the main key 

compound responsible for the cytotoxic activity of the D. calcarata. Furthermore, 

Psoralene significantly inhibited cell proliferation by inducing G0/G1 phase arrest in MCF-

7 cells and G2/M phase arrest in MDA-MB-231 cells (Wang et al., 2018).  

Interestingly, Psoralene had no effect on the cell proliferation of A549 and A549/D16 cells 

(Hsiieh et al., 2014). However, the compound had been previously reported to decrease 

the levels of ABCB1 at both mRNA and proteins levels, based on these results, Hsieh 

and colleagues. (2014) believe that Psoralene may be feasible for reversing the multidrug 

resistance by inhibiting ABCB1 gene and protein expression. Such inhibition will lead to 

a decrease in ABCB1 activity and anti-cancer drug efflux, which eventually result in drug 

resistance reversal and therefore, sensitizing drug-resistant cells to death in combination 

with chemotherapeutic drugs. Moreover, Wang et al. (2016) concluded that Psoralene 

can affect the exosomes and induce the reduction of resistance transmission via 

exosomes might be through PPAR and p53 signalling pathways, which might provide a 

novel strategy for cancer resistance to chemotherapy in the future. 

The search for anticancer agents from natural sources has been successful, worldwide, 

and active constituents have been isolated and are nowadays used to treat human 

tumours. The ethnopharmacological knowledge is helpful to lead the search for plants 

with potential cytotoxic activity. Thus, the search for new drugs is imperative and the 

results of our investigation call for future isolation and characterization of the active 
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constituents in D. calcarata extracts. This yields only a tentative identification of the 

proposed compounds, and to conclusively identify the compounds requires isolation of 

the coumpound and structural elucidation usinga NMR. 

 

4.7. Conclusion 

The present study reports that Drimia calcarata water and methanol extracts showed 

significant content of tannins and flavonoids; and moreover, significant antioxidant 

activity. Drimia calcarata plant could be a significant source in the future for the 

development of several therapeutic drugs. A total of 11 compounds were identified by 

LCïMS analysis from the water extract and 15 compounds from the methanol extract. 

Fractionation of D. calcarata water extract yielded 6 fractions while methanolic extract 

yielded 4 fractions. From the LC-MS profiling, the major compound produced by D. 

calcarata water and methanol fractions was identified as Psoralene, and this compound 

might be the reason behind its antioxidant activity. It is the first study to characterize 

methanolic and aqueous extracts from Drimia calcarata. Further investigation of Drimia 

calcarata plant-derived cytotoxic compounds and their mechanisms is critical. As a result, 

the plant may contain lead compounds that can be further investigated for the 

development of anticancer drugs. 
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Chapter Five: Investigating anticancer activities of Drimia calcarata bulb extracts 

against colorectal cancer cells 

 

5. Introduction 

D. calcarata is one of the medicinal plants that are used by BaPedi traditional healers to 

treat a variety of illnesses. In the previous chapter (Chapter 4), two D. calcarata extracts 

were shown to possess a number of bioactive compounds that suggested potential 

biomedical applications of these extracts. Firstly, the safety of Drimia calcarata (D. 

calcarata) extracts was tested by assessing their cytotoxic effect against the human 

embryonic kidney (HEK-293) cells using both 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) and Muse® Count and Viability assays. Secondly, to 

determine the potential anticancer activities of D. calcarata bulb extracts against 

colorectal cancer cells, cell cytotoxicity MTT assay (Section 5.1 and Section 5.2) and 

Muse® Count and Viability assay (Section 5.3) were performed to determine cell viability 

after the exposure of cells to different concentrations of D. calcarata extracts. 

Furthermore, the apoptosis was analysed using various assays: morphological analysis 

using acridine orange/ethidium bromide (AO/EB) staining (Section 5.4), Muse® Annexin 

V and Dead Cell assay (Section 5.5), Muse® Caspase 3/7 assay (Section 5.6) and 

Polymerase Chain Reaction (PCR) [Section 5.7]. The cell cycle progression was also 

analysed using the Muse® Cell Cycle assay (Section 5.8) and PCR (Section 5.9). Lastly, 

the expression of signal transducers and activators of transcription (STAT) genes was 

evaluated using PCR (Section 5.10). 

 

5.1. Safety of the D. calcarata bulb extracts 

To determine the safety and potential use of bulb extracts as the source of therapeutics, 

it is pivotal to investigate their cytotoxic and non-cytotoxic concentrations against non-

cancerous cells. The safety of D. calcarata methanol extract (ME) and water extract (WE) 

were evaluated against HEK-293 for the first time. As shown in Figure 5.1, both WE and  

 

Data from this chapter has been published as a full research article and the article can be accessed from 

the following DOI: 10.1016/j.toxrep.2021.06.015. 

https://doi.org/10.1016/j.toxrep.2021.06.015


119 
 

ME treatments had no significant cytotoxic effect on the human embryonic kidney HEK-

293 cells after treatment with the concentrations 62.50-1000 µg/mL. As shown in Table 

5.1, at the highest concentration (1000 µg/mL) of the extracts, WE slightly reduced the 

viability (84.606±5.155) of Hek 293 cells, while ME had no effect on the viability 

(100.00±4.848) of the same cells at the highest concentrations when compared to the 

untreated control (100.00±0.000). The results suggested the safety of the D. calcarata 

extracts. 

 

Table 5.1: The MTT cell viability mean percentages ± standard error of mean (SEM) of HEK-293 

cells after 24 h exposure to D. calcarata extracts 

Treatment (µg/mL) Mean (%) ± SEM 

WE ME 

0 100.00±0.000 100.00±0.000 

62.50 106.68±7.868 86.250±2.898 

125 97.462±2.768 103.00±1.826 

250 96.499±6.605 111.50±1.258 

500 96.923±2.889 97.000±2.483 

1000 84.606±5.155 100.00±4.848 

Controls 

Treatment Mean (%) ± SEM 

0.25% DMSO 97.197±0.378 

0.25% H2O 98.504±1.571 

50 µM Curcumin 102.293±1.545 
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Figure 5.1: Cytotoxic effect of ME and WE against the human embryonic kidney HEK-293 cells. 

Comparing to the untreated control, the difference was found to be statistically non-significant 
after treatment of the non-cancerous HEK-293 cell line. 

 

5.2. Cytotoxic effect of Drimia calcarata bulb extracts against colorectal cancer 

cells 2 

Cytotoxic effects of Drimia calcarata (D. calcarata) bulb water and methanol extracts were 

evaluated against the human colorectal cancer cells, using the 3-(4, 5-dimethyl-thiozol-2-

yl)-2, 5-diphenyltetrazolim bromide (MTT) assay and the Muse Count & Viability assay. 

These two tests are widely used for in vitro toxicity studies (Maqbool et al., 2021) for the 

detection of cytotoxic and other negative effects on cell viability following exposure to test 

materials. In general, in order to increase the reliability of the results obtained and to avoid 

overestimation or underestimation of the toxicity of the bulb extracts, these two assays 

were used to determine cell viability for the in vitro studies. As shown in Table 5.2, Figure 

5.2, Table 5.3 and Figure 5.3, the colorectal cancer cells, Caco-2 and HT-29, had varying 
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sensitivities towards methanol extract. An IC50 of 450 µg/mL for ME was used for the 

treatment of Caco-2 cells and 500 µg/mL for both ME and WE for the treatment of HT-29 

cells was used. For the WE extract, an IC50 could not be deduced due to lack of activity, 

thus 500 µg/mL WE was chosen to further confirm the inactivity against Caco-2 cells. The 

Caco-2 cells showed resistance against the WE, but showed a concentration-dependent 

sensitivity to the ME. On the contrary, the HT-29 cells showed concentration-dependent 

sensitivity towards both extracts. Curcumin (50 µM) was used as positive control and 

0.25% DMSO and 0.25% H2O as solvent controls. The results are summarised in Table 

5.2 and Table 5.3. 

 

Table 5.2: The MTT assay average percentages ± SEM of Caco-2 cells after 24 h treatment with 

D. calcarata extracts 

Treatment (µg/mL) 
Mean ± SEM 

ME WE 

0 100.00±0.000 100.00±0.000 

15.63 78.791±2.632 94.381± 3.423 

31.25 74.830±5.547 100.77±4.980 

62.50 77.708±2.634 104.16±5.534 

125 75.532± 2.770 99.601± 6.181 

250 63.451±4.114 98.976 ±5.549 

500 62.759 ±2.868 90.774±2.779 

1000 49.025±1.382 88.982±2.364 

Controls 

Treatment Mean ± SEM 

0.25% DMSO 102.37±3.845 

0.25% H2O 107.00±1.732 

50 µM Curcumin 51.993±1.484 

 



122 
 

 

Figure 5.2: Cytotoxic effect of ME and WE against colorectal Caco-2 cancer cells. Comparing to 
the untreated control, ME significantly (*** P 0̓.001) reduced the viability of the Caco-2 cells. WE 

had no effect on Caco-2 cells. 
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Table 5.3: Average cell viability average percentages ± SEM of HT-29 cells after 24 h treatment 

with D. calcarata extracts 

Treatment (µg/mL) 
Mean ± SEM 

ME WE 

0 100.00±0.000 100.00±0.000 

15.63 98.564±0.618 88.438± 2.027 

31.25 92.933±1.928 83.416±1.335 

62.50 88.579±4.166 82.416±3.908 

125 71.177±2.641 78.554±1.785 

250 59.744±3.996 73.740±2.184 

500 53.692±3.552 63.40± 2.377 

1000 42.728±2.072 65.955±0.781 

Controls 

Treatments Mean ± SEM 

0.25% DMSO 99.294±0.693 

0.25% H2O 100.90±1.310 

50 µM Curcumin 42.792±3.099 
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Figure 5.3: Cytotoxic effect of ME and WE against colorectal HT-29 cancer cells. Comparing to 
the untreated control, ME and WE significantly (*** P 0̓.001) reduced the viability of the HT-29 

cells.  

5.3. The IC50s confirmation of the D. calcarata extracts 

For further analysis and confirmation of the MTT results, the Muse® Count and Viability 

assay (Merck Millipore, Germany) showed that the Drimia calcarata extracts had no 

significant activity on the viability of HEK-293 cells (Table 5.4 and Figure 5.4). The raw 

data is presented under the appendices (Appendix 5.1 [ME-treated Hek 293 cells] and 

Appendix 5.2 [WE-treated Hek 293 cells]).  

 

Table 5.4: The Muse® Count and Viability mean percentages ± SEM of HEK-293 cells 

Mean (%) ± SEM 

WE ME 
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Treatment 

(µg/mL) 

Live Dead Live Dead 

0 99.333±0.333 0.233±0.145 99.333±0.333 0.233±0.145 

62.5 100.00±0.000 0.000±0.000 100.00±0.000 0.000±0.000 

125 99.667±0.333 0.033±0.033 100.00±0.00 0.000±0.000 

250 100.00±0.000 0.000±0.000 100.00±0.000 0.000±0.000 

500 100.00±0.000 0.000±0.000 100.00±0.000 0.000±0.000 

1000 100.00±0.000 0.000±0.000 100.00±0.000 0.000±0.000 

Controls 

Treatment Mean (%) ± SEM 

0.25% DMSO 99.333±0.333 0.233±0.186 

0.25% H2O 100.00±0.00 0.000±0.000 

50 µM Curcumin 100.00±0.00 0.000±0.000 

 

Figure 5.4: The confirmation of the safety of ME and WE safety against HEK-293 cells after 24 h 

treatment. The figure shows untreated (0) Control, 0.25% DMSO control, 0.25% H2O control, 50 
µM Curcumin (positive control), 62.50-1000 µg/mL ME and WE. Comparing to the untreated 
control, the difference was found to be statistically non-significant after treatment of the non-
cancerous HEK-293 cell line. 
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The cell viability was above 90% across all the concentrations of the D. calcarata extracts. 

