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ABSTRACT 

Cancer remains a killer disease worldwide and research into various anticancer agents 

must continue unabated to assuage the devastating effects of the disease. Medicinal 

plants have been utilised since antiquity to cure various ailments and plant species 

continue to serve as sources of prototypes for drug discovery. The study sought to 

screen Ghanaian traditional medicinal plants for their antiproliferative effect on MCF-

7 breast cancer cell line and determine the mechanism of induction of cytotoxicity. A 

total of 40 fractions comprising 14 fractions of ethyl acetate, 14 fractions of 

dichloromethane and 12 fractions of petroleum ether from 16 plant species were 

examined for their cytotoxic activity on MCF-7 breast cancer cell line using the MTT 

assay. Aqueous and 50% hydroethanolic extracts of M. oleifera were also examined 

analogously to evaluate their antioxidant activities. The results showed a dose 

dependent activity of the fractions on the breast cancer cell line with varying IC50 

values. F. exasperata, P. pinnata, H. indicum, P. macrocarpus, A. melegueta, M. 

charantia, A. conyzoides, S. rotundifolius and A. cordifolia. were species that 

demonstrated the strongest cytotoxicity against the breast cancer cell line with IC50 

values ranging from 3.8 µg/mL to 33.7 µg/mL with selectivity indices for most of the 

bioactive fractions > 2. The selectivity indices for the most bioactive fractions ranged 

from 1.5 to 10.5. O. gratissimum, F. aestuans, and A. zygia demonstrated moderate 

cytotoxicity with IC50 values of ranging from 41.9 µg/mL to 51.2 µg/mL. Aqueous and 

hydroethanolic extracts of M. oleifera showed no significant antiproliferative activities 

towards the MCF-7 breast cancer cells. The antioxidant activities of the aqueous and 

hydroethanolic extracts were 3.0 mg/mL and 3.1 mg/mL respectively indicating a good 

free radical scavenging property. The total phenolic content of the extracts were 177 

mgGAE/g of extract and 168 mgGAE/g of extract for the aqueous and 50% 
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hydroethanolic extracts, respectively. The selectivity indices of some of the bioactive 

fractions identified them as excellent candidates for further research and possible 

utilisation as drug leads. Some of the results also give empirical evidence as to the 

anecdotal use of the plants in folk medicine. Examination of the petroleum ether 

fraction of Aframomum melegueta demonstrated that apoptosis is induced as a 

mechanism of cytotoxicity. 
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Background 

Cancer is a killer disease worldwide. According to a 2012 World Health Organization 

report, it is the leading cause of death in economically developed countries and the 

second leading cause of death in developing countries. The global burden of cancer 

continues to increase largely because of the aging and growth of the world population 

alongside an increasing adoption of cancer-causing behaviours (Jemal et al., 2011). It 

is estimated that 14.1 million new cases and 8.2 million cancer deaths occurred in 2012 

worldwide with lung and breast cancers being the most frequently diagnosed cancers 

and the leading causes of death among both men and women (Torre et al., 2015). 

A growing body of evidence shows that breast cancer is the highest cause of death 

among women with cancer worldwide (Gonzalez-Angulo et al., 2007). According to a 

WHO report (WHO, 2008) it is estimated that roughly 10% of new cases of breast 

cancers occur in Ghana each year. The disease is of great public health concern, and the 

needed actions must be taken to combat it. Chemotherapy is among several strategies 

such as mastectomy, radiotherapy, immunotherapy used to manage breast cancer. 

However, some challenges are being encountered in the use of current chemotherapeutic 

agents. These include cancer cells resistant to drugs due to various factors; the 

expression of energy – dependent transporters, that detect and eject anticancer drugs 

from cells, insensitivity of the cancer cells to drug-induced apoptosis and induction of 

drug detoxifying mechanisms that rapidly decreases drug levels in blood among others 

(Gonzalez-Angulo et al., 2007; Ferlay et al., 2002; Pal & Mittal, 2004). These may 
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either singly or in combination result in reduced drug levels in circulation and render 

the anti-breast cancer drug ineffective. 

The cost of anti-breast cancer drugs also has direct bearing on the success of the 

chemotherapy treatment. Wiredu and Armah (2006) reported that drug accessibility and 

affordability is a major challenge to patients living in third world countries like Ghana 

and has a direct impact on the success or failure of chemotherapy. For example, 

patients’ inability to purchase all their prescribed drugs due to financial challenges often 

leads to non-adherence to doctors instructions. Consumption of lower doses of the drugs 

renders the drug ineffective against the cancer cells and may lead to resistance. Even in 

some instances where patients can afford such drugs, they may not be accessible to 

patients due to transportation challenges (Guidry et al., 1997).  

1.2 Problem Statement 

Breast cancer is a killer disease among women worldwide. Although much research has 

been conducted into various anticancer agents and many such as tamoxifen, vincristine, 

vinblastine, taxol and other anticancer agents derived from natural sources are being 

employed to treat various cancers (Balunas & Kinghorn, 2005), there have been reported 

cases of drug resistance with some of these drugs. The increasing rate of drug resistance 

among breast cancer patients on chemotherapy is a worrying trend that must be tackled 

head on. Available data indicates that approximately 30% of early stage breast cancer 

cases recur after treatment with chemotherapy (Gonzalez-Angulo et al., 2007), with the 

rate of recurrence of early stage breast cancer in patients on treatment being equivalent 

to the rate of incidence of the disease worldwide (Anderson et al., 2005).  

Drug transporters such as ATP-binding cassette (ABC) amongst others have been 

implicated in the induction of multiple drug resistance in patients (Shukla et al, 2011). 
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Additionally, Glutathione S–transferases (GSTs) have been implicated in the 

development of resistance toward chemotherapeutic agents (Motoyama et al., 2002). 

They induce resistance via direct detoxification as well as acting as inhibitors of the 

mitogen activated protein (MAP) kinase pathway (Motoyama et al., 2002).   

Since cancers are becoming more resistant to current chemotherapeutic agents, the rate 

of survival of patients is reduced as well as prognosis for the patients (Vinogradov & 

Wei, 2013). As a result of the menace of drug resistance to the anticancer agents, 

researchers are now challenged to conduct new research into various drug leads and 

compounds to identify alternative therapies. Several Traditional Plant Medicines are 

used to treat cancers in Ghana. There is anecdotal evidence that these medicines are 

useful, however, empirical evidence is lacking. Therefore, in this research anticancer 

plant medicines were investigated for scientific evidence of their anti-breast cancer 

activities. The most bioactive plant medicines were also investigated for their apoptotic 

mechanism of action. 

1.3 Rationale/Justification 

Breast cancer is a major killer among women with cancer related cases and treatment is 

confronted with challenges such as drug resistance and cost. Thus there is the need to 

find alternative medicines which are more efficacious and cheaper. New compounds 

with anticancer activity can lead to the formulation of new anticancer drugs that will 

result in better treatment of cancer patients. Ghanaian medicinal plants that Traditional 

Medical Practitioners claim to use to cure/manage breast cancer were investigated to 

establish their anti–breast cancer activities. There was the need to carry out this project 

as Ghana has great biodiversity of plants and therefore the potential of unearthing lead 

compounds for development as anti–breast cancer agents exists. Research has shown 

that secondary plant metabolites and their derivatives form about 20% of drugs used in 
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various chemotherapeutic agents and they continue to provide the lead compounds in 

pharmacognosy (Balunas & Kinghorn, 2005; Kim et al., 2014). It is worth noting that 

drugs such as vincristine, vinblastine, taxol and campothecins used in modern day 

cancer chemotherapy of various cancers were derived  from the plants Catharanthus 

roseus, Taxus brevifolia and Camptheca acuminate, respectively (Balunas & Kinghorn, 

2005). 

