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ABSTRACT 

Breast cancer is the leading cause of female deaths in the world. Varying types of 

therapy options are available, yet these conventional treatments for the malignancy 

are known to have numerous side effects. Similar to other diseases, herbal remedies 

are being explored as alternative treatment options as well as starting points for 

development of new drugs to treat breast cancer. Bidens pilosa is a weed distributed 

throughout the world with known medicinal properties. Its anti-cancer activity has been 

established in various cancers. This study aimed to investigate the epigenetic patterns 

affected by a bioactive extract of B. pilosa in breast cancer. A crude methanol extract 

of B. pilosa was fractionated with n-hexane, chloroform, ethyl acetate, n-butanol, 65% 

methanol and water. Healing properties of plants are often an attribute of the presence 

of phenolic compounds within the plant and the sub-fractions of the methanol extract 

of B. pilosa were, therefore, assayed for these compounds. The water sub-fraction 

showed the highest content of total phenolic compounds, however, when the sub-

fractions were analysed for the presence of two classes of specific phenolic 

compounds, the butanol sub-fraction boasted the highest concentration of flavonoids 

and tannins, affording it superior antioxidant activity in a quantitative DPPH assay. 

Distribution of the antioxidant compounds in TLC-DPPH analysis also supported this 

finding. Despite its high antioxidant compound content, cytotoxicity of the butanol sub-

fraction in MCF-7 breast cancer cells was not impressive in the MTT viability assay. 

Treatment with varying concentrations of the chloroform sub-fraction resulted in a 

better dose- and time-dependent decrease in cell viability of MCF-7 cells than all the 

other sub-fractions as well as the crude methanol extract. Analysis of breast cancer 

genes affected by the chloroform sub-fraction on the Human Breast Cancer RT2 

Profiler PCR array showed repression in BRCA1 and BRCA2, genes classified as 

tumour suppressors. Bisulfite pyrosequencing showed no significant modification in 

methylation of selected CpG islands within the promoter regions of both genes. 

Results of the array also showed decreased expression of CDH1 which is associated 

with invasiveness and aggression of tumours. Its investigated CpG island was also 

shown not to be differentially methylated by treatment of the cells with the chloroform 

sub-fraction of the extract. As a well-appreciated biomarker for breast cancer risk, 

BRCA1 protein expression was further investigated. Western blot analysis showed 

parallel findings to those of the PCR array, with down-regulation of BRCA1 within 24 



 xv  
 

hours of treatment of MCF-7 cells with the sub-fraction. Repression of the BRCA 

genes is strongly linked to arrest of cells at the G2/M phase of the cell division cycle, 

and this was therefore also assessed. Treatment of MCF-7 cells with the chloroform 

sub-fraction effected a dose-dependent accumulation of cells at the G2/M phase of the 

cell cycle as determined by flow cytometry. Results of global DNA methylation analysis 

showed an increase in chromosomal instability by a significantly reduced level of 

methylation of the genome. This hypomethylation also supports arrest of the cells at 

the G2/M phase of the cell cycle, as cells accumulate at this checkpoint, awaiting repair 

to prevent segregation of broken chromosomes during mitosis. However, the lack of 

BRCA1 suggests that repair proteins were not recruited to the sites of repair and the 

cells were consequently directed to apoptosis. Analysis of the effect of the chloroform 

sub-fraction of the methanol extract of B. pilosa in the Mitopotential assay showed an 

increase in the number of dead cells with depolarised mitochondrial membranes, 

alluding to the intrinsic mode of apoptotic cell death in MCF-7 cells treated with the 

sub-fraction. Down-regulation of BRCA1 is further associated with telomerase 

inactivation in cancer cells. Treatment of MCF-7 cells with the chloroform sub-fraction 

reduced telomerase activity within 24 hours of treatment, with an absence of activity 

following treatment with 100 and 125 µg/ml of the sub-fraction. This lack of telomerase 

activity resulted in shortened telomeres which limit proliferative ability of the cells. 

Characterisation of the six sub-fractions of the methanol extract of B. pilosa with GC-

MS showed an abundance of fatty acids in the chloroform sub-fraction, specifically α-

linolenic acid, palmitic acid and linoleic acid. Palmitic acid is alleged to play a role in 

down-regulation of BRCA1 and its abundance in this sub-fraction leads to the 

conclusion that palmitic acid may be responsible for the decreased expression of 

BRCA1 in MCF-7 breast cancer cells. The down-regulation results in hypomethylation 

of the genome leading to cell cycle arrest at the G2/M checkpoint and subsequent 

apoptosis as a result of this repression of BRCA1. Repression of BRCA1 also leads 

to inactivation of telomerase, inhibiting cell proliferation. Taken together, the observed 

antioxidant activity and pro-apoptotic potential attributed to epigenetic modifications 

validate B. pilosa as an anticancer agent. Our findings merit the plant for use in 

development of potential breast cancer drugs.
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CHAPTER 1 

1.1 INTRODUCTION 

Breast cancer is the most common cancer in women and the leading cause of cancer-

related deaths in the global female population (Sung et al. 2021). It has been shown 

that with early detection many women survive the malignancies, yet, there is still a 

high risk of recurrence following treatment (Bezerra et al. 2018; Ginsburg et al. 2020). 

Breast cancer treatment depends on the stage of the cancer and may involve 

therapeutic radiation, chemotherapy, hormone therapy, exploitation of the immune 

system in targeted therapy and immunotherapy or the lesion may require surgical 

removal in a lumpectomy or mastectomy (Benson, Jatoi, and Toi 2016; García-Aranda 

and Redondo 2019; Greenlee et al. 2017; Waks and Winer 2019). Most often, a 

combination of these therapies is required to achieve optimum outcome (Esteva et al. 

2019; Núñez et al. 2016). Patients who receive neoadjuvant chemotherapy before a 

lumpectomy have better operation outcomes and fewer of them require follow-up 

surgery (Landercasper et al. 2017). However, among many side effects of these 

conventional therapies, patients undergoing chemotherapy and radiation therapy often 

complain of dizziness, loss of appetite, hair loss, diarrhoea, bleeding and bruising 

(Odle 2014; Ohnishi and Takeda 2015; Olver et al. 2018). This then necessitates the 

administration of more drugs to alleviate or mask these side effects. 

 

Due to the adverse side effects of conventional medicines, there is a need for safer 

treatment options. These therapies are often offered by plant extracts as they have 

proven to be safer, easier to access, and are cost effective (Sen and Samanta 2014; 

van Wyk and Prinsloo 2018). In recent years, many people have slowly reverted to 

seeking healing from natural products because they have become more socially 

acceptable and are known to have fewer side effects than conventional synthetic drugs 

(Raimi et al. 2020). Plants and their isolated bioactive compounds have been shown 

to have good biological activity against a myriad of diseases including breast cancer 

(Levitsky and Dembitsky 2015; Mainasara, Abu Bakar, and Linatoc 2018; Onyancha 

et al. 2018; Prabhu et al. 2012; Richard et al. 2015). Still, much research is required 

to validate the current applications of medicinal plants as well as exploiting other plants 

for possible therapeutic use. 
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Bidens pilosa is an herb that has widely accepted medicinal use and has been found 

to have inhibitory action against cancer cells (Arroyo et al. 2010; Kumari et al. 2009; 

Raimi et al. 2020; Xuan and Khanh 2016). The therapeutic effect of plants on the 

genetic mechanisms involved in cancer are an active are of research. However, since 

cancer is a result of both genetic and epigenetic modifications to the genome, this 

study aimed to investigate if B. pilosa effects any epigenetic alterations in breast 

cancer cells that could contribute to treating the malignancy. 

 

1.2 LITERATURE REVIEW 

1.2.1 BREAST CANCER 

The South African National Cancer Registry is the most comprehensive database 

containing pathology-based cancer data in the country, with 80 000 new cancer cases 

added to the repository every year (NCR, 2012). According to the NRC, breast cancer 

is the most prevalent cancer in South African women, followed closely by cervical 

cancer (NCR, 2014). 

 

Developed regions of the world have been shown to have higher incidences of breast 

cancer (Ginsburg et al. 2020). This may be because all forms of cancer are under-

reported in developing countries, like South Africa, due to poor cancer surveillance 

systems as well as few healthcare services available to the greater proportion of the 

population (Hopkins and Mkuzi 2018; Kruger and Apffelstaedt 2007). In these 

developing countries, women with medical cover and those of generally high 

socioeconomic status seemingly detect their breast cancer earlier and therefore begin 

treatment timeously, resulting in a more favourable outcome than their poorer 

counterparts (Desantis, Jemal, and Ward 2010; Ginsburg et al. 2020). 

 

Numerous factors in developing countries have contributed to the increasing burden 

of breast cancer on healthcare systems. In Africa, race, age group and socioeconomic 

status have shown to be variables that play an important role in breast cancer 

detection and survival (Espina, McKenzie, and Dos-Santos-Silva 2017). It was 

reported that African and African-American women have an earlier onset of breast 

cancer than white women and that the cancer is less aggressive in the latter (Bertrand 

et al. 2020; Demicheli et al. 2007). 
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Prompt detection and early therapy leads to appreciable survival rates in women with 

breast cancer (Coleman 2017). Screening programmes for early detection of breast 

cancer include breast self-examination, a clinical breast examination as well as 

mammography (Bleyer and Welch 2012). Clinical breast examination has always been 

preferred as an inexpensive alternative to mammography and is reported to detect 

many cancers that are also detected by mammography (Alba et al. 2018).  

 

Self-screening, together with mammography, are early detection methods that can 

save many women form the agony of surgery and extended corrective therapies. 

Another mode of early detection of breast cancer that is gaining momentum is the use 

of biomarkers that lead to or are a result of the tumour (Fang et al. 2011). 

 

1.2.1.1 Breast Cancer Biomarkers 

Tumour-specific biomarkers facilitate diagnosis and treatment of the malignancy at the 

pre-invasive stage (Misek and Kim 2011; Tsai and Baylin 2011). This then gives room 

for more therapy options without the need for surgery that would be most likely if the 

cancer were detected at a later stage. Furthermore, it allows better survival of patients. 

Biomarkers useful in breast cancer screening can be in the form of micro RNAs (mi-

RNAs), serum proteins, ductal proteins, antibodies released in response to the tumour 

as well as methylated DNA (Hamam et al. 2017; Bhat et al. 2019). Due to the stability 

of DNA, methylation data can be obtained by extracting DNA from body fluids and 

analysing epigenetic markers (Misek and Kim 2011). Tracing these markers facilitates 

detection of tumour initiation, progression and metastasis. Detection of methylated 

DNA in serum has proven to be an invaluable tool for early intervention in cancer 

therapy (Zhang et al. 2016). 

 

Circulating mi-RNAs are short sequences of non-coding, single-stranded RNA 

(O’Brien et al. 2015). These RNA sequences are less than 23 nucleotides long and 

play a pivotal role in gene regulation by degrading the 3′ untranslated region of target 

mRNA, repressing translation (Hamam et al., 2017). In breast cancer, mi-RNAs are 

able to silence tumour suppressor genes or activate oncogenes. MiR-21 is a mi-RNA 

that is highly expressed in breast cancer and has been linked to tumour progression 
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as it targets mRNA encoding proteins involved in tumour suppression (Zhang et al. 

2016). Similarly, MiR-155 targets BRCA1 and silences it interfering with DNA repair 

during the cell division cycle (Mattiske et al. 2012). Together with a panel of other mi-

RNAs, both these mi-RNAs can be used to detect early stage breast cancer. 

 

1.2.1.2 Classification of Breast Cancer Cells 

Breast cancer begins when a few cells in the breast become abnormal and multiply to 

form a lesion or tumour in the breast tissue. The tumour usually begins in the milk 

ducts (ductal cancer) which is common in both men and women (Visser et al. 2019). 

It may also begin in milk-producing glands (lobular cancer) (Rakha et al. 2010). Men 

have little or no lobular tissue, therefore this type of breast cancer is less common in 

the male population. In fact, male breast cancer only makes up 1% of all breast 

cancers worldwide (Senger, Adams, and Kanthan 2017). 

 

Early breast cancer is relatively painless, and progresses to form a noticeable lump, 

changes in breast shape or size, nipple discharge and changes in nipple morphology 

(Koo et al. 2017). The skin of the breast may also change and become itchy and scaly. 

The next stage of breast cancer may involve metastasis into surrounding tissue and 

to distal organs (Liu and Cao 2016). 

 

 

Breast cancer is heterogeneous. It consists of an array of molecular subtypes, various 

cellular compositions and patients present with different clinical behaviour (Engels et 

al. 2016; Song et al. 2012). Furthermore, different subtypes of breast cancer have 

distinct biological characteristics and will therefore respond differently to treatment 

(Waks and Winer 2019).  It is therefore important to classify tumours according to their 

size, grade, nodal involvement as well as hormone receptor status for accurate 

prognosis (Ahmed 2016).  

 

1.2.1.3 Hormone Receptor Status 

Breast cancer cells are categorized based on gene expression, most notably the 

expression of oestrogen receptors (ER) and progesterone receptors (PGR) as well as 
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human epithelial receptor 2 (HER2) (Waks and Winer 2019). Cells expressing ER 

and/or PGR are known as luminal cells. Cells only expressing HER2 with neither ER 

nor PGR expression are known as HER2 positive cells, while those expressing none 

of the receptors are termed triple negative breast cancer cells (Voduc et al. 2010). 

Luminal cell lines have been shown to be less aggressive than HER2 positive cells, 

with triple negative cells being the most aggressive and their tumours having the worst 

prognosis (Januškevičienė and Petrikaitė 2019; Turashvili and Brogi 2017). Luminal 

cells are also more differentiated and have tight cell-cell junctions, making them less 

likely to migrate or metastasize (Ahmed 2016).  

 

1.2.1.4 Invasive and Metastatic Breast Cancer 

Breast cancer cells retain the morphology and function of normal breast cells (Eslami 

Amirabadi et al. 2019). Still, various genetic and epigenetic changes gradually 

manifest within breast epithelial cells to promote malignancies. Invasive breast cancer 

occurs when malignant tumour cells spread from the duct to the stroma of the adjacent 

tissue (Chan and Lim 2010). A significant histological change occurring during this 

transition is a loss of an external layer of myoepithelial cells as well as the basement 

membrane. The myoepethelial barrier is known to introduce protease inhibitors and 

other components of the extracellular matrix to the lesion that may also assist in 

tumour suppression (Rohilla et al. 2015). These molecules act as paracrine and 

autocrine tumour suppressors as well as regulators of invasion, angiogenesis and 

metastasis  (Al Nemer 2017). 

 

Metastatic breast cancer, also known as stage IV cancer, occurs in almost 30% of all 

breast cancers and accounts for 90% of breast cancer deaths (Chaffer and Weinberg 

2011; Chen et al. 2018). Cells that migrate from the tumour spread to the liver, brain, 

bones and/or lungs to begin other tumours in the new location (Chen et al. 2018; Ishay-

Ronen and Christofori 2019). 

 

1.2.2 GENES OF INTEREST IN BREAST CANCER 

Breast cancer prognosis has been shown to be strongly reliant on the hormone 

receptor status of the tumour, with each receptor giving the tumour characteristics that 
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can be used to predict progression and select suitable therapy (Bae et al. 2015; 

Jonasson et al. 2016; Tang et al. 2019). The three hormone receptors, ER, PGR and 

HER2, assist in decision making for breast cancer patients (Feeley et al. 2014). 

ER/PGR-positive tumours metastasize; however, patients have been shown to survive 

longer and the tumour responds more effectively to various forms of therapy than in 

ER/PGR-negative tumours (Li et al. 2014). Further, ER/PGR positive tumours have 

less risk of recurrence if identified early and have caused less deaths following 

adjuvant therapy, which cannot be said for tumours with a negative ER/PGR status 

(Murata et al. 2019; Sestak et al. 2013).  

 

The breast cancer susceptibility type 1 and type 2 proteins (BRCA1 and BRCA2) are 

responsible for many inherited breast cancers, with women carrying an inherited 

BRCA1 mutation having a higher probability of developing the disease at some point 

in their life (Speight and Tischkowitz 2017). Although BRCA mutations are rare in 

sporadic cancer, expression of the BRCA genes decrease in 30% breast cancers (Zhu 

et al. 2015; Blows et al. 2010; De Leeneer et al. 2012). In epithelial ovarian cancer, 

low expression and absence of BRCA1 was shown to be a predictor of good clinical 

response to chemotherapy, therefore a favourable prognostic factor (Carser et al. 

2011). 

 

1.2.2.1 Breast cancer susceptibility proteins 

BRCA1 and 2 encode the breast cancer type 1 and type 2 susceptibility proteins, 

nuclear phosphoproteins that are involved in repair of double stranded DNA breaks 

(Huen, Sy, and Chen 2010). Both proteins fall in the tumour suppressor family of 

proteins as their expression is associated with prevention of dysregulated cell 

proliferation and resultant tumourigenesis (Henderson 2012). The proteins interact 

with other tumour suppressor proteins, DNA damage sensors and signal transducers 

to form a multi-unit complex termed BRCA1-associated surveillance complex (BASC) 

(Rosen 2013). This complex interacts with RNA polymerase II as well as histone 

deacetylases and play an important part in transcription, repair of double stranded 

DNA breaks as well as DNA recombination (Savage and Harkin 2015). 
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Figure1.1: BRCA1 transcriptional complexes. BRCA1 forms transcription complexes with 

the ability to either co-repress or co-activate genes involved in various cellular processes 

(Savage and Harkin 2015). 

 

1.2.2.2 Epithelial cadherin 

CDH1 encodes the calcium-regulated adhesion molecule, epithelial cadherin (E-

cadherin). E-cadherin is a protein that is expressed in breast tissue and is associated 

with cell-to-cell adhesion in normal adult epithelial cells (Gall and Frampton 2013). It 

is classified as a tumour suppressor gene and reduction of its expression causes 

differentiation and invasiveness in human tumours (Wendt et al. 2011). Cells that lose 

E-cadherin undergo epithelial-to-mesenchymal transition wherein polarised epithelial 

cells undergo numerous modifications to give them the mesenchymal phenotype (Loh 

et al. 2019). These non-polarised mesenchymal cells are invasive and migrate to other 

organs to initiate formation of new tumours (Gall and Frampton 2013). 

 

Downregulation of CHD1 is also associated with Loss of E-cadherin is known to occur 

very early in carcinogenesis although its effects are only observed later during tumour 

progression (Wendt et al. 2011). It is reported that this loss is not only due to genetic 

alterations but also from modifications at the epigenetic level. Promoter 

hypermethylation plays a pivotal role in silencing CDH1 in breast cancer and this 

down-regulation is associated with poor prognosis, i.e. larger tumours, high 
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histological grade and metastasis; as well as poor overall survival (Loh et al. 2019; 

Tan et al. 2015; Wong et al. 2018). 

 

1.2.2.3 Mutations in Breast Cells 

It is important to identify risk factors for breast cancer and this is an active area of 

medical research. Mutations in critical genes controlling cell growth and DNA repair 

can often go unrepaired, resulting in unregulated growth of affected cells. These 

mutations may be inherited or somatic (occurring during development). Somatic 

mutations occur in various genes but only in specific cells. On the contrary, inherited 

mutations are present in virtually all cells in the body and increase the risk of various 

cancers from birth. 

 

Mutations in BRCA1 and BRCA2 genes are inherited and are used as markers in 

predicting ovarian and breast cancer risk for cancer in women (Shinjo and Kondo 

2015; Stefansson et al. 2012). Mutations in these two genes are inherited in an 

autosomal dominant pattern, with a single copy of a faulty gene inherited from either 

parent sufficient to increase cancer risk (Rosen 2013). BRCA genes are high 

penetrance genes; i.e. mutations in these genes increase the chances of developing 

cancer (Sadeghi et al. 2020). Low and moderate penetrance genes do not have much 

influence on cancer risk, unless in addition to other mutated genes. 

 

Although inherited mutations are very common, breast cancers are mostly caused by 

somatic mutations acquired during development (Vos, Moelans, and van Diest 2017). 

The cancer is not inherited, but the risk. The status of the mutation has been linked to 

treatment type. 

 

1.2.3 EPIGENETIC MODIFICATIONS 

Cumulative discoveries have demonstrated how various modifications of the genome 

can alter gene expression without changing the sequence of nucleotides, culminating 

in tumour formation (Davalos and Esteller 2010; Dawson and Kouzarides 2012; Drake 

and Søreide 2019; Park and Han 2019). These epigenetic changes are heritable, yet 

reversible, and can involve DNA or RNA as well as proteins associated with 
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packaging, replication, transcription, translation or repair of nucleic acids (Virani et al. 

2012). 

 

Analogous to genetic modifications, epigenetic changes are a consequence of DNA 

damage, oxidative stress, diet, aging and environmental elements (Franco et al. 2008; 

Varela-Rey et al. 2012; Ziech et al. 2011). Manifestations of these factors lead to 

progressive silencing or activation of specific genes (Sandoval and Esteller 2012). 

Epigenetic alterations that have been thoroughly studied include methylation, 

acetylation and phosphorylation of the genome (Burger, Ketley, and Gullerova 2019; 

Moore, Le, and Fan 2013; Nowsheen et al. 2014; Orouji and Utikal 2018; Rousseaux 

and Khochbin 2015). 