The MTT results were confirmed by using the Muse® Count and Viability Assay. As 

shown in Table 5.5, Figure 5.5 and Appendix 5.3, the treatment with ME and Curcumin 

reduced the viability of Caco-2 cells to 48.800±0.681 (***P 0̓.001) and 3.700±0.625 

(***P 0̓.001), respectively. DMSO and H2O controls had no significant effect on the 

viability of cancer cells, exhibiting 79.533±1.719 and 82.333±1.333, respectively.  
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Table 5.5: The Muse® Count and Viability mean percentages ± SEM of Caco-2 cells 

Treatment Mean (%) ± SEM 

Live Dead 

Control 79.100±0.985 20.900±0.985 

0.25% DMSO 79.533±1.719 20.467±1.719 

0.25% H2O 82.333±1.333 17.000±1.528 

50 µM Curcumin 3.700±0.625 96.300±0.625 

450 µg/mL ME 48.800±0.681 51.200±0.681 

500 µg/mL WE 83.000±1.528 16.333±1.764 

 

 

Figure 5.5: The confirmation of ME and WE IC50s against the Caco-2 cancer cells after 24 h 

treatment. The figure shows the results of untreated (0) Control, solvent controls (0.25% DMSO 
and 0.25% H2O), positive control (50 µM Curcumin), 450 µg/mL ME and 500 µg/mL WE 
treatments. Comparing to the untreated control, the difference was found to be statistically 
significant (*** P 0̓.001) after treatment with Curcumin and ME and non-significant (ns) after 

treatment with WE.  
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Table 5.6, Figure 5.6 and Appendix 5.4 showed that exposure of the HT-29 cells to D. 

calcarata extracts and Curcumin also significantly (P 0̓.001) decreased their viability from 

87.700±2.804 (untreated control) to 50.083±8.025 [ME], 53.467±2.146 [WE] and 

18.950±9.650 [Curcumin]. The solvent controls, DMSO and water, showed minor effect 

on the viability of the HT-29 with DMSO reducing the viability of these cells to 

74.620±0.870, while H2O reduced the viability to 82.333± 0.882. 

 
Table 5.6: The Muse® Count and Viability mean percentages ± SEM of HT-29 cells 

Treatment 
Mean (%) ± SEM 

Live Dead 

Control 87.700±2.804 12.218±2.721 

0.25% DMSO 74.620±0.870 25.380±0.870 

0.25% H2O 82.333± 0.882 16.667±0.882 

50 µM Curcumin 18.950±9.650 70.800±0.600 

500 µg/mL ME 50.083±8.025 25.400±8.045 

500 µg/mL WE 53.467±2.146 46.533±2.146 
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Figure 5.6: The confirmation of ME and WE IC50s on HT-29 cancer cells after 24 h treatment. 
The figure shows untreated (0) Control, 0.25% DMSO, 0.25% H2O, 50 µM Curcumin, 500 µg/mL 
ME and WE. Comparing to the untreated control, the difference was found to be statistically 
significant (*** P 0̓.001) following treatment with D. calcarata extracts and Curcumin and ns 
indicates not significance.  

5.4. Determination of potential cell death by fluorescence microscopy 

Dual acridine orange/ethidium bromide (AO/EB) fluorescent staining, visualised under a 

fluorescent microscope, has been employed to categorise apoptosis-related changes of 

cell membranes during the process of cell death (Carmichael et al., 1988). The 

fluorescence microscopy was utilised to assess the mode of cell death induced by the D. 

calcarata extracts. AO/EB staining differentiates the cells according to the apoptotic 

stages they are at. The cells at early-stage of apoptosis are depicted by yellow/green 

nuclear staining, whereas the cells at late stage of apoptosis are detected as the orange 

nuclear stained cells. 

Figure 5.7 shows the morphological changes of D. calcarata-treated Caco-2, examined 

using the AO/EB staining. The untreated cells (a) and solvent-treated control cells (0.25% 

DMSO- and 0.25% H2O-treated cancer cells) [b&c] maintained their typical epithelial cell 
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shape, as indicated by the red arrows, and this showed that these solvents had no effect 

on the cells. Curcumin- and ME-treated Caco-2 cells (d&e) showed cell shrinkage, cells 

going through early apoptosis, which fluoresced a green/yellow colour (yellow arrows) 

and cells going through the late stage of apoptosis, which showed uneven orange 

fluorescence at their periphery (purple arrows). The WE-treated Caco-2 cells (f) displayed 

a few cells going through early apoptosis fluoresced a green/yellow colour (yellow arrows) 

with no reduction in the number of cells. 

Figure 5.8 indicates the morphological changes of HT-29 cells before and after treatment. 

The untreated control cells (a), the solvent controls (0.25% DMSO-treated cells and 

0.25% H2O-treated cells) [b&c] displayed intact nuclei (red arrows). Treatment of the HT-

29 cells with both extracts caused nuclear morphological changes, which included loss of 

membrane integrity (purple arrows) and cells going through early apoptosis fluoresced in 

bright green colour (yellow arrows) [e&f].  
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Figure 5.7: Morphological effects of D.calcarata extracts on Caco-2 cells using AO/EB staining. D. calcarata extracts induced 

morphological changes typical to apoptosis in Caco-2: (a)-untreated cells, (b)-0.25% DMSO, (c)- 0.25% H2O, (d)- 50 µM Curcumin, 
(e)-450 µg/mL ME and (f)-500 µg/mL WE. The red arrows indicate intact nuclei, while yellow arrows show cells going through early 

apoptosis and purple arrows show cell going through late apoptosis. 
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Figure 5.8: Morphological effects of D.calcarata extracts on HT-29 cells using AO/EB staining. D. calcarata extracts induced 

morphological changes typical to apoptosis in HT-29 cells: (a)-untreated cells, (b)-0.25% DMSO, (c)- 0.25% H2O, (d)- 50 µM Curcumin, 
(e)-500 µg/mL ME and (f)-500 µg/mL WE. The samples were analysed using an Eclipse Ti-U fluorescence microscope (Nickon 
Instruments Inc. USA) and images were captured at 20X magnification. The red arrows indicate intact nuclei, while purple arrows 

display loss of membrane integrity and yellow arrows show cells going through early apoptosis. 
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5.5. D. calcarata extracts induce apoptosis in colorectal cancer cells 

Further, apoptotic activity of the D. calcarata extracts was confirmed using Muse® 

Annexin V and Dead Cell assay. Treatment of Caco-2 cells with 450 µg/mL of the ME 

significantly (P<0.001) induced apoptosis (33.660±1.473), which was also observed when 

the cells were treated with a positive control (50 µM Curcumin), which also significantly 

(P<0.001) induced apoptosis (46.800±0.427). The WE (21.333±2.404) had no significant 

(P>0.05) effect on Caco-2 cells (Table 5.7, Figure 5.9 and Appendix 5.5). Interestingly, 

Curcumin and both D. calcarata ME and WE induced apoptosis (34.550±1.040, 

33.470±0.796 and 34.550±1.040, P ̓ 0.001) in HT-29 cells, respectively (Table 5.8, Figure 

5.10 and Appendix 5.6).  

 

Table 5.7: Mean percentages of the apoptotic Caco-2 cells ± SEM after treatments with D. 

calcarata extracts 

Treatment 

Mean (%) ± SEM 

Live 
Early 

apoptotic 
Late apoptotic Dead Total apoptotic 

Control 81.325±0.075 12.025±0.425 6.025± 0.575 0.625±0.075 18.050± 0.150 

0.25% 

DMSO 
79.775±0.625 11.825±0.525 7.325±0.375 1.075± 0.275 19.150±0.900 

0.25% H2O 76.000±0.577 16.667±1.202 1.667±0.333 3.667±1.333 18.667± 0.667 

50 µM 

Curcumin 
51.183±0.384 33.117±0.174 13.683±0.318 14.433 ± 2.136 46.800±0.427 

450 µg/mL 

ME 
55.770±1.462 14.800±1.717 18.860±0.593 10.570±2.531 33.660±1.473 

500 µg/mL 

WE 
75.333±4.702 11.667±0.333 9.000±2.517 2.333±2.333 21.333±2.404 
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Figure 5.9: Apoptotic cell percentages of Caco-2 after 24 h treatment. Comparing to the untreated 

control, the solvent controls had no significant (ns) effects on Caco-2. The positive control agent 
significantly (*** P<0.001) induced apoptosis of Caco-2 colorectal cancer cells. ME also 
significantly (*** P<0.001) induced apoptosis in Caco-2 colorectal cells but WE had no effect on 

the same cells. 
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Table 5.8: Mean percentages of the apoptotic HT-29 cells ± SEM after treatments with D. 

calcarata extracts 

Treatment 

Mean (%) ± SEM 

Live 
Early 

apoptotic 

Late apoptotic 
Dead  

Total 

apoptotic 

Control 80.177±0.364 19.513±0.296 0.420±0.117 0.213±0.137 19.597±0.397 

0.25% DMSO 77.347±1.314 21.047±1.005 1.453±1.154 0.153±0.020 22.500±1.295 

0.25% H2O 75.333±1.856 21.667±1.667 1.333±1.333 0.000±0.000 23.333±1.764 

50 µM 

Curcumin 

58.630±2.464 18.927±5.906 20.730±5.604 1.707±0.931 34.550±1.040 

5000 µg/mL 

ME 

56.420±0.845 20.720±0.853 12.747±0.756 10.027±0.4468 33.470±0.796 

500H2O 

µg/mL ME 

59.827±1.515 25.910±3.329 8.640±2.296 5.620±2.551 34.550±1.040 

 

Figure 5.10: Apoptotic cell percentages of HT-29 cells after 24 h treatment. The solvent controls 

had no significant (ns) effects on HT-29 cells. Comparing to the untreated control, the positive 
control agent and D. calcarata extracts significantly (*** P<0.001) induced apoptosis of both 
colorectal cancer cells. 
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5.6. Activation of Caspase 3/7 in colorectal cells 

Furthermore, the Muse® Caspase 3/7 Activation assay was used to assess caspase 3/7 

activation of colorectal cells following treatment with D. calcarata extracts. ME and 

Curcumin significantly (40.154±2.063 and 85.564±2.688, P<0.01 and P<0.001) induced 

the activation of the effector caspases, which include caspase 3 and 7 in Caco-2 cells 

(Table 5.9, Figure 5.11 and Appendix 5.7). ME and Curcumin also induced caspases 3 

and 7 in HT-29 cells (16.192±1.323, P <0.01 and P <0.001). The WE did not affect the 

activation of caspases 3 and 7 in both cell lines (Table 5.10, Figure 5.12 and Appendix 

5.8).  

 

Table 5.9: Mean percentages of caspase 3/7 positive Caco-2 cells ± SEM after treatments with 

D. calcarata extracts 

Treatment 
Mean (%) ± SEM 

Live Apoptotic Apoptotic/Dead  Dead  Total apoptotic 

Control 76.270±1.801 14.410±5.025 6.813±3.249 0.503±0.252 21.230±2.052 

0.25% 

DMSO 
76.020±0.165 6.427±4.246 13.023±2.817 4.530±2.966 19.450±3.014 

0.25% H2O 80.000± 2.082 8.000±1.155 6.667±0.333 3.667±1.202 15.333±1.202 

50 µM 

Curcumin 
11.938±2.212 30.750±5.236 54.810±6.613 2.498±1.012 85.564±2.688 

450 µg/mL 

ME 
50.581±2.012 6.611±1.637 33.113±3.435 9.263±2.607 40.154±2.063 

500 µg/mL 

WE 
75.333± 4.702 8.667±0.667 9.000±1.528 3.333±0.882 18.333±0.667 
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Figure 5.11: Caspase 3/7 activated cell percentages of the Caco-2 cells after 24 h treatment. 
Comparing to the untreated control, the positive control agent significantly (*** P<0.001) induced 
apoptosis of Caco-2 colorectal cancer cells. 