1.4 Objectives of the Study 

The aim of the study was to screen Ghanaian Traditional Medicinal plants for anti-breast 

cancer activities. The specific objectives pursued were: 

1. To screen petroleum ether, dichloromethane and ethyl acetate fractions of Ghanaian 

traditional medicinal plants for cytotoxicity towards a breast cancer (MCF-7) cell 

line. 

2. To prepare aqueous and 50% hydroethanolic leaf extracts of Moringa oleifera and 

test them for cytotoxicity towards MCF-7 cell line. 

3. To estimate the antioxidant activity and total phenolic content of the Moringa 

oleifera extracts. 

4. To investigate apoptosis as a molecular mechanism by which the most bioactive 

fraction induced anti-breast cancer activity. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 The Disease: Breast Cancer 

Cancer is a complex disease in which cells in a specific tissue are no longer fully 

responsive to the signals within the tissue that regulate cellular differentiation, survival, 

proliferation and death. As a result, these cells accumulate within the tissue, causing 

local damage and inflammation (Tennant et al., 2009). There are over 200 different 

types of cancer. Research has shown that breast cancer is the most common cause of 

cancer-related death among women worldwide, with case fatality rates highest in low-

resource countries (Anderson et al., 2005). Each year, breast cancer is newly diagnosed 

in more than 1.1 million women, and these cases represent more than 10% of all new 

cancer cases. The disease accounts for more than 1.6% of all female deaths worldwide 

(Anderson et al., 2005; Ferlay et al., 2002) with more than 410,000 deaths. The disease 

is an urgent public health problem in high-resource regions and is becoming an 

increasingly urgent problem in low resource regions, where incidence rates have been 

increasing by up to 5% per year (Stewart & Kleihues, 2003; Ferlay et al., 2002). Despite 

significant scientific advances in its management, most of the world faces resource 

constraints that limit the capacity to improve early detection, diagnosis, and treatment 

of the disease (Anderson et al., 2005). In Ghana although there is a dearth of a national 

published data on the disease, a study on 447 women in 2005 at Accra indicated a risk 

of breast cancer among women presenting symptoms of pain in the breast as 16% 

(Clegg-Lamptey et al., 2007). This rate is quite alarming and much attention is needed 

to combat the disease in its entirety. The age group at risk is 40 – 49 years with majority 

of the patients reporting late to hospital with advanced stages of the disease (Clegg-

Lamptey & Hodasi, 2007). In a recent study conducted by Brakohiapa and others (2013) 
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on mammography reports of patients reporting with breast lesions, the age group that 

have been found to be susceptible to breast cancer is 40 – 50 years. The breast cancer 

type that is most prevalent in Ghana is triple negative breast cancer followed by 

estrogen receptor-positive and progesterone receptor positive with human epidermal 

growth factor receptor-2 being the least expressed (Amankwaa-Frimpong et al., 2014). 

Low-resource countries have generally not identified cancer as a priority health care 

issue because infectious diseases are the predominant public health threat (Stewart & 

Kleihues, 2003). Nonetheless, resources are spent on breast cancer treatment when 

patients seek medical care for what is typically advanced-stage disease (Pal & Mittal, 

2004). Breast cancer is becoming an increasing public health problem as the control of 

communicable diseases improves and life expectancy increases (Ferlay et al., 2002). 

However, obstacles to improving breast cancer care arise from, including deficits in 

public knowledge and awareness, social and cultural barriers, challenges in organizing 

health care, and insufficient resources (Anderson et al., 2005). In addition to advanced 

age, a few dozens of other breast cancer predisposing factors have been identified 

(Singletary, 2003); however, all these diverse risks can be assigned to either of two 

major categories: excessive exposure to estrogens and deficiency in maintenance of 

genomic integrity. 

2.1.1 Mechanism of Breast Cancer Development and Drug Targets 

Research shows a high endogenous level of estrogens associated with breast cancer and 

administration of estrogen antagonist, tamoxifen proved efficacious against 50% of 

breast cancers (Leopold et al., 2002), which express estrogen receptor (ER). According 

to Wiredu and Armah (2006), during the malignant transformation process, breast 

epithelial cells accumulate a high number of somatic genetic events (mainly gross 

chromosomal alterations and methylation abnormalities). These DNA alterations 
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activate oncogenes and inactivate tumour suppressor genes, which eventually results in 

the manifestation of ‘The hallmarks of cancer’. “Molecular determinants of the most 

essential tumour properties might serve as potential therapeutic targets” (Singletary, 

2003). 

Several therapeutic agents ranging from endocrine, chemotherapy, mastectomy, 

radiation, immunotherapy, gene therapy and many other therapies have been utilised in 

the management of breast cancers and cancers in general. The type of therapy used 

depends on the breast cancer type and the stage of progression of the disease as well as 

the severity (Evgeny & Kaido, 2004). For example, aromatase inhibitors (AIs) are 

considered standard first-line endocrine therapy for estrogen receptor-positive (ER+) 

metastatic breast cancer in postmenopausal women (Fan et al., 2014). Although 

treatment with the AIs leads to a significant decline in mortality from breast cancer, 

disease resistance to AIs commonly develop during therapy (Gluck, 2014).  Several 

chemotherapy agents have also been developed to manage breast cancer that are due to 

overexpression and amplification of human epidermal growth factor receptor-2 (HER2, 

ErbB2) (Pauletti et al., 2000). In Ghana, similar findings regarding the breast cancer 

type and the therapy have been made by Amankwaa-Frimpong and others (2014) where 

triple negative breast cancer patients showed good prognosis with second line standard 

treatment but poorer response to the first line treatment. However, patients with ER+ 

breast cancer who do not show good response to first line treatment are also resistant to 

second line treatment. 

Although drugs ranging from chemotherapeutics, immunotherapeutics as well as 

conjugates of the two therapies have been discovered over the years to manage 

metastatic breast cancer (Barok et al., 2014), the problem of resistance still persists. The 

mechanisms employed by the resistant metastatic cells include masking of binding 

University of Ghana http://ugspace.ug.edu.gh



8 
 

epitopes of HER2 (Nagy et al., 2005; Palyi-Krekk et al., 2007), expression of p95HER2 

(Arribas et al., 2011), activation of insulin-like growth factor I receptor pathway (Lu et 

al., 2001), defects in the phosphatase and tensin homology-phosphatidylinositol 3- 

kinase/protein kinase B pathway (Nagata et al., 2004), overexpression of cyclin E 

(Scaltriti et al., 2011) and autocrine production of epidermal growth factor-related 

ligands (Motoyama et al., 2002) amongst others. In addition, gluthathione transferase 

(formerly gluthathione S-transferases) has been implicated as responsible for drug 

induced resistance by cancerous cells.  GSTs serve two distinct roles in the development 

of drug resistance via direct detoxification as well as acting as an inhibitor of the MAP 

kinase pathway. The link between GSTs and the MAP kinase pathway provides a 

rationale as to why in many cases the drugs used to select for resistance are neither 

subject to conjugation with GSH, nor substrates for GSTs. GSTs have emerged as a 

promising therapeutic target because specific isozymes are overexpressed in a wide 

variety of tumors and may play a role in the etiology of other diseases, including 

neurodegenerative diseases, multiple sclerosis, and asthma (Motoyama et al., 2002).  