 

1.2.4 METHYLATION 

DNA methylation is donation of a methyl group to the 5′ position of a cytosine residue 

(5mC) (Shinjo and Kondo 2015). This covalent attachment occurs on a cytosine-

guanine (CG) dinucleotide, prevalent in promoter regions on a nucleotide sequence 

(Vos et al. 2017). The clustering of CG dinucleotides has made these regions well-

known as CpG islands, regions usually exceeding 200 base pairs in length containing 

more than 50 % content of CG dinucleotides (Babenko et al. 2017; Kowal et al. 2020). 

 

Addition of a methyl moiety onto a nucleotide introduces an obstacle to transcription 

factors and polymerases, therefore DNA methylation at CpG islands is associated with 

repression of gene expression or gene silencing (Kakumani, Ahmad, and 

Devabhaktuni 2012). The methyl group of 5mC is situated in the major groove of the 

DNA double helix (Rao et al. 2018). This positioning, indeed, disrupts binding of 

transcription factors and inhibits gene expression. The methyl group can also recruit 

protein families whose function is to repress transcription by inhibiting the binding of 

transcription factors as well (Moore et al. 2013). 

 

Patterns of methylation are usually stable and heritable. Together with these heritable 

manifestations, certain environmental conditions can trigger the onset of further 

modifications (Han et al. 2016). DNA methyltransferases (DNMTs) are enzymes 

responsible for induction of methyl group transfers triggered by environmental insults 
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(Wang, Chen, and Shen 2014). Some of these transferases induce novel methylation 

marks while others enforce existing methylation patterns (Zhang et al. 2020). 

 

1.2.4.1 DNA Methylation in Normal Cells 

During normal development, mandatory methylation of CpG regions in the genome 

occurs. This serves to control growth of the embryo, transcription of DNA, inactivation 

of the X chromosome in females as well as determination of gene mapping (Cotton et 

al. 2015; Li et al. 2018). Many CpG islands in promoter regions remain unmethylated, 

while repetitive sequences in the genome are hypermethylated to ensure stability of 

chromosomes, i.e. prevent transposition of the elements (Zheng et al. 2017). 

 

Although many methods have been developed to evaluate DNA methylation; they all 

use either affinity purification of methylated DNA, digestion of DNA with methylation-

sensitive restriction enzymes or bisulfite conversion. In affinity purification methods, a 

monoclonal antibody specific to methylated cytosine is used to purify methylated DNA 

through immunoprecipitation (Bock et al. 2010; Robinson et al. 2010). With this 

technique, the density of methylation in a specific region of DNA is quantified. 

Restriction-enzyme based methylation analysis measures the extent of methylation by 

either enriching for methylated or unmethylated DNA (Hashimoto et al. 2007). A 

comparison is then made with a (un)methylated DNA control digested with the same 

methylation-sensitive restriction enzyme (Hua et al. 2011). 

 

Treatment of genomic DNA with sodium bisulfite causes deamination of unmethylated 

cytosine residues to uracil and PCR amplification of the DNA results in substitution of 

the uracil nucleotides with thymine (Delaney, Garg, and Yung 2015). The degree of 

methylation can then be measured with sequencing methods, often pyrosequencing 

(Kumar, Dalan, and Carless 2020). 

 

1.2.4.2 The Role of CpG Islands 

The mammalian genome has DNA sequences with a high frequency of CpG base 

pairs that somehow escape the mandatory methylation observed throughout the rest 

of the genome (Hughes, Kelley, and Klose 2020). The sequences have been shown 
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to be associated with promoters in constitutively expressed genes and of genes with 

tissue specific expression (Ehrlich, Baribault, and Ehrlich 2020). This is consistent with 

the co-localisation of CpG islands with gene-rich sequences of the genome. CpG 

islands that are found outside transcription start sites have led to discoveries of 

promoters of genes that are evidently expressed at certain development stages (Li et 

al. 2018; Moore et al. 2013). 

 

It is necessary to analyse the mode by which CpG islands remain hypomethylated. A 

mechanism by which CpG islands remain unmethylated has been hypothesized as 

involving transcription factors (Zhu et al. 2017). Bound transcription factors on the DNA 

strand impede association of DNA methyltransferases with the nucleic acid thus 

preventing methylation of cytosines. Due to the regulatory potential of CpG islands on 

promoter regions, they have gained much attention in various areas of medical 

research (Goren et al. 2006). The transcriptional repression instigated by methylation 

of CpG islands is a crucial aspect associated with tumour initiation and progression, 

as silencing of tumour suppressor genes can be attributed, in part, to acquisition of 

methyl moieties on CpG islands (Manoochehri et al. 2016; Vos et al. 2017). 

 

1.2.4.3 DNA Methyltransferases 

The initiation and progression of cancer takes place over years and methylation of 

CpG residues within promoter regions is accepted to occur early in the initiation stages 

of the neoplasm through the action of various DNA methyltransferases (DNMT) 

(Zhang et al. 2020). The DNMT3 family of methyltransferases methylates CpG sites 

through de novo methylation while the DNMT1 family maintains methylation during 

DNA replication (Gujar, Weisenberger, and Liang 2019). DNMT3b is active during 

implantation and early embryogenesis and DNMT3a plays a significant role during late 

development of the embryo as well and during cell differentiation (Chen and Zhang 

2020; Yagi et al. 2020). During DNA replication, it is the responsibility of DNMT1 to 

retain the integrity of the methylation pattern at CpG sites during the S-phase of the 

cell cycle (Loo et al. 2018; Schneider et al. 2013). 

 

It has been shown that demethylation of a methylated CpG island on a promoter 

sequence restores expression of the gene while remethylation induces repression (De 
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Biase et al. 2020; Ketkar et al. 2020). Mutations in DNMT3b that result in loss of 

methylation function support the hypothesis that hypomethylation of the genome 

results in chromosome instability, as many tumours with mutated DNMT3b have 

rearranged chromosomes (Kim et al. 2013; Shah and Licht 2011; Siraj et al. 2019).  

 

1.2.4.4 Global DNA Methylation 

Half of the human genome is composed of repetitive elements. In non-cancerous 

tissue, these intergenic regions are hypermethylated, protecting chromatin from 

digestion by endonucleases (Kaw and Blumenthal 2010; Si et al. 2009). Repetitive 

sequences close to centromeres are important for the key role that they play in 

chromosome stability (Barra and Fachinetti 2018). These regions keep the DNA 

molecule packaged into heterochromatin during sister chromatid association. 

Hypomethylation of the CpG sequences in these tandem repeats causes 

decondensation of heterochromatin and may lead to translocation and amplification of 

genes involved in tumour initiation (Ehrlich 2002; Rajshekar et al. 2018). 

 

Methylation of the entire genome is important in the development and progression of 

cancer, and is termed a cancer methylome fingerprint (Gómez et al. 2015; Kulis et al. 

2015). In many cancers, global methylation decreases due to the loss of methyl groups 

at repetitive sequences and introns (Zheng et al. 2017). These methylation changes 

occurring away from promoter regions are mostly evident in repetitive elements in 

distal regulatory regions within the genome (Cho et al. 2010; Gujar et al. 2019; Zhu et 

al. 2011). A decrease in global DNA methylation was one of the first epigenetic 

alterations to be identified in human cancer tissue and the extent of global methylation 

has been shown to be indicative of the extent of tumour progression in virtually all 

cancer cell types (Ehrlich 2009; Sandoval and Esteller 2012). 

 

1.2.4.5 Methylation Patterns in Cancer 

In cancer, hypomethylation of the genome is prominent (Ehrlich 2009). Global 

hypomethylation leads to expression of genes that promote development and growth 

of tumours, while hypermethylation at certain CpG islands will silence genes that 

repress tumour development (tumour suppressor genes) (Kuchiba et al. 2014; 
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Spencer et al. 2017). Hypomethylation has also been hypothesized to favour genomic 

instability by playing a significant role in chromosomal instability and abnormal 

chromosome structure (Nishida et al. 2012; Kawano et al. 2014). 

 

Methylation of promoter regions in certain genes is a known marker for cancer. There 

are specific methylation biomarkers for individual cancer types, and these occur at 

designated sites of the genome. The growth arrest and DNA-damage-inducible protein 

alpha (GADD45a) is an important biomarker in differentiating benign prostate cancer 

from the malignant disease as methylation of the gene is significantly higher in 

malignant patients (Reis et al. 2015). Similarly, hypermethylation at the promoter 

region of the tumour suppressor gene, E-cadherin (CDH1), is known to be associated 

with progression of breast cancer and is used as a biomarker for the malignancies 

(Asiaf et al. 2014).  

 

1.2.4.6 Methylation in Breast Cancer 

Early stages of breast cancer initiation involve both genetic and epigenetic 

manifestations (Pasculli, Barbano, and Parrella 2018). The most prominent epigenetic 

modifications driving initiation and progression of breast carcinomas are DNA 

methylation, histone modifications and non-coding RNAs (Bhat et al. 2019; Lewis, 

Jordan, and Tollefsbol 2018). Initially, changes in methylation patterns occur as well 

as the post-translational modification of proteins bound to DNA (Park and Han 2019). 

Increased methylation in CpG regions (promoters) of some genes, e.g. BRCA1, is 

associated with increased risk of breast cancer (Zhang and Long 2015). This has been 

reported in genes mostly associated with cell cycle regulation, DNA repair, apoptosis, 

metastasis, cell adhesion, cell-signalling and transcription regulation (Agrawal, 

Murphy, and Agrawal 2007; Beetch et al. 2020; Fang et al. 2011; Hung et al. 2018; 

Kobayashi et al. 2013). On the contrary, increased methylation in sequences away 

from promoters decreases risk of breast cancer by increasing genome stability (Cho 

et al. 2010).  

 

Mutations in the BRCA1 gene were one of the first anomalies to be associated with a 

risk of breast cancer (Sadeghi et al. 2020). Moreover, hypermethylation at the gene’s 

promoter region has also been identified and thoroughly studied (Cai et al. 2014; Vos 
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et al. 2017; Zhu et al. 2015). Methylation in this region has been associated with an 

increase in the early onset of breast cancer, making this particular promoter an 

important biomarker for early detection of malignancies (Carser et al. 2011).  

 

1.2.5 TELOMERASE ACTIVITY 

In mammalian cells, the ends of chromosomes contain TTAGGG hexameric repeats 

called telomeres (Rosen 2013). These are conserved, repetitive sequences of DNA at 

the end of linear chromosomes that confer protection against genomic instability 

caused by the gradual loss of nucleotides during DNA replication (Günes and Rudolph 

2013). Telomeres function to keep the integrity of the genome during replication, 

however, each replication cycle results in shortening of the telomeres as DNA 

polymerase cannot replicate the very ends of the DNA strand (Koziel and Herbert 

2015). In all cells telomerase, an RNA-dependent DNA polymerase, is employed to 

elongate the extreme ends of DNA (Günes and Rudolph 2013). Activity of this enzyme 

is tightly regulated and is only observed in cells that are constantly replicating, e.g. 

germ cells, and very rarely in somatic cells (Can Akincilar, Unal and Tergaonkar, 

2016). In cancer cells, however, telomerase is reactivated, giving the cells unlimited 

proliferative ability (Tong et al. 2015). 

 

Numerous synthetic telomerase inhibitors have been developed, albeit with significant 

toxicity (Röth, Harley, and Baerlocher 2010). Imetelstat, a synthetic telomerase 

inhibiting compound, has been investigated in breast cancer and it potentiates the 

effects of paclitaxel and trastuzumab in mammary tumours (Koziel and Herbert 2015; 

Röth et al. 2010). Inhibiting the activity of telomerase is one of the many attempts at 

treating malignancies by targeting epigenetic manifestations. 

 

1.2.6 BREAST CANCER TREATMENT 

Breast cancer survival has increased substantially in the past 40 years by 40%, with 

metastasis risk decreasing by 80% (Jemal et al., 2017). This is attributed to 

implementation of earlier screening methods as well as better modes of treatment for 

the malignancy. A special contributing factor to better survival rates for breast cancer 

patients is adjuvant radiotherapy, adjuvant chemotherapy as well as adjuvant 
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endocrine therapy (Cheng et al. 2015; Jurrius et al. 2020). Yet, once breast cancer 

has metastasized, treatment can include surgery, chemotherapy, radiation, hormonal 

therapy or targeted therapy (Song et al. 2012). The main treatment is surgery, then it 

is necessary to determine which patients will benefit from further therapy, i.e. 

chemotherapy, hormone therapy and radiation therapy, but treatment is always aimed 

maximum benefit for the patient (Esserman and Yau 2015).  

 

Cancer research has expanded into investigating drugs with the potential to correct 

epigenetic aberrations, specifically reactivation of silenced tumour suppressor genes 

(Bhat et al. 2019). The main advantage of epigenetic treatment is the reversibility of 

epigenetic manifestations in the genome. Reversal of epigenetic anomalies is often 

achieved by demethylating agents that remove the methyl moieties bound to cytosine 

nucleotides on promoters of tumour suppressor genes (Xu et al. 2010). These 

demethylating agents must demonstrate anticancer activity in vitro, attributed to 

induction of apoptosis. 

 

1.2.7 APOPTOSIS – Programmed Cell Death 

There are numerous events that can lead to the destruction or death of cells. Certain 

assaults, both chemical and physical, cause destruction of cells in mechanisms 

specific to the particular injury. Some modes of cell death, however, are regulated and 

play significant roles in development in multicellular organisms (Fuchs and Steller 

2011; De Paepe et al. 2019). They occur inevitably as part of homeostatic fine-tuning 

in the growth of organisms. These forms of regulated cell death can either be a result 

of external disturbances to the cellular environment or they are part of an predictable 

built-in mechanism that controls development (Voss and Strasser 2020). Innate 

molecular mechanisms of self-destruction are observed in many diseases and 

disorders such as autoimmune disorders and cancer (Volpe et al. 2018; Favaloro et 

al. 2012). 

 

The most common mode of regulated cell death is apoptosis or programmed cell 

death, where cells employ their own cellular machinery for self-destruction and 

resultant debris is ingested by neighbouring cells (phagocytosis) for lysosomal 

degradation (Nainu, Shiratsuchi, and Nakanishi 2017; Sierra et al. 2010). Apoptosis 
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can be induced by disturbances in the cellular environment, either intracellularly or 

extracellularly. 

 

Intrinsic apoptosis, mostly occurs due to a defective cell cycle, production of excess 

reactive oxygen species and diminished growth requirements that often lead to 

irreparable DNA damage (Green and Llambi 2015; Nguyen, Willmore, and Tayabali 

2013). Intrinsic apoptosis is marked most notably by the irreversible permeabilisation 

of the outer mitochondrial membrane, while the plasma membrane remains intact 

(Galluzzi et al. 2018). Increased permeability of the outer membranes of mitochondria 

occurs as a results of a decrease in the mitochondrial membrane potential, an 

electrical/chemical gradient (Gottlieb et al. 2003). Permeability of the mitochondrial 

membrane leads to release of cytochrome c into the cytosol which then initiates a 

cascade of reactions that result in apoptosis (Zorova et al. 2018).  

 

On the other hand, the extrinsic mode of apoptosis does not involve disturbances to 

the mitochondrial membrane, but rather the plasma membrane(Green and Llambi 

2015). This suggests that the extrinsic pathway of apoptosis is triggered by external 

assaults to the cell, activating plasma membrane receptors involved in programmed 

cell death (Loreto et al. 2014). These receptors are known as death receptors. Signals 

identified by death receptors are often produced by cytotoxic T cells in response to 

damaged or infected cells (Pfeffer and Singh 2018). The ligands bind to tumour 

necrosis factor family death receptors which in turn bind to adaptor proteins to form a 

death domain (Goldar et al. 2015). A cascade of events follows upon binding of the 

death domain to procaspases that eventually culminates in cell death (Green and 

Llambi 2015). 
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Figure 1.2: A schematic representation of the intrinsic and extrinsic apoptotic 
pathways. (Loreto et al. 2014). 

 

1.2.8 MEDICINAL PLANTS 

Plants have been used for countless applications by man and animals since the 

beginning of time. Mankind has been using plants for food, shelter, clothing, as well 

as for medicinal purposes; with a great deal of knowledge on medicinal plants being 

passed down generations over the years (van Wyk and Prinsloo 2018).  

 

Plants synthesize secondary metabolites (phytochemicals or phytocompounds) that 

are key players in environmental adaptation, unlike primary metabolites, that are 

required for basic functions, i.e. cell growth, respiration and reproduction (Cheynier 

2012). Phytocompounds protect plants from various biotic and abiotic assaults, 

including ultra-violet light, pathogens and herbivores (Lee and Min 2019). 

Phytochemicals contain medically relevant classes of compounds, especially the 

flavonoids (phenolic compounds), sesquiterpenoids and diterpenoids (terpenoids) 

(Shaikh and Patil 2020).  
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Phenolic compounds are a widespread group of phytochemicals possessing an 

aromatic ring with one or more hydroxyl groups and are responsible for the colour and 

taste of plants (Ozcan et al. 2014). Phenolics have significant radical-scavenging 

activity, making them good antioxidants (Olas 2018; Roleira et al. 2015). These 

compounds can be divided further into phenolic acids, flavonoids, tannins and 

stilbenes. Flavonoids are low molecular weight compounds consisting of 15 carbon 

atoms (Palma 2017). They are the most abundant phenolic compounds in the human 

diet and are prevalent in fruits, vegetables, wine and tea (Cheynier 2012). Tannins are 

of higher molecular weights and are known to confer a myriad of health benefits in 

humans including antibacterial, anti-inflammatory, anti-oxidative and anticancer 

activity (Cai et al. 2017; Wahyuni et al. 2020). Tannins are also abundant in fruits, 

vegetables and cocoa, giving many plants their bitter taste (Soares et al. 2020). Owing 

to their antioxidant nature, phenolic compounds have been shown to possess anti-

carcinogenic activity and protect DNA against free-radical damage (Wahyuni et al. 

2020). 

 

As the interest in medicinal plant research continues to soar, so do the possible 

choices in selecting plants for various applications. Often, very little is known about 

the phytochemical constituents present in plants selected by traditional medical 

practitioners for treatment of ailments. Research is then based on hypotheses on the 

biological activity and a broad spectrum of extraction methodologies may be employed 

(Gupta, Naraniwal, and Kothari 2012). 

 

1.2.8.1 Bidens pilosa 

B. pilosa is one of approximately 240 identified species of the Bidens genus, growing 

all over the world (Bartolome, Villaseñor and Yang, 2013). The plant is an upright 

perennial herb distributed widely throughout the world; with either white or yellow 

flowers, green opposite leaves and many long, thin, ribbed seeds (Yang 2014). 

Although some varieties of B. pilosa can grow up to 1.5 m, the average height of the 

plant is 60 cm. With a single plant able to produce up to 6000 seeds, propagation of 

B. pilosa in a favourable environment (tropical or temperate climates) has garnered it 

a reputation as a weed as not only do the seeds germinate within 3 days, but they 

remain viable for 3 years or more. 
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Figure 1.3: Bidens pilosa. (https://commons.wikimedia.org/w/index.php?curid=10880484) 

 

All parts of B. pilosa have shown to have some medicinal properties and have been in 

use worldwide to treat a myriad of disorders (Liang et al. 2020; Xuan and Khanh 2016). 

The plant boasts an array of phytocompounds, with 201 reportedly already identified 

(Bartolome, Villaseñor and Yang, 2013). These compounds are supposedly 

responsible for its wide array of medicinal applications. Isolated secondary metabolites 

from B. pilosa plant parts have important biological activities that include antibacterial, 

anti-inflammatory, anti-malarial, antiseptic, anticancer, hypoglycaemic, diuretic, anti-

diabetic, and hepato-protective activity (Ajanaku et al. 2018; Bilanda et al. 2017; 

Chang et al. 2007; Cortés-Rojas et al. 2013; Hsu et al. 2009; Pegoraro et al. 2021)  

 

 

1.3 MOTIVATION FOR THE STUDY 

Recent searches for anticancer agents involve investigating plants currently used for 

various traditional medicinal purposes and testing these plants for possible drug leads. 

There are records of the anti-tumour activity of Bidens pilosa, yet there are disparities 

on its use against breast cancer (Arroyo et al. 2010; Raimi et al. 2020; Shen et al. 

2018; Steenkamp and Gouws 2006; Yi et al. 2016). The rich supply of phytochemicals 

in B. pilosa makes it an attractive candidate for further studies in cancer development 
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and progression. Due to the important role that epigenetic modulation plays in cancer 

progression (Stefansson et al. 2012), the elucidation of epigenetic mechanisms 

regulated by anti-cancer therapeutics is receiving increased momentum worldwide. 

Several studies have reported that phytochemicals such as flavonoids inhibit cancer 

progression by modulating epigenetic mechanisms (George, Dellaire, and 

Rupasinghe 2017; Izzo, Naponelli, and Bettuzzi 2020; Selvakumar et al. 2020). It has 

therefore become necessary to further investigate the role plants may play in 

modulating cancer progression through epigenetic alterations in the search for 

favourable cancer therapies. 

 

1.4 HYPOTHESIS 

Bidens pilosa modifies methylation patterns and modulates telomerase activity in 

MCF-7 cells in a manner that mitigates proliferation of breast cancer cells. 