 

Table 5.10: Mean percentages of caspase 3/7 positive HT-29 cells ± SEM after 

treatments with D. calcarata extracts 

Treatment 

Mean (%) ± SEM 

Live Apoptotic Apoptotic/Dead Dead Total apoptotic 

Control 87.243±1.39 6.375±1.235 3.740±0.831 2.625±1.102 10.115±0.960 

0.25% DMSO 84.468±1.476 8.162±1.456 4.008±0.645 3.363±1.483 12.167±1.388 

0.25% H2O 84.667± 1.636 3.833±0.543 4.500±0.428 5.167±1.014 8.833±0.792 

50 µM Curcumin 23.088±0.62 39.895±3.947 36.168±3.217 0.848±0.363 76.065±0.906 

500 µg/mL ME 75.497±2.59 9.545±1.216 6.645±1.230 8.267±1.874 16.192±1.323 

500 µg/mL WE 87.665±2.51 3.653±0.794 2.207±0.515 6.470±2.519 5.860±0.754 
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Figure 5.12: Caspase 3/7 activated cell percentages of HT-29 cells after 24 h treatment. 
Comparing to the untreated control, ME significantly (** P<0.01) induced apoptosis of HT-29 
colorectal cancer cells. The positive control agent significantly (***P<0.001) induced apoptosis of 

the colorectal cancer cells. 

 

5.7. ME downregulates anti-apoptotic gene BCL2 in colorectal cancer cells 

To further understand how the D. calcarata extracts exert their anticancer activities, the 

expression of apoptotic genes in colorectal cancer cells was carried out using 

conventional PCR. In this study, BAX was undetected in both untreated colorectal cancer 

cells and D. calcarata WE- and ME-treated Caco-2 and HT-29 cells. BAX upregulation 

was only detected after the treatment of Caco-2 cells with 50 µM Curcumin (Figure 

5.13B). BCL2 was highly expressed in untreated Caco-2 cells (Figure 5.13C) than 

untreated HT-29 cells (Figure 5.14B). ME significantly (P<0.001) downregulated the 

expression of BCL2 in both cell lines, while WE and Curcumin-treated HT-29 showed no 

significant effect on the expression of BCL2. The TP53 was not detected in the untreated 

Caco-2 cells, but the treatment of Caco-2 cells with ME, lead to its upregulation (Figure 
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5.13A). Interestingly, both ME and WE upregulated the expression of TP53 in HT-29 

(Figure 5.14A). The results are summarised in Table 5.11 and Table 5.12. 

 

Table 5.11: The mean densities of apoptosis-related genes ± SEM after treatment of Caco-2 cells 

with D. calcarata extracts 

Treatment 

Mean (INT/mm2) ± SEM 

BCL2 TP53 GAPDH 

0 7.613± 0.309 - 10.206±0.000 

0.25% DMSO 7.295± 0.055 - 10.308±0.00002 

0.25% H2O 7.260± 0.011 - 10.206±0.000 

450 µg/mL ME 2.048± 0.030 9.436±0.000 10.308±0.00001 

50 µM Curcumin 7.224± 0.044 - 10.206±0.000 

HEK-293 - - 10.107±0.0002 

Blank - - - 

 

Table 5.12: The mean densities of apoptosis-related genes ± SEM after treatment of HT-29 cells 

with D. calcarata extracts 

Treatment 

Mean (INT/mm2) ± SEM 

BCL2 TP53 GAPDH 

0 0.953± 0.0236 5.310± 0.088 22.053±0.11 

0.25% DMSO 0.789± 0.024 3.908± 0.055 22.604±0.003 

0.25% H2O 1.180± 0.035 2.321± 0.032 22.442±0.000 

500 µg/mL ME 0.101± 0.0437 5.680± 0.0704 23.038±0.010 

500 µg/mL WE 0.971± 0.030 6.144± 0.192 22.279±0.000 

50 µM Curcumin - 4.413± 0.220 22.278±0.000 

HEK-293 - - 23.048±0.001 

Blank - - - 
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Figure 5.13: Expression analysis of apoptosis-related genes in Caco-2 cells (A-TP53, B-BAX, C-
BCL2 &D-GAPDH). Lane 1: 100 bp Marker, Lane 2: untreated, Lane 3: 0.25% DMSO, Lane 4: 

0.25% H2O, Lane 5: 450 ɛg/mL ME, Lane 6: 50 ɛM Curcumin, Lane 7: HEK-293 cells and Lane 
8: blank. GAPDH was used as a loading control. 
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Figure 5.14: Expression analysis of apoptotsis-related genes in HT-29 cells (A-TP53, B-BCL2 & 
C-GAPDH). Lane 1: 100 bp Marker, Lane 2: untreated, Lane 3: 0.25% DMSO, Lane 4: 0.25% 

H2O, Lane 5: 450 ɛg/mL ME, Lane 6: 50 ɛM Curcumin, Lane 7: HEK-293 cells and Lane 8: blank. 
GAPDH was used as a loading control.  
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5.8. Cell Cycle progression of D. calcarata extracts treated colorectal cancer cells 

To confirm the cell cycle arrest induced by D. calcarata extracts, the examination of the 

DNA content using the Muse® Cell Cycle Assay Kit was done. As shown in Table 5.13, 

Figure 5.15 and Appendix 5.9, D. calcarata extracts and Curcumin had no significant 

effect on the cell cycle progression of Caco-2 cells. As demonstrated in Table 5.14, Figure 

5.16 and Appendix 5.10, ME signifcantly (P 0̓.001) increased the population of HT-29 

cells going through DNA replication as compared to the untreated control, whereas the 

WE-treated HT-29 were arrested at G0/G1 phase (68.000±0.577, P 0̓.001). 

 

Table 5.13: The mean percentages of cell cycle phases ± SEM after the treatment of Caco-2 cells 

with D. calcarata extracts 

Treatment 
Mean (%) ± SEM 

G0/G1 S G2/M 

Control 59.500±2.837 9.500±0.957 29.667± 2.124 

0.25% DMSO 54.333±4.417 11.333±3.159 33.000±1.342 

0.25% H2O 64.333± 1.202 9.000±1.000 25.333± 0.882 

50 µM Curcumin 63.333±5.168 5.333±0.760 29.500±4.470 

450 µg/mL ME 72.333±5.149 5.500±1.432 20.333±4.137 

500 µg/mL WE 69.667±3.283 5.000±1.000 24.333±2.728 
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Figure 5.15: The percentage of Caco-2 in the G0/G1, S and G2/M cell cycle phases after 24 h 
treatment. Comparing to the untreated control, D. calcarata extracts, solvent controls and positive 

control had no effect on the cell cycle progression of Caco-2.  

 

Table 5.14: The mean percentages of cell cycle phases ± SEM after the treatment of HT-29 cells 

with D. calcarata extracts 

Treatment 
Mean (%) ± SEM 

G0/G1 S G2/M 

Control 54.000± 0.577 9.000±0.000 35.667±0.333 

0.25% DMSO 51.333±0.333 9.667±0333 37.667±0.333 

0.25% H2O 51.000±2.309 10.667±0.882 37.333±1.453 

50 µM Curcumin 68.600± 1.405 12.667±0.333 24.567± 0.784 

500 µg/mL ME 48.333±1.333 12.000±1.000 38.667±0.882 

500 µg/mL WE 47.667±0.882 13.667±0.333 37.333±0.882 

500 µg/mL WE 68.000±0.577 4.333±0.333 26.000± 0.577 
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Figure 5.16: The percentage of HT-29 cells in the G0/G1, S and G2/M cell cycle phases after 24 
h treatment. Comparing to the untreated control, the difference was found to be statistically 
significant (* P 0̓.05 and *** P 0̓.001) following treatment with D. calcarata extracts and 

Curcumin.  

 

5.9. Expression of cell cycle-related genes 

In this study, gene expression of various cell cycle-related genes in colorectal Caco-2 and 

HT-29 cells was assessed using conventional PCR. As shown in Figure 5.17, no 

expression of CLA1 in both the untreated and treated Caco-2 cells while CDKNA1 was 

upregulated by Curcumin. ME upregulated CDC2 while Curcumin downregulated the 

expression of CDC2, which was detected in the untreated and solvent-treated control 

cells. In Figure 5.18, it was evident that HT-29 cells showed no expression of CLA1 and 

CDKN1A before and after treatment. D. calcarata extracts and Curcumin downregulated 

the expression of CLB1. ME downregulated the expression of CDC2, and interestingly, 

the WE- and Curcumin-treated cells showed no effect on the expression of CDC2. The 

densities are summarised in Table 5.15 and Table 5.16. 
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Table 5.15: The mean densities of cell cycle-related genes ± SEM after treatment of Caco-2 cells 

with D. calcarata extracts 

Treatment 

Mean (INT/mm2) ± SEM 
  

CDKN1A CLB1 CDC2 GAPDH 

0 - 10.377±0.131 8.757±  0.079 17.000±0.000 

0.25% DMSO - 10.921±0.185 8.938±0.084 17.000±0.00001 

0.25% H2O - 10.588±0.173 8.112±0.0847 17.000±0.00001 

450 µg/mL ME - 11.503±0.174 10.218±0.093 17.333±0.333 

50 µM Curcumin 1.009±0.074 9.254±0.148 6.689±0.0848 17.000±0.00001 

HEK-293 - 10.426±0.134 8.509±0.001 17.000±0.00001 

Blank - - - - 

 

Table 5.16: The mean densities of cell cycle-related genes ± SEM after treatment of HT-29 cells 

with D. calcarata extracts 

 
 

Treatment 
Mean (INT/mm2) ± SEM 

CLB1 CDC2 GAPDH 

0 18.173±0.235 9.000±0.000 22.053±0.11 

0.25% DMSO 19.568±0.165 9.333±0.333 22.604±0.003 

0.25% H2O 19.011±0.110 8.333±0.333 22.442±0.000 

500 µg/mL ME 2.840±0.062 0.623±0.000 23.038±0.010 

500 µg/mL WE 16.844±0.159 9.333±0.333 22.279±0.000 

50 µM Curcumin 16.515±0.206 9.000±0.000 22.278±0.000 

HEK-293 17.234±0.152 9.000±0.000 23.048±0.001 

Blank - - - 
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Figure 5.17: Expression analysis of cell cycle-related genes in Caco-2 cells (A- CDKN1A, B-
CLB1, C-CDC2 & D-GAPDH). Lane 1: 100 bp Marker, Lane 2: untreated Caco-2 cells, Lane 3: 
0.25% DMSO-tretaed Caco-2 cells, Lane 4: 0.25% H2O-treated Caco-2 cells, Lane 5: 450 ɛg/mL 
ME-treated Caco-2 cells, Lane 6: 50 ɛM Curcumin-treated Caco-2 cells, Lane 7: HEK-293 cells 
and Lane 8: blank. GAPDH was used as a loading control.  
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Figure 5.18: Expression analysis of cell cycle-related genes in HT-29 cells (A-CLB1, B-CDC2 & 
C-G-GAPDH). Lane 1: 1000 bp DNA ladder, Lane 2: untreated HT-29 cells, Lane 3: 0.25% 

DMSO-treated HT-29 cells, Lane 4: 0.25% H2O-treated HT-29 cells, Lane 5: 62.5 ɛg/mL ME-
treated HT-29 cells, Lane 6: 250 ɛg/mL WE-treated HT-29 cells, Lane 7: 50 ɛM Curcumin-treated 

HT-29 cells, Lane 8: HEK-293 cells and Lane 9: blank. GAPDH was used as a loading control.  