 

2.2 Cell Cycle Regulation as Targets for Anticancer Therapeutics 

Advancement in knowledge of the cell cycle regulatory proteins and molecular breaks 

has provided new opportunities to understand the mechanisms of action of various 

anticancer agents. This has led to the development of management strategies for 

specific alterations in any tumour. The cell cycle consists of initiation after a resting 

stage or restriction point known as gap1 (G1) and gap 2 (G2) alternating between DNA 

synthesis (S) and mitosis (M) respectively (Hunter, 2000). Certain cyclin dependent 

kinases, cyclin D-Cdk4/6 and cyclin E/A-Cdk2 are needed for the cells to progress 

through the G1–S transition (Hunter, 2000). The synthesis (S) phase is activated by the 
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action of the receptors Cdk4/6 and Cdk2 on the cell at the G1-S transition. The activity 

of Cdk2 is maintained through the S phase until a decline in its level signals exit from 

the S phase. Finally, Cdk1 becomes active in G2 and its activity persists through mitosis 

(Hunter, 2000; Malumbres & Barbacid, 2005) as shown in Figure 2-1. 

Cyclin dependent kinase inhibitors- Cip/Kip and INK4 are involved in the regulation 

of cyclin-Cdk kinases (Kohn, 1999). The three members of the Cip/Kip family: p21Cip1, 

p27Kip1, and p57kip2– upon associating with cyclin E/A-Cdk2 and cyclin B-Cdk1 

complexes, inactivate them and prevent the cells from entering into the S phase and 

binding of p27KIP to cyclin A-Cdk2 inhibits passage through S phase. The protein 

p21Kip1 can bind and inhibit both cyclin E/A-Cdk2 and cyclin B-Cdk1. Conversely, 

interaction of Cip/Kip family with cyclin D-Cdk4 or D-Cdk6 complexes appears to 

have a stimulatory effect (Blain et al., 1997; Cheng et al., 1999). In addition, binding 

of Cip/Kip proteins to cyclin D-Cdk4/6 kinases prevents their association with cyclin 

E/A-Cdk2 resulting in facilitation of the kinases in completing the G1 phase of the cell 

cycle and subsequent initiation of DNA synthesis (Sherr & Roberts, 1999). It has been 

shown that the INK4 family of proteins inhibit catalytic activity of Cdk4/6 kinases by 

preventing binding to their regulatory cyclin D subunits (Sherr & Roberts, 1999). 
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Figure 2.1 Key players in the cell cycle regulation. The G1, S, G2, and M phases 

of the cell cycle are regulated by various proteins and growth factors. 

(Source: Xu et al., 1999) 

Research has demonstrated that the retinoblastoma tumour suppressor protein (pRb) 

acts as the substrate for cyclin D-dependent kinase and is involved in regulating G1 

progression as well as being a key component of the molecular network controlling the 

restriction point. The pRb suppresses the transcriptional activity of various E2F family 

of proteins (Chen et al., 1999; Flemington et al., 1993). Cyclin D dependent Cdk’s 

phosphorylate pRb in late G1 which disrupts the association of pRb, and E2F activation 

allows the coordinated expression of many genes that encode proteins necessary for S 

phase entry and progression (Kato et al., 1993). Cyclins E and A are regulated by E2F 

which associate with Cdk2 to effect transition from the G1 to S phase (Girard et al., 

1991). 
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Apart from the regulators of cell cycle progression, there are molecular checkpoints or 

brakes that monitor the cell regulatory pathways and DNA structure before the cells 

enter the next phase of the cell cycle (Malumbres & Barbacid, 2005). A tumour 

suppressor gene, p53 is frequently mutated in various cancers. The p53 gene product 

initiates cell cycle arrest at the G1 phase of the cycle when there is DNA damage 

(Levine, 1997). It has been shown that non–lethal DNA damage/cellular damage; 

hypoxia, aberrant oncogenic signalling elevate the levels of p53 due to enhanced 

stabilization (Shieh et al., 1997). It causes apoptosis by inducing the transcription of 

pro-apoptotic genes such as BAX. Levels of p53 are negatively regulated by mouse 

double minute 2 homolog (MDM2) through a feedback loop (Hu et al., 2012). The p53 

gene is required for the G1 to S checkpoint and is a main component of the G2 to M 

checkpoint (Harper et al., 1993). The Ataxia Talangiectasia Mutated (ATM) and Ataxia 

Talengiectasia and Rad-3 related (ATR) are activated by mechanisms that sense double 

stranded DNA breaks and transmits signals to arrest the cell cycle after DNA damage. 

It acts through p53 in the G1 to S checkpoint. At the G2 to M checkpoint, it acts both 

through p53-dependent mechanisms and through the inactivation of CDC25 

phosphatase, which disrupts the cyclin B-Cdk1 complex (Nilsson and Hoffmann, 

2000). They are components of a network of genes that include BRCA1 and BRCA2, 

which link DNA damage with cell-cycle arrest and apoptosis (Yoshida & Miki, 2004). 

2.3 Growth Factor and Signal Transduction as Targets for Cancer Therapy 

The erbB family of receptor tyrosine kinases (RTKs) comprises four distinct membrane 

glycoproteins consisting of epidermal growth factor (EGF) receptors erbB1, erbB2, 

erbB3 and erbB4 commonly referred to as HER1, HER2, HER3 and HER4 

respectively. They are widely expressed in epithelial, mesenchymal and neuronal 

tissues (Leopold et al., 2002). Structurally, they have an extracellular ligand-binding 
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domain, a single transmembrane region, an intracellular domain possessing protein 

tyrosine kinase activity, and a C-terminal tail that contains specific tyrosine containing 

sequences which upon phosphorylation, become binding sites for src homology region 

2 (SH2) – containing signalling proteins (Khazaie et al., 1993). Several ligands have 

been identified that interact with these receptors. The first group of ligands include 

EGF, transforming growth factor α (TGF-α), and amphiregulin (Goldman et al., 1990; 

Wada et al., 1999; Johnson et al., 1993). 

2.4 Other Targets for Cancer Therapeutics 

The Src kinases included in the non-receptor tyrosine kinases subfamily is a protein 

tyrosine kinase pp60Src and represents a prototype of the well established superfamily 

of protein tyrosine kinases. The Src have significant structural homology to roughly ten 

proteins known as the Src family kinases namely Lck, Fyn, Tes, Trk, Blk, Fgr, Hck, 

Lyn and Frk. They are widely expressed in mammalian cells and mostly associated with 

breast cancers and multiple myeloma (Nam & Parang, 2003). Src mutations/over 

expression is reportedly correlated with many transformed phenotypes in cancer 

(Thomas & Brugge, 1997), hence can be used as a target to anticancer drug 

development. There has been research into the Src inhibitors as therapy using 

“combinatorial chemistry”, structure–based design and high throughput screening 

(Nam & Parang, 2003). Structural elucidations have shown Src kinases containing five 

components/domains: N–terminal (NT), Src homology 2 (SH2), Src homology 3 

(SH3), kinase (catalytic, including NT and C–terminal (CT) lobes), and C–terminal non 

catalytic domain (Figure 2.2). They have conserved Ser/Thr and Tyr kinases that are 

responsible for the catalytic activity. The NT lobe is an important target for Src kinase 

inhibitors through ATP –competitive inhibitors. Additionally, the CT lobe, SH2, SH3 
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domains have been employed as targets for Src kinase inhibition (Dalgarno et al, 1997; 

Sawyer, 1998) 

 

Figure 2.2 Structural representation of the c-Src protein tyrosine kinase in its 

inactive state (adapted from Xu et al., 1999). 