 

1.5 AIM 

The aim of the study was to investigate the epigenetic alterations effected by Bidens 

pilosa in the MCF-7 breast cancer cell line. 

 

1.5.1 Objectives 

The specific objectives of the study were to: 

i. Fractionate Bidens pilosa using organic solvents of varying polarity;  

ii. Quantify phenolic content of the fractions; 

iii. Evaluate cytotoxicity of the fractions in the MCF-7 breast cancer cell line;  

iv. Assess the effect of the most active fraction on global DNA methylation levels 

in MCF-7 cells; 

v. Assess the effect of the most active fraction on the DNA methylation status of 

breast cancer-associated genes in MCF-7 cells; 

vi. Analyse expression of breast cancer-associated genes known to be regulated 

by differential methylation in MCF-7 breast cancer cells and 

vii. Evaluate alterations in telomerase activity in MCF-7 cells treated with the most 

active fraction of B. pilosa. 
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CHAPTER 2 

MATERIALS AND METHODS 

 

2.1 MATERIALS 

2.1.1 Equipment 

Waring Commercial Blendor (Dynamics Corporation, New Hartfort, USA) 

SP-UV 300 spectrophotometer (Spectrum Instruments, Addison, USA) 

7890N Gas chromatography instrument, J & W capillary column HP-5MS (Agilent 
Technologies, Santa Clara, USA) 

LECO Pegasus HT Flight Mass Spectrometry Time (LECO Corporation, Michigan, 
USA) 

Carbon dioxide incubator, NanodropTM One Microvolume UV-Vis Spectrophotometer, 

Qubit® fluorometer, Quantstudio 7TM Flex Real-Time PCR System, Thermal Cycler 

(Thermo Fisher Scientific, Waltham, USA) 

Glomax®-Multi Detection System (Promega Corporation, Madison, USA) 

Muse® Cell Analyzer (Merck, Darmstadt, Germany) 

Heating block (Labnet International Inc., Edison, USA) 

SpectraMax i3x spectrophotometer (Molecular Devices LLC, San Jose, USA) 

Trans-Blot® TurboTM transfer system, ChemiDocTM MP Imaging System (Bio-Rad, 
Hercules, USA) 

Orbital plate shaker (IKA, Staufen, Germany) 

 

2.1.2 Chemicals, Kits, Cells and Culture Media 

Organic solvents (Rochelle Chemicals, Johannesburg, RSA)  

Thin layer chromatography plates (Macherey-Nagel, Düren, Germany) 

Whatman No.1 filter paper, 2,2-Diphenyl-1-picryl-hydrazyl (DPPH), Folin-Ciocalteu’s 

reagent, Sodium carbonate (NaHCO3), Sodium nitrate (NaNO3), Gallic acid, 
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Quercetin, Aluminium chloride (AlCl3), Sodium hydroxide (NaOH), GC-MS grade 

organic solvents, Phosphate buffered saline (PBS), 3-(4,5-Dimethylthiazol-2-yl)-2,5-

diphenyl tetrazolium bromide (MTT), Skim milk, Imprint® Methylated DNA 

Quantification kit, Streptavidin sepharose beads, Nuclease-free water, TeloTAGGGTM 

Telomerase PCR ELISA kit (Sigma-Aldrich, Saint Louis, USA) 

Helium (Afrox, Johannesburg, RSA) 

MCF-7 cell culture (ATCC, Rockville, USA)  

Dulbecco’s Modified Eagle Medium (DMEM) (Gibco, Auckland, New Zealand)  

Fetal bovine serum (FBS), Trypsin-ethylenediaminetetraacetic acid (Trypsin-EDTA) 

(Hyclone, Logan, USA)  

Dimethylsulfoxide (DMSO) (Merck, Darmstadt, Germany)  

Muse® Mitopotential kit, Muse® Annexin V and Dead Cell kit, Muse® Cell Cycle kit 

(Luminex, Austin, USA) 

AllPrep® Mini kit, Human Breast Cancer RT2 Profiler PCR Array, RT2 First Strand kit, 

BRCA1, BRCA2 and CDH1 pyrosequencing primers, EpiTect® Fast Bisulfite 

Conversion kit, PyroMark PCR kit, PyroMark binding buffer, PyroMark denaturation 

solution, PyroMark wash buffer, PyroMark annealing buffer, Bisulfite converted control 

human DNA (Qiagen, Hilden, Germany) 

TurboDNase kit, Qubit® dsDNA Broad-Range Assay kit, MicroAmp optical adhesive 

film, Pierce® BCA Protein Assay kit (Thermo Fisher Scientific, Waltham, USA) 

Quick StartTM Bovine Serum Albumin Standard Set, Laemmli sample buffer, PVDF 

membranes, Tris-buffered saline (TBS), ClarityTM Western ECL Substrate, (Bio-Rad, 
Hercules, USA) 

GAPDH, β-actin, BRCA1, BRCA2 primary antibodies, horseradish peroxidase-

conjugated secondary antibody (Abcam, Cambridge, UK) 

DNA loading dye, Molecular weight marker (Lonza, Basel. Switzerland) 
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2.2 METHODS 

2.2.1 Collection and preparation of fractions 

Leaves of Bidens pilosa were collected in Soekmekaar, Limpopo (GPS coordinates: 

23.946°S, 29.929°E) in summer and a specimen was submitted to the Larry Leach 

Herbarium (University of Limpopo) for verification. The leaves were dried in open air 

at room temperature. Dried leaves were ground into fine powder with a Waring 

Commercial Blendor (Model 32BL79, Dynamics Corporation, New Hartfort, USA) and 

extracted exhaustively with absolute methanol (10 g sample/100 ml solvent). The 

sample was shaken vigorously at room temperature overnight and filtered with 

Whatman No.1 filter paper (Sigma-Aldrich, St. Louis, USA). The methanol was 

evaporated under a stream of air. Thereafter, the dried crude methanol residue was 

resuspended in chloroform/water (1:1, v/v) and fractionated using solvent/solvent 

extraction into 6 fractions: n-hexane (B1), chloroform (B2), ethyl acetate, (B3), n-

butanol (B4) fraction, 65% methanol (B5) and water (B6). The fractions were left to dry 

under a stream of air at room temperature. A schematic representation of the 

fractionation procedure is illustrated in Figure 2.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 24  
 

Dried, ground B. 
pilosa leaves

Extracted with absolute 
methanol (10g: 100 ml)

Resuspended in 
chloroform:water 

(1:1, v/v)

Chloroform fraction

Evaporated to 
dryness

Added 90 % 
methanol:n-hexane 

(1:1)

n-hexane fraction 

Dry (B1)

90 % methanol

Dilute to 65 % 
methanol; add 

chloroform (1:1)

Chloroform fraction

Dry (B2)

65 % methanol

Dry (B5)

Water fraction

Added n-butanol 
(1:1)

Water fraction

Added ethyl acetate 
(1:1)

Ethyl acetate fraction

Dry (B3)

Water fraction

Dry (B6)

n-butanol fraction

Dry (B4)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.1: Fractionation scheme of Bidens pilosa leaves. 
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2.2.2 TLC analysis of phytoconstituents  

The range and distribution of secondary metabolites present in plant extracts can be 

visualised by a quick, inexpensive method that involves separation of the compounds 

by thin layer chromatography (TLC) (Marston 2011). To assess the phytocompounds 

present in Bidens pilosa, the crude methanol extract and it six fractions of varying 

polarity were reconstituted to 10 mg/ml in dimethylsulfoxide (DMSO). Ten microliters 

of each sample was loaded onto an aluminium-backed, silica gel TLC plate 

(Macherey-Nagel, Dϋren, Germany) and the plate was developed in CEF (chloroform: 

ethylacetate: formic acid; 5: 4: 1, v/v/v). This mobile phase was selected from 

preliminary TLC trials conducted with numerous mobile phases for analysis of B. pilosa 

phytoconstituents (not included in this document). The plate was sprayed with vanillin 

(0.1 g vanillin, 28 ml methanol, 1 ml sulphuric acid) and heated at 110°C for 30 minutes 

in an oven for colour development.  

 

2.2.3 TLC-DPPH antioxidant screening  

Rapid screening of plant extracts for compounds with antioxidant activity is commonly 

performed by assessment of the ability of separated compounds to scavenge free 

radicals (Agatonovic-Kustrin, Morton, and Ristivojeví 2016). The presence of 

antioxidant compounds within the crude methanol extract of B. pilosa and its six 

fractions was confirmed by chromatographic separation of the fractions as above 

(Section 2.2.2) and spraying the plates with 0.2% 2,2-diphenyl-1-picryl-hydrazyl 

(DPPH) (Sigma-Aldrich, Saint Louis, USA) in absolute methanol. DPPH is reduced 

from violet to a yellow diphenylpicryl hydrazine in the presence of an antioxidant 

compound (Pourmorad, Hosseinimehr, and Shahabimajd 2006). 

 

2.2.4. DPPH radical-scavenging activity assay 

Antioxidant activity of the crude methanol extract as well as the six fractions of 

B. pilosa was quantified by a spectrophotometric assay where the percentage of 

DPPH reduced to hydrazine was measured. A serial dilution of each sample (15.625, 

31.25, 62.5, 125 and 250 µg/ml in acetone) was prepared in test tubes and 1 ml of 0.2 

mM DPPH (Sigma-Aldrich, Saint Louis, USA) in methanol was added to each well. 

The plate was incubated at room temperature for 30 minutes in the dark and 
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absorbance was measured at 517 nm in an SP-UV 300 spectrophotometer (Spectrum 

instruments, Addison, USA). Acetone was used as a blank. The scavenging activity of 

each sample was calculated as follows:  

 

% inhibition = [A517 of blank – A517 of sample] x 100 

A517 of blank 

 

2.2.5 Folin-Ciocalteu phenolic content assay 

Plant phenolic compounds are a diverse group of secondary metabolites produced 

during normal development and when the plant experiences unfavourable conditions. 

They include flavonoids, phenolic acids and tannins, among others,  and have 

excellent antioxidant activity (Cheynier 2012; Niroula et al. 2019). To quantify the total 

phenolic compounds present in B. pilosa, 250 µl of Folin-Ciocalteu’s reagent (Sigma-

Aldrich, Saint Louis, USA) was added to 500 µl of 20 µg/ml of each sample and 

incubated for 5 minutes in the dark. Thereafter, 1.25 ml of 7% sodium carbonate 

(NaHCO3) (Sigma-Aldrich, Saint Louis, USA) was added and incubated for 30 minutes 

in the dark. Absorbance was read at 550 nm in a SP-UV 300 spectrophotometer 

(Spectrum instruments, Addison, USA). A serial dilution (0, 0.016, 0.031, 0.0625, 

0.125 and 0.25 mg/ml) of gallic acid (Sigma-Aldrich, Saint Louis, USA) was prepared 

and the above method was used for construction of a standard curve for interpolation 

of sample concentrations. The total phenolic content of the crude methanol extract 

and each of the six fractions was expressed as gallic acid equivalents (mg of GAE/g 

of extract). 

 

2.2.6 Folin-Ciocalteu tannin content assay 

The tannins contained within the various fractions prepared from the crude methanol 

extract of B. pilosa were quantified by adding 100 µl of Folin-Ciocalteu’s reagent 

(Sigma-Aldrich, Saint Louis, USA) to 1.5 ml of 133 µg/ml of each sample for 5 minutes 

in the dark. Two milliliters of 35% NaHCO3 (Sigma-Aldrich, Saint Louis, USA) was 

added to each reaction and incubated for 30 minutes in the dark. Absorbance was 

measured at 725 nm in a SP-UV 300 spectrophotometer (Spectrum instruments, 

Addison, USA). Similarly, a serial dilution (0, 0.016, 0.031, 0.0625, 0.125 and 0.25 
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mg/ml) of gallic acid (Sigma-Aldrich, Saint Louis, USA) was prepared for construction 

of a standard curve for interpolation of sample concentrations. Total tannin content of 

the samples was expressed as gallic acid equivalents (mg of GAE/g of extract). 

 

2.2.7 Aluminium chloride flavonoid content assay 

The six fractions of B. pilosa were assayed for their flavonoid content alongside the 

crude methanol extract. Briefly, 300 µl of 5% (w/v) sodium nitrate (NaNO3) (Sigma-

Aldrich, Saint Louis, USA) was added to 5 ml of 0.2 mg/ml of each sample and left to 

react for 5 minutes at room temperature. Thereafter, 300 µl of 10% (w/v) aluminium 

chloride (AlCl3) (Sigma-Aldrich, Saint Louis, USA) was added and incubated for a 

further 5 minutes. Two millilitres of 1 M sodium hydroxide (NaOH) (Sigma-Aldrich, 

Saint Louis, USA) was added and absorbance was measured at 510 nm in a SP-UV 

300 spectrophotometer (Spectrum instruments, Addison, USA). A standard curve was 

constructed by analysis of a serial dilution (0, 0.313, 0.625, 1.25, 2.5, 5 and 10 mg/ml) 

of quercetin (Sigma-Aldrich, St. Louis, USA) as above. Flavonoid content of the 

samples was expressed as quercetin equivalents (mg of QE/g of extract). 

 

2.2.8 Gas chromatography-mass spectrometry 

The myriad of compounds abundant in the crude methanol extract of B. pilosa and its 

six fractions were identified using gas chromatography performed on a gas 

chromatography instrument (7890N GC-MS, Agilent Technologies, Santa Clara, USA) 

coupled to a LECO Pegasus HT Time-of-Flight Mass Spectrometer (TOFMS) (LECO 

Corporation, Michigan, USA). Briefly, samples were completely dissolved to 

0.05 mg/ml in GC-MS grade methanol (Sigma-Aldrich, St. Louis, USA) and a very 

small volume of the reconstituted samples re-dissolved in acetonitrile (GC-MS grade, 

Sigma-Aldrich, St. Louis, USA). Thereafter, the samples were loaded into a Gerstel 

MPS2 Liquid/HS/SPME auto-sampler. For chromatographic separation, 1 µl of each 

sample was injected at 250ºC with a splitless injector into a J & W capillary column 

HP-5MS 30 X 0.25 mm I.D with a film thickness of 0.25 µM (Agilent, Technologies, 

Santa Clara, USA) and 99.99% helium (Afrox, Johannesburg, RSA) was used as a 

carrier at a constant flow of 1 ml/min. The oven was set to 80ºC for 1 minute, then 

ramped to 280°C at 10ºC per minute for 20 minutes. The interface temperature of the 
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GC/TOFMS was set to 280ºC and the mass spectra of samples were obtained in full 

scan mode at 70 eV (m/z scan varying from 50 to 550). Data was collected with 

ChromaTOF (Version 5.0, LECO Corporation, Michigan, USA), which contains a NIST 

95 library for compound matches. 

 

2.2.9 Cell culture and maintenance  

A human breast cancer cell line, MCF-7 (ATCC® HTB-22™), obtained from the 

American Type Culture Collection (ATCC, Rockville, USA) was used for all cell culture 

assays. Cells were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) (Gibco, 

Auckland, New Zealand) supplemented with 10% foetal bovine serum (FBS) (Hyclone, 

Logan, USA). The culture flasks were maintained in a HeracellTM 150i carbon dioxide 

(CO2) incubator (Thermo Fisher Scientific, Waltham, USA) at 37°C with 5% CO2 and 

80% humidity. 

 

2.2.10 MTT cell viability assay  

Cytotoxicity of the crude methanol B. pilosa extract and its fractions in MCF-7 cells 

was evaluated with the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 

bromide) assay. One hundred microliters of cells was seeded at 2.5 x 105 cells/ml in 

96-well cell culture plates and incubated at 37°C overnight, followed by treatment with 

varying concentrations (from 25 to 800 µg/ml) of the crude B. pilosa plant extract and 

six fractions of varying polarity. Thereafter, cells were incubated at 37°C and viability 

was assessed at 24 and 48 hours. Without removing the treatment, cytotoxicity of each 

fraction was measured by adding 30 µl of 5 mg/ml MTT (Sigma-Aldrich, Saint Louis, 

USA) in phosphate buffered saline (PBS) (Sigma-Aldrich, Saint Louis, USA) to wells 

of the 96-well plates, and the plates were incubated at 37°C for 2 hours. The MTT was 

decanted and replaced with 100 µl of DMSO (Merck, Darmstadt, Germany) to dissolve 

the violet crystals and absorbance was read on a Glomax®-Multi Detection System 

(Promega Corporation, Madison, USA) at  560 nm. Results are presented as 

percentage of viability of untreated cells, calculated as follows: 

% viability = C-T x 100 

          C 
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where C (control) is the mean of the absorbance of the wells with untreated cells, and 

T (treated) is the mean of the absorbance of wells containing extract-treated cells. 

 

2.2.11 Mitochondrial membrane potential assay 

The cytotoxic effects of B. pilosa on MCF-7 cells were further investigated by 

assessing depolarization of mitochondrial membranes following treatment with the 

crude methanol extract and its six fractions. A fluorescent, lipophilic cationic dye is 

used to analyse depolarization of mitochondrial membranes following treatment with 

test compounds. Compounds that cause apoptosis decrease mitochondrial membrane 

potential resulting in less dye being able to cross the outer membrane from the 

cytoplasm, while healthy cells accumulate more dye. Cells were seeded at 2.5 x 105 

cells/ml in 48-well cell culture plates and incubated at 37°C overnight, followed by 

treatment with 75, 100 and 125 µg/ml of the crude B. pilosa plant extract as well as its 

six fractions of varying polarity. Cells were incubated at 37°C and mitochondrial 

membrane depolarization was assessed at 12 and 24 hours by flow cytometry with the 

Muse® MitoPotential kit (Luminex, Austin, USA). Briefly, cells were detached from the 

wells by decanting the extract and adding 100 µl of 0.25% trypsin-

ethylenediaminetetraacetic acid (trypsin-EDTA) (Hyclone, Logan, USA) and 

incubating for 5 minutes at 37°C. The reaction was stopped by adding 100 µl of DMEM 

with 10% FBS to the trypsin-EDTA. Thereafter, 100 µl of cells from 3 pooled wells per 

concentration were added to 95 µl of Muse® mitopotential working solution and 

incubated for 20 minutes at 37°C followed by addition of 5 µl of Muse® mitopotential 

7-AAD (Luminex, Austin, USA). Samples were incubated for 5 minutes at room 

temperature and analysed on the Muse® Cell Analyzer (Merck, Darmstadt, Germany). 

 

2.2.12 Annexin V and dead cell assay  

Programmed cells death can be detected by differential staining of viable, apoptotic 

and dead cells by exploiting changes in the integrity of the plasma membrane between 

these cells (Demchenko 2013). The apoptotic potential of the chloroform fraction of 

the crude methanol extract of B. pilosa in MCF-7 cells was analysed using Muse® 

Annexin V and Dead Cell kit. Cells were seeded at 2.5 x 105 cells/ml in 48-well cell 

culture plates and incubated overnight at 37°C, followed by treatment with 75, 100 and 
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125 µg/ml of the chloroform fraction of B. pilosa. Cells were detached from the wells 

by decanting the extract and adding 100 µl of 0.25% trypsin-EDTA (Hyclone, Logan, 

USA) and incubating for 5 minutes at 37°C. The reaction was stopped by adding 100 

µl of DMEM with 10% FBS to the trypsin-EDTA. Thereafter, cells were resuspended 

in the Annexin V & dead cell assay stain (Luminex, Austin, USA) for 30 minutes in the 

dark and analysed on the Muse® Cell Analyzer (Merck, Darmstadt, Germany) to obtain 

the percentage of live, early apoptotic, late apoptotic, total apoptotic, and dead cells. 

 

2.2.13 Cell cycle analysis 

Analysis of the cell cycle is crucial in understanding the mechanism of action of many 

cancer treatments (Williams and Stoeber, 2012). The Muse® Cell Cycle kit utilises 

propidium iodide to stain DNA, enabling enumeration of cells in each phase of the cell 

cycle due to differences in DNA content (https://www.luminexcorp.com/muse-cell-

cycle-kit). Cells were seeded at 2.5 x 105 cells/ml in 48-well cell culture plates and 

incubated overnight at 37°C. To synchronise the cells in the G0/G1 phase of the cell 

division cycle, the growth medium was aspirated and 500 µl of DMEM without FBS 

was added to the cells. The serum-starved cells were treated with 75, 100 and 125 

µg/ml of the chloroform fraction of B. pilosa and incubated 24 hours at 37°C. To harvest 

the cells, the treatment was decanted, 100 µl of 0.25% trypsin-EDTA (Hyclone, Logan, 

USA) was added and plates were incubated for 5 minutes at 37°C. Thereafter, 100 µl 

of DMEM with 10% FBS was added to the trypsin-EDTA. Cells were centrifuged for 5 

minutes at 1000 rpm and washed once with 200 µl PBS. One millilitre of ice-cold 70% 

ethanol was added drop-wise to each sample, incubated for 3 hours at -20°C and 

centrifuged at 1000 rpm for 5 minutes. Cells were washed by adding 200 µl PBS to 

the tubes and centrifuging at 1000 rpm for 5 minutes. Two hundred microliters of 

Muse® cell cycle reagent (Luminex, Austin, USA) was added to each tube and 

incubated in the dark for 30 min. The percentage of cells in the various phases of the 

cell division cycle was quantified using the Muse® Cell Analyzer (Merck, Darmstadt, 

Germany). 