 

5.10. Expression of signal transducers and activators of transcription (STAT) genes 

The Signal Transducer and Activator of Transcription (STAT) family of proteins 

encompases transcription factors with important roles in the control of cell homeostasis-
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related processes, which include proliferation, cell cycle, apoptosis and angiogenesis. As 

shown in Figure 5.19, the expressions of STAT 1 and STAT3 genes were only detected 

in the untreated HEK-293 cells. The expression of STAT1 and STAT3 were not observed 

in the untreated and treated Caco-2 cells. No expression of STAT5B was observed in the 

untreated Caco-2, DMSO and H2O treated Caco-2 cells. Treatment of Caco-2 with ME 

and Curcumin resulted in upregulation of STAT5B, which is highly expressed in HEK-293 

cells. As shown in Figure 5.20, ME downregulated the expression of STAT1 in HT-29 

cells. No expression of STAT3 in the HT-29 cells before and after treatment. Treatment 

with ME, WE, and Curcumin downregulated the expression of STAT5B. The results are 

summarised in Table 5.17 and Table 5.18. 

 

Table 5.17: The mean densities of cell STATs genes ± SEM after treatment of Caco-2 cells with 

D. calcarata extracts 

Treatment 
Mean (INT/mm2) ± SEM 

STAT5A STAT5B GAPDH 

0 0.923±0.029 - 11.891±0.079 

0.25% DMSO 0.839±0.021 - 12.649±0.001 

0.25% H2O 0.841±0.020 - 13.036±0.014 

62.50 µg/mL ME 0.450±0.017 0.562±0.112 12.838±0.067 

50 µM Curcumin 0.893±0.026 0.270±0.087 12.887±0.100 

HEK-293 0.352±0.011 9.220±0.137 12.079±0.011 

Blank - - - 

 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/angiogenesis
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Figure 5.19: Expression analysis of STATs genes in HEK-293 (A-STAT1& STAT3) and Caco-2 
cells (B-STAT5A, C-STAT5B &D-GAPDH): Lane 1: 100 bp Marker, Lane 2: untreated, Lane 3: 
0.25% DMSO, Lane 4: 0.25% H2O, Lane 5: 450 ɛg/mL ME, Lane 6: 50 ɛM Curcumin, Lane 7: 
HEK-293 cells and Lane 8: blank. GAPDH was used as a loading control. 
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Table 5.18: The mean densities of cell STATs genes ± SEM after treatment of HT-29 cells with 

D. calcarata extracts 

Treatment 

Mean (INT/mm2) ± SEM 

STAT 1 STAT 3 STAT 5A STAT 5B GAPDH 

0 20.852±0.118 - 1.693±0.248 1.823±0.103 12.294±0.317 

0.25% DMSO 21.460±0.051 - 1.614±0.251 2.024±0.104 12.627±0.367 

0.25% H2O 21.306±0.221 - 1.644±0.254 1.585±0.101 13.158±0.225 

62.50 µg/mL ME 3.020±0.047 - 1.259±0.254 0.211±0.105 13.462±0.240 

250 µg/mL WE 22.180±0.159 - 4.057±0.282 0.545±0.103 12.753±0.227 

50 µM Curcumin 22.776±0.123 - 1.947±0.272 1.448±0.091 13.695±0.118 

HEK-293 16.745±0.036 17.402±0.490 1.888±0.394 12.703±0.148 12.868±0.325 

Blank - - - - - 
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Figure 5.20: Expression analysis of STATs genes in HT-29 cells (A-STAT1, B-STAT3, C-
STAT5A, D-STAT5B & E-GAPDH): Lane 1: 1000 bp DNA ladder, Lane 2: untreated, Lane 3: 
0.25% DMSO, Lane 4: 0.25% H2O, Lane 5: 62.5 ɛg/mL ME, Lane 6: 250 ɛg/mL WE, Lane 7: 50 
ɛM Curcumin, Lane 8: HEK-293 cells and Lane 9: blank. GAPDH was used as a loading control. 
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5.11. Discussion 

The safety and potential use of plant extracts as the source of therapeutics against a 

number of illnesses, including cancer, are gaining a lot of attention. It is, therefore, pivotal 

to investigate their cytotoxic and non-cytotoxic concentrations (Visioli et al., 2002). Due 

to an increased number of cancer-related deaths and shortage of effective chemotherapy, 

research studies are required to come up with novel alternatives for treatment and 

prevention, and herbal medicine plays a crucial role in the discovery of such new drugs 

(Ernst and Pittler, 2002; Bisignano et al., 1999). The potential cytotoxic effects of D. 

calcarata methanol extract (ME) and water extract (WE) were evaluated on Hek 293 

embryonic cells and colorectal cancer cells, for the first time. 

 

5.11.1. Drimia calcarata contains potential safe bioactive compounds 

The cytotoxicity effect of Drimia plants on non-cancerous cells has not been reported, 

rather most studies reported the potential anticancer activity without checking the safety 

of the Drimia bulb extracts against non-cancerous cells (Hamzeloo-Moghadam et al., 2018; 

Alluri et al., 2016). In the present study, WE and ME had no significant cytotoxic effect on 

the human embryonic kidney HEK-293 cells. The results suggest that the D. calcarata 

extracts contain safe bioactive compounds that were discussed in chapter 4. 

Nephrotoxicity is one of the major concerns for anticancer drug safety because most 

drugs are metabolized and excreted by the kidneys. Convenient tools to perform rapid in 

vitro cytotoxicity analysis and identify drug side effects in kidney cells during early phases 

of drug discovery could be beneficial to drug development programs (Xie et al., 2012). A 

number of cell types, which include epithelial cell line [LLC-PK1], the primary human renal 

proximal tubular epithelial cells (hRPTEC), the human liver cell line [HepG2]), have been 

reported as ideal models to examine the effect of chemotherapeutic componds (Li et al., 

2003). Embryonic kidney cells have also been classified as ideal in vitro models to study 

the safetty of phenolic-rich extract from Chromolaena odorata which had minimal 

cytotoxic effects against HEK-293 cells (Ó 80% viability after treatment with 

concentrations 62.50-1000 µg/mL) [Eze and Jayeoye, 2021]. It was, thus, fitting to use 

the Hek 293 cells to examine the safety of the D. calcarata extracts. 
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5.11.2. D. calcarata extracts exhibited anticancer activities against colorectal 

cancer cells 

The MTT in vitro cell proliferation assay is one of the most widely used assays for 

evaluating preliminary anticancer activities of both synthetic derivatives, natural products 

and natural product extracts. The highly reliable, colorimetric based assay is readily 

performed on a wide range of cell lines. This assay gives an indication of whole cell 

cytotoxicity; however, to determine the exact molecular target further assays need to be 

performed.  

The colorectal cancer cells Caco-2 (Figure 5.2) and HT-29 (Figure 5.3) had varying 

sensitivities towards methanol extract. The cell culture conditions can massively impact 

the integrity of the Caco-2 monolayer, as well as the permeability of drugs (Lechanteur et 

al., 2017)]. The lack of efficacy against the Caco-2 cells may be attributed to lack of 

solubility, thus, Lechanteur et al. (2017) suggested that the behaviour of these cells may 

affect the efficacy of the drugs. Thus, in future, it would fruitful to reprogramme these cells 

to improve drug uptake. Previously, Caco-2 cells were epigenetically reprogrammed and 

altered into CD4+ cells with nano-sized complexes of amphiphilic poly-(N-

vinylpyrrolidone) [PVP], miRNA-152 and piRNA-30074 (Klimenko and Shtilman, 2019). 

However, this does not disprove the fact that different cancers respond differently to 

different drugs. 

The WE extract demonstrated a cytotoxic effect against the HT-29 cells and had no 

significant effect on the Caco-2 cells. Several previous studies have demonstrated the 

anticancer activity of extracts from other Drimia plant species and isolated bioactive 

compounds (Nyambe et al., 2019; Hamzeloo-Moghadam et al., 2018; Majumdar and 

Alluri, 2015; El-Seedi et al., 2013; Elghuol et al., 2012; Bozcuk et al., 2011; Merghoub et 

al., 2009; Fouché et al., 2008). In an in vivo study, Deepak and Salimath (2006) reported 

that a 29 kDa glycoprotein from D. indica demonstrated the mechanism of antiangiogenic 

and proapoptotic activity against growth of an ascites tumour, mouse mammary 

carcinoma. Proscillaridin A, cardiac glycoside constituent of D. maritima exhibited 
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anticancer activity, induced apoptosis, inhibited STAT3 activation and amplified 

doxorubicin toxicity in prostate cancer cells LNCaP and DU145. 

However, the tumour specific cytotoxicity of those extracts and compounds has not yet 

been reported especially against colorectal cancer cells. Previously, D. maritima exhibited 

anticancer activities against non-small cell lung cancer (NSCLC) [A549] and malignant 

human neuroblastoma (SH-SY5Y) cell lines (El-Seedi et al., 2013; Bozcuk et al., 2011). 

MTT assay has been used as a drug sensitivity test (DST), in vitro; however, this method 

has some limitations (Sargent, J.M., 2003). For instance, this assay cannot differentiate 

between apoptotic and necrotic cells and therefore does not reveal the mechanism of 

action (Phillips et al., 1990, Carmichael et al., 1988). Detection of apoptosis in treated 

cancer cells is more informative than assessing only cancer cell viability. Additionally, 

Riparianin 2 isolated from D. calcarata dicloremethane extract was implicated in 

anticancer activities against breast (MCF-7), renal (TK10), and melanoma (UACC62) 

cancer cells (Moodley et al., 2007) based on MTT assay only, but the anticancer 

mechanisms of the dichloromethane extract as well as the isolateted Riparianin 2 were 

not explored. 

 

5.11.3. Anticancer mechanisms of D. calcarata extracts against colorectal cancer 

cells 

To elucidate the inhibitory mechanisms of cell growth by D. calcarata ME and WE, cell 

apoptosis induction was examined. The effects of both extracts were investigated using 

the fluorescence microscopy by AO/EB dual staining, Muse® cell analyser by Annexin V 

and Dead cell assay and caspase 3/7 assay. Apoptosis was initially described by its 

morphological characteristics, which include cell shrinkage, membrane blebbing, 

chromatin condensation and nuclear fragmentation (Lowe and Lin, 2000). Most studies 

on Drimia species had reported the cytotoxicity of the extracts and isolated compounds, 

and only a few went further to the molecular mechanisms level such as apoptosis 

(Winnicka et al., 2007). Dual acridine orange/ethidium bromide (AO/EB) fluorescent 

staining, visualised under a fluorescent microscope, has been employed to categorise 

apoptosis-related changes by evaluating the integrity of cell membranes during the 
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process of cell death. Moreover, this technique can also accurately differentiate cells in 

dissimilar stages of apoptosis (Liu et al., 2015). The treatment with ME and Curcumin 

caused apoptosis-related morphological changes, which included membrane blebbing 

and formation of apoptotic bodies in Caco-2 cells, while WE treated Caco-2 cells 

displayed no apoptotic cells (Figure 5.7). Treatment of the HT-29 cells with Curcumin and 

both extracts caused cell shrinkage, loss of membrane integrity and the number of viable 

cells decreased, tremendously (Figure 5.8). Lakshmi et al. (2017) reported that staining 

with AO/EB and PI showed membrane blebbing and nuclear membrane distortion, in 

SCC-25 cells following treatment with Acacia catechu extract. 