The Ras proteins function in normal and transformed cell growth (Nam & Parang, 

2003). Studies on the protein structure, function and regulation of Ras proteins revealed 

that they act as intermediates in signal transduction pathways that mediate proliferative 

and other types of signals emanating from receptor tyrosine kinase (Boguski & 

McCormick, 1993). According to Nam and Parang (2003), mutated Ras proteins have 

been implicated in 30% of cancers and greater proportion of pancreatic and colon 

adenorcarcinomas. Ras transduces extracellular signals provided by growth factors and 

cytokines by associating with the inner surface of the plasma membrane. The 

attachment is facilitated by several postranslational chemical modifications which 

involves farnesylation of cysteine residues, proteolytic cleavage of the AAX (A is any 

aliphatic amino acid, X is any amino acid) peptide by proteases and carboxymethyl 
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transferases (Casey, 1989; McCormick, 1993). Farnesyltransferases (FTases) catalyse 

the farnesylation step by recognizing the CAAX motif of Ras C –terminus and 

transferring a 15 carbon farnesyl isoprenoid from farnesyl diphosphate (FDP) to form 

thioether bond with the Ras cysteine (Omer et al., 1997). FTase inhibitors are being 

utilized to target inactivation of Ras. 

Telomerases have been implicated in cellular senescence (mortality stage 1, or M1), 

characterized by irreversible cell cycle arrest (Nam & Parang, 2003). They are 

specialized DNA–protein structures that cap the ends of linear chromosomes. Studies 

demonstrated that the telomere length decreased in normal diploid cells as they are 

grown in culture (Hiyama & Hiyama, 2003). In mammalian cells, it has been shown to 

decrease with the age of the cell (Nam & Parang, 2003). Additionally, it has been shown 

to progressively shorten with each cell division until a critical length is reached beyond 

which the cells cannot divide anymore. This implies that in order to prevent replicative 

cells from entering senescence, there’s the need to prevent DNA telomere loss 

otherwise the cells will succumb to senescence eventually. DNA telomerase enzyme is 

activated in order to prevent telomere length shortening. Telomerase is a reverse 

transcriptase and maintains telomeric DNA at the end of chromosomes (Morin, 1989). 

Research has demonstrated an elevated level of telomerase in about 80%-85% of all 

cancers studied (Bears et al., 2000; Neidle & Parkinson, 2002) except normal cells 

suggesting it might both serve as a diagnostic marker as well as target for the design of 

broad spectrum anticancer drugs. 

2.5 Importance of Medicinal Plants in Drug Discovery 

Due to the cumbersome nature of the drug discovery process, many pharmaceutical 

companies have scaled down or eliminated drug research into natural products (Butler, 

2004). Various sources have been explored to acquire compounds for drug discovery 
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such as isolation from plants, invertebrates and other natural sources, synthetic 

chemistry, combinatorial chemistry and molecular modelling (Kell, 2013). Although 

pharmaceutical companies have recently developed interest in molecular modelling, 

combinatorial chemistry and other synthetic chemistry techniques, natural products of 

plant origin and invertebrates continue to serve as important sources of prototypes for 

new drugs and chemical entities (Newman & Cragg, 2007; Gullett et al., 2010; Usami 

et al., 2010). For example, the compound artemether (trade name artemotil) is a potent 

antimalarial drug derived from artemisinin, a sesquiterpene lactone isolated from 

Artemisia annua L. (Asteraceae) a plant used in traditional Chinese medicine (Ferreira 

et al., 2010). The discovery of the anticancer drugs, vinblastine and vincristine from 

the Madagascar periwinkle, Catharanthus roseus G. Don. (Apocynaceae), introduced 

a new era of the use of plant material as a medication for treatment (Hostettmann et al., 

2000). They were the first agents to advance into clinical use for the treatment of cancer. 

Vinblastine and vincristine are used in combination with other cancer drugs, for the 

treatment of various kinds of cancers, including leukemias, lymphomas, advanced 

testicular cancer, breast and lung cancers (Hostettmann et al., 2000). Vinflunine is a 

modification of vinblastine (Balunas & Kinghorn, 2005). Exatecan is an analog of 

camptothecin isolated from the Chinese ornamental tree, Camptotheca acuminate 

Decne (Nyssaceae) and is in the process of development toward as an anticancer agent 

(Balunas & Kinghorn, 2005). Earlier clinical trials involving camptothecin was dropped 

due to severe bladder toxicity. However, other derivatives of camptothecin including 

topotican and irinotecan have been developed and employed for the treatment of 

ovarian and small cell lung cancers, and colon cancers, respectively (Balunas & 

Kinghorn, 2005). 
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Another important step in the drug discovery process has been the isolation of paclitaxel 

(Taxol) from the bark of the Pacific Yew, Taxus brevifolia Nutt. (Taxaceae) (Rao, 

1993). Various parts of Taxus brevifolia and other Taxus species (e.g., Taxus 

Canadensis Marshall, Taxus baccata L.) have been utilised by several Native American 

tribes for the treatment of various diseases. Taxus baccata was however reported to be 

used in India as a medicine for the treatment of cancer (Newman & Cragg, 2007). 

Paclitaxel was initially introduced into the American market in the early 1990s and is 

known to be active against various cancer types, namely: ovarian cancer, advanced 

breast cancer, small and non-small cell lung cancer (Miele et al., 2012; Rao, 1993). 

2.5.1 Various Uses of Ghanaian Traditional Plants 

Paullinia pinnata (Sapindaceae) is commonly called “sweet gum” and in the Akan 

dialect “toa-ntini”. The leaves of the plant have a strong free radical scavenging activity 

and the methanolic extract has been shown to demonstrate moderate reducing power in 

vitro (Jimoh et al., 2007). The leaf juice is used in the treatment of sore throat and the 

infusions are used to treat fever (Abbiw, 1990). It has been reported to correct erectile 

dysfunction in men (Zamble et al., 2006). The leaf extracts of the plant is highly 

antioxidative and it also induces a slight transcriptional activity of peroxisome 

proliferator activated receptor-alpha (Zamble et al., 2006). P. pinnata is a rich source 

of polyphenols (Zamble et al., 2006) and also contains the ceramide, paullinomide A, 

β-amyrin, steroids, the coumarinolignoid 2-(4-hydroxy-3,5-dimethoxyphenyl)-3-

hydroxymethyl-2,3-dihydro-1,4,5-trioxaphenanthren-6-one, 5α-poriferastane-3ß,6α-

diol and l-quebrachitol (Dongo et al., 2009). The triterpenoids lepeyl steryl ether, 3-

oxo-11α-hydroxyl-20(29) lupen and the lupeol-3-isovanniloyl ester paullinoyl (3-O-

isovanilloyl-3R,5R,8R,9R,10R,13R,14S,17S,18R,19R-lup-20 (29)-en) are present in 

the plant  (Lasisi et al., 2015). Flavone glycosides such as diosmetin-7-O-(2‘ ‘-O-β-d-
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apiofuranosyl-6‘ ‘-acetyl-β-d-glucopyranoside) and tricetin-4‘-O-methyl-7-O-(2‘ ‘-O-

β-d-apiofuranosyl-6‘ ‘-acetyl-β-d-glucopyranoside) have been isolated from the plant 

(Abourashed et al., 1999). Fred-Jaiyesimi and Anthony (2011) reported larvicidal 

activities of leaf extracts and fractions of the plant. 