 



 31  
 

2.2.14 Isolation of RNA, DNA and protein  

Total RNA, DNA and proteins were isolated using the AllPrep® Mini kit according to 

the manufacturer’s instructions (Qiagen, Hilden, Germany). The AllPrep® kit allows 

simultaneous extraction of RNA, DNA and proteins from one biological sample, by 

exploiting the different binding specificities of these molecules Briefly, MCF-7 cells 

were seeded at a density of 2.5 x 105 cells/ml in 6-well cell culture plates and left to 

attach to the plates for 24 hours. Thereafter, cells were treated with 75, 100 

and 125 µg/ml of the B. pilosa chloroform fraction for 24 and 48 hours. A volume of 

500 µl of 0.25% trypsin-EDTA (Hyclone, Logan, Utah) was added to each well to 

detach the cells and three wells per concentration were pooled together. Cells were 

pelleted by centrifugation at 1000 rpm for 5 minutes. The cell pellet was resuspended 

in 350 µl of buffer RLT, whereafter the mixture was transferred to a QIAshredder spin 

column in a 2 ml collection tube. Tubes were centrifuged at 13 000 rpm for 2 minutes. 

The homogenized lysate was transferred to an AllPrep® DNA spin column in a 2 ml 

collection tube and centrifuged at 13 000 rpm for 30 seconds. Thereafter, the DNA 

spin column was placed into a new 2 ml collection tube and stored at 4°C for DNA 

isolation. For RNA extraction, 250 µl of 100 % ethanol was added to the flow-through 

in the collection tube and the mixture transferred to an RNeasy spin column in a 2 ml 

collection tube. The tube was centrifuged at 13 000 rpm for 15 seconds and the flow-

through transferred to a 2 ml microcentrifuge tube and stored at 4°C until protein 

extraction. The spin column membrane was washed by adding 700 µl of buffer RW1 

to the spin column and centrifugation at 13 000 rpm for 15 seconds, whereafter the 

flow-through was discarded. A volume of 500 µl of buffer RPE was added to the 

RNeasy spin column, the tube centrifuged at 13 000 rpm for 15 seconds and the flow-

through discarded. Residual ethanol was removed by a second wash step with 500 µl 

buffer RPE, whereafter tubes were centrifuged at 13 000 rpm for 2 minutes. The 

RNeasy spin column was placed into a new 1.5 ml collection tube and RNA eluted by 

adding 50 µl of RNase-free water and centrifugation at 13 000 rpm for 1 minute. RNA 

was stored at -80°C. For protein extraction, 600 µl of buffer APP was added to the 

flow-through that was previously kept aside during RNA extraction, tubes vortexed and 

incubated at room temperature for 10 minutes to precipitate proteins. Tubes were 

centrifuged at 13 000 rpm for 10 minutes and supernatants were discarded. The pellet 

was resuspended in 500 µl of 70% ethanol and centrifuged at 13 000 rpm for 1 minute, 
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whereafter the supernatant was discarded. After drying for 10 minutes, the pellet was 

dissolved in 100 µl of 5% sodium dodecyl sulphate (SDS) and incubated for 5 minutes 

at 95°C on a heating block (Labnet International Inc., Edison, USA). Tubes were 

cooled to room temperature and centrifuged at 13 000 rpm for 1 minute to precipitate 

undissolved material and the supernatant, which contained proteins, was stored 

at -20°C. Genomic DNA was purified by adding 500 µl of buffer AW1 to the AllPrep® 

DNA spin column that was stored at 4°C and the tubes were centrifuged at 

13  000 rpm for 15 seconds. The flow-through was discarded and 500 µl buffer AW2 

was added to the spin column and centrifuged at 13 000 rpm for 2 minutes. The DNA 

spin column was transferred to a new 1.5 ml collection tube and 100 µl of buffer EB 

(preheated to 70°C) was added. The tubes were incubated at room temperature for 2 

minutes and centrifuged for 1 minute at 13 000 rpm. The eluted DNA was stored at -

20°C. 

 

2.2.15 DNase treatment of RNA samples 

Genomic DNA was eliminated from RNA preparations using the TurboDNase kit, 

according to the manufacturer’s instructions (Thermo Fisher Scientific, Waltham, 

USA). Briefly, 5 µl of DNase buffer was mixed with 46 µl of RNA (20 µg), whereafter 

1 µl of DNase was added and mixed by tapping. Tubes were incubated at 37°C for 30 

minutes. The contents of the tubes were mixed again by tapping, followed by further 

incubation for 30 minutes at 37°C. The reaction was stopped by adding 10 µl of DNase 

inactivating reagent and shaking tubes in an orbital shaker for 5 minutes at 25°C. The 

tubes were centrifuged at 13 000 rpm for 1.5 minutes and 46 µl of the supernatant was 

transferred to a 2 ml microcentrifuge tube. Samples were stored at -80°C. 

 

2.2.16 Nucleic acid concentration and purity determination 

RNA and DNA concentration and purity were measured using a Nanodrop™ One 

Microvolume UV-Vis Spectrophotometer (Thermo Fisher Scientific, Waltham, USA) as 

recommended by the manufacturers. The average of two measurements for each 

sample was used. Nucleic acids absorb light at 260 nm (A260), while proteins and other 

contaminants absorb at 280 nm (A280) (Desjardins and Conklin 2010). The ratio of 
A260/A280 was used to assess the purity of RNA and DNA. An A260/A280 ratio of ~1.8 and 
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~2.0 is generally accepted as pure (Desjardins and Conklin 2010). In addition to 

Nanodrop, DNA for bisulfite conversion and pyrosequencing, were quantified with the 

Qubit® dsDNA Broad-Range Assay Kit (Thermo Fisher Scientific, Waltham, USA) 

protocol using a Qubit® fluorometer (Thermo Fisher Scientific, Waltham, USA) 

according to the manufacturer’s instructions.  

 

2.2.17 Human Breast Cancer RT2 Profiler PCR Array 

The Human Breast Cancer RT2 Profiler PCR Array (Qiagen, Hilden, Germany) was 

used to investigate whether the chloroform fraction of B. pilosa, altered the expression 

of cancer-associated genes. The array contains 84 genes associated with breast 

cancer, five endogenous controls to normalise gene expression and genomic DNA, 

reverse transcription and three positive PCR controls. RNA was reverse transcribed 

to complimentary DNA (cDNA) using the RT2 First Strand Kit according to 

manufacturer’s instructions (Qiagen, Hilden, Germany). Briefly, genomic DNA 

elimination mix was prepared by adding 2 µl of buffer GE to 7 µl of RNA (160 ng) and 

RNase-free water to a total volume 10 µl. The mixture was incubated at 42°C for 5 

minutes, and thereafter placed on ice for 1 minute. For each sample, 10 µl of reverse 

transcription mix was prepared by adding 1 µl of control P2, 4 µl of 5x buffer BC3, 2 µl 

of reverse transcriptase and 3 µl of RNase-free water. The reverse transcriptase mix 

was added to 10 µl of genomic DNA elimination mix and gently mixed by pipetting. 

Tubes were incubated at 42°C for 15 minutes and 95°C for 5 minutes. Thereafter, 

91 µl of RNase-free water was added to each reaction and tubes were placed on ice. 

For PCR analysis, 102 µl of diluted cDNA was mixed with 650 µl of RT2 SYBR Green 

Mastermix and 548 µl of RNase-free water. Thereafter, 10 µl of each sample was 

aliquoted into wells of the PCR plate. The plate was sealed with MicroAmp optical 

adhesive film (Thermo Fisher Scientific, Waltham, USA) and centrifuged at 3000 rpm 

for 1 minute at room temperature. Thereafter, the plate was placed in the Quantstudio 

7™ Flex Real-Time PCR System (Thermo Fisher Scientific, Waltham, USA), and the 

reaction was run using the following cycle conditions: denaturation for 15 minutes at 

95°C, and combined annealing and extension for 40 cycles at 60°C for 1 minute. After 

the run, default settings for the threshold cycle (CT) and baseline were used, and CT 

values were exported to Microsoft Excel (2013) for analysis. The CT values were 
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uploaded onto the data analysis web portal for analysis 

(http://www.qiagen.com/geneglobe). Gene expression was quantified using the delta-

delta CT method and normalised to the housekeeping gene, glyceraldehyde-3-

phosphate dehydrogenase (GAPDH), which was identified as the best endogenous 

control from the PCR array using Norm finder (Vandesompele et al., 2002). Samples 

with CT values above 35 were removed from the analysis.  

 

2.2.18 Quantification of proteins  

Protein concentrations were measured using the Pierce® BCA Protein Assay Kit 

(Thermo Fisher Scientific, Waltham, USA) according to the manufacturer’s 

instructions. Briefly, protein samples were diluted 1:25, whereafter 25 µl was aliquoted 

in duplicate into wells of a clear 96-well, flat-bottomed microtiter plate. This was 

followed by the addition of 200 µl of BCA reagent and incubation at room temperature 

for 30 minutes in the dark. Eight dilutions between 0.125 mg/ml to 2 mg/ml of the Quick 

StartTM Bovine Serum Albumin (BSA) Standard Set (Bio-Rad, Hercules, USA) were 

used as standards and lysis buffer was used as a blank. Absorbance was read at 570 

nm on the SpectraMax i3x spectrophotometer (Molecular Devices LLC, San Jose, 

USA) and protein concentration extrapolated from the standard curve, taking dilution 

factor into account. 

 

2.2.19 Western blot analysis  

The breast cancer susceptibility type 1 protein (BRCA1) plays an important role in the 

aetiology and progression of breast cancer, as well as how breast cancer cells respond 

to treatment (Carser et al. 2011). Alterations in the expression of BRCA1 after 

treatment with the chloroform fraction of B. pilosa were assessed using Western blot 

analysis. Thirty micrograms of protein in Laemmli sample buffer (Bio-Rad, Hercules, 

USA) was boiled for 5 minutes and loaded onto a 12% sodium dodecyl sulphate 

polyacrylamide gel and electrophoresed at 120 volts for 2 hours. The gel was 

transferred to a PVDF membrane at 18 volts for 10 minutes using a Trans-Blot® 

TurboTM transfer system (Bio-Rad, Hercules, USA). The non-specific binding of 

antibodies was prevented by blocking the membrane in 3% skim milk (Sigma-Aldrich, 

St. Louis, USA) in TBS-Tween buffer (1x TBS, 1% Tween-20) for 2 hours on a shaker 
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before incubation with a 1:1000 dilution of the housekeeping protein, GAPDH (Abcam, 

Cambridge, UK) in TBS-Tween buffer at 4°C overnight on a shaker. Following 

incubation, the antibody was removed, and the membrane was washed by shaking in 

TBS-Tween buffer for 10 minutes at room temperature. The wash step was repeated 

thrice. Thereafter, the membrane was incubated with a 1:10 000 dilution of horseradish 

peroxidase-conjugated secondary antibody (Abcam, Cambridge, UK) in 1.5% skim 

milk for 2 hours, and washed as described previously. Reactive proteins were 

visualized with the ClarityTM Western ECL Substrate and the ChemiDocTM MP Imaging 

System (Bio-Rad, Hercules, USA). To detect BRCA1, the membrane was blocked with 

3% skim milk and incubated with 1:250 dilution of BRCA1 (Abcam, Cambridge, UK) 

and subsequent procedures conducted as described previously. The intensity of each 

band relative to control was calculated using ImageJ software (Version 1.150i bundled 

with Java 1.6.0_20, US National Institute of Health, Bethseda, USA). 

 

2.2.20 Global DNA methylation analysis 

Global DNA methylation was quantified using the Imprint® Methylated DNA 

Quantification Kit (Sigma-Aldrich, St. Louis, USA), according to the manufacturer’s 

instructions. Briefly, wells of an assay strip were coated with 30 µl of DNA (50 ng) in 

DNA binding solution. The assay strips were covered and incubated for 60 minutes at 

37°C. This was followed by the addition of 150 µl of block solution and a further 

incubation for 30 minutes at 37°C. The wells were emptied and washed three times 

with 150 µl of wash buffer before addition of 50 µl of a 1:1000 dilution of the capture 

antibody, covered and incubated for 60 minutes at room temperature. The antibody 

was decanted, and the wells were washed four times with 150 µl of wash buffer. A 

1:1000 dilution of detection antibody (50 µl) was added to each well and incubated for 

30 minutes at room temperature, followed by its removal and washing of the wells with 

150 µl of wash buffer five times. A volume of 100 µl of developing solution was added 

to each well, covered and incubated at room temperature in the dark until the solution 

developed a blue colour (approximately 10 minutes), after which 50 µl of stop solution 

was added to each well and absorbance read at 450 nm in a SpectraMax i3x 

spectrophotometer (Molecular Devices LLC, San Jose, USA). The percentage of 

methylation was calculated relative to the 50 ng methylated control DNA. 
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2.2.21 PCR primer design for pyrosequencing 

One CpG island was randomly selected per promoter region of three genes of interest 

that were identified from the PCR array (breast cancer type 1 susceptibility protein 

(BRCA1), breast cancer type 2 susceptibility protein (BRCA2) and epithelial cadherin 

(CDH1)). Primers for each of the genes were designed using the PyroMark Assay 

Design 2.0 software. DNA sequences were downloaded from Ensembl 

(https://www.ensembl.org/index.html). As illustrated in Fig. 2.2, the primers designed 

for BRCA1 spanned six CpG sites in the promoter region, 2310 base pairs upstream 

of the transcription start site on chromosome 17, while that for BRCA2 included ten 

CpG sites 984 base pairs from the transcription start site on chromosome 13. The 

PCR primers for CDH1 extended over seven CpG sites, flanking the transcription start 

site on exon 1 of chromosome 16 (Fig. 2.2). Primer sequences are tabulated in Table 

2.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.2: Schematic representation of location and number of analysed CpG sites 
upstream of the transcription start site on BRCA1, BRCA2 and CDH1. 
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Table 2.1: Pyrosequencing primer sequences for BRCA1, BRCA2 and CDH1 
 ID Sequence Length 

(bp)  
Tm 
(°C) 

%GC 

BRCA1 
Forward F1* 5′ TTTGTGGGGTGAATTTAATATGG 3′ 23 57.8 34.8 
Reverse R1 5′ ACCCCTCAACCCCAATATTTA 3′ 21 60.3 42.9 
Sequencing S1 5′ CAACCCCAATATTTATTATTTTTC 3′ 24 45.6 25.0 

 
BRCA2 

Forward F2 5′ TGAAGGTTGGGATGTTTGATAAGG 3′ 24 58.3 41.7 
Reverse R2* 5′ ATCACAAATCTATCCCCTCAC 3′ 21 58.3 42.9 
Sequencing S2 5′ GTAGAGGTTTATTTAGGTTTGATTT 3′ 25 44.9 28.0 

 
CDH1 

Forward F3 5′ TTGGTTGTGGTAGGTAGGTGAATT 3′ 24 59.5 41.7 
Reverse R3* 5′ AACTTCCCCAAACTCACAAATACTTTAC 3′ 28 56.8 35.7 
Sequencing S3 5′ GTAGGTGAATTTTTAGTTAATTAG 3′ 24 44.2 25.0 

 
bp: base pairs, Tm: Melting temperature, %GC: Guanine/Cytosine content, BRCA1: Breast 
cancer type 1 susceptibility, BRCA2: Breast cancer type 2 susceptibility, CDH1: Epithelial 
cadherin, F1: BRCA1 forward primer, R1: BRCA1 reverse primer, S1: BRCA1 sequencing 
primer, F2: BRCA2 forward primer, R2: BRCA2 reverse primer, S2: BRCA2 sequencing 
primer, F3: CDH1 forward primer, R3:CDH1 reverse primer, S3: CDH1 sequencing primer, *: 
Biotinylated. 
 

2.2.22 Bisulfite conversion  

Sodium bisulfite deaminates unmethylated cytosine residues to uracil, which are 

converted to thymine during PCR amplification, while methylated cytosines remain 

intact (Lee et al. 2013). Pyrosequencing of these amplicons allow detection of 

methylated cytosines residues. Bisulfite conversion was conducted using the EpiTect® 

Fast Bisulfite Conversion Kit (Qiagen, Hilden, Germany) according to the 

manufacturer’s recommendations. Forty microliters of DNA (500 ng) was incubated 

with 85 µl of bisulfite solution, 15 µl of DNA protect buffer and RNase-free water in a 

total volume of 140 µl in PCR tubes. The bisulfite conversion was performed in a 

Thermal Cycler (Thermo Fisher Scientific, Waltham, USA) with the conditions set out 

in Table 2.2.  
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Table 2.2: PCR conditions for bisulfite-converted DNA samples. 
Step Temperature (°C) Time (min) 

1. Denaturation 95 5 
2. Incubation 60 20 
3. Denaturation 95 5 
4. Incubation 60 20 
5. Hold 20 ∞ 

∞: indefinite 

 

After bisulfite conversion, DNA samples were purified. Samples were briefly 

centrifuged and contents were transferred to 1.5 ml Eppendorf tubes. Thereafter, 

310 μl of loading buffer (Buffer BL) was added to each sample, followed by 15 seconds 

of vortexing and brief centrifugation. A volume of 250 μl of ethanol was added to each 

sample, followed by 15 seconds of vortexing and brief centrifugation. The entire 

volume of each sample was then transferred to a MinElute DNA spin column. Spin 

columns were centrifuged at maximum speed for 1 minute and the flow-through from 

the collection tubes was discarded. Five hundred microlitres of wash buffer (Buffer 

BW) was added to the spin column and samples were centrifuged at maximum speed 

for 1 minute. Again, the flow-through from the collection tubes was discarded. This 

was followed by the addition of 500 µl of desulfonation buffer (Buffer BD) and 15 

minutes incubation at room temperature, whereafter tubes were centrifuged at 

maximum speed for 1 minute. After the flow-through had been discarded, the retained 

DNA was washed twice with 500 µl of Buffer BW before adding 250 µl of ethanol and 

centrifuging at maximum speed for 1 minute. The spin columns were transferred to 

clean microcentrifuge tubes, centrifuged for 1 minute at maximum speed and 

incubated for 5 minutes in a 60°C heating block (Labnet International Inc., Edison, 

USA) to remove remaining ethanol. DNA was eluted by transferring spin columns into 

clean microcentrifuge tubes, incubating each sample in 15 µl elution buffer (Buffer EB) 

for 1 minute and centrifuging at 16 000 rpm for 1 minute. Bisulfite-converted DNA was 

stored at -20°C. 

 

2.2.23 PCR amplification of bisulfite-converted DNA 

Amplification of bisulfite-converted DNA was carried out using the PyroMark PCR kit 

(Qiagen, Hilden, Germany), according to the manufacturer’s instructions. Each PCR 

reaction contained the following: 12.5 μl of PyroMark PCR Master Mix, 2.5 μl of 

CoralLoad® Concentrate, 0.1 µl of forward and reverse primer, and 25 ng of bisulfite 
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converted DNA. Each sample was made up to 25 µl with RNase free water. The 96-

well microtiter plate was sealed and centrifuged at 1000 rpm for 1 minute. DNA was 

amplified in a Veriti thermal cycler (Thermo Fisher Scientific, Waltham, USA) using the 

conditions set out in Table 2.3.  

 
Table 2.3: PCR conditions for amplification of bisulfite-converted DNA. 

Step Temperature (°C) Time (min) Cycles 
1. Activation 95 15 1 
2. Denaturation 94 0.5  
3. Annealing of genomic DNA 60 0.5  
4. Annealing of bisulfite-converted DNA 56 0.5  
5. Extension 72 0.5  
6. Extension 72 10 1 

 

Prior to pyrosequencing, the quality of PCR products was analysed by agarose gel 

electrophoresis. Briefly, 5 µl of each amplicon was mixed with 2 µl of 6 X DNA Loading 

Dye (Lonza, Basel, Switzerland), after which samples were loaded on a 1.5% agarose 

gel alongside 5 µl of a 100 bp molecular weight marker (Lonza, Basel, Switzerland) 

and electrophoresed at 115 volts for 1 hour. The gel was visualized using the 

ChemiDocTM MP Imaging System (Bio-Rad, Hercules, USA). 