The apoptotic activity of the D. calcarata was confirmed by using the Muse® Annexin V 

and Dead Cell and Muse® Caspase 3/7 assays. In support of the AO/EB staining results, 

ME and 50 µM Curcumin treated Caco-2 cells significantly went through late apoptosis, 

while the WE did not affect Caco-2 cells (Figure 5.9). The ME and Curcumin significantly 

induced the activation of the effector caspases, including 3 and 7 in Caco-2 cells (Figure 

5.11). Interestingly, both D. calcarata extracts induced early apoptosis in HT-29 cells 

(Figure 5.10). ME and Curcumin significantly induced caspases -3 and -7 activation in 

HT-29 cells (Figure 5.12). The WE did not affect the activation of caspases -3 and -7 in 

both cell lines. Previously, D. maritima induced cell death in human breast cancer cells 

via the intrinsic apoptotic pathway (Hamzeloo-Moghadam et al., 2018). Baccatin III 

isolated from Fusarium solani promoted apoptosis in JR4-Jurkat cells with possible 

participation of anti-apoptotic BCL2 and mitochondrial membrane damage (Chakravarthi 

et al., 2013).  

Furthermore, limonin glucoside isolated from seeds of Citrus reticulata induced apoptosis 

through the reduction of the transcription ratio of BCL2/BAX and initiating the release of 

cytochrome c from mitochondria to cytosol, which confirm the activation of the intrinsic 

apoptotic pathway in SW480 colorectal cancer cells (Chidambara et al., 2011; Murthy et 

al., 2011). Oleuropein has been demonstrated to promote breast cancer cell death 

through a p53-dependent pathway, which is regulated by BAX and BCL2 genes 

(Chimento et al., 2014). These compounds have been found present in the D. calcarata 

extracts (Chapter 4). Therefore, phytochemicals present in D. calcarata extracts may 

have therapeutic potential against colorectal cancer by inducing apoptosis through the 
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intrinsic process by regulating the Bcl-2 family of genes. These members include BCL2 

and BAX, which are named from B-cell lymphoma-2 (Pegoraro et al., 1984; Yang et al., 

1997), which act as either anti- or pro-apoptotic regulators. Bax is an oncogene regarded 

as having a proapoptotic effect. It has also been suggested that the ratio of BAX to BCL2 

proteins is the dominant factor that determines whether expression of these oncogenes 

results in proȤ or antiapoptotic effects (Raisova et al., 2001; Krajewski et al., 1995) 

In this study, BAX was not detected in both colorectal cancer cells before and after 

treatment. BCL2 is mostly reported as antiapoptotic regulator and thereby promotes 

tumorigenesis by stimulating anti-apoptotic activities (Martinou et al., 2011; Cory et al., 

2003; Cory and Adams, 2002). The results of the present study showed that BCL2 was 

highly expressed in Caco-2 (Figure 5.13) untreated cells than HT-29 (Figure 5.14) 

untreated cells. ME downregulated the BCL2 in both cell lines, while WE and Curcumin 

treated-HT-29 cells showed no significant effect on the expression of BCL2. Decreased 

expression of BCL2 in both colorectal cancer cells explains the apoptosis prompted by 

ME since overexpression of BCL2 prevents cells from undergoing apoptosis. 

Furthermore, BAX gene was downregulated in colorectal tumour samples in comparison 

to normal adjacent tissues. It was suggested that BAX downregulation could contribute 

as an important factor during both colorectal carcinogenesis and cell resistance 

(Manoochehri et al., 2014). 

The TP53 was not detected in the untreated Caco-2 cells however, after their treatment 

with ME, there was upregulation of TP53. Interestingly, both ME and WE upregulated the 

expression of TP53 in HT-29. The results suggest that the D. calcarata extracts increase 

cancer cell apoptosis through a p53-dependent pathways. In agreement, He et al. (2011), 

previously concluded that the general health of patients with colorectal cancer improved 

following Curcumin treatment through the mechanism of increased p53 expression in 

tumour cells, and as a result, speeding up tumour cell apoptosis. In contrast, in the 

present study, Curcumin-treated Caco-2 cells showed no expression of TP53, while 

Curcumin-treated HT-29 cells resulted in the significant downregulation of TP53 

expression. In agreement, Curcumin resulted in the downregulation of p53 in HT-29 (He 

et al., 2011).  
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This might be due to the fact that HT-29 colorectal cancer cells express mutant TP53, 

regardless of the TP53 status, Curcumin is considered to be active against colorectal 

cancer cells (Van Erk et al., 2004). Previously, Gamet-Payrastre et al. (2000) also 

reported the expression of p53, with no detection of BCL2 and elevated expression level 

of the proapoptotic protein BAX in HT-29. A previous report suggested that p53 induces 

the mitochondrial cell death pathway (Goel and Boland, 2012). Moreover, in other 

diseases, Curcumin protected rat liver from streptozotocin-induced diabetic 

pathophysiology by counteracting reactive oxygen species and preventing the activation 

of p53 and MAPKs mediated stress response pathways (Ghosh et al., 2015). The p53 

function is still complex and there are many avenues that still require unravelling. 

Downregulation of BCL2 leads to the release of cytochrome c from the mitochondria, 

resulting in the initiation of apoptosis, thus, it is fitting to claim that ME induced 

mitochondrial-mediated apoptosis in colorectal Caco-2 and HT-29 cells. This was 

supported by the upregulation of TP53 in both cell lines by ME. Alpha-mangostin, a plant 

antitumour xanthone isolated from Garcinia mangostana, showed excellent apoptotic 

effects on head and neck squamous cell carcinoma cell lines through the p53-mediated 

pathway by downregulating BCL2 and upregulating BAX in HN-22, HN-30 and HN-31 

cells (Kaomongkolgit et al., 2011). 

 

5.11.4. D. calcarata-mediated cell cycle arrest of colorectal cells 

To further elucidate the cell cycle arrest potential of D. calcarata extracts, cell cycle 

distribution, that is, the percentage of cells in the G0/G1, S, and G2/M phase, was 

assessed by using the MuseÈ Cell Cycle Kit and MuseÈ Analyser. In this study, the D. 

calcarata extracts and Curcumin had no effect on the cell cycle progression of Caco-2 

cells (Figure 5.15). ME signifcantly increased the population of HT-29 cells at S-phase as 

compared to the untreated control, whereas the WE-treated HT-29 were arrested at 

G0/G1 phase (Figure 5.16). Cell cycle is not only regulated by intracellular signals, but by 

extracellular signals- too, and less is known about how the cell cycle is coordinated with 

differentiation and cell death in a multicellular context.  

Despite major advances in understanding the molecular basis of cancer, understanding 

genetic basis of and metastasis of cancer is critical to developing new therapeutic 
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strategies to treat and prevent the disease. Polymerase Chain Reaction was performed 

to assess the expression of cell cycle-related genes. The present study demonstrated 

that there was no expression of CLA1 detected in both cell lines before and after 

treatment. CLA1 is induced during or before the G1/S boundary; it binds to cdk2 in S 

phase and is involved in S phase progression. This explains the absence of CLA1 in both 

colorectal cancer cells before and after treatment. Additionally, CDKN1A and CLB1 were 

not detected in Caco-2 cells (Figure 5.17) while only CLB1 was detected in HEK-293 cells 

and both CLB1 and CDKN1A were detected in HT-29 cells (Figure 5.18). D. calcarata 

extracts had no significant effect on the expression of CLB1, while Curcumin significantly 

downregulated the CLB1 expression.  

Treatment with ME, WE and Curcumin upregulated the expression of CDKN1A. The 

CLB1 is associated with cells in G2/M (Flor-Parra et al., 2006), hence no expression in 

Caco-2 as most of the cells before and after treatment remained at G0/G1 phase. CLB1 

expression showed slight decreased expression in D. calcarata-treated HT-29 cells. The 

p21 has been found to inhibit cell cycle progression by promoting cell cycle arrest 

following activation from various stimuli. Cell cycle progression is triggered by partial 

phosphorylation of Rb by CDK-Cyclin, and p21 disrupts this interaction and inhibit cell 

cycle progression (Wang et al., 2011). The activation of CDC2 kinase activity occurs 

during the M phase. ME downregulated the expression of CDC2 in both colorectal cancer 

cell lines. Interestingly the WE- and Curcumin-treated cells showed no effect on the 

expression of CDC2. CDC2 was found in the untreated and solvent controls treated cells 

while, ME downregulated the expression of CDC2 in Caco-2.  

 

5.11.5. The anticancer activities of D. calcarata extracts through STAT5B 

regulation 

A colorectal cancer study by Nikolouzakis et al. (2018) has defined many biomarkers for 

diagnostic, prognostic, and predictive functions that either alone or as part of a panel 

would help advance patient's clinical management. At present, it is obvious that colorectal 

cancer is a polygenic disease occurring due to epigenetic as well as genetic 

manifestations in numerous genes with an unparalleled role for the maintenance of 
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standard cellular physiological conditions (Gonzalez-Pons and Cruz-Correa, 2015). Such 

genes may be tumour suppressor genes, oncogenes, DNA mismatch repair genes, and 

cell cycle regulating genes in colorectal mucosal cells (Das et al., 2012). Consequently, 

research studies aim to describe new markers for prognosis and prediction of the 

biological behaviour of a particular therapeutic procedure (Ghosh et al., 2015). The wild-

type colorectal cancers may be less sensitive to medicinal plants extracts than TP53-

mutant colorectal cancers. Additionally, STAT5B can also be targeted for combinatorial 

therapy. 

Transcription factors are adaptor molecules that recognise regulatory sequences in the 

DNA and regulate gene expression. A few transcription factors are overactive in many 

human cancer cells, making them significant targets for the development of therapeutic 

drugs (Robinson et al., 2019). The expressions of STAT1 and STAT3 were not observed 

in the untreated and treated Caco-2 cells, the expression was only detected in the 

untreated HEK-293 cells. No expression of STA5B was observed in the untreated Caco-

2, DMSO and H2O treated Caco-2 cells (Figure 5.19). Treatment of Caco-2 with ME and 

Curcumin resulted in upregulation of STAT5B, which is highly expressed in HEK-293 cells 

and downregulated STAT5A. As shown in Figure 5.20, ME downregulated the expression 

of STAT1 in HT-29 cells. No expression of STAT3 in the HT-29 cells before and after 

treatment was observed. The extracts had no significant effect on the expression of 

STA5A. Treatment with ME, WE, and Curcumin downregulated the expression of 

STAT5B. The expression of STATs genes in colorectal cancer is unclear. STAT1, STAT3, 

and STAT5 activation are typically associated with increased tumour proliferation, 

metastasis, survival, and invasion (Heppler and Frank, 2017; Rädler et al., 2017; 

Adamkova et al., 2007). During the progression of cancer, additional signalling pathways 

turn out to be activated in cells, but most congregate into major downstream networks.  

As part of an extended network, STAT5 signal transducers can interact in a crosstalk with 

other pathways to enable co-operation or antagonistic actions of various growth factors. 