 

Figure 2.3 Fruit and leaves of Paullinia pinnata 

Moringa oleifera (Moringaceae) is commonly known as horse radish tree or drumstick 

tree (Ramachandran et al., 1980) and in Hausa as “zogale” (Burkill, 1985). The leaves 

possess good nutritional values due to the high content of minerals, vitamins and amino 

acids. M oleifera is native to the sub Himalayan regions of North West India and 

indigenous to many African countries, Arabia, South East Asia, South America and 

other countries (Anwar et al., 2007). All the components of the plant have been found 

useful: the root, bark, gum from the bark, leaf, fruit (pods), flowers, seeds and seed oil 

(Morimitsu et al., 2000; Anwar et al., 2007). M. oleifera is used in ethnomedicine 

remedies for inflammation, infectious diseases along with cardiovascular, 

gastrointestinal, haematological and hepatorenal disorders (Morimitsu et al., 2000). 
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The flowers and roots are employed in folk medicine for treatment of tumors and the 

seeds for abdominal tumors as well as a purgative (Anwar et al., 2007). Poultices of the 

leaves are applied on temples for headache and on sores (Anwar et al., 2007). 

Antiproliferative activity has been reported against gram negative and gram positive 

pathogenic bacteria in vitro (Carceres et al., 1992) and also shown to exert a “chemo-

modulatory” (Bharali et al., 2003) effect against “skin papillomagenesis” in mice. 

Additionally, cytotoxic activity has been reported on human Hela cancer cell lines by 

leaf extracts of the plant (Jafarian et al., 2014). Phytochemicals present include 

glucosinolates and isothiocyanates, (Morimitsu et al., 2000) and alkaloids like 

Moringinine and Moringine from the bark. The flowers contain alkaloids like 

kaempferol, rhamnetin, isoquercetin and kaempferritin (Faizi et al., 1994) 

 

Figure 2.4 Matured leaves of Moringa oleifera.  

Fluerya aestuans has the common name: “nettle weed” or “West Indian wood nettle” 

and “bhonho” in Akan (Abbiw, 1990). It belongs to the family Urticaceae and is native 
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to tropical Africa although widespread due to its introduction into western and eastern 

hemispheres. The medicinal uses of the plant in Africa include treatment for eye 

infections, swelling, wounds, burns, and gonorrhoea (Dokosi, 1998). In Ghana, the 

plant is used in preparing soup for women after childbirth (Glew et al., 2009). Medicinal 

applications of Fluerya aestuans in Ghana include using the leaves of the plant to make 

a poultice to treat scorpion stings (Glew et al., 2009). Also, the leaves are used to make 

soup with palm nuts that is consumed to treat stomach ailments and irregular 

menstruation (Dokosi, 1998). The chemical components in the leaves include mostly 

fat, fiber, carbohydrates, tannins and oxalate and low amount of proteins (Akpan & 

Udoh, 2004). In addition, the leaf was found to be rich in sodium, calcium, magnesium, 

iron, zinc, and copper. Cadmium, cobalt, manganese and lead were found in trace 

amounts. 

Ocimum canum Sim (Lamiaceae) is of tropical African origin. In Ghana the leaves are 

used to enhance flavour in sauces. Research has shown that fasting blood glucose levels 

and body weight decreased significantly in diabetic and non-diabetic C57BL/KsJ mice, 

which were administered aqueous extract of Ocimum canum (Nyarko et al., 2002). In 

vitro, the O. canum extract significantly enhanced insulin release from isolated rat 

pancreatic β-islet cells (Nyarko et al., 2002). The dried leaves of O. canum contain the 

essential oil linalool (Weaver et al., 1991; Ekundayo et al., 1989) and gram positive 

bacteria are sensitive to the essential oil (Bassole et al., 2005). The leaves consist 

mainly of 1, 8-cineole (60.1%) (Bassole et al., 2005). The essential O. canum leaf oil 

of type I is characterized by a high percentage of monoterpene alcohols (total 91.9%), 

represented especially by linalool (44.9%) and geraniol (38.2%) (Ngassoum et al., 

2004). The plant is also rich in polyphenols (Oboh, 2008). 
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Solanum nigrum (Solanaceae) has the common name of “black nightshade” and known 

in Akan as “bachinia” (Abbiw, 1990). In Africa and Asia, it is used in the treatment of 

the following conditions: itching, burns, cuts, skin diseases, heart disease, fever and eye 

disease (Jansen, 2008). In the Volta Region of Ghana, a poultice made from the leaves 

is applied externally to treat Guinea worm infection (Glew et al., 2009). The leaves are 

boiled in soup and may be used to treat jaundice, in addition to being used as a purgative 

and diuretic (Dokosi, 1998).  In Nigerian folk medicine, it’s been used for the treatment 

of epilepsy (Sei-Jung et al., 2006). The plant has been reported to have antipyretic and 

anticancer activity (Sei-Jung et al., 2006). Extracts of the plant have been reported to 

show CNS depressant activity as well as a promising agent for the control of 

schistosomiasis (Wannang et al., 2004; Ahmad et al., 2005). S. nigrum contains several 

antioxidants, such as gallic acid, pyroglutamic acid (PCA), catechin, caffeic acid, 

epicatechin, rutin and narigenin, and possesses strong antioxidative activity in vitro 

(Chou et al., 2008). Other researchers reported that a glycoprotein isolated from S. 

nigrum has a strong scavenging effect against reactive oxygen radicals, and growth 

inhibition effects against JA221 and XL1-Blue Escherichia coli cells. Moreover, it has 

been reported that glycoprotein has a cytotoxic effect against breast MCF-7 and human 

colorectal adenocarcinoma HT-29 cancer cells, even at low concentrations (Heo, 2004). 

Their protein content and mineral elements (magnesium being prominent) are 

considerable and Solanum nigrum oil is an important source of linoleic acid (Dhellot et 

al., 2006). The treatment of rats both prior to or after stress with crude extract of S. 

nigrum leaves and its active constituents resulted in a significant increase in the 

antioxidant enzymes activities and GSH level along with a decrease in lipid 

peroxidation  (Zaidi et al., 2014). The leaves contain the highest concentration of 
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gentisic acid, luteolin, apigenin, kaempferol, and m-coumaric acid in the plant (Huang 

et al., 2010). 