 

2.2.24 Pyrosequencing 

Pyrosequencing is a sequencing-by-synthesis method that can be applied to measure 

DNA methylation at CpG sites (Delaney et al. 2015). For this procedure, 20 μl of the 

amplified PCR product was added to each well of a 96-well PCR plate together with 

1.5 μl of streptavidin sepharose beads (Sigma-Aldrich, St. Louis, USA), 40 μl of 

PyroMark binding buffer (Qiagen, Hilden, Germany) and 20.5 μl of nuclease-free water 

(Sigma-Aldrich, St. Louis, USA). The PCR plate was then tightly sealed with MicroAmp 

optical adhesive film (Thermo Fisher Scientific, Waltham, USA) and agitated for 10 

minutes on an orbital plate shaker (IKA, Staufen, Germany) at 1400 rpm. Meanwhile, 

the PyroMark Q96 workstation was set up for PCR strand separation by adding 110 

ml of 70% ethanol, 90 ml of denaturation solution (Qiagen, Hilden, Germany), 110 ml 

of wash buffer (Qiagen, Hilden, Germany), 110 ml of deionized water and 180 ml of 

deionized water separately to the five troughs of the workstation. A concentration of 

0.4 µM of sequencing primer; i.e. BRCA1, BRCA2 and CDH1; diluted to a total volume 

of 40 µl in annealing buffer (Qiagen, Hilden, Germany) was added to wells of a 

45 
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PyroMark Q96 HS plate low (Qiagen, Hilden, Germany). The PCR plate and the 

PyroMark Q96 HS plate low were then placed into their respective slots in the 

workstation, in the same orientation as when samples were loaded. A vacuum was 

applied to the workstation tool and its filter probes were lowered into the PCR plate to 

capture the sepharose beads containing immobilized PCR amplicons. The workstation 

tool was transferred to the trough containing 70% ethanol, followed by transfer to the 

trough containing denaturation solution to generate single-stranded DNA, and lastly to 

the trough containing the wash buffer. Between each transfer, the filter probes were 

flushed for 10-15 seconds. The beads were then released into the PyroMark Q96 HS 

plate low containing 0.4 μM of sequencing primer. The sequencing primer was 

annealed to the single stranded DNA by placing the PyroMark Q96 HS plate low in a 

heating block (Labnet International Inc., Edison, USA) at 80°C for 2 minutes then 

cooling to room temperature for 5 minutes. To setup the Pyromark Q96 instrument, 

the reagent cartridge was loaded by pipetting the recommended volume of enzyme, 

substrate solution and nucleotides (as determined by the PyroMark software) into the 

corresponding wells; and the cartridge was inserted into the instrument. Thereafter, 

the PyroMark Q96 HS plate low was placed into the instrument and pyrosequencing 

was performed using the CpG assay programme of the PyroMark Q96 assay software 

(version 1.0.10) (Qiagen, Hilden, Germany). 

 

2.2.25 Verification of PCR primers with control methylated DNA 

The conversion efficiencies of BRCA1, BRCA2 and CDH1 PCR primers were 

evaluated using ratios of methylated: unmethylated bisulfite converted control human 

DNA (0, 10, 25, 50, 75, 90 and 100%) (Qiagen, Hilden, Germany). Pyrosequencing of 

the different control DNA ratios were performed, and results were used to construct 

standard curves to determine primer sensitivity as previously described by Willmer et 

al. (2020). Validation of pyrosequencing primers also involved the inclusion of quality 

controls containing the following: sequencing primer and annealing buffer only; 

biotinylated PCR-primer and annealing buffer only; sequencing primer, biotinylated 

PCR-primer and annealing buffer only; PCR amplicon and annealing buffer only; as 

well as a control containing a PCR no template control, sequencing primer and 

annealing buffer only. Each pyrosequencing run contained a bisulfite conversion and 
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PCR no template negative control. Bisulfite conversion controls were also included in 

all assay sequences to assess conversion efficiency. 

 

2.2.26 Telomerase PCR ELISA 

Telomerase is an enzyme that prevents telomere shortening and its increased activity 

has been implicated in in tumour progression (Hanahan and Weinberg 2000). 

Telomerase activity was measured using the TeloTAGGGTM Telomerase PCR ELISA 

kit (Sigma-Aldrich, St. Louis, USA) according to the manufacturer’s instructions. 

Briefly, of 2.5 x 105 cells/ml were pelleted at 1000 rpm for 10 min at 4°C and washed 

in PBS. Thereafter cells were resuspended in 200 µl of ice-cold lysis reagent and 

incubated on ice for 30 minutes. The lysate was centrifuged at 16 000 rpm for 20 

minutes at 4°C and 175 µl of the supernatant was transferred to a clean tube. For the 

telomere repeat amplification protocol (TRAP) reaction, 25 µl of reaction mixture was 

aliquoted into a PCR tube for each sample followed by 3 µl of the sample and 22 µl of 

sterile deionized water. Amplification was carried out in a Veriti thermal cycler (Thermo 

Fisher Scientific, Waltham, USA) using the conditions in Table 2.4. 

 
Table 2.4: PCR conditions for telomere repeat amplification protocol (TRAP) reaction. 

Step Temperature (°C) Time (min) Cycles 
1. Primer elongation 25 30 min 1 
2. Telomerase inactivation 94 5 min 1 
3. Amplification: 
3.1 Denaturation 
3.2 Annealing 
3.3 Polymerization 

 
94 
50 
72 

 
30 sec 
30 sec 
90 sec 

 
 

30 

 72 10 min 1 
4. Hold 4 ∞  

∞: indefinite 

 

After amplification, 5 µl of PCR product was added to 20 µl of denaturation agent, 

incubated for 10 minutes at room temperature, followed by the addition of 225 µl 

hybridization buffer. Tubes were vortexed briefly and 100 µl of each mixture was 

transferred in duplicate to a microplate, covered and incubated for 2 hours at 37°C, 

shaking at 300 rpm. After hybridization, the buffer was decanted and each well was 

washed three times with washing buffer for 30 seconds before addition of 100 µl Anti-

DIG-POD working solution and incubation for 30 minutes at room temperature, 
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shaking at 300 rpm (covered). After the Anti-DIG-POD working solution had been 

decanted, wells were washed five times with washing buffer for 30 seconds before the 

addition of 100 µl TMB substrate solution at room temperature. The plate was covered 

and incubated at room temperature for 20 minutes, shaking at 300 rpm. Without 

removing the TMB substrate solution, 100 µl stop reagent was added to each well and 

the absorbance was read at 450 nm (reference 690 nm) on a SpetraMax® i3x Multi-

Mode microplate reader (Molecular Devices, San Jose, USA). 

 

2.2.27 Statistical Analysis 

The data were analysed using GraphPad Prism statistical software (Version 8.4.2.679, 

GraphPad Software Inc., San Diego, USA). Measurement data are shown as mean ± 

standard deviation of three independent experiments. Comparisons between two 

groups were done using the paired student t-test while those among multiple groups 

were conducted by one-way analysis of variance (ANOVA) with subsequent Tukey-

Kramer's multiple comparison test. A value of p < 0.05 indicated significant difference. 
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CHAPTER 3 

RESULTS 

3.1 Phytochemical and TLC-DPPH antioxidant screening  

Methanol is one of the solvents of choice for preparation of crude plant extracts as this 

organic solvent results in extraction of phytocompounds over a broad range of 

polarities (Do et al. 2014). This is shown in TLC fingerprint in Fig. 3.1A. The range of 

polarities of the phytochemicals present in B. pilosa is further boasted by the rest of 

the lanes in Fig. 3.1A, as solvents of increasing polarity were used to fractionate the 

crude methanol extract. There is an abundance of antioxidant compounds in B. 

pilosa’s crude methanol extract (C); and these compounds were more pronounced in 

the fractions obtained using solvents of higher polarity (Fig. 3.1B). Polar solvents have 

been known as good solvents for extraction of antioxidants from plants. Chloroform 

(B2) extracted antioxidant compounds that were able to migrate further up the thin 

layer chromatography plate. The mobile phase used for the separation of compounds 

in this study is both acidic and non-polar containing chloroform, ethyl acetate and 

formic acid. The composition of the mobile phase enables it to best carry compounds 

of a similar nature as they dissolve best in it than other compounds within the plant 

extract. It can, therefore, be inferred that chloroform extracted antioxidant compounds 

of lower polarity while ethyl acetate (B3), butanol (B4) and methanol (B5) extracted 

antioxidant compounds of varying polarity. The water fraction (B6), conversely, 

showed an abundance of antioxidant compounds that are more polar, with lower 

solubility in the mobile phase and thus poorer migration up the TLC plate. 
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Figure 3.1: Thin layer chromatography profile of the crude methanol extract and six 
fractions of Bidens pilosa developed in CEF (5:4:1, v/v/v). Plates were sprayed with (A) 

vanillin-sulphuric acid and heated at 110°C, and (B) 0.2% 2,2-diphenyl-1-picryl-hydrazyl. 

Yellow spots on plate (B) are indicative of free-radical-scavenging compounds. C: crude 

methanol extract, B1: hexane, B2: chloroform, B3: ethyl acetate, B4: butanol, B5: 65 % 

methanol and B6: water. 
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3.2 Quantification of antioxidant activity 

The antioxidant activity of Bidens pilosa was quantified using a spectrophotometric 

DPPH radical scavenging assay. In this quantitative test, the ethyl acetate and butanol 

fractions showed great antioxidant potential by quenching more than 50% of the DPPH 

at 62.5 µg/ml (Fig 3.2). At concentrations above this, the two fractions quenched up to 

90% DPPH, exceeding the antioxidant activity of the crude extract in the assay. From 

Fig. 3.2 the crude extract did not show good radical-scavenging activity, except at the 

highest concentration tested; i.e. 250 µg/ml. At this concentration, both the crude 

extract and the 65% methanol fraction also showed impressive scavenging potential, 

with scavenging of DPPH reaching 82.5 and 27.9%, respectively. The antioxidant 

activity of all remaining fractions was below 50% for all other fractions at all tested 

concentrations. 

 

 
 

  

  

  

  

 

 

 

 

 

 

 
Figure 3.2: DPPH radical scavenging activity of the crude methanol extract and the six 
fractions of Bidens pilosa. Samples were diluted with acetone followed by addition of 0.2% 

DPPH in methanol (w/v). Absorbance was read at 517 nm after 30 minutes. 
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3.3 Quantification of the total phenolic content 

The total phenolic content of the B. pilosa crude methanol extract was quantified and 

compared to that of its hexane, chloroform, ethyl acetate, butanol, 65% methanol and 

water fractions. According to Fig. 3.3 the total phenolic content of the water fraction 

was exceptionally higher than that measured in the other fractions and in the crude 

extract. This was followed by butanol with 118.54 mg GAE/g. The hexane fraction 

contained the lowest concentration of phenolic compounds, with only 14.6 mg GAE/g 

measured.  

 

 

 

 

 

 

 

  

  

 

  

  

 

  

  

 
Figure 3.3: Total phenolic content of the crude methanol extract and six fractions of 
Bidens pilosa. Folin-Ciocalteu’s reagent was used to quantify the total concentration of 

phenolic compounds colourimetrically at 550 nm. The phenolic content is expressed as gallic 

acid equivalents. 
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3.4 Quantification of the total tannin content  

More tannins were extracted by butanol, with 59.43 mg GAE/g extract, and the quantity 

of tannins in the fractions decreased both with an increase as well as a decrease in 

solvent polarity, as shown by Fig. 3.4. Hexane extracted the lowest amount of tannins 

with only 2.52 mg GAE/g extract. The crude methanol extract contained more tannins 

than the hexane, chloroform, 65 % methanol as well as the water fractions. 

 

 

 

 

 

 

 

 

 

  

 

 

 

 
Figure 3.4: Tannin content of the crude methanol extract and six fractions of Bidens 
pilosa. Folin-Ciocalteu’s reagent was used to quantify the total concentration of phenolic 

compounds colourimetrically at 725 nm. Tannin content is expressed as gallic acid 

equivalents. 
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3.5 Quantification of the total flavonoid content 

With a flavonoid content of 2204.09 mg QE/g extract, butanol extracted more 

flavonoids than all the fractions as well as the crude methanol extract of B. pilosa (Fig. 

3.5). This was followed by ethyl acetate, albeit with less than half the flavonoid content 

of the butanol fraction. Both an increase and decrease in solvent polarity from that of 

butanol resulted in a decrease in the flavonoid content of the fractions. Still, the ethyl 

acetate and 65 % methanol fractions contained higher flavonoid content that the crude 

methanol extract from which they were fractionated. 

 

 

 

 

  

  

 

 

 

 

 

  

 
Figure 3.5: Flavonoid content of the crude methanol extract and six fractions of Bidens 
pilosa. Flavonoids in each fraction were quantified colorimetrically at 510 nm. The flavonoid 

content is expressed as quercetin equivalents. 
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3.6 Characterisation of B. pilosa fractions 

Gas chromatography-mass spectrometry analysis of the crude methanol extract of B. 

pilosa as well as its sub-fractions of varying polarity lead to identification of a variety 

of chemical compounds present in the plant (Tables 3.1 to 3.7). Using ChromaTOF 

and NIST 95 library for identification, the two most abundant compounds identified in 

the crude extract were the ester 1-butanol, 3-methyl-, formate and an alkythiol, 1-

pentanethiol with % peak areas of 7.6931 and 8.3691, respectively (Table 3.1). 

Numerous major compounds detected in the crude extract were also abundant in the 

fractions, with 13 compounds identified as predominant across multiple samples. 

These compounds belonged to various chemical classes, with 1 aryl aldehyde, 1 ester, 

2 sterols, 3 alkanes, 3 fatty acids and 3 terpenes identified as major compounds in 

multiple samples by the software (Table 3.8). According to Table 3.8, n-hexadecanoic 

acid (palmitic acid) appeared as an abundant compound in all fractions except the 

water fraction. Mass spectra of the crude extract and sub-fractions are included as 

Appendix A. 
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Table 3.1: Major chemical compounds identified in the crude methanol extract of Bidens 
pilosa. 

RT 
(min:sec) Compound name 

Molecular 
Formula 

% Peak 
Area 

04:00,5 1-Hexen-4-yne, 3-ethylidene-2-methyl- C9H12 1.8598 
04:00,8 1-Penten-3-yne, 2-methyl- C6H8 1.8598 
04:01,7 2-Hexen-4-yne C6H8 1.8598 
04:55,3 1-Butanol, 3-methyl-, formate C6H12O2 7.6931** 
05:00,9 1-Pentanethiol C5H12S 8.3691** 
05:05,3 Undecane, 2-methyl- C12H26 4.3343* 
06:07,9 Resorcinol C6H6O2 2.0874* 
06:08,1 Tridecane C13H28 2.0693* 
08:46,2 Tetradecane C14H30 4.2836* 
09:20,1 Benzaldehyde, 2-hydroxy-6-methyl- C8H8O2 3.3858* 
11:12,3 Pentadecane C15H32 4.224* 
11:12,7 Caryophyllene oxide C15H24O 4.2243* 
11:44,2 n-Butyric acid 2-ethylhexyl ester C12H24O2 1.3427 

13:14,2 
6-Hydroxy-4,4,7a-trimethyl-5,6,7,7a-
tetrahydrobenzofuran-2(4H)-one C11H16O3 1.6639 

13:24,6 Eicosane C20H42 2.7687* 
13:25,4 Sebacic acid, heptyl 4-methoxyphenyl ester C24H38O5 2.8684* 
13:49,9 Neophytadiene C20H38 1.6487 
15:05,2 n-Hexadecanoic acid C16H32O2 3.6312* 
15:05,7 9-Hexadecenoic acid C16H30O2 3.6312* 
15:25,0 Heneicosane C21H44 1.3389 
15:26,3 trans-Sinapyl alcohol C11H14O4 1.3389 
16:30,4 Phytol C20H40O 1.2686 
16:46,6 9,12,15-Octadecatrienoic acid, (Z,Z,Z)- C18H30O2 1.4531 
28:30,6 Stigmasterol C29H48O 1.4827 

RT: retention time; *: detected in relatively high abundance; **: detected in relatively higher 
abundance. 
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Table 3.2: Major chemical compounds identified in the hexane fraction of the crude 
methanol extract of Bidens pilosa. 

RT 
(min:sec) Compound name 

Molecular 
Formula 

% Peak 
Area 

12:45,4 9H-Fluorene, 9-diazo- C13H8N2 1.2302 
13:51,6 Neophytadiene C20H38 2.3313* 
13:55,4 2-Pentadecanone, 6,10,14-trimethyl- C18H36O 1.1775 
15:26,6 n-Hexadecanoic acid C16H32O2 11.946*** 
16:34,7 Phytol C20H40O 3.6814* 
17:10,7 (Z)-18-Octadec-9-enolide C18H32O2 14.207*** 
17:12,9 9,12,15-Octadecatrienoic acid, (Z,Z,Z)- C18H30O2 27.144*** 
22:25,2 Squalene  1.0817 
28:45,9 Stigmasterol C29H48O 4.8186* 
29:57,7 β-Sitosterol C29H50O 2.5276* 
37:05,5 Phytol, acetate C22H42O2 2.2696* 
37:07,0 Neophytadiene C20H38 2.2696* 

RT: retention time; *: detected in relatively high abundance; **: detected in relatively higher 
abundance; ***: detected in relatively highest abundance. 
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Table 3.3: Major chemical compounds identified in the chloroform fraction of the crude 
methanol extract of Bidens pilosa. 

RT 
(min:sec) Compound name 

Molecular 
Formula 

% Peak 
Area 

09:17,7 3,6-Nonadien-5-one, 2,2,8,8-tetramethyl- C13H18O 1.7429 
09:18,0 β-D-Glucopyranose, 1,6-anhydro- C6H10O5 2.9105* 

11:01,5 
8-(2-Acetyloxiran-2-yl)-6,6-dimethylocta-3,4-
dien-2-one C14H20O3 1.3684 

11:03,3 
Fumaric acid, ethyl 2,4,5-trichlorophenyl 
ester C12H9Cl3O4 1.3684 

13:28,2 
1-Buten-3-one, 1-(2-carboxy-4,4-
dimethylcyclobutenyl)- C11H14O3 3.4408* 

13:53,2 Neophytadiene C20H38 2.1564* 
13:53,8 3,7,11,15-Tetramethyl-2-hexadecen-1-ol C20H40O 2.1564* 

13:54,2 
1-(3,3-Dimethyl-1-yl)-2,2-
dimethylcyclopropene-3-carboxylic acid C7 H10O2 2.1564* 

14:17,4 Platambin C15H26O2 1.5012 
14:18,0 2-n-Octylfuran C12H20O 1.5219 
14:19,0 Neophytadiene C20H38 1.5219 

15:20,2 
l-Phenylalanine, N-(2-hydroxy-1-oxopentyl)-, 
methyl ester, (S)- ??? 3.1578* 

15:26,8 n-Hexadecanoic acid C16H32O2 10.142*** 

17:10,9 
1-Oxacyclopentadecan-2-one, 15-ethenyl-
15-methyl C17H30O2 8.0469** 

17:14,2 9,12-Octadecadienoic acid (Z,Z)- C18H32O2 10.15*** 
17:17,4 9,12,15-Octadecatrienoic acid, (Z,Z,Z)- C18H30O2 16.418*** 

RT: retention time; *: detected in relatively high abundance; **: detected in relatively higher 
abundance; ***: detected in relatively highest abundance. 
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Table 3.4: Major chemical compounds identified in the ethyl acetate fraction of the 
crude methanol extract of Bidens pilosa. 

RT 
(min:sec) Compound name 

Molecular 
Formula 

% Peak 
Area 

04:55,2 1-Butanol, 3-methyl-, formate C6H12O2 5.7594** 
05:05,4 Phenylethyl Alcohol C8H10O 2.1824* 
05:11,9 5-Aminovaleric acid C5H11NO2 1.0752 
09:22,0 Benzaldehyde, 2-hydroxy-6-methyl- C8H8O2 4.7478* 
15:10,4 Phthalic acid, butyl oct-3-yl ester C20H30O4 10.697*** 
15:13,2 Ethanol, 2-[4-(1,1-dimethylpropyl)phenoxy]- C13H20O2 1.3515 
15:17,4 Benzoic Acid, TBDMS derivative C13H20O2Si 8.0195** 
15:21,7 n-Hexadecanoic acid C16H32O2 20.096*** 
16:14,3 Pyrene C₁₆H₁₀ 1.5857 
16:15,1 n-Nonadecanol-1 C19H40O 1.5857 
17:01,2 Eicosane, 1-iodo- C20H41I 1.1499 

17:02,2 
2-Propenoic acid, 3-(4-methoxyphenyl)-, 2-
ethylhexyl ester C18H26O3 1.7485 

17:06,0 Octadecanoic acid C18H36O2 7.2523** 
18:40,0 Methyl dehydroabietate C21H30O2 3.4608* 
18:41,6 Benzyl butyl phthalate C19H20O4 3.4608* 
20:12,2 Bis(2-ethylhexyl) phthalate C24H38O4 2.6086* 

RT: retention time; *: detected in relatively high abundance; **: detected in relatively higher 
abundance; ***: detected in relatively highest abundance. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://pubchem.ncbi.nlm.nih.gov/#query=C8H8O2
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Table 3.5: Major chemical compounds identified in the butanol fraction of the crude 
methanol extract of Bidens pilosa. 