Research report by Bibi et al. (2014) demonstrated that comparable to normal 

developmental programs, oncogenic functions of STAT5 rely on molecular crosstalk with 

PI3K/AKT signalling for the initiation and the progression of breast cancer. The multitude 
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by which STATs can interact with individual mediators of the PI3K/AKT signalling cascade 

may provide diverse opportunities for targeting signalling nodes within molecular 

networks that are crucial for the survival of cancer cells (Bibi et al., 2014). Moreover, the 

AKT and STAT5 pathways appear most critical and may result in drug-resistant chronic 

myeloid leukemia and systemic mastocytosis. Thus, targeting STAT5 and AKT could be 

a stimulating approach in human malignancies. There is an unmet need to come up with 

novel drugs, which will target STAT-regulated genes in cancer. 

 

5.12. Conclusion 

The D. calcarata methanol extract (ME) demonstrated cytotoxicity against colorectal 

cancer Caco-2 and HT-29 cells, meanwhile, water extract (WE) showed selective 

cytotoxicity towards the colorectal cancer cells. The expression of apoptosis-related 

regulatory genes assessed by PCR revealed an up-regulation of TP53 while BCL2 was 

downregulated with the BAX gene undetected in HT-29 cells. The mode of cell death 

induced by ME was suggestive of an intrinsic apoptotic pathway and p53-dependent 

mechanism in both colorectal cancer cells. ME downregulated the expression of STAT1, 

STAT3, and STAT5B in HT-29 cells. These findings indicate that phytochemicals present 

in Drimia calcarata have a potential for natural therapeutic product development for the 

treatment of colorectal cancer. However, further investigations are now needed to 

establish the precise mechanism of action for the compounds with unknown biological 

activities and to elucidate their therapeutic efficacy. 
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Chapter Six: Anti-proliferative effects of Drimia calcarata bulb extracts against 

cervical HPV-18 Positive HeLa and HPV 16&18 Positive Ca-Ski cells 

 

6. Introduction 

Numerous studies have indicated that herbal medicines can be used to enhance the 

efficacy of anticancer drugs and diminish the side effects and complications associated 

with chemotherapy and radiotherapy (Wang and Yuan, 2008; Yin et al., 2013). Natural 

therapies, such as the use of plant-derived products in the treatment of cancer, may 

reduce adverse and toxic side effects. Additionally, there are several plants that have 

shown promising anticancer activities in vitro and in vivo, but their active anticancer 

principle have yet to be evaluated (Sultana et al., 2014). The efficacy of Drimia calcarata 

against the human cervical cancer remains unexplored and less understood. Thus, this 

study focused on investigating the cytotoxic effect of D. calcarata bulb extracts against 

cervical cancer cells. 

To determine the anticancer activities of Drimia calcarata (D. calcarata) bulb extracts 

against cervical cancer cells, various experiments were carried out. After the exposing 

cervical cancer cells to different concentrations of D. calcarata bulb extracts, solvent 

controls (0.25% DMSO, 0.25% H2O) and positive control (50 µM Curcumin), the 

cytotoxicity effect of the extracts was analysed using the MTT assay (Section 6.1). The 

MUSE® cell viability analysis (Section 6.2) was used to confirm the MTT results and the 

obtained IC50s. The morphological changes induced by D. calcarata extracts (Section 

6.3), cell apoptosis induction (Section 6.4), the caspase 3/7 activity (Section 6.5) and the 

expression of apoptotic genes (Section 6.6) were analysed. The effects of D. calcarata 

extracts on the cell cycle progression (Section 6.7) and on cell cycle-related genes 

(Section 6.8) are also reported. Additionally, the effects of D. calcarata extracts on the 

expression of signal transducers and activators of transcription (STAT) genes (Section 

6.9) are covered. Furthermore, the effects of D. calcarata extracts phosphatidylinositide 

3-kinases (PI3K) activity (Section 10) is also reported. 

 

Data from this chapter has been published as full research article and the article can be accessed from the 

following DOI: 10.1016/j.ccmp.2022.100054. 

https://doi.org/10.1016/j.ccmp.2022.100054
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6.1. D. calcarata bulb extracts discriminatively inhibited the growth of cervical 

cancer cells 

Early in the study, the D. calcarata bulb extracts were found to be rich in flavonoids and 

tannins, and possess potent antioxidant agents. Furthermore, D. calcarata bulb extracts 

exhibited anti-proliferative effects through an intrinsic apoptotic pathway and p53-

dependent mechanism in colorectal cancer cells. The cytotoxic effect of the D. calcarata 

extracts remain unexplored against other human cancer cells, including cervical cancer 

cells; thus, the aim of this study was also to determine the cytotoxicity properties of D. 

calcarata extracts against cervical cancer cells. 

To evaluate the cytotoxic effect of D calcarata extracts, the MTT assay was conducted 

on D. calcarata extracts by using human cell lines HeLa (cervix adenocarcinoma), which 

are HPV-18 positive and Ca-Ski (cervix epidermoid carcinoma), which are both HPV-16 

and HPV-18 positive, as well as the non-cancerous human fibroblast skin KMST-6 cells. 

Both D. calcarata water extract (WE) and methanol extract (ME) showed no significant 

difference on cell viability at each concentration against the KMST-6 (Figure 6.1 and 

Table 6.1) with more than 80% cell viability observed across all the concentrations for D. 

calcarata extracts. Both ME and WE significantly (P<0.05, P<0.01, P<0.001) exhibited 

strong activity against the HeLa cells (Figure 6.2 and Table 6.2) when compared to the 

untreated control cells. From the viability data, the IC50 values were found to be 62.50 

ɛg/mL for the ME and 250 ɛg/mL for the WE, while ME had no significant effect on the 

viability of the Ca-Ski cells whereas WE increased their viability in a concentration-

dependent manner (Figure 6.3 and Table 6.3). The cytotoxicity effect of the extracts was 

significantly concentration-dependent varying from 15.63 to 1000 ɛg/mL. The IC50 values 

determined using HeLa cells were used to treat both Ca-Ski and HeLa cells.  
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Table 6.1: The average cell viability percentages ± standard error of mean (SEM) of KMST-6 

cells after 24 h treatment with D. calcarata extracts 

Treatment (µg/mL) 
Mean ± SEM 

ME WE 

0 100.00±0.000 100.00±0.000 

0.25% DMSO 101.330±0.667 101.330±0.667 

0.25% H2O 100.330±0.333 100.330±0.333 

50 µM Curcumin 100.670±0.333 100.670±0.333 

15.63 94.333±2.333 95.000±0.577 

31.25 94.333±3.283 96.000±0.577 

62.50 93.020±3.786 96.667±0.667 

125 89.333±5.364 95.000±1.155 

250 89.667±2.906 96.333±0.667 

500 99.333±0.333 101.330±0.667 

1000 82.667±1.764 95.667±0.333 
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Figure 6.1: Cytotoxic effect of D. calcarata extracts against human fibroblast skin KMST-6 cells. 
Cells were treated with D. calcarata extracts at concentrations ranging from 62.50 to 1000 ɛg/mL 

for 24 hours. Comparing to the untreated control, the difference was found to be statistically non-
significant after treatment of the non-cancerous KMST-6 skin cells with WE and ME.  
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Table 6.2: The average cell viability percentages ± SEM of HeLa cells after 24 h treatment with 

D. calcarata extracts 

Treatment (µg/mL) 
Mean ± SEM 

ME WE 

0 100.00±0.000 100.00±0.000 

15.63 62.250±0.773 75.167±1.701 

31.25 54.250±1.098 74.333±4.624 

62.50 47.125±1.619 73.167±7.418 

125 45.625±1.636 65.667±9.365 

250 45.625±2.008 49.333±2.076 

500 44.750±1.315 50.400±3.059 

1000 39.250±1.031 47.600±1.077 

Controls 

Treatment Mean ± SEM 

0.25% DMSO 105.170±1.249 

0.25% H2O 106.000±1.826 

50 µM Curcumin 33.833±0.792 
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Figure 6.2: Cytotoxic effect of D. calcarata extracts against cervical HeLa cancer cells. Cells were 
treated with D. calcarata extracts at concentrations ranging from 15. 63 to 1000 ɛg/mL for 24 
hours. Comparing to the untreated control, both ME and WE significantly (* P 0̓.05, ** P 0̓.01 
and *** P 0̓.001) reduced the viability of the HeLa cells. 
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Table 6.3: The average cell viability percentages ± SEM of Ca-Ski cells after 24 h treatment with 

D. calcarata extracts 

Treatment (µg/mL) 
Mean ± SEM 

ME WE 

0 100.00±0.000 100.00±0.000 

15.63 74.613±1.470 100.87± 0.552 

31.25 75.747±2.459 100.97± 0.962 

62.50 76.934±2.766 99.891±1.113 

125 80.393± 1.841 101.18±0.521 

250 83.007±2.328 101.16±1.014 

500 85.850±0.6240 99.726±1.312 

1000 85.494±1.806 101.03± 0.835 

Controls 

Treatment Mean ± SEM 

0.25% DMSO 102.175±1.947 

0.25% H2O 100.866±2.231 

50 µM Curcumin 53.142± 1.517 
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Figure 6.3: Cytotoxic effect of D. calcarata against cervical Ca-Ski cancer cells. Cells were treated 
with D. calcarata extracts at concentrations ranging from 15. 63 to 1000 ɛg/mL for 24 hours. 

Comparing to the untreated control, WE and ME had no significant effect against the Ca-Ski cell 
viability, while Curcumin significantly (*** P 0̓.001) reduced the CaSki cancer cells. 

6.2. The water extract induced proliferation of Ca-Ski cells 

To confirm the effect of D. calcarata on the Ca-Ski cell proliferation, Ki67 status was tested using 

the Muse Ki67 assay, which detects a nuclear protein that has been viewed as a gold standard 

marker for cell proliferation. As shown in Figure 6.4, the ME had no significant effect on the 

expression of Ki67 (52.997±5.498, Ki67+ population) while WE significantly (P 0.001) increased 

the levels of Ki67 protein (67.353±0.839, Ki67+ population) compared with the untreated control 

(43.360±1.460, Ki67+ population) [Table 6.4; Figure 6.4 and Appendix 6.1].
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Table 6.4: The Ki67 average percentages ± SEM of Ca-Ski cells after 24 h treatment with D. 

calcarata extracts 

Treatment 
Mean (%) ± SEM 

Ki (-) Ki (+) 

Control 56.640±1.460 43.360±1.460 

0.25% DMSO 58.490±3.585 41.453±3.551 

0.25% H2O 56.625±1.015 43.375±1.015 

50 µM Curcumin 75.200±1.135 24.800±1.135 

62.50 µg/mL ME 46.950±5.466 52.997±5.498 

250 µg/mL WE 32.497±0.770 67.353±0.839 

 

 

Figure 6.4: Ki67 expression in Ca-Ski cells after 24 h treatment with D. calcarata extracts. 
Comparing to the untreated control, the WE significantly (** P 0.01) increased the Ki67 

expression level of Ca-Ski cancer cells, whereas the positive agent Curcumin significantly (* 
P 0.05) reduced the Ki67 expression level of Ca-Ski cancer cells. The analysis was carried out 

using the Muse® Cell Analyser (Merck-Millipore, Germany.  
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6.3. Fluorescence microscopy showed different effects of the D. calcarata extracts 

against various cervical cells  

The morphological analysis was done to ascertain the effect of the D. calcarata extracts 

in the cervical cancer cells. Figure 6.5 shows the morphological changes of treated HeLa 

cancer cells that were analysed using the AO/EB staining, and examined using 

fluorescence microscopy. The untreated control HeLa cells and solvent controls (0.25% 

DMSO and 0.25% H2O)-treated HeLa cancer cells kept their characteristic epithelial cell 

shape, as indicated by the red arrows. After treatment with 62.50 µg/mL ME and 250 

µg/mL WE, cells went through early apoptosis indicated by cell shrinkage and chromatin 

condensation, which fluoresced green (purple arrows) following staining with acridine 

orange and cells going through late stage of apoptosis indicated by fragmented nuclei, 

which showed orange fluorescence (blue arrows) following staining with ethidium 

bromide. The positive control, 50 µM Curcumin, also displayed cells going through late 

stage of apoptosis, which showed orange fluorescence (blue arrows).  