Heliotropium indicum (Boraginaceae) is locally known as “Akonfem atiko” – Cock’s 

comb in Akan (Burkill, 1985). It is also known as “Indian Heliotrope” and is used for 

treating vomiting during amenorrhoea, baby thinness, ocular infections and high blood 

pressure (Togola et al., 2005). According to literature, a decoction of the leaves is used 

in Sierra Leone for washing new-born babies (Kerharo & Adams, 1974). In Nigeria and 

Ghana, the sap is applied to gum boils or swellings, to clean ulcers and to heal eye 

infections. In Guinea the decoction of the whole plant is taken as a febrifuge (Kerharo 

& Adams, 1974). In Senegal the leaf powder is applied to dermatitis and especially to 

suppurating eczema and impetigo in children (Kerharo & Adams, 1974). The leaf 

decoction is used in Indonesia for thrush and in poultices for treatment of herpes and 

rheumatism. In Ivory Coast the dried leaf powder is taken up by the nose as 

decongestant in colds and sinusitis (Burkill, 1985). N-oxide of the alkaloid, indicine 

was isolated from H. indicum (Kugelman et al., 1976). The compounds n-hexacosanol, 

sitosterol, stigmasterol, chalinasterol and campesterol are found in the plant (Andhiwal 

et al., 1985). It has been reported that petroleum ether fraction of the leaf extract repels 

the oriental fruit fly (Areekul et al., 1988). 
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Figure 2.5 Leaves and flowers of Heliotropium indicum 

Alchonea cordifolia (Euphorbiaceae) is called “gyama” in Akan and employed in the 

treatment of gonorrhea and toothaches and as fodder to feed ruminants (Abbiw, 1990). 

Other uses include treatment of cuts, burns, bruises, ulcers and piles. The leaf infusion 

or decoction is used to treat colds, bronchial problems, stomachache, dysmenorrheal, 

fever and eye problems (George et al., 2010). Ethno-botanical bioactive substances 

such as tannin, saponin, flavonoid, cardiac glycoside and anthraquinone have been 

isolated from the plant. The leaf extract isolate, isopentenyl guanidine is reported to 

exhibit antibacterial activity on Staphylococcus aureus and Escherichia coli (George et 

al., 2010). The leaves also contain a range of hydroxybenzoic  acids, gallic acids and 

its ethyl ester, gentisic acid, anthranilic acid, protocatechuric acid and elagic acid 

(George et al., 2010). In Senegal a leaf decoction is used to treat tachycardia (Burkill, 

1985). 
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Figure 2.6 Alchornea cordifolia plant with ripe fruits 

Ficus exasperata P. Beauv (Moraceace) known in Akan as “nyankerenee” is widely 

distributed in tropical Africa and also occurs in Yemen, India and Sri Lanka. It is used 

in folk medicine for treating various pathological states including inflammatory 

disorders. Abotsi et al., (2010) have reported anti-arthritic and antioxidant properties of 

F. exasperata. It has been employed in the treatment of hypertension (Buniyamin et al., 

2007). Other uses include haemostatic agent, opthalmia, coughs and heamorrhoids, 

ecbolic, dewormer and venereal diseases treatment (Odunbaku et al., 2008).  In Nigeria, 

the young leaves are employed in the treatment of ulcer (Gamaniel et al., 1997). Some 

phytochemicals isolated from the plant include tannins, flavonoid, saponins, 

phlobatannins, glycosides and steroids (Adebayo & Ishola, 2009). 
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Figure 2.7 Leaves of Ficus exasperata 

Momordica charantia (Cucurbitaceae) is of tropical origin and widely occurs in Africa, 

India and the Carribean. In Ghana it is called “nyanya” in Akan. It is used in the 

treatment of various cancers (lymphoid leukemia, lymphoma, choriocarcinoma, 

melanoma, breast cancer, skin tumor, prostatic cancer, squamous carcinoma of tongue 

and larynx, human bladder carcinomas and Hodgkin’s disease). Other uses include 

treatment of diabetes, as a carminative and in the treatment of colics (Yeşilada et al., 

1999). According to Satyavati et al. (1987) it is employed in anti-ulcerogenic folk 

remedy for its anti-Helicobacter pyloric activity in Turkey. Other folk medicinal uses 

of the plant include treatment of wounds, internally as well as externally for 

management of worms and parasites, as emmenagogue, antiviral for measles and 

hepatitis, as contraceptive, antimalarial and laxative and treatment of dysmenorrhea, 

eczema, galactagogue, gout, jaundice, kidney stone, leprosy, leucorrhea, piles, 

pneumonia, psoriasis, rheumatism and scabies. Biologically active chemicals in the 

plant include glycosides, saponins, alkaloids, fixed oils, triterpenes, proteins and 
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steroids (Raman & Lau, 1996). The immature fruits are a good source of Vitamin C and 

also provide Vitamin A, phosphorus, and iron. Several phytochemicals such as 

momorcharins, momordenol, momordicilin, momordicins, momordicinin, momordin, 

momordolol, charantin, charine, cryptoxanthin, cucurbitins, cucurbitacins, 

cucurbitanes, cycloartenols, diosgenin, elaeostearic acids, erythrodiol, galacturonic 

acids, gentisic acid, goyaglycosides, goyasaponins, multiflorenol, have been isolated 

from the plant (Hussain et al., 1994; Xie et al.,1998; 1999; Prakash et al., 2002; 

Murakami et al., 2001). 

 

Figure 2.8 Momordica charantia leaves, flower and unripe fruit 

Ocimum gratissimum (Lamiaceae) is commonly known as “Clone Basil”, “African 

Basil” and in Hawaii as “Wild Basil”. In Ghana it is known as “nunum” in Akan. It has 

been reported to show antioxidant properties (Odukoya et al., 2005; Akinmoladun et 

al., 2007; Aprioku & Obianime, 2008) and used as an antidiarrhoeal (Adebolu & 
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Oladimeji, 2005), antihelmintic (Fakae et al., 2000; Pessoa et al., 2002). O. gratissimum 

is also used as an antiseptic agent (Agnaniet et al., 2005) particularly by the local folks 

and for the treatment of several disease conditions including infections, oncogenic and 

neurological disorders.  Ash, vitamins A, B2, and D, calcium, phosphorus, selenium, 

iron, zinc and  magnesium (Oboh et al., 2009)  are some micronutrients that have been 

isolated from the leaves. Additionally, thymol, eugenol, terpenes,  xanthones and 

lactones  α–pinene, β –pinene 1, 8 – cineole, β – caryophyllene, a murolene and sehirene 

have been isolated from the plant (Sainsbury & Sofowora, 1971; Oboh, 2008). Other 

constituents include germacrene, x-copaene, humutene, β -elemene, β – bourbonenem 

and serinerel (Pande & Pathak, 2009). The essential oil eugenol had shown some 

antibacterial activity and a leaf extract of the plant together with other plant extracts 

had shown analgesic properties Pande & Pathak, 2009). 

Albizia zygia is known as “okuro“ in Ghana and used as ornamental shade tree (Abbiw, 

1990). The young leaves can be consumed whole as vegetables or added to soups and 

sauces. Some medicinal uses include the use of the bark sap for opthalmia (Abbiw, 

1990). Additionally, gum from the bark is used as a stabilizer in the food industry (ice 

cream preparation), cosmetic industry and pharmaceutical industry (drug coating). 

Some medicinal uses of the plant include a bark decoction for the treatment of bronchial 

disease and fever (Abbiw, 1990). Pounded or rasped bark are used to treat sores, 

wounds and toothache. Research has shown anti-inflammatory activity of Albizia sp. 

an ethno medical plant, in acute and chronic animal models of inflammation (Babu et 

al., 2009). It has been shown to contain substantial amounts of flavanoids and anti-

malarial potency (Abdalla & Laastsch, 2012). Saponins have been isolated from Albizia 

sp. (Kokila et al., 2013). 