RT 
(min:sec) Compound name 

Molecular 
Formula 

% Peak 
Area 

05:51,2 1,4-Diethynylbenzene C10H6 2.8644* 
06:27,0 Benzaldehyde, 4-methyl- C8H8O 4.2972* 
06:28,9 Dimethyl sulfone C2H6O2S 1.4398 
07:29,9 Indole C8H7N 1.0777 
07:45,1 2-Methoxy-4-vinylphenol C9H10O2 2.4689* 
08:19,2 Phenol, 2-methoxy-3-(2-propenyl)- C10H12O2 3.48* 
09:26,0 4-Fluorobenzoic acid, pent-2-en-4-ynyl ester C12H9FO2 2.5547* 

09:26,6 
Ethanone, 1-(2,3-dihydro-1,1-dimethyl-1H-
inden-4-yl)- C17H24O 3.4615* 

09:29,3 Benzaldehyde, 2-hydroxy-6-methyl- C8H8O2 12.008*** 

09:30,3 
Ethanone, 1-(2,3-dihydro-1,1-dimethyl-1H-
inden-4-yl)- C17H24O 11.852*** 

10:41,1 Geranyl vinyl ether C12H20O 1.1644 
10:43,4 1,6-Heptadien-4-ol, 4-propyl- C10H18O 1.2492 
10:47,2 D-Allose C6H12O6 2.1573* 
10:53,3 2',4'-Dimethoxyacetophenone C10H12O3 1.179 

10:58,5 
3-Buten-2-one, 4-(2-hydroxy-2,6,6-
trimethylcyclohexyl)- C13H20O3 1.0867 

11:12,5 Heptadecane C17H36 1.3563 

11:38,4 
23-Methyl-tetracosanoic acid, DMOX 
derivative C25H50O2 1.1506 

11:39,2 2,7-Octadiene-1,6-diol, 2,6-dimethyl- C10H18O2 1.1506 
11:40,4 Megastigmatrienone C13H18O 1.1506 

12:24,0 

(3R,3aR,4aR,8aR,9aR)-3,8a-Dimethyl-5-
methylene-3,3a,4,4a,5,6,9,9a-
octahydronaphtho[2,3-b]furan-2(8aH)-one C15H20O2 1.0463 

12:25,8 Idosan triacetate C12H16O8 1.0656 

13:20,1 
6-Hydroxy-4,4,7a-trimethyl-5,6,7,7a-
tetrahydrobenzofuran-2(4H)-one C11H16O3 1.2525 

13:25,0 Heneicosane C21H44 1.1494 
13:26,1 Maltose C12H22O11 1.1684 
15:06,0 n-Hexadecanoic acid C16H32O2 1.1589 
15:50,0 Isoxazole, 3,5-dimethyl-4-nitro- C5H6N2O3 1.2419 

16:05,5 
α-D-Glucopyranose, 4-O-β-D-
galactopyranosyl- C12H24O12 3.6346* 

RT: retention time; *: detected in relatively high abundance; **: detected in relatively higher 
abundance; ***: detected in relatively highest abundance. 
 

 

 

 

 

https://pubchem.ncbi.nlm.nih.gov/#query=C8H8O2
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Table 3.6: Major chemical compounds identified in the 65% methanol fraction of the 
crude methanol extract of Bidens pilosa. 

RT 
(min:sec) Compound name 

Molecular 
Formula 

% Peak 
Area 

04:53,2 1-Butanol, 3-methyl-, formate C6H12O2 1.8522 
05:53,1 Benzoic acid  C7H6O2 1.6144 
05:53,9 Octanoic acid C8H16O2 1.5951 

10:35,8 
2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-
4,4,7a-trimethyl-, (R)- C11H16O2 1.0763 

11:12,5 Heptadecane C17H36 1.1351 

12:20,2 
3-Buten-2-one, 4-(4-hydroxy-2,2,6-trimethyl-
7-oxabicyclo[4.1.0]hept-1-yl)- C13H20O3 1.3227 

12:21,4 11-Hexadecyn-1-ol C16H30O 1.3227 
12:22,3 3-Hydroxy-7,8-dihydro-β-ionol C13H20O2 1.3227 

12:22,7 
4-(2,6,6-Trimethylcyclohexa-1,3-dienyl)but-
3-en-2-one C13H18O 1.3764 

13:19,7 Ylangenal C15H22O 1.7572 

13:20,2 
9-Octadecenoic acid (Z)-, 2,3-
bis(acetyloxy)propyl ester C25H44O6 2.1748* 

13:22,6 
6-Hydroxy-4,4,7a-trimethyl-5,6,7,7a-
tetrahydrobenzofuran-2(4H)-one C11H16O3 5.6398** 

13:25,1 Eicosane C20H42 1.7417 
13:25,6 Cyclopentanone, 2-(2-nitro-2-heptenyl)- C12H19NO3 1.7941 

13:51,0 
8-(2-Acetyloxiran-2-yl)-6,6-dimethylocta-3,4-
dien-2-one C14H20O3 3.7159* 

13:51,7 Neophytadiene C20H38 3.7253* 
13:52,2 Salvial-4(14)-en-1-one C15H24O 3.7253* 
14:06,0 Neophytadiene C20H38 1.1835 

14:06,4 
2-Oxabicyclo[4.4.0]dec-3-en-10-ol, 5-
methylene-1,3,7,7-tetramethyl-, acetate 

 

 
C16H26O4 1.2411 

14:17,4 Neophytadiene C20H38 1.9206 
15:08,2 Dibutyl phthalate C6H4(CO2C4H9)2 1.2866 
15:14,5 n-Hexadecanoic acid C16H32O2 8.8595** 
15:15,2 9-Hexadecenoic acid C16H30O2 8.2462** 
16:31,9 Phytol C20H40O 1.1682 
16:51,1 Norbornadieone C7H10O 1.8485 
16:51,4 Z,E-3,13-Octadecadien-1-ol C18H34O 2.0305* 
16:55,6 9,12,15-Octadecatrienoic acid, (Z,Z,Z)- C18H30O2 5.736** 

RT: retention time; *: detected in relatively high abundance; **: detected in relatively higher 
abundance; ***: detected in relatively highest abundance. 
 

 

 

 
 

https://pubchem.ncbi.nlm.nih.gov/#query=C14H20O3
https://pubchem.ncbi.nlm.nih.gov/#query=C20H38
https://pubchem.ncbi.nlm.nih.gov/#query=C20H38
https://pubchem.ncbi.nlm.nih.gov/#query=C20H38
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Table 3.7: Major chemical compounds identified in the water fraction of the crude 
methanol extract of Bidens pilosa. 

 

RT:retention time; *: detected in relatively high abundance; **: detected in relatively higher 
abundance; ***: detected in relatively highest abundance. 
 

 
 
 
 
 
 
 
 
 
 
 
 

RT 
(min:sec) Compound name 

Molecular 
Formula 

% Peak 
Area 

04:45,6 
2-Furanmethanol, 5-ethenyltetrahydro-
α,α,5-trimethyl-, cis- C10H18O2 1.0731 

04:51,8 1-Pentanol C5H12O 1.2166 
04:56,7 1-Butanol, 3-methyl-, formate C6H12O2 2.9365* 
05:00,9 Glycerin C3H8O3 6.355** 
05:24,9 1-Butanol, 3-methyl-, formate C6H12O2 1.6362 

05:30,0 
4H-Pyran-4-one, 2,3-dihydro-3,5-
dihydroxy-6-methyl- C6H8O4 1.4079 

08:46,4 Tetradecane C14H30 1.2363 
09:23,9 Benzaldehyde, 2-hydroxy-6-methyl- C8H8O2 3.0805* 
11:12,5 Heptadecane C17H36 1.1355 
17:05,2 Methoxyacetic acid, 3-tetradecyl ester C17H34O3 1.1254 
17:46,7 Cholesta-4,6-dien-3-ol, (3β)- C27H44O 1.4286 
17:54,1 Cyclobutene, 2-propenylidene- C7H8 2.6592* 
22:06,3 Tetracosane, 11-decyl- C34H70 17.972*** 
23:57,2 β-Sitosterol C29H50O 1.5156 
23:58,9 Hexatriacontane C36H74 1.5156 
25:36,7 Tetracosane, 11-decyl- C34H70 15.904*** 
29:48,0 Hexatriacontane C36H74 9.6352** 

34:31,4 

Pentanamide, N-[5-[[4-[2,4-bis(1,1-
dimethylpropyl)phenoxy]-1-
oxobutyl]amino]-2-chlorophenyl]-4,4-
dimethyl-3-oxo- C33H47ClN2O4 2.7064* 

34:49,6 Tetratetracontane C44H90 5.0887** 

https://pubchem.ncbi.nlm.nih.gov/#query=C6H8O4
https://pubchem.ncbi.nlm.nih.gov/#query=C8H8O2
https://pubchem.ncbi.nlm.nih.gov/#query=C17H34O3
https://pubchem.ncbi.nlm.nih.gov/#query=C27H44O
https://pubchem.ncbi.nlm.nih.gov/#query=C7H8
https://pubchem.ncbi.nlm.nih.gov/#query=C33H47ClN2O4
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Table 3.8: Major chemical compounds identified in more than one fraction of B. pilosa. 

Compound name Class C B1 B2 B3 B4 B5 B6 
1-Butanol, 3-methyl-, formate Ester        
6-Hydroxy-4,4,7a-trimethyl-
5,6,7,7a-tetrahydrobenzofuran-
2(4H)-one 

Terpene        

9, 12, 15-Octadecatrienoic acid, 
(Z,Z,Z) 

Fatty acid        

9-Hexadecenoic acid Fatty acid        
Benzaldehyde, 2-hydroxy-6-
methyl- 

Aryl aldehyde        

Eicosane Alkane        
Heneicosane Alkane        
Heptadecane Alkane        
Neophytadiene Terpene        
n-Hexadecanoic acid Fatty acid        
Phytol Terpene        
Stigmasterol Sterol        
β-Sitosterol Sterol        

% Peak area:      : Not detected or not a major compound,      : < 1.000,      : 1.000 – 4.999, 
    : 5.000 – 10.000,     : > 10.000. C: crude methanol extract, B1: hexane, B2: chloroform, B3: 
ethyl acetate, B4: butanol, B5: 65% methanol, B6: water. 
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3.7 Determination of cytotoxicity 

Treatment of MCF-7 breast cancer cells with the crude methanol extract of B. pilosa 

and its fractions of varying polarity resulted in general dose-dependent cytotoxic 

activity. Some of the fractions induced a decrease in cell viability in a concentration- 

and time-dependent manner while others appeared to enhance viability of the cells 

(Figs 3.6).  The chloroform fraction exhibited the highest cytotoxic activity among the 

tested fractions. This fraction induced significant death in MCF-7 cells from 200 µg/ml 

within 24 hours of treatment. According to Fig. 3.7, IC50 of the chloroform fraction was 

calculated to be 112 µg/ml; 100 µg/ml was used in subsequent assays as the test 

concentration of the chloroform fraction. 

 

Interestingly, the crude methanol extract as well as the hexane and 65% methanol 

fractions caused a decrease in cell viability in the first 24 hours of incubation. This was, 

however, followed by increased viability of the MCF-7 cells, after 48 hours (Fig. 3.6B) 

and then a decline in viability once again after 72 hours of treatment (Fig 3.6C). Still, 

after 48 and 72 hours of treatment with the fractions, the MCF-7 cells showed a 

significant dose-dependent decrease in viability at 400 and 800 µg/ml of the 65% 

methanol fraction while only responding significantly to 800 µg/ml of the hexane 

fraction. Treatment of the cell culture with the ethyl acetate fraction at concentrations 

exceeding 200 µg/ml elicited cell death by up to 80% after 72 hours (Fig. 3.6C). 

According to Fig. 3.6 the water fraction showed no toxicity towards the MCF-7 cells 

even at 800 µg/ml after 72 hours of treatment. 
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Figure 3.6: The effect of Bidens pilosa and its fractions on viability of MCF-7 cells. Cells 

were treated with various concentrations of the extracts for 24 (A), 48 (B) and 72 (C) hours 

followed by viability determination by the MTT assay where 2 µg/ml actinomycin D served as 

a positive control for cell death. Viability was calculated as percentage of untreated control 

cells. DMSO: 0.05% dimethylsulfoxide. Data is represented as the mean ± standard deviation 

(SD). *: p < 0.05, **: p < 0.009, ****: p < 0.0001. 
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Figure 3.7: The effect of the chloroform fraction of Bidens pilosa on viability of MCF-7 
cells. Cells were treated with various concentrations of the fraction for 24 hours followed by 

viability determination by the MTT assay where 2 µg/ml actinomycin D served as a positive 

control for cell death. Viability was calculated as percentage of untreated control cells. DMSO: 

0.8% dimethylsulfoxide, Act D: Actinomycin D. Data is represented as the mean ± standard 

deviation (SD). ****: p < 0.0001. 
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3.8 Evaluation of mitochondrial membrane depolarisation 

The effect of B. pilosa’s chloroform fraction on cell health was assessed by measuring 

the mitochondrial membrane potential of treated MCF-7 cells using the Muse® 

MitoPotential kit. An increase in concentration of the fraction decreased the viability of 

cells, after both 12 and 24 hrs, without a significant increase in the number of live cells 

with depolarised mitochondrial membranes (Figs. 3.8A & 3.8B). At the IC50 of 100 

µg/ml, 9 % of the viable cells had depolarised mitochondrial membranes after 12 hrs 

of treatment while 7 % were showed depolarisation after 24 hrs of treatment. However, 

dead cells showed significant depolarisation of mitochondrial membranes after both 

12 and 24 hours of treatment, with up to 27,5% and 26,5% depolarised membranes, 

respectively. 
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Untreated 100 µg/ml 75 µg/ml 125 µg/ml 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.8A: The effect of the chloroform fraction of Bidens pilosa on depolarization of 
MCF-7 mitochondrial membranes after 12 hours. Cells were treated with the fraction for 12 

hours before analysis of the mitochondrial membrane potential with a Muse® MitoPotential 

Kit. Data is represented as the mean ± standard deviation (SD). ****: p < 0.0001. 
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Figure 3.8B: The effect of the chloroform fraction of Bidens pilosa on depolarization of 
MCF-7 mitochondrial membranes after 24 hours. Cells were treated with the fraction for 24 

hours before analysis of the mitochondrial membrane potential with a Muse® MitoPotential 

Kit. Data is represented as the mean ± standard deviation (SD). *: p < 0.05; ****: p < 0.0001 
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3.9 Detection of apoptosis 

Apoptosis in MCF-7 breast cancer cells could not be verified following 24 hours of 

treatment with 75, 100 and 125 µg/ml of the B. pilosa chloroform fraction using the 

Muse® Annexin V and Cell Death kit. After 24 hours of incubation with the extract, 

very few cells were shown to be apoptotic; however, cell death was comparable to that 

instigated by 100 µg/ml curcumin, known to cause apoptosis in breast cancer cells. 

(Fig 3.9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 
Figure 3.9: The effect of the chloroform fraction of Bidens pilosa on MCF-7 cell death. 
Cells were treated with 75, 100 and 125 µg/ml of the fraction for 24 hours before analysis of 

apoptosis using a Muse® Annexin V and Cell Death kit. Data is represented as the mean ± 

standard deviation (SD). ****: P < 0.0001. 
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3.10 Cell cycle distribution analysis 

Analysis of the effects of the chloroform fraction of B. pilosa on the cell division cycle 

in MCF-7 cells indicated a concentration-dependent accumulation of cells in the G2/M 

phase of the cycle. Figure 3.10 shows a significant increase in the population of cells 

in the G2/M phase of the cell division cycle upon treatment with the fraction, suggesting 

the chloroform fraction of B. pilosa results in G2/M cell cycle arrest. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

  

 

 

 

 
Figure 3.10: The effect of the chloroform fraction of Bidens pilosa on MCF-7 cell division 
cycle. Cells were treated with 75, 100 and 125 µg/ml of the fraction for 24 hours before 

analysis apoptosis using a Muse® Cell Cycle Kit. Data is represented as the mean ± standard 

deviation (SD). *: p < 0.05. 
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3.11 Gene expression analysis 

Expression of genes on the Human Breast Cancer RT2 Profiler PCR Array are shown 

in Fig. 3.11. Treatment of MCF-7 cells with 100 µg/ml of the chloroform fraction of 

B. pilosa up-regulated the expression of 29 genes and down-regulated the expression 

of 22 genes, using a 2-fold change cut-off and a p value ≤ 0.05 (Table 3.9). Of these, 

BRCA1 and BRCA2, tumour suppressor genes that are a hallmark of breast cancer 

(Atchley et al. 2008), were decreased after treatment with this fraction (Table 3.9, Fig. 

3.11). 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.11: Scatter plot of gene expression in MCF-7 cells treated with the chloroform 
fraction of B. pilosa. Cells were seeded at 2.5 x 105 cells/ml and treated with 100 µg/ml of 

the chloroform fraction of B. pilosa for 24 (A) and 48 (B) hours before RNA isolation and gene 

expression analysis using the Human Breast Cancer RT2 Profiler PCR Array. Each dot 

represents a gene on the PCR array. Data are presented as the mean of three independent 

experiments ± standard deviation (SD).   
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Table 3.9: Differentially expressed genes in MCF-7 cells treated with the chloroform 
fraction of B. pilosa.  

Up-regulated Down-regulated 
24 hr 48 hr 24 hr 48 hr 

Gene Fold Gene Fold Gene Fold Gene Fold 
VEGFA 6.56 VEGFA 7.60 SFRP1 -22.85 SFRP1 -21.75 
EGF 5.23 CDH13 6.96 CDH1 -9.89 MKI67 -7.51 
CSF1 4.99 CSF1 5.72 MUC1 -7.28 SERPINE1 -6.03 
PTGS2 4.83 GRB7 4.48 PGR -6.69 MUC1 -5.63 
ADAM23 4.47 ADAM23 4.22 SLC39A6 -6.49 CDH1 -5.38 
NR3C1 4.39 RARB 4.16 THBS1 -5.83 THBS1 -5.09 
HIC1 4.34 GSTP1 3.33 SNAI2 -5.01 PGR -4.93 
CDH13 3.65 GLI1 3.13 IGFBP3 -4.43 SLC39A6 -4.36 
GLI1 3.27 NR3C1 3.08 CTSD -3.45 EGFR -4.33 
GSTP1 2.95 HIC1 2.98 BRCA2 -2.96 BIRC5 -3.85 
ID1 2.66 ABCB1 2.87 KRT19 -2.87 CCNA1 -3.70 
CDKN1A 2.59 CDKN1A 2.69 BIRC5 -2.41 BRCA2 -3.59 
GRB7 2.52 PTGS2 2.55 ESR1 -2.31 SNAI2 -3.58 
PYCARD 2.51 XBP1 2.23 EGFR -2.29 TFF3 -3.30 
CST6 2.39 HGDC 2.23 MK167 -2.25 CTSD -2.89 
SFN 2.37 MMP2 2.23 KRT5 -2.20 BRCA1 -2.64 
ABCG2 2.31 CDKN2A 2.23 IGF1R -2.10 KRT5 -2.46 
IL6 2.25 IGF1 2.23 KRT8 -2.04 KRT19 -2.24 
RARB 2.21 RASSF1 2.14   KRT8 -2.22 
ESR2 2.20 TWIST1 2.12   
IGF1  2.12 ATM 2.03 
CDKN2A 2.12 ABCG2 2.01 
HGDC 2.12 ID1 2.01 
MMP2 2.12   
ABCB1 2.12 
TWIST1 2.02 

 

Cells were seeded at 2.5 x 105 cells/ml and treated with 100 µg/ml of the chloroform fraction 

of B. pilosa for 24 (A) and 48 (B) hours before RNA isolation and gene expression analysis 

using the Human Breast Cancer RT2 Profiler PCR Array. Expression levels were quantified 

using delta delta CT formula on GeneGlobe (http://www.qiagen.com/geneglobe), with a 2-fold 

change cut-off and p ≤ 0.05. Red: up-regulated at 24 and 48 hours, green: down-regulated at 

24 and 48 hours. 

Abbreviations: ABCB1: ATP-binding cassette, sub-family B, member 1; ABCG2: ATP-binding 
cassette, sub-family G, member 2; ADAM23: ADAM metallopeptidase domain 23; ATM: Ataxia 
telangiectasia mutated, BIRC5: Baculoviral IAP repeat containing 5; BRCA1: Breast cancer 1, 
early onset; BRCA2: Breast cancer 2, early onset; CCNA1: Cyclin A1; CDH1: Cadherin 1, type 
1, epithelial cadherin; CDH13: Cadherin 13, heart cadherin; CDKN1A: Cyclin-dependent 
kinase inhibitor 1A, CDKN2A: Cyclin-dependent kinase inhibitor 2A; CSF1: Colony stimulating 
factor 1; CST6: Cystatin; CTSD: Cathepsin D; EGF: Epidermal growth factor; EGFR: 
Epidermal growth factor receptor; ESR1: Estrogen receptor 1; ESR2: Estrogen receptor 2; 
GLI1: GLI family zinc finger 1; GRB7: Growth factor receptor-bound protein 7; GSTP1: 
Glutathione S-transferase pi 1; HGDC: Human genomic DNA contamination; HIC1: 
Hypermethylated in cancer 1, ID1: Inhibitor of DNA binding ; IGF1: Insulin-like growth factor 
1; IGF1R: Insulin-like growth factor 1 receptor; IGFBP3: Insulin-like growth factor binding 
protein 3; IL6: Interleukin 6, KRT19: Keratin 19; KRT5: Keratin 5; KRT8: Keratin 8; MKI67: 
Antigen identified by monoclonal antibody Ki67, MMP2: Matrix metallopeptidase 2; MUC1: 
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Mucin 1; NR3C1: Nuclear receptor sub-family 3, group C, member 1; PGR: Progesterone 
receptor; PTGS2: Prostaglandin-endoperoxidase synthase 2; PYCARD: PYD and CARD 
domain containing; RARB: Retinoic acid receptor, beta; RASSF1: Ras association domain 
family member 1; SERPINE1: Serpin peptidase inhibitor, clade E; SFN: Stratifin; SFRP1: 
Secreted frizzled-related protein 1; SLC39A6: Solute carrier family 39, member 6; SNAI2: 
Snail homolog 2; TFF: Trefoil factor 3; THBS1: Thromospondin 1; TWIST1: Twist homolog 1; 
VEGFA: Vascular endothelial growth factor A; XBP1: X-box binding protein 1. 
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3.12 Evaluation of BRCA1 protein expression 

Expression levels of BRCA1 in MCF-7 cells treated with the chloroform fraction of the 

crude methanol extract of B. pilosa were evaluated using Western blotting. According 

to Fig. 3.12 treatment of the cells with the chloroform fraction of B. pilosa caused 

significant down-regulation of BRCA1 expression of about 50% after 24 and 48 hours. 