As shown in Figure 6.6, the untreated Ca-Ski cells, DMSO-treated Ca-Ski cells and D. 

calcarata extracts- (62.50 µg/mL ME and 250.00 µg/mL WE) treated Ca-Ski cells 

maintained their intact nuclear (red arrows). Ca-Ski cells treated with 50 µM Curcumin 

displayed loss of membrane integrity (purple arrows). 

 



171 
 

 

Figure 6.5: Morphological effects of D.calcarata extracts on HeLa cells using AO/EB staining. D. calcarata extracts induced morphological 
changes typical to apoptosis in HeLa cells: (a)-untreated cells, (b)-0.25% DMSO, (c)- 0.25% H2O, (d)- 50 µM Curcumin, (e)-62.50 µg/mL 
ME and (f)-250 µg/mL WE. The samples were analysed using an Eclipse Ti-U fluorescence microscope (Nickon Instruments Inc. USA) 
and images were captured at 20X magnification. The red arrows indicate intact nuclei, while yellow arrows show cells going through early 
apoptosis and purple arrows show cell going through late apoptosis. 
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Figure 6.6: Morphological effects of D.calcarata extracts on Ca-Ski cells using AO/EB staining.  D. calcarata extracts induced 

morphological changes typical to apoptosis in Ca-Ski cells: (a)-untreated cells, (b)-0.25% DMSO, (c)-0.25% H2O, (d)-50 µM Curcumin, 
(e)-62.50 µg/mL ME, (f)-250 µg/mL WE. The samples were analysed using an Eclipse Ti-U fluorescence microscope (Nickon Instruments 
Inc. USA) and images were captured at 20X magnification. The red arrows indicate intact nuclei, while yellow arrows show cells going 
through early apoptosis and blue arrows show cell going through late apoptosis. 
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6.4. D. calcarata extracts induced apoptosis in the HPV-18 positive HeLa cancer 

cells 

During the induction of apoptosis and cell cycle arrest, the cells respond by activating a 

cascade of genes involved in the regulation cell growth. To further elucidate whether the 

inhibition of cell growth by D. calcarata methanol and water extracts was associated with 

cell apoptosis induction, the effects of ME and WE were investigated using the Annexin 

V and Dead cell kit and Muse® Cell Analyser. Figure 6.7and Figure 6.8 show Annexin V 

analysis of treated-cervical HeLa and Ca-Ski cancer cells, respectively. Treatment of 

HeLa cells with 62.5 µg/mL ME and 250 µg/mL WE significantly (P 0̓.001) induced 

apoptosis up to 50.820±1.921 and 49.292±0.463, respectively, compared to untreated 

cells (17.188±0.683) [Figure 6.7, Table 6.5, Appendix 6.2]. Treatment of the Ca-Ski 

cancer cells with 62.5 µg/mL ME and 250 µg/mL WE significantly (P 0̓.001) induced 

apoptosis up to 30.258±1.522 and 29.907±1.526 compared to untreated control cells 

16.638±0.911 (Figure 6.8, Table 6.6 and Appendix 6.3); however, the effect of the 

extracts against Ca-Ski was slightly less compared to the effect against HeLa cells. 

Curcumin (50 µM), which was used as positive control, resulted in higher induced more 

apoptosis (41.400±0.865). 
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Table 6.5: The apoptotic mean percentages ± SEM of treated HeLa cells 

Treatment 

Mean (%) ± SEM 

Live 
Early 

apoptotic 

Late 

apoptotic 
Dead  

Total 

apoptotic 

Control 82.313±0.9263 16.225±0.597 0.9625±0.4160 0.500±0.401 17.188±0.683 

0.25% DMSO 78.510±1.352 19.725±1.653 1.513±0.5149 0.238±0.031 21.238±1.398 

0.25% H2O 81.000±0.577 16.000±0.577 1.000±0.577 0.333±0.333 17.333±0.333 

50 µM 

Curcumin 
29.400±2.055 17.000±0.732 53.092±1.861 0.517±0.419 70.083±2.395 

62.5 µg/mL ME 39.210±1.433 14.030±1.642 36.790± 1.543 9.970±0.560 50.820±1.921 

250 µg/mL WE 50.650±0.454 20.958± 0.302 28.083±0.287 0.058±0.0201 49.292±0.463 

 

 

Figure 6.7: Apoptotic cell percentages of the HeLa after 24 h treatment. The difference was found 
to be statistically significant (** P 0̓.01 and *** P 0̓.001) and ns indicates not significance. 
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Table 6.6: The apoptotic mean percentages ± SEM of treated Ca-Ski cells 

Treatment 

Mean (%) ± SEM 

 

Live 
Early 

apoptotic 

Late 

apoptotic 
Dead  

Total 

apoptotic 

Control 82.615±1.222 12.580±0.453 4.058±0.979 0.757±0.433 16.638±0.911 

0.25% DMSO 79.647±1.235 12.510±0.962 6.990±2.059 0.853±0.529 19.498±1.415 

0.25% H2O  79.972±1.119 16.713±1.308 2.772±0.899 0.600±0.286 19.468±1.096 

50 µM Curcumin 58.560±0.861 28.060±1.168 13.340±0.434 0.030±0.020 41.400±0.865 

62.5 µg/mL ME 69.620±1.534 26.347±2.256 3.912±1.477 0.125±0.038 30.258±1.522 

250 µg/mL WE 69.603±1.609 21.105±0.931 8.802±1.814 0.492±0.115 29.907±1.526 

 

 

Figure 6.8: Apoptotic cell percentages of the Ca-Ski cells after 24 h treatment. The difference 
was found to be statistically significant (** P 0̓.01 and *** P 0̓.001) and ns indicates not 

significance. 
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6.5. ME reduced caspase 3/7 activity in HPV-18 positive cancer cells 

Furthermore, caspase activation was analysed using the Muse® Caspase Activation 

assay. As shown in Table 6.7, Figure 6.9 and Appenndix 6.4, only ME had significant 

(P 0̓.001) effect on the activation of caspases 3/7 (49.762±6.540) in HeLa cells, while 

WE had no effect on the activities of caspase 3/7. Curcumin (50 µM) was used as positive 

control which resulted in significant (P 0̓.001) higher induction of apoptosis, averaging 

(70.083±2.395).  There was a significant (P 0̓.001) activation of caspase 3/7 in HeLa 

cells (92.107±3.550. As exhibited in Table 6.8, Figure 6.10 and Appendix 6.5, both ME 

and WE had no effect on the caspase 3/7 activity in Ca-Ski cancer cells while Curcumin 

significantly (P 0̓.001) activated caspase 3/7 in Ca-Ski cells (25.333±2.603). 

 

Table 6.7: The caspase 3/7 activated cell percentages ± SEM of HeLa cells  

Treatment 

Mean (%) ± SEM 

Live Apoptotic Apoptotic/Dead Dead 
Total 

apoptotic 

Control 90.408±4.861 5.290±3.047 3.708±1.987 0.595±0.315 9.035±5007 

0.25% DMSO 91.168±5.556 5.795±3.265 2.695±2.074 2.695±2.074 8.718±5.559 

0.25% H2O 96.000±0.577 1.667± 0.333 1.000±0.577 0.000±0.000 2.667±0.667 

50 µM 

Curcumin 
7.586±3.360 41.666±5.313 50.439±2.431 0.310±0.226 92.107±3.550 

62.5 µg/mL ME 43.886±8.756 13.478±5.236 36.288±2.030 6.362±2.379 49.762±6.540 

250 µg/mL WE 74.588±1.480 4.775±0.188 17.750±1.767 2.888±0.297 22.525±1.708 
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Figure 6.9: Caspase 3/7 activated cell percentages of the HeLa cells after 24 h treatment.  The 
difference was found to be statistically significant (* P 0̓.05 and *** P 0̓.001) and ns indicates not 

significance. 
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Table 6.8: The caspase 3/7 activated cell percentages ± SEM of Ca-Ski cells 

Treatment 

Mean (%) ± SEM 

Live Apoptotic 
Apoptotic or 

Dead 
Dead 

Total 

apoptotic 

Control 92.000±1.163 0.000±0.000 0.000±0.000 6.333±3.930 0.000±0.000 

0.25% DMSO 84.000±5.033 0.000±0.000 0.000±0.000 14.333±5.175 0.000±0.000 

0.25% H2O 91.000±0.577 0.000±0.000 0.000±0.000 5.000±2.646 0.333± 0.333 

50 µM 

Curcumin 
68.000±0.577 9.000±3.215 15.667±0.333 7.000± 1.000 25.333±2.603 

62.50 µg/mL 

ME 
91.667±0.333 0.000±0.000 0.333± 0.333 6.333±0.333 0.333±0.333 

250 µg/mL WE 95.000±0.577 0.000±0.000 1.000±0.000 2.667±0.882 1.000± 0.000 

 
 

 

 

Figure 6.10: Caspase 3/7 activated cell percentages of the Ca-Ski cells after 24 h treatment. The 
difference was found to be statistically significant (* P 0̓.05 and *** P 0̓.001) after treatment with 
Curcumin and non-significant (ns) after treatment with D. calcarata extracts. 
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6.6. TP53, BAX, and BCL2 mRNA gene expressions after exposure of human 

cervical cancer cells to D. calcarata bulb extracts 

To further confirm induction of apoptosis, the expressions of apoptosis-related genes 

in treated and untreated human cervical cancer cells (HeLa and Ca-Ski) were 

investigated and the genes that were targeted included BAX, BCL2 and TP53, and 

their expression was also determined in non-cancerous human embryonic kidney cells 

(HEK-293). There was no detection of BAX gene expression in both the untreated and 

treated HeLa cancer cells, which suggested that the induced apoptosis may not be 

through BAX regulation. However, as shown in Table 6.9 and Figure 6.11A, the 

treatment of HeLa cells with D. calcarata extracts regulated the expression of TP53 

splice variants. ME and Curcumin significantly downregulated the mRNA expressions 

of TP53 variants 1 and 2 when compared to the untreated control cells while the WE 

upregulated the expression of both TP53 splice variants when compared with the 

untreated control cells. Both TP53 splice variants were detectable in the human 

embryonic kidney cells. As illustrated in Figure 6.12B, ME had no significant effect on 

the expression of BCL2 whereas WE and Curcumin (a positive control), significantly 

(P<0.01 and P<0.001, respectively) increased the expression of BCL2. 

As shown in Table 6.10 and Figure 6.12A, treatment of Ca-Ski cells with ME 

upregulated the mRNA expression of BAX, whereas treatment with WE and Curcumin 

led to downregulation of BAX mRNA expression in Ca-Ski cells. In Table 6.10 and 

Figure 6.12B, differential expression of TP53 was observed in Ca-Ski cells. There was 

no expression of TP53 variants 1 in the untreated control and the solvent-treated Ca-

Ski cells. Treatment of Ca-Ski cells with ME, WE and Curcumin upregulated the 

mRNA expression of TP53 variant 1 while treatment of Ca-Ski cells with ME, WE and 

Curcumin resulted in downregulation of TP53 variant 2. As exhibited in Table 6.10 

and Figure 6.12C, following treatment, it is evident that DMSO, H2O and ME 

upregulated the expression of BCL2, whereas WE had no effect on the BCL2 

expression. Curcumin downregulated the BCL2 expression. GAPDH was used as an 

internal housekeeping gene, which served as a loading control (Figure 6.11C and 

Figure 6.12D). 