University of Ghana http://ugspace.ug.edu.gh



27 
 

Petersianthus macrocarpus belongs to the family Lecythidaceae and is known as ‘asia” 

in Akan. Some ethno medicinal uses include analgesic; anti-arthritic agent, anti-

rheumatic agent and anti-pulmonary agent (Burkill, 1985). Additionally, P. 

marcrocarpus is used for curing menstrual disorders, as an abortifacient, ecbolic and 

other medical disorders. In vitro activities of the plant extracts on human Loa loa 

(filarial worm) isolates and cytotoxicity for eukaryotic cells have been reported 

(Mengome et al., 2010). Some phytochemicals isolated from the stem bark of the plant 

include two new saponins petersaponins III and IV as well as glycosides and steroids 

(Olugbade et al., 2000). 

Aframomum melegueta is a species belonging to the ginger family Zingiberaceae. It is 

commonly known as grains of paradise, melegueta pepper, alligator pepper, guinea 

grains. In Ghana it is known as “fom wisa” (Abbiw, 1990). It imparts a pungent peppery 

flavor with hints of citrus. The plant is native to swampy habitats along the West 

African coast. Some folk medicinal uses of the plant include treatment of abscess, pile, 

cough, measles, hernia as well as serving as a purgative (Igwe et al, 1999).  Some 

phytochemicals isolated from the plant are (S)-2-heptanol, (S)-2-heptyl acetate and (R)-

linalool. These have been shown to be responsible for the repellant activity of extracts 

of the plant against the maize weevil (Ukeh et al., 2009). Studies have shown 

antioxidant and anti-inflammatory properties of the A. melegueta extracts (Umukoro & 

Ashorobi, 2007). 
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Figure 2.9 Unripe fruits of Aframomum melegueta 

 

 

Figure 2.10 Plant of Aframomum melegueta 
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Secamone afzelii Rhoem. (Asclepiadaceae) is a climber and scrambly plant found in the 

secondary forest in Ghana (Irvine, 1961). It is known as “kwantemaa” in Akan. 

According to Burkill, (1985) some folk medicinal uses include wound healing. 

Research has demonstrated that the mechanism of wound healing may be due to the 

antimicrobial and antioxidant properties of the leaf extracts (Mensah et al., 2006)  

Ageratum conyzoides  L. (Asteraceae) is commonly known as billygoat weed, chick 

weed, goatweed, whiteweed and native to tropical America especially Brazil and 

tropical Africa. In Ghana it is called “guakro” in Akan. It is an annual herbaceous plant 

with a long history of traditional medicinal uses in several countries.  It is employed as 

an insecticide due to its toxicity as well as a nematicide. Okunade (2002) in a review 

reports of several phytochemicals isolated from the plant namely, pyrrolizidine 

alkaloids, lycopsamine, echinatine, friedelin, b-sitosterol, stigmasterol, flavonoids, 

benzofuran, chromene, chromone, coumarin and others. 

Mallotus oppositifolius (Euphorbiaceae) is found in Africa and Madagascar and have 

several medicinal properties. In Ghana it is known as “nyanyafurowa (pimpim)” in 

Akan. Some folk medicinal uses include the treatment of psychiatric disorders, for 

treating anemia and many others (Abbiw, 1990). According to Kukuia et al. (2014), the 

plant has antidepressant activity. Additionally, it has shown some anti-proliferative 

effect against human ovarian cancer cell lines and has anti-fungal activity (Adekunle & 

Ikumapayi, 2006). Some of the phytochemicals isolated from the leaf include dimeric 

phloroglucinol mallotojaponins with antimalarial activity as well as phenolic 

compounds (Adekunle & Ikumapayi, 2006). 
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2.6 Apoptosis as a Mechanism of Cell Death 

Apoptosis is a term coined by Kerr (1972) and colleagues to describe the unique 

morphology associated with cell death that differs from necrosis (Kerr et al., 1972). It 

is termed “programmed cell death” as it involves a tightly regulated process.  The 

unique characteristics of apoptosis include a change in refractive index of cells, 

(Hengartner, 1997) followed by cytoplasmic shrinkage and nuclear condensation, 

blebbing of the cell membrane and eventually the blebs separate from the dying cell 

and form “apoptotic bodies” (Hengartner, 1997). The phospholipid membrane 

asymmetry is lost as phosphatidylserine (PS) appears on the outer leaflet of the 

membrane (Williamson, 2000). There is change in membrane potential of 

mitochondrial outer membrane (MOM) due to formation of pores in the MOM, 

resulting in leakage of cytochrome c from the MOM into the cytoplasm (Waterhouse 

et al., 2001). Finally, adjacent cells or macrophages phagocytose apoptotic bodies and 

the cell dies. 

Caspases have been implicated in the activation of apoptosis in higher organisms 

(Earnshaw et al., 1999; Xing et al., 2011). They constitute a large protein family that is 

highly conserved among multicellur organisms. There are two subfamilies based on 

function namely; caspases involved in inflammation and have homology to caspase-1 

(Interleukin 1β-Converting Enzyme), and those caspases involved in apoptosis (Launay 

et al., 2005). Caspases are secreted as inactive zymogens by most cell types and 

processed by proteolytic cleavage to gain full activity (Earnshaw et al., 1999). Human 

caspase-8 and caspase-9 are involved in initiating apoptosis through different signalling 

mechanisms and are known as “initiator caspases” (Launay et al., 2005). They can 

activate the effector caspases including caspase-3, by proteolytic cleavage processing. 
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Caspase-3 transduces the signal downstream by targeting and cleaving other zymogens 

and irreversibly commits the cell to apoptosis (Brentnall et al., 2013). 

Many external stimuli including activation of cell surface receptors such as Fas, tumour 

necrosis factor 1 (TNFR1), TNF-related apoptosis-inducing ligand receptor 1 (TRAIL-

R1), TRAIL-R2 and p75-nerve growth factor receptor (p75-NGFR) (Wajant et al., 

2003; Nowsheen & Yang, 2012) are involved in the activation of apoptosis through the 

extrinsic pathway. They have two distinct signalling motifs: death domains and death 

effector domains that enable them interact with other proteins down the apoptosis 

signalling cascade. The extrinsic pathway involves activating caspase-8, which in turn 

either activates caspase-3 or cleaves the Bcl-2 family member, Bid, leading to the 

formation of the apoptosome and activation of caspase-9 (Hengartner, 2000). The 

intrinsic pathway can be activated by DNA damage and other events (Rich et al., 1999; 

Nowsheen & Yang, 2012). In a study involving mice caspase-12 a third pathway for 

activating apoptosis through the endoplasmic reticulum has been proposed (Nakagawa 

et al., 2000). 

The presence of phosphatidylserine, caspases and nuclear condensation in apoptotic 

cells has been utilized in the design of several assays to study apoptosis in dying cells. 