Comparison of the expression levels of the protein when cells were treated with 

various concentrations of the fraction showed a similar effect regardless of the 

concentration of the plant fraction as well as exposure time. It is, however, interesting 

to note complete absence of BRCA1 in cells treated with test concentrations 

exceeding 75 µg/ml of the chloroform fraction of B. pilosa for 48 hours. The plant 

fraction also regulates the housekeeping proteins, GAPDH and β-actin, with observed 

down-regulation of both proteins after 48 hours of treatment at all tested 

concentrations. 
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Figure 3.12: Effect of the chloroform fraction of B. pilosa on BRCA1 protein expression 
in MCF-7 cells. A: Cells were exposed to various concentrations of B. pilosa for 24 and 48 

hours and protein expression was analysed by Western blotting. B: Densitometric band 

analysis of each BRCA1 band relative to the control was done using ImageJ Software. ****: p 

< 0.0001. 
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3.13 Quantification of global methylation 

The MDQ1 Imprint® Methylated DNA Quantification kit was used to assess the effect 

of the chloroform fraction of B. pilosa on global DNA methylation. Treatment with the 

extract decreased global DNA methylation by 30% after 24 hours and by 38% after 48 

hours of treatment (Fig. 3.13).  

 

 

 

 

  

 

 

  

 

 

 

 

 

 

 
Figure 3.13: Global DNA methylation levels in MCF-7 cells treated with the chloroform 
fraction of B. pilosa. Global DNA methylation was quantified using the MDQ1 Imprint® 

Methylated DNA Quantification Kit. Methylation levels were calculated relative to a methylated 

positive control and data represent the mean ± standard deviation (SD) of three independent 

experiments. ***: p < 0.005. 
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3.14 Confirmation of the quality of bisulfite-converted amplicons 

Agarose gels of bisulfite-converted DNA amplified with BRCA1, BRCA2 and CDH1 

primers are shown in Fig. 3.14 A, B and C, respectively. Agarose gel electrophoresis 

show that the expected size amplicons were obtained in both treated and untreated 

samples, and the absence of bands in the bisulfite and PCR no template controls are 

indicative of the absence of extraneous nucleic acid contamination. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.14: Agarose gels of bisulfite-converted amplicons. DNA was extracted from 

MCF-7 cells treated with 100 µg/ml of the chloroform fraction of B. pilosa and bisulfite 

converted using the EpiTect® Fast Bisulfite Conversion kit. A: BRCA1, B: BRCA2, C: CDH1, 

lane 1: Molecular weight maker, lane 2: untreated cells, lane 3: cells treated for 24 hours, lane 

4: cells treated for 48 hours, lane 5: bisulfite control and lane 6: PCR control, bp: base pairs. 
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3.15 Analysis of CpG site methylation on BRCA1, BRCA2 and CDH1 

Pyrosequencing was conducted to assess the effect of the chloroform fraction of the 

methanol extract of B. pilosa on site-specific methylation of BRCA1, BRCA2 and 

CDH1. The fraction did not affect the methylation levels of the investigated CpG sites 

within BRCA2 and CDH1 (Fig. 3.15B and C), however, 24 hours of treatment with the 

extract decreased methylation levels at one of the CpGs within BRCA1 (Fig. 3.15A). 

Methylation at this site was lower after 48 hours of treatment as well, but it was not 

statistically significant.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.15A: BRCA1 CpG site methylation in B. pilosa chloroform fraction-treated 
MCF-7 cells. Human MCF-7 breast cancer cells were treated with 100 µg/ml of the chloroform 

fraction of Bidens pilosa for 24 hours and 48 hours and methylation levels at six CpG sites in 

the BRCA1 gene (-2170,-2164, -2161, -2158, -2152, -2130) assessed using bisulfite 

pyrosequencing. Data is represented as the mean ± standard deviation (SD) of three 

independent experiments. *: p < 0.05. 
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Figure 3.15B: BRCA2 CpG site methylation in B. pilosa chloroform fraction-treated 
MCF-7 cells. Human MCF-7 breast cancer cells were treated with 100 µg/ml of the chloroform 

fraction of Bidens pilosa for 24 hours and 48 hours and methylation levels at ten CpG sites in 

the BRCA2 gene (-1036, -1027, -1018, -1013, -1011, -1006, -1003, -998, -989, -984) assessed 

using bisulfite pyrosequencing. Data is represented as the mean ± standard deviation (SD) of 

three independent experiments.  
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Figure 3.15C: CDH1 CpG site methylation in B. pilosa chloroform fraction-treated MCF-
7 cells. Human MCF-7 breast cancer cells were treated with 100 µg/ml of the chloroform 

fraction of Bidens pilosa for 24 hours and 48 hours and methylation levels at seven CpG sites 

in the CDH1 gene (-56, -51, -44, -35, -12, +6, +9) assessed using bisulfite pyrosequencing. 

Data is represented as the mean ± standard deviation (SD) of three independent experiments.  
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3.16 Verification of pyrosequencing primers  

Primer efficiency of BRCA1 (six CpGs), BRCA2 (ten CpGs) and CDH1 (seven CpGs) 

was tested by conducting pyrosequencing with varying percentages (0, 10, 25, 50, 75, 

90 and 100 %) of a human methylated DNA control. According to Fig 3.16, the 

expected percentage of methylation was observed at each of the CpG sites in the 

probes, confirming that the designed primers were suitable for pyrosequencing. This 

was true for all sites except CpG6 on CDH1, where human (pipetting) error resulted in 

less than 50% methylation where 75% methylation was expected.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.16: Conversion efficiency of BRCA1, BRCA2 and CDH1 pyrosequencing 
primers. Primers were tested for conversion efficiency by performing PCR and 

pyrosequencing with a methylated DNA control ranging from unmethylated (0%) to completely 

methylated (100%). Percentage methylation was determined for six CpG sites for BRCA1 (-

2170,-2164, -2161, -2158, -2152, -2130), ten CpG sites for BRCA2 (-1036, -1027, -1018, -

1013, -1011, -1006, -1003, -998, -989, -984) and seven CpG sites for CDH1 (-56, -51, -44, -

35, -12, +6, +9). 
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3.17 Analysis of telomerase activity 

Treatment with the chloroform fraction of B. pilosa’s methanol extract decreased 

telomerase activity of MCF-7 breast cancer cells (Fig. 3.17). In the assay, samples 

with an absorbance change (A450 – A690) below 0.2 are said to have no telomerase 

activity. According to Fig. 3.17, treatment at all selected concentrations resulted in the 

absence of telomerase activity after both 24 and 48 hours of exposure to the fraction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.17: Telomerase activity in MCF-7 cells treated with the chloroform fraction of 
B. pilosa. Telomerase activity was measured in 2.5 x 105 cells using the TeloTAGGGTM 

Telomerase PCR ELISA kit. Data is represented as the mean ± standard deviation (SD) of 

three independent experiments. 
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CHAPTER 4 

DISCUSSION AND CONCLUSION 

4.1 General Discussion  

The global incidence of breast cancer has continued to increase over the years (Rue 

et al. 2009). Conventional therapies for the recalcitrant malignancies are undesirable 

as they may warrant surgery for their treatment. This method is however invasive and 

costly, thereby presenting a need for finding alternative options for cancer treatment. 

Moreover, therapy involving the use of drugs often results in unwanted side effects, 

thus affecting the overall health of the patient (Hayman, 2008). To this end, the global 

population is gradually adopting the use of plant extracts as an alternative form of 

treatment as opposed to the use of synthetic drugs. These plant extracts in turn 

provide a valuable source for finding new drug leads. So, breast cancer is not excluded 

from the numerous diseases against which herbal remedies are explored as possible 

treatment options. 

 

There are numerous reports on the analysis of B. pilosa in breast cancer in rats (Arroyo 

et al. 2010; Raimi et al. 2020). B. pilosa has also been investigated for use as a remedy 

for a variety of ailments ranging from headaches to ear infections, diarrhoea, ulcers 

and malaria (Xuan and Khanh 2016). The phytochemical fingerprint analyses carried 

out in this study corroborate the traditional uses of B. pilosa across the globe. Thin 

layer chromatography was employed to screen the crude methanol extract of B. pilosa 

and its subsequent six sub-fractions of varying polarity for the distribution of secondary 

metabolites as well as for potential compounds that possess antioxidant activity. The 

mobile phase (CEF – chloroform, ethyl acetate and formic acid) that was used for 

developing the TLC plates in Fig. 3.1 was of intermediate polarity and acidic in nature. 

This mobile phase allowed better separation of chemical compounds of lower polarity 

as observed in Fig. 3.1A, lane B1, where the compounds were extracted with n-

hexane. However, the compounds in lane B6 (water sub-fraction) did not separate 

optimally as they are of higher polarity than the mobile phase and therefore remained 

adsorbed on to the silica matrix on the TLC plate. 
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Figure 3.1B underlined the presence of compounds with the ability to quench free 

radicals by reducing the purple DPPH hydrazyl to a yellow hydrazine. These 

antioxidant compounds were distributed evenly among the sub-fractions of 

intermediate polarity as well as polar sub-fractions. It is evident from Fig. 3.1B that the 

ethyl acetate, n-butanol and 65% methanol sub-fractions had the highest distribution 

of antioxidant compounds, due to their varying polarities. Further, migration of the 

compounds relative to the solvent front was comparable, alluding to the presence of 

similar compound groupings in these sub-fractions. Despite the similar distribution of 

compounds among the various sub-fractions, intensities of the yellow colour of each 

band against the purple background were different, with many of the bands displaying 

higher intensity in the n-butanol sub-fraction (lane B4). The dissimilarity in intensities 

was attributed to the different concentrations of the compound in each sub-fraction. 

Therefore, some of the compounds can be said to be more concentrated and 

predominant in the n-butanol sub-fraction. Since methanol was used as the primary 

extractant, all the compounds in the sub-fractions were presumed to be present in 

large quantities in the crude methanol extract. On the contrary, however, Fig 3.1B 

displayed less intense bands in the methanol crude extract (lane C), suggesting a 

lower free-radical scavenging activity of its inherent compounds. Indeed, the crude 

methanol extract is a mixture of a myriad of compounds, some of which may be 

dampening or masking the activity of key and predominant antioxidant compounds in 

the crude extract. Therefore, sub-fractionation of the crude methanol extract seemed 

to have heightened the antioxidant property of these compounds. 

 

TLC-DPPH screening does not give a measure of the reduced DPPH. In order to 

quantify the antioxidant activity of the crude methanol extract as well as each of the 

sub-fractions, a spectrophotometric DPPH assay was conducted. Results from this 

assay has shown both ethyl acetate and n-butanol sub-fractions to demonstrate the 

best antioxidant activity, followed by the 65% methanol and chloroform sub-fractions, 

as well as the crude methanol extract. When the results of the quantitative assay (Fig. 

3.2) are aligned with those from the qualitative assay (Fig. 3.1B), the ethyl acetate and 

n-butanol sub-fractions were found to possess the best antioxidant potential in both 

assays, while the non-polar (n-hexane) and polar (water) solvents displayed little free-

radical scavenging activity.  
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The antioxidant activity of plant extracts is often an attribute of the presence of phenolic 

compounds, as they have the ability to quench free radicals (Formagio et al. 2014). 

Phenolic compounds have varying polarities and are often best soluble in organic 

solvents that are less polar than water (Haminiuk et al. 2014). It is interesting to note 

the high total phenolic content of the water sub-fraction (Fig. 3.3), buttressing the 

traditional medicinal practice of using herbal tinctures that are often prepared by 

boiling or infusing the plant material in water. The observation that the water sub-

fraction contained the highest concentration of phenolic compounds confirms water as 

an excellent solvent for the preparation of herbal decoctions as phenolic compounds 

are known to be responsible for many health benefits that are associated with plant-

based food (Cheynier 2012). Only the water sub-fraction showed higher total phenolic 

content than the n-butanol sub-fraction (Fig. 3.3). Despite the high total phenolic 

content observed in Fig. 3.3, the water sub-fraction did not exhibit the anticipated 

antioxidant activity. This may mean that not all the phenolic compounds present in this 

sub-fraction possess good antioxidant activity; however, they may still have the 

excellent biological activities as described (Cheynier 2012). Together with its high 

content of antioxidant compounds, the n-butanol sub-fraction also exhibited the 

highest tannin and flavonoid content (Figs. 3.4 and 3.5). Tannins and flavonoids are 

classes of phenolic compounds and they represent a portion of the antioxidant activity 

of each of the tested sub-fractions of B. pilosa. However, flavonoids are of lower 

molecular weight, but are nonetheless more abundant in the diet than tannins (Palma, 

2017). 

 

Although the n-butanol sub-fraction displayed better antioxidant potential and a higher 

content of total phenolic compounds, the chloroform sub-fraction exhibited the highest 

cytotoxicity against MCF-7 breast cancer cells among all the tested sub-fractions, with 

an IC50 of approximately 100 µg/ml in the MTT assay (Figs. 3.6 and 3.7). At this 

concentration, the chloroform sub-fraction decreased cell viability with insignificant 

depolarisation of mitochondrial membranes in live cells (Figs. 3.8A and 3.8B). During 

apoptosis a series of predictable changes in the cellular morphology and environment 

take place. Morphological changes occurring during the early stages of apoptosis are 

accompanied by other transient stages, with the mitochondrial membrane 

depolarisation being one of the most studied (Christensen et al. 2013). Prolonged 
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mitochondrial depolarisation allows leakage of mitochondrial apoptotic factors into the 

cytosol (e.g. cytochrome c) which may begin a cascade of events that ultimately trigger 

the intrinsic pathway of programmed cell death (Zorova et al. 2018). According to Figs. 

3.8A and 3.8B, the chloroform sub-fraction of B. pilosa induced a change in 

mitochondrial membrane depolarisation, although it was only detected in dead cells. 

This suggests that, as an early event, the depolarisation occurred prior the 12 hour 

evaluation period and this led to the detection of mostly cells that had already 

undergone cell death. Assessment of this transient change in the mitochondria should, 

therefore, ideally be done early after treatment with the sub-fraction. 

 

The cytotoxic nature of the chloroform sub-fraction could not be strongly linked to the 

presence of phenolic compounds as its inhibitory effect on MCF-7 cells far exceeded 

that of the sub-fractions with higher total phenolic, flavonoid and tannin content (Figs. 

3.3, 3.4 and 3.5). Indeed, the ethyl acetate, n-butanol and 65% methanol sub-fractions 

contained higher tannin and flavonoid content than the chloroform sub-fraction, yet 

they exhibited lower cytotoxic effect against MCF-7 breast cancer cells on evaluation 

with the MTT assay. This finding suggests that the compound(s) responsible for the 

cytotoxic effect of the chloroform sub-fraction may be of a class of chemical 

compounds other than the phenolics. Table 3.3 lists the major compounds detected in 

highest abundance by NIST 95 software in GC-MS in the chloroform sub-fraction as 

three fatty acids: n-hexadecanoic acid (palmitic acid); 9, 12-octadecadienoic acid (Z, 

Z) (linoleic acid) and 9, 12, 15-octadecatrienoic acid (Z, Z, Z) (α-linolenic acid), with % 

peak areas of 10.142, 10.15 and 16.418, respectively. Together with many other 

metabolites identified in this study, these aliphatic compounds are among the 201 

compounds identified in the plant in previous studies, summarised by Bartolome, 

Villaseñor and Yang (2013). Palmitic and linoleic acids were identified in an extract of 

the aerial parts of B. pilosa by Geissberger and Sequin (1991) while α-linolenic acid 

was first identified by Lee et al. (2000) in an extract prepared using the whole plant. 

 

Dietary saturated fatty acids, monounsaturated fatty acids and trans-fatty acids have 

been shown to drastically increase cancer risk while polyunsaturated fatty acids are 

generally known to possess anticancer activity (Liu and Ma 2014). However, recent 

research by Zafaryab et al. (2019) showed inhibitory effects of palmitic acid (the most 

common saturated fatty acid) on MCF-7 breast cancer cell growth with upregulation of 
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pro-apoptotic genes, therefore proposing a treatment option with palmitic acid as a 

possible therapeutic measure against certain types of malignancies. As observed with 

palmitic acid, products of n-3 polyunsaturated fatty acids have also shown to have 

anti-carcinogenic potential, while those of n-6 polyunsaturated fatty acids stimulate cell 

proliferation (Corsetto et al. 2011). Studies in women with a high consumption of n-6 

polyunsaturated fatty acids (Western diet) showed a higher incidence of breast cancer 

than in women with a higher n-3 polyunsaturated fatty acid intake (Asian diet) (Murff 

et al. 2011; Straka et al. 2015; Zheng et al. 2013). As shown in Table 3.3, α-linolenic 

acid was detected in high abundance in the chloroform sub-fraction. This compound 

is the precursor of the n-3 polyunsaturated fatty acid family and its metabolite, 

docosahexanoic acid (DHA), which has been shown to induce apoptosis in breast 

cancer cells by decreasing the expression of the epidermal growth factor receptor, 

EGFR (Gerber 2012). EGFR is involved in the pathogenesis of cancer as a pivotal 

driver of the transformation, proliferation and invasion of tumour cells (Ali and Wendt 

2017).  

 

Dysregulation of certain genes like EGFR is associated with the hallmarks of cancer 

pathogenesis. These trademarks include uncontrolled replication and proliferation, 

insensitivity to growth suppressors, sustained angiogenesis, tissue invasion as well as 

evasion of apoptosis (Hanahan and Weinberg 2011). For the rapid investigation of the 

genes that are associated with these changes in mammary tumours, the Human 

Breast Cancer RT2 Profiler PCR Array that combines real-time PCR with a microarray 

to analyse differential expression of a panel of genes common to human breast cancer 

pathways was used. Results of the PCR array in this study showed that the chloroform 

sub-fraction indeed lowered the expression of EGFR (Table 3.9), and this might have 

been one of the critical contributors to the observed decrease in cell viability (Figs. 3.6 

and 3.7). There was a 2.29-fold decrease in EGFR expression within 24 hours of 

treatment of MCF-7 cells with the chloroform sub-fraction and this down-regulation 

decreased further to 4.33-fold after 48 hours of treatment (Table 3.9). Therefore, the 

presence of n-3 polyunsaturated fatty acids in the chloroform sub-fraction could have 

played a crucial role in the repression of EGFR gene expression, thus contributing to 

the observed cytotoxic effects of the sub-fraction. 
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Gene expression analyses also showed an increase in the expression of vascular 

endothelial growth factor gene (VEGFA) and a decrease in CDH1 expression after 

treatment of the cells with the chloroform sub-fraction (Table 3.9). The observed effect 

in the latter two genes is expected to influence tumour progression. VEGFA is involved 

in angiogenesis – the formation of new blood vessels (Weis and Cheresh 2011). Its 

importance in cancers is that it enables alterations in endothelial cells that promotes 

formation of new blood vessels during tumour progression (Zhang et al. 2019). 

However, our results from the viability assays are to the contrary, showing decreased 

cell viability in treated MCF-7 cells (Figs. 3.8 and 3.9). For the promotion of 

angiogenesis, VEGFA acts by binding to vascular endothelial growth factor receptor 2 

(VEGFR2) on the endothelial cell membrane (Potente, Gerhardt, and Carmeliet 2011), 

and this binding might have been blocked by the activity of other compounds present 

in the B. pilosa chloroform sub-fraction. However, pathways activated by VEGFA in 

breast cancer and other cancers are not completely delineated and are mostly not 

understood (Jang et al. 2017). According to Zhang et al. (2019) VEGFA may be 

upregulated in the malignant cell, but yet happen to fail to be transported from tumour 

cells to bind to VEGFR2 on the neighbouring endothelial cells to initiate angiogenesis. 

We speculate that this might be the same manner through which the chloroform sub-

fraction affected the action of VEGFA, and thus upregulation of the gene is presumed 

to not play a role in the observed apoptotic effect of the sub-fraction in the MCF-7 cells. 

 

Furthermore, the VEGF family is known to act as survival factors for tumour cells and 

assist in protecting them from external stresses, e.g. chemo- and radiotherapy (Duffy, 

Bouchier-Hayes, and Harmey 2004; Mao et al. 2013). The observed upregulation 

could, therefore, be the cells’ adaptive response to the changed environment 

introduced by the sub-fraction. Interestingly, in the work done by Duffy, Bouchier-

Hayes and Harmey (2013), VEGFR2 mRNA was identified in breast cancer cells, while 

at the same time the protein was not detectable. A similar increase in VEGFA 

expression levels was also observed at the mRNA level in our study, but we did not 

evaluate the presence of its corresponding protein due to the observed decrease in 

cell viability that suggests that no angiogenesis pathways were initiated. It would, 

therefore, still be necessary to assess the expression levels of the protein as well, as 

an increase in mRNA synthesis may not necessarily infer an upregulation of the 

resultant peptide. This could be a critical point of the regulation of VEGFA expression, 
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which warrants further exploration in order to outline the actual molecular mechanism 

of action. 