 



180 
 

Table 6.9: The mean densities of apoptosis-related genes± SEM in HeLa cells after treatment 

with D. calcarata extracts 

Treatment 
Mean (INT/mm2) ± SEM 

BCL-2 TP53 Variant 1 TP53 Variant 2 GAPDH 

0 0.633±0.055 4.456±0.051 1.030±0.046 19.039±0.302 

0.25% DMSO 0.820±0.058 5.030±0.100 1.431±0.0421 19.226±0.067 

0.25% H2O 0.874±0.063 5.406±0.117 1.794±0.043 19.525±0.122 

62.50 µg/mL ME 0.515±0.064 3.344±0.108 1.486±0.034 19.535±0.055 

250 µg/mL WE 1.153±0.059 6.705±0.176 10.152±0.093 19.332±0.118 

50 µM Curcumin 12.996±0.106 3.885±0.197 6.042±0.133 18.981±0.064 

HEK-293 1.716±0.053 7.871±0.259 9.565±0.095 19.236±0.028 

Blank - - - - 

 

Table 6.10: The mean densities of apoptosis-related genes± SEM in Ca-Ski cells after treatment 

with D. calcarata extracts 

Treatment 
Mean (INT/mm2) ± SEM 

BCL2 TP53 Variant 1 TP53 Variant 2 GAPDH 

0 6.258±0.102 - 23.796±0.310 8.271±0.160 

0.25% DMSO 7.615±0.092 - 26.077±0.336 8.046±0.187 

0.25% H2O 7.457±0.086 - 25.478±0.399 8.358±0.185 

62.50 µg/mL ME 6.979±0.061 11.977±0.278 20.221±0.210 8.731±0.197 

250 µg/mL WE 6.060±0.076 8.066±0.291 21.032±0.114 8.540±0.190 

50 µM Curcumin 5.277±0.122 13.954±0.393 10.746±0.112 8.591±0.188 

HEK-293 1.147±0.015 10.146±0.251 14.019±0.041 8.545±0.108 

Blank - - - - 
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Figure 6.11. Expression analysis of apoptosis-related genes in HeLa cells (A-TP53, B-BCL2 & 
C-GAPDH). Lane 1: 100 bp Ladder, Lane 2: untreated, Lane 3: 0.25% DMSO, Lane 4: 0.25% 

H2O, Lane 5: 62.50 ɛg/mL ME, Lane 6: 250 ɛg/mL WE, Lane 7: 50 ɛM Curcumin, Lane 8: HEK-
293 cells and Lane 9: blank. The GAPDH gene was used as a loading control.  
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Figure 6.12. Expression analysis of apoptosis-related genes in Ca-Ski cells (A-BAX, B-TP53, C-
BCL2 & G-GAPDH) cells. Lane 1: 1000 bp DNA Ladder, Lane 2: untreated, Lane 3: 0.25% DMSO, 
Lane 4: 0.25% H2O, Lane 5: 62.50 ɛg/mL ME, Lane 6: 250 ɛg/mL WE, Lane 7: 50 ɛM Curcumin, 
Lane 8: HEK-293 cells and Lane 9: blank. The GAPDH gene was used as a loading control.  

 

6.7. D. calcarata arrested HPV-18 positive Hela cells at G2/M cell cycle phase 

To determine the effect of the D. calcarata extracts on the cell cycle progression of the 

treated cervical cancer cells, the DNA content of the treated cells was analysed and 

compared to the untreated cells using the Muse® Cell Cycle Assay. As shown in table 

6.11, Figure 13 and Appendix 6.6, D. calcarata extracts significantly (P<0.001 and 

P<0.01) induced G2/M cell cycle arrest in HeLa cells (53.833 ± 2.286 when treated with 
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ME and 49.333 ± 0.493 when treated with WE) compared to the untreated control, which 

on average had 36.250 ± 1.109 at this phase.  

 

Table 6.11: The mean percentages of cell cycle phases ± SEM of HeLa cells  

Treatment Mean (%) ± SEM 

G0/G1 S G2/M 

Control 55.750±0.947 7.250±0.478 36.250±1.109 

0.25% DMSO 47.333± 6.119 9.900± 1.002 41.733± 5.531 

0.25% H2O 48.767± 3.242 7.667± 0.338 43.567± 3.067 

50 µM Curcumin 52.200±2.311 11.600±1.691 34.400±0.927 

62.5 µg/mL ME 29.500±4.904 15.500±3.243 53.833±2.286 

250 µg/mL WE 43.333±0.494 5.833±0.167 49.333±0.494 

 

 

 

Figure 6.13: The percentage of HeLa cells in the G0/G1, S and G2/M cell cycle phases after 
24 h treatment. The difference was found to be statistically significant (** P 0̓.01 and *** 
P 0̓.01) and ns indicates not significant.  
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D. calcarata extracts and Curcumin significantly (P<0.001) increased the number of Ca-

Ski cells in G0/G1 phase (66.667 ± 0.33 when treated with ME and 79.667 ± 0.33 when 

treated with WE) compared to the untreated control, which on average had 57.667 ± 0.333 

at this phase (Table 6.12, Figure 6.14, and Appendix 6.7). DMSO significantly reduced 

the cell number in G0/G1, whereas the H2O control increased the number of cells at G2/M 

phase. 

 

Table 6.12: The mean percentages of cell cycle phases ± SEM of Ca-Ski cells 

Treatment Mean (%) ± SEM 

G0/G1 S G2/M 

Control 57.667±0.333 10.333±0.333 31.000±0.000 

0.25% DMSO 59.667±1.333 12.667±0.333 27.000±1.000 

0.25% H2O 67.000±0.577 7.000±0.333 24.333±0.333 

50 µM Curcumin 66.333±0.667 7.000±0.667 25.667±0.667 

62.5 µg/mL ME 66.667±0.333 6.000±0.333 25.667±0.333 

250 µg/mL WE 79.667±0.333 6.667±0.333 12.333±0.333 
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Figure 6.14: The percentage of Ca-Ski cells in the G0/G1, S and G2/M cell cycle phases after 
24 h treatment. The difference was found to be statistically significant (** P 0̓.01 and *** 
P 0̓.001) and ns indicates not significant.  

6.8. Regulation of CDC2 mRNA expression of cell cycle-related genes 

Deregulated cell cycle is one of the major hallmarks of cancer. Cancer cells may lose the 

ability to regulate the cell cycle and control their rate of proliferation. Since the expression 

of cell cycle-related genes is likely to represent a fundamental aspect of tumour biology; 

these genes might be useful for predicting the outcome in cancer. Therefore, the 

expression of cell cycle-related genes was assessed using Reverse Transcription 

Polymerase chain Reaction (RT-PCR) and quantitative data is presented in Table 6.13 

and table 6.14. 

The gene expression analysis of various cell cycle-related genes in cervical HeLa and 

Ca-Ski cells that were assessed using the conventional RT-PCR. In both cell lines, no 

expression of CLA1 was observed, while CDKN1A and CLB1 expressions were only 
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detected in Ca-Ski cells and HEK-293 (Figure 6.15A and 6.16B). As shown in Figure 

6.15B, the plant extracts trigger the splicing machinery of CDC2 gene as more than one 

product was observed following treatment in HeLa cells (Figure 6.15B). GAPDH gene 

(Figure 6.15C) was used as a housekeeping gene and a loading control. 

 

Table 6.13: The mean densities of cell cycle-related genes ± SEM in HeLa cells after treatment 

with D. calcarata extracts 

Treatment 

Mean (INT/mm2) ± SEM 

CLB1 CDC2 GAPDH 

0 - 0.858±0.317 14.915±0.288 

0.25% DMSO - 0.633±0.086 14.761±0.044 

0.25% H2O - 0.669±0.047 15.451±0.151 

62.50 µg/mL ME - 3.135±0.060 14.424±0.077 

250 µg/mL WE - 1.576±0.053 15.348±0.220 

50 µM Curcumin - - 14.616±0.077 

HEK-293 1.004±0.0.025 6.356±0.029 15.289±0.272 

Blank - - - 
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Figure 6.15: Expression analysis of cell cycle-related genes in HeLa cells (A-CLB1, B-CDC2 & 
C-GAPDH). Lane 1: 100 bp/1000 bp Ladder, Lane 2: untreated, Lane 3: 0.25% DMSO, Lane 4: 
0.25% H2O, Lane 5: 62.50 ɛg/mL ME, Lane 6: 250 ɛg/mL WE, Lane 7: 50 ɛM Curcumin, Lane 8: 
HEK-293 cells and Lane 9: blank. The GAPDH gene was used as a loading control.  

 

As exhibited in figure 6.16A, the D. calcarata methanol extract had no effect on the 

expression of the CDKN1A (p21 gene) in both untreated and methanol extract-treated Ca-Ski 

cells; however, the D. calcarata bulb water extract significantly (***P<0.001) reduced p21 

expression while the curcurmin positive control upregulated the expression of CDKN1A 

compared to the untreated and solvent control cells. As shown in Table 6.14 and Figure 6.16B, 

D. calcarata extracts had no effect on the expression of CLB1 in Ca-Ski cells. In HeLa 
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cells, the D. calcarata extracts upregulated CDC-2 mRNA; however, there was no 

significant effect of the extracts on the CDC2 expression in Ca-Ski cells (Figure 6.16C). 

GAPDH gene was used as a housekeeping gene and it demonstrated loading and 

accurate quantification of the cDNAs for expression analysis. 

 

Table 6.14: The mean densities of cell cycle-related genes ± SEM in Ca-Ski cells after treatment 

with D. calcarata extracts 

Treatment 

Mean (INT/mm2) ± SEM 

CLB1 CDC2 GAPDH 

0 9.039±0.200 8.205±0.264 8.271±0.160 

0.25% DMSO 9.490±0.197 7.704±0.250 8.046±0.187 

0.25% H2O 10.225±0.187 9.116±0.230 8.358±0.185 

62.50 µg/mL ME 9.887±0.181 9.225±0.222 8.731±0.197 

250 µg/mL WE 10.653±0.175 8.900±0.222 8.540±0.199 

50 µM Curcumin 11.3830.175± 9.203±0.213 8.591±0.188 

HEK-293 10.521±0.146 9.418±0.225 8.871±0.185 

Blank - - - 
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Figure 6.16: Expression analysis of cell cycle-related genes in Ca-Ski cells (D-CDKN1A, E-CLB1, 
F-CDC2 & G-GAPDH). Lane 1: 100 bp/ 1000 bp DNA Ladder, Lane 2: untreated, Lane 3: 0.25% 

DMSO, Lane 4: 0.25% H2O, Lane 5: 62.50 ɛg/mL ME, Lane 6: 250 ɛg/mL WE, Lane 7: 50 ɛM 
Curcumin, Lane 8: HEK-293 cells and Lane 9: blank. The GAPDH gene was used as a loading 

control.  

 

6.9. Regulation of transcription factors STAT1 and STAT3 in cervical HeLa and 

Ca-Ski cancer cells 

To further examine the effects of D. calcarata ME and WE on anticancer molecular 

mechanisms associated with apoptosis against cervical cancer cells, the expression of 

STATs genes was also analysed by RT-PCR. As shown in Table 6.15 and Figure 6.17, 


































































































































































































































































































































































































































































































































































































































