 

Similarly, a decrease in the expression of CDH1 gene in breast cancer cells is 

associated with loss of cell-to-cell adhesion and metastasis as the protein encoded by 

the gene, epithelial cadherin (E-cadherin), functions as a cell invasion suppressor 

(Corso et al. 2016). Interestingly, Table 3.9 shows a marked down-regulation of CDH1 

at the gene level, with a 10-fold decrease in expression after 24 hour treatment of 

MCF-7 cells with the chloroform sub-fraction. However, the MCF-7 cell line used in 

this study is not invasive and, therefore, expresses functional E-cadherin (Eslami 

Amirabadi et al. 2019). Expression of genes may be regulated epigenetically, where 

the promoter region is rendered inaccessible to transcription factors by methyl groups 

on cytosine nucleotides in CG-rich sequences (Spencer et al. 2017). The CDH1 

promoter region is unmethylated, allowing efficient transcription of the gene (Shargh 

et al. 2014).  Hiraguri et al. (1998) showed that in other breast cancer cell lines, the 

expression of CDH1 is modulated by promoter methylation and it was therefore 

necessary to investigate if the observed repression of CDH1 in this study was also a 

consequence of differential methylation of its promoter region. As shown in Fig. 3.15C, 

the chloroform sub-fraction did not alter the methylation levels on any of the seven 

probed CpG sites in the selected CpG island on the promoter of the CDH1 gene. After 

48 hours of treatment with the sub-fraction, methylation levels remained below 5% on 

all the investigated seven CpG sites, thus suggesting a different kind of repression 

mechanism that does not involve hypermethylation at this particular CpG island. 

 

Increased expression of the pro-metastatic gene, VEGFA, and a decreased 

expression of the anti-metastatic gene, CDH1, suggest an increase in metastatic 

potential of the MCF-7 cell line when exposed to the chloroform sub-fraction of the 

crude methanol extract of B. pilosa. However, the gene expression data also suggest 

that this sub-fraction has a remarkable anti-tumour effect on MCF-7 breast cancer 

cells. As shown in Table 3.9, it is evident that there is downregulation of the two breast 

cancer susceptibility genes, BRCA1 and BRCA2. In normal cells, BRCA1 and BRCA2 

proteins are involved in the repair of double-stranded DNA breaks, transcriptional 

regulation and cell division cycle regulation (Henderson 2012; Wu, Lu, and Yu 2010). 

Intact BRCA1 is involved in the activation and maintenance of the transition of cells 
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from G2 to M phase of the cell division cycle, recruiting other repair proteins to the site 

of DNA damage. The G2/M checkpoint is important for inspecting cells before entry 

into mitosis so as to impede the segregation of broken and faulty chromosomes during 

mitosis (Simhadri et al. 2019). Therefore in the absence of BRCA1, cells are arrested 

at the G2/M checkpoint and directed to apoptosis (Sadeghi et al. 2020). Table 3.9 and 

Fig. 3.12 show the repression of BRCA1 at both the gene and protein levels following 

treatment with the chloroform sub-fraction, with consequential accumulation of cells in 

the G2/M phase of the cell division cycle (Fig. 3.10). The notable concentration-

dependent increase in the population of cells in the G2/M phase of the cycle suggests 

that the chloroform sub-fraction effects G2/M cell division cycle arrest and the 

subsequent apoptotic demise of the arrested cells. The lack of BRCA1 has been 

shown to result in higher sensitivity of cells to many chemotherapeutic drugs, e.g. 

paclitaxel, cisplatin, vincristine (James et al., 2007). A report by Stefansson et al. 

(2012) highlights BRCA1 deficiency to be at the forefront of the sensitivity of cells to 

cisplatin, with treatment causing excessive DNA damage not observed in cells 

expressing BRCA1. Therefore, the downregulation of BRCA1 in MCF-7 cells treated 

with the chloroform sub-fraction of B. pilosa could be sensitising the cells to other 

compounds found in the extract that induce apoptosis. This needs further exploration 

in order to assess if the downregulation of BRCA1 by palmitic acid or DHA sensitises 

MCF-7 cells to the action of other compounds in the chloroform sub-fraction that 

results in the DNA damage, culminating in apoptotic cell death. 

 

Both BRCA1 and BRCA2 have well-characterised CpG islands in their promoter 

regions. BRCA1 promoter methylation plays a critical role in the development and 

progression of breast cancer (Iwamoto et al. 2011). Hypermethylation of the BRCA1 

and BRCA2  promoters is known to lead to repression of the genes early in tumour 

development (Cai et al. 2014; Vos et al. 2017). Furthermore, meta-analysis by Zhang 

and Long (2015) revealed a correlation between aberrant BRCA1 promoter 

methylation and decreased expression of the protein. According to our bisulfite 

sequencing results, there was a decrease in the percentage of methylation at only one 

site in the selected CpG island of the BRCA1 promoter region following 24 hour 

treatment of MCF-7 cells with 100 µg/ml of the chloroform sub-fraction (Fig. 3.15A). 

Although not statistically significant, treatment with the sub-fraction for 48 hours 
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maintained the hypomethylation status at this CpG site, -2158bp upstream of the 

transcription start site. However, the other five tested CpG sites upstream of the 

transcription start site (-2170, -2164, -2161, -2152 and -2130) showed no alteration in 

the methylation status of this CpG island after treatment with the sub-fraction. Indeed, 

treatment of MCF-7 cells with the chloroform sub-fraction did not exert significant 

variation in the methylation status of BRCA2 CpG site of the chosen CpG island (Figs. 

3.15B). It thus emerged from the current findings that aberrant methylation in the 

selected CpG islands has no influence on the observed down-regulation of BRCA1 

and BRCA2 genes. However, we acknowledge that the number of CpG sites analysed 

in this study were few and that other CpG sites or other epigenetic mechanisms may 

be involved in the regulation of BRCA1 and BRCA2 genes under the current 

experimental conditions. It may therefore be worthwhile to analyse other CpG sites on 

each of these genes to evaluate variations in the methylation status of the entire 

promoter region following treatment with the chloroform sub-fraction of the methanol 

extract of B. pilosa. Therefore, future studies should assess DNA methylation within 

larger areas of the gene, as opposed to the small promoter region examined by 

pyrosequencing in this study. 

 

Together with altered promoter methylation patterns, aberrant methylation of the entire 

genome is also an epigenetic hallmark of tumours. Loss of global methylation leads to 

increased instability of the genome (Kuchiba et al. 2014). To this end, methylation of 

the genome in MCF-7 cells was analysed following treatment with the chloroform sub-

sub-fraction of B. pilosa. The global methylation quantification data showed a notable 

decrease in DNA methylation after 24 and 48 hours of treatment with the sub-fraction 

(Fig. 3.13). Further hypomethylation of the genome indicates a decrease in 

chromosomal stability, thus promoting cancer progression. The genome instability 

augmented by the treatment with the chloroform sub-fraction may also be contributing 

to the observed arrest at the G2/M phase of the cell division cycle (Fig. 3.10), as well 

as the upregulation of ataxia-telangiectasia-mutated gene, ATM (Table 3.9). In fact the 

protein encoded by ATM gene is a key regulator of the DNA damage response and 

plays a crucial role in maintaining the integrity of the genome through involvement in 

numerous anti-proliferative pathways that include G2/M checkpoint activation. 

Therefore, the instability within chromosomes that is brought about by the action of the 
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chloroform sub-fraction resulted in an increased G2/M arrest, possibly directing the 

cells to an apoptotic death. 

 

In order to retain immortality, breast cancer cells have numerous other epigenetic 

mechanisms in place. Tumour cells employ the enzyme telomerase to elongate 

telomeres as shortening of these telomeres during DNA replication limits cellular 

proliferation (Günes and Rudolph 2013). While most somatic cells lack telomerase, 

the enzyme is active in 74% of breast cancers and this makes telomerase-inactivating 

agents a promising approach of destroying cancer cells without affecting the 

neighbouring normal cells (Kazemi-Lomedasht, Rami, and Zarghami 2013; Sprouse, 

Steding, and Herbert 2012). Treatment of MCF-7 cells with the chloroform sub-fraction 

of the crude methanol extract of B. pilosa resulted in a decrease in telomerase activity, 

as measured with the TeloTAGGGTM Telomerase PCR ELISA assay (Fig. 3.17). 

Notably, a significant decrease in telomerase activity was noted within 24 hour at all 

treatment conditions used. The activity of the enzyme was completely absent following 

48 hour treatment with 100 µg/ml and 125 µg/ml of the sub-fraction. At these 

concentrations, none of the treated cells would have had the ability to extend the ends 

of their chromosomes through the activity of the telomerase. Therefore, the shortening 

of these telomeres will ultimately limit proliferative capability of the MCF-7 breast 

cancer cells, resulting in cellular demise. 

 

This study has established the chloroform sub-fraction of B. pilosa to possess high 

content of phenolic compounds and fatty acids. Numerous plant secondary 

metabolites, especially phenolic compounds, have been shown to modulate 

telomerase activity in MCF-7 cells. In particular, curcumin, genistein, epigallocatechin 

gallate and sulforaphane are distinguished phytocompounds with well-documented 

suppressive effects on the activity of telomerase in breast cancer cells (Kazemi-

Lomedasht, Rami, and Zarghami 2013; Lewis et al. 2018; Paul, Li, and Tollefsbol 

2018).  Alpha-linolenic acid and DHA (a metabolite of palmitic acid) have also been 

shown to reduce telomerase activity with IC50 values of 10 and 5 µM, respectively 

(Eitsuka et al. 2018). It is noteworthy to remember that the aforementioned fatty acids 

have been detected in large quantities in the chloroform sub-fraction of B. pilosa (Table 

3.3). Furthermore, the BRCA1 gene has been implicated in the lengthening of 
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telomeres in cancer cells with an absence of its cognate protein, resulting in the 

shortening of telomeres (Rosen 2013). Repression of BRCA1 following treatment of 

MCF-7 cells with the chloroform sub-fraction might have played a pivotal role in the 

observed decreased telomerase activity in Fig. 3.17. This inhibitory action might have, 

directly or indirectly, affected the telomerase activity, thus contributing to the observed 

decrease in cell viability in the MTT cytotoxicity assay. 

 

4.2 Integration and analysis 

The observations from this study substantiate the widely reported therapeutic potential 

ascribed to B. pilosa. The wide array of chemical compounds identified in the crude 

methanol extract alludes to a broad spectrum biological activity of the plant, 

corroborating previous study findings (Bartolome, Villaseñor and Yang, 2013; Xuan 

and Khanh, 2016). Although palmitic acid was found in high concentration in the most 

active sub-fraction of this plant, other compounds may be responsible for the 

therapeutic action elicited by the chloroform sub-fraction. Plant extracts contain a 

myriad of compounds, with some enhancing each other’s activity and others exerting 

antagonistic effects. Therefore, the complex nature of plant extracts makes it near 

impossible to pin-point a specific compound and the pathway that is responsible for 

the observed response in cells that have undergone treatment. Any cellular response 

to a plant extract treatment cannot be attributed to one compound and a single 

pathway in the cell at a given time. Thus, a bioassay-guided isolation will assist in the 

identification of the compound(s) responsible for the cytotoxicity of the chloroform sub-

fraction of B. pilosa in MCF-7 cells, as well as the repression of BRCA1 expression 

that led to the resultant cell division cycle arrest and the inactivation of telomerase.  

 

4.3 Novelty and significance 

Globally, there is a demand for natural products that are safe and effective for treating 

a myriad of malignancies and other ailments afflicting human kind. In the current 

context, a previous study by Kumari et al. (2009) has highlighted the anticancer 

potential of the chloroform extract of B. pilosa in breast cancer cells. However, the 

molecular mechanism of action of the extract in that study was not delineated. Further, 

many studies investigating the effect of plant extracts on breast cancer still focus 
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mainly on the bioactivity of the extracts or isolated compounds on the genome, but 

rarely on the epigenome. Due to the reversibility of epigenetic manifestations, altering 

the epigenome seems a more promising and ideal approach in the quest for the 

development of anticancer therapeutics. In the current study, the assessment of the 

effect of the chloroform sub-fraction of B. pilosa in MCF-7 breast cancer cells showed 

that the plant has the potential of altering epigenetic hallmarks of breast cancer in a 

manner that ultimately induces apoptosis. Apoptosis is the most ideal way of 

eliminating cancer cells without damaging the bystander healthy cells. Our study 

further established that the observed epigenetic modifications are possibly an attribute 

of the action of palmitic acid, a saturated fatty acid that was previously suspected to 

increase cancer risk (Liu and Ma 2014). In agreement with findings by Zafaryab et al. 

(2019), the high abundance of this fatty acid in the chloroform sub-fraction of B. pilosa 

may be assumed to have played a critical role in inhibiting MCF-7 cell growth in the 

present study. Our findings further suggest that the medicinal role of palmitic acid in 

breast cancer involves the repression of BRCA1 which in turn causes an increase in 

genome instability as well as the inactivation of telomerase activity in the MCF-7 

tumour cells. Indeed, the gradual shortening of the telomeres from the lack of 

telomerase activity inhibits the cells from indefinite proliferation, thus halting tumour 

growth, while the faulty DNA resulting from decreased global DNA methylation arrests 

the cells at the G2/M checkpoint of the cell division cycle to allow for the repair 

machinery to initiate. Paradoxically, the G2/M checkpoint repair is dependent on 

BRCA1 as an integral component for the recruitment of other repair apparatus to the 

site of DNA repair. Therefore, in the absence of BRCA1 to initiate the repair process, 

as observed in our study, the treated cancer cells should subsequently be directed to 

a programmed cell death. Our findings thus propose a pivotal role of palmitic acid in 

the development and progression of various types of cancer, and it also most likely 

has a therapeutic effect in some or all cancers due to its potential to induce apoptosis 

through alteration of epigenetic mechanisms within tumour cells. Thus, a more though 

investigation to substantiate this assertion is warranted. 

 

4.4 Strengths and limitations 

With every study, resources and time constraints sometimes limit the extent to which 

investigations can be expanded. As it was in our case, budgetary constraints limited 
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the extent to which we could have widen the scope of investigation on the effect of the 

chloroform sub-fraction on the methylation statuses of CpG islands on BRCA1, 

BRCA2 and CDH1 promoter regions. Although pyrosequencing is a highly sensitive 

and specific method of DNA methylation analysis, only short sections of DNA can be 

analysed using this method, and for this reason we might have also missed regions of 

altered DNA methylation in the genes of interest in this study. As a consequence, 

therefore, future studies are necessary in order to investigate overlapping primer sets 

which will allow proper interrogation of larger gene sequences. We cannot also 

discount the possibility of the involvement of other relevant genetic or epigenetic 

mechanisms that underlie the regulation of BRCA1 and BRCA2 expression, such as 

the involvement of the non-coding micro RNAs and/or histone modifications. These 

also necessitate future exploration. 

 

The limiting cost of bisulfite pyrosequencing also restricted us to investigate only one 

CpG island for each of the selected genes, while it could have been interesting to have 

been able to analyse the methylation status of the entire promoter region of these 

three genes. By assessing only one CpG island per gene, it is possible that some 

significant changes occurring in the CpG sites on the other islands in the selected 

gene could have been missed. These “missed” changes could as well have been some 

of the critical contributors of the epigenetic modifications effected on the cells by the 

plant and may have also been some of the regulatory repertoire that are involved in 

the regulation of these selected genes. Another great limiting factor to what could been 

achieved in this study was time. It was not possible to analyse the effect of the 

chloroform sub-fraction of B. pilosa on the mitochondrial membrane potential in the 

treated MCF-7 cells after a shorter incubation period due to time limitations. The 

effects of the chloroform sub-fraction on mitochondrial membrane depolarisation, gene 

expression as well as global methylation suggested that apoptosis was induced in the 

MCF-7 cell line used. Nevertheless, no hallmarks of apoptosis could be verified during 

the chosen treatment periods. The authentication of the advent of apoptosis would 

have strengthened the notion of the combined influence of mitochondrial membrane 

depolarisation and BRCA1 down-regulation on cell division cycle arrest with 

consequential induction of apoptosis when MCF-7 cells are exposed to the chloroform 

sub-fraction of the methanol extract of B. pilosa. Nonetheless, the abundance of 

palmitic acid in the chloroform sub-fraction and the observed increase in 
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hypomethylation patterns of the genome following treatment with this sub-fraction 

strongly support the initiation of an apoptotic cell death in the cells as a result of the 

action of palmitic acid or its metabolite DHA, with a concomitant repression of both 

BRCA genes. Indeed, gene expression analyses from our study corroborate this 

hypothesis, with the increase in the expression of EGFR also suggesting the induction 

of apoptosis as a result of the action of palmitic acid present in the chloroform sub-

fraction (Gerber 2012). Ultimately, this study was able to demonstrate the involvement 

of BRCA1 in global DNA hypomethylation leading to cell division cycle arrest and 

telomere shortening that underpins the importance of epigenetic mechanisms in 

combating tumour progression. 

 

4.5 Future work 

Epigenetic manifestations within cancer cells are broad. Treatment of MCF-7 cells with 

the chloroform sub-fraction of B. pilosa could be affecting multiple pathways leading 

to alterations in numerous epigenetic hallmarks of cancer. It is, therefore, necessary 

to investigate the effect of the chloroform sub-fraction on other possible mechanisms 

such as histone modifications and micro-RNAs, as it may have a multidimensional 

epigenetic action against MCF-7 breast cancer cells due to the presence of multiple 

bioactive phytocompounds. Investigating alterations in the methylation patterns of 

other CpG islands in the BRCA genes promoter regions would also provide insight on 

the epigenetic influence of the sub-fraction on the regulatory dynamics of BRCA1 and 

BRCA2 genes. Furthermore, assessment of protein expression of VEGFA and CDH1 

will also provide an understanding of whether the observed differential gene 

expression patterns has a bearing on the inhibitory effect of the sub-fraction in MCF-

7 cell viability or not. Finally, the expression of BRCA2 also needs to be evaluated. 

Treatment of MCF-7 cells with the chloroform sub-fraction of B. pilosa down-regulated 

BRCA1 at both gene and protein levels and it is necessary to assess if the repression 

of BRCA2 at mRNA level is also resonated at the protein level. This will strengthen the 

hypothesis of the involvement of BRCA proteins in the epigenetic changes observed 

in MCF-7 cells following treatment with the chloroform sub-fraction of the methanol 

extract of B. pilosa, culminating in apoptosis. 
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4.6 Conclusion 

In conclusion, the large quantities of fatty acids in the chloroform sub-fraction of the 

methanol extract of B. pilosa suggest that the observed repression of BRCA1 may be 

an effect of the action of these lipids, particularly palmitic acid. Palmitic acid, and/or its 

metabolite DHA, may be responsible for the down-regulation of the BRCA1 gene, thus 

leading to the observed decrease in the global DNA methylation patterns in this study. 

Hypomethylation of the genome results in chromosomal instability that will have cells 

arrested at the G2/M phase of the cell division cycle for repair. However, the absence 

of BRCA1 at this checkpoint also means that the damaged DNA will not be repaired 

and the cells will accordingly be directed to apoptosis. Repression of BRCA1 gene has 

a multifaceted consequence on the cells, not only global DNA hypomethylation leading 

to cell division cycle arrest, but also on the inactivation of telomerase. The lack of 

telomerase activity results in shortened telomeres which will limit the cells’ proliferative 

capability similar to what is observed in somatic cells. This study has established that 

modifications in both these epigenetic phenomena play an important role in mitigating 

cell proliferation in MCF-7 breast cancer cells treated with the chloroform sub-fraction 

of the methanol extract of B. pilosa. Together with its impressive antioxidant activity 

and wide distribution of phytocompounds that lend it the excellent medicinal 

properties, the plant has displayed remarkable potential as an anticancer agent, 

inhibiting tumour cells from immortal proliferation while also directing them to an 

apoptotic cell death. These attributes, thus make the plant a noteworthy lead in breast 

cancer drug development. 

. 
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APPENDIX A 

GC-MS CHROMATOGRAMS 

 

 

 

 

 

 

 

 

 

 

 
 
Figure A1: GC-MS chromatogram of the crude methanol extract of Bidens pilosa. 

 

 

 

 
 
Figure A2: GC-MS chromatogram of the hexane fraction of the crude methanol extract 
of Bidens pilosa. 
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Figure A3: GC-MS chromatogram of the chloroform fraction of the crude methanol 
extract of Bidens pilosa. 

 

 

 
 
Figure A4: GC-MS chromatogram of the ethyl acetate fraction of the crude methanol 
extract of Bidens pilosa. 
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Figure A5: GC-MS chromatogram of the butanol fraction of the crude methanol extract 
of Bidens pilosa. 

 

 

 
 
Figure A6: GC-MS chromatogram of the 65% methanol fraction of the crude methanol 
extract of Bidens pilosa. 
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Figure A7: GC-MS chromatogram of the water fraction of the crude methanol extract of 
Bidens pilosa. 
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