Flow cytometry involves the binding of calcium dependent Annexin V to PS (Koopman 

et al., 1994). This reaction is specific as Annexin has high affinity for PS. Annexin V 

binding is assessed using bivariate flow cytometry and cell staining is evaluated with 

fluorescein isothiocyanate (FITC)-labelled Annexin V (green fluorescence), 

simultaneously with dye exclusion of propidium iodide (PI) (negative for red 

fluorescence) (Koopman et al., 1994). The test discriminates intact cells (FITC-/PI-), 

apoptotic cells (FITC+/PI) and necrotic cells (FITC+/PI+) (Vermes et al., 1995). In 

comparison with existing traditional tests the Annexin V assay is sensitive and easy to 
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perform (Koopman et al., 1994). The Annexin V assay offers the possibility of 

detecting early phases of apoptosis. Several assays including colorimetric, 

luminescence, fluorescence have been developed in the estimation of caspase activity 

in apoptosis (Vermes et al., 1995). Fluorescent dyes with aromatic amino or guanidine 

groups, such as propidium iodide (PI), ethidium bromide (EB), diaminophenylindole 

(DAPI), acridine orange (AO), and Hoechst dyes, interact with nucleotides to emit 

fluorescence (Vermes et al., 1995). EB and PI molecules intercalate inside the DNA 

double helix. DAPI and Hoechst dye molecules attach at the minor groove of the DNA 

double helix. On the other hand, AO can form complexes with either double-stranded 

DNA or single-stranded DNA and RNA. One molecule of AO can intercalate with three 

base pairs of double-stranded DNA to emit green fluorescence with the maximum 

wavelength at 526 nm. 

 

Figure 2.11 Illustration of pathways and key proteins involved in apoptosis 

(Source: Nowsheen & Yang, 2012) 
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2.7 Estimation of Cell Viability and Cytotoxicity 

There have been several methods employed in the estimation of cell viability and 

cytotoxicity of drugs. The assay used depends on the cell function that is being 

estimated. Cell functions such as enzyme activity, cell adherence, ATP production, 

coenzyme production, and nucleotide uptake amongst others. Many assays such as 

colony formation method, crystal violet method, tritium-labeled thymidine (3H) uptake 

method, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide  (MTT), and 

WST-1 (4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene 

disulfonate) (WST) methods have been used to estimate live numbers of cells as well 

as cytotoxic effect of drugs on cells (Vega-Avila & Pugsley, 2011). 

Trypan blue is extensively employed for staining dead cells for counting (Riss, 2005). 

Thus cell viability is determined by counting the unstained cells with a microscope or 

other instruments. A setback of this assay is that it cannot distinguish between healthy 

cells and cells that are alive, but have lost certain cellular functions (Tennant, 1964). In 

the case of the colony formation method, the numbers of colonies are counted using a 

microscope as a cell viability indicator. With regard to tritium-labeled thymidine uptake 

method, [3H]-thymidine is involved in the cell nucleus due to the cell growth and the 

amount of 3H in the nucleus is then measured using a scintillator counter (Riss, 2005). 

This assay is sensitive. However, a drawback to its use, is the use of radioisotope which 

raises various concerns. 

Cellular enzymes like lactate dehydrogenase, adenylate kinase, and glucose-6-

phosphate dehydrogenase are also used as cell markers (Stoddart, 2011). However, in 

vitro activities of adenylate kinase and glucose-6-phosphate dehydrogenase are 

unstable and only lactate dehydrogenase does not lose its activity during cell death 
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assays. Here cell death assays involving lactate dehydrogenase are more reliable than 

the other enzyme based cell death assays. The (3-(4,5-Dimethylthiazol-2-yl)-2,5-

Diphenyltetrazolium Bromide) (MTT) and water soluble tetrazolium (WST) assays are 

enzyme based methods that rely on a reducing agent with coloring reagent and 

dehyrogenase in a viable cell to determine cell viability with a colorimetric 

measurement (Yin et al., 2014). The advantages of these over the previously mentioned 

methods include easy to use, safe, high reproducibility and are widely used in viability 

and cytotoxicity assays. The MTT assay determines mitochondrial dehydrogenase 

activities in the living cells. In the method, MTT is reduced to a purple formazan by a 

dehydrogenase enzyme. However, MTT formazan is insoluble in water but soluble in 

organic solvents and it forms purple needle shaped crystals in the cells. Therefore prior 

to measuring the absorbance, an acidified organic solvent is required to solubilise the 

crystals. 

2.8 Antioxidant and Phenolic Assays 

 Reactive oxygen species resulting from free radicals may cause cancer through two 

possible mechanisms: genetic mutations and the effects on signal transduction and 

transcription factors (Valko et al., 2006; Ziech et al., 2010). Oxidative stress affects the 

stability of DNA, phospholipids, proteins and carbohydrates on the cell membrane. 

Oxidation and injury to DNA induce genetic mutation (Ziech et al., 2010). Naturally 

occurring antioxidants have been shown to mitigate the effect of oxidative stress in 

living tissues. Glutathione peroxidase, glutathione reductase, superoxide dismutase, 

catalase are known catalytic antioxidants in cells (Silici et al., 2010). The non catalytic 

antioxidants namely vitamin A, C, E, glutathione,  lipoic acid, mixed carotenoids, 

several bioflavanoids, antioxidant minerals (copper, zinc, manganese and selenium) 

and many others are acquired from dietary sources (Silici et al., 2010; Dai & Mumper, 
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2010). Vitamin E for example inhibits lipid peroxidation. Plant phenols are known to 

be potent antioxidants (Dai & Mumper, 2010) hence an estimation of the phenolic 

content will give an indication of the antioxidant properties of the plant. Several 

methods are used to estimate the antioxidant potential of phytochemicals namely: 

inhibition of 2,2-diphenyl picrylhydrazyl (DPPH) free radical scavenging, oxygen 

radical absorbance capacity (ORAC), ferric reducing antioxidant potential (Aljadi & 

Kamaruddin, 2004) assays. 

  

University of Ghana http://ugspace.ug.edu.gh



36 
 

CHAPTER THREE 

3.0 METHODOLOGY 

3.1 Materials and Reagents 

Human breast cancer cell line (MCF-7) and normal prostate cells (PNT-2) were 

obtained from Dr. Takuhiro Uto (Nagasaki International University, Japan). DMEM 

(Nissui Pharmaceutical Co., Ltd., Tokyo, Japan), Trypsin (Wako Pure Chem. Ind., 

Tokyo, Japan), FBS (Hyclone Lab. Inc., South Logan, Utah, U.S.A.), PSG (Wako Pure 

Chem. Ind., Tokyo, Japan), MTT (Wako Pure Chem. Ind., Tokyo, Japan), Trypan Blue 

(Wako Pure Chem. Ind., Tokyo, Japan), Guava Nexin (California, U.S.A.), Hoechst 

33258 Reagent (Dojindo, Japan), DPPH (Hamburg, Germany), Gallic Acid (Hamburg, 

Germany), BHT (Hamburg, Germany). Chemicals and reagents used for the project 

were all obtained from standard suppliers. 

3.2 Plant Samples Used for Assay 

Freeze dried plant fractions of the various plant species already prepared according to 

the method described by Hostettman et al. (2000) and Sarker et al. (2005) were obtained 

through the University of Ghana Research Fund/Office of Research, Innovation and 

Development (UGRF/ORID) funded project (grant number URF/5/LMG-001/2-11-

2012) titled “Screening of Ghanaian Traditional Medicinal Plants for bioactive 

anticancer agents”.  Support for my work was obtained from this project as well as the 

Department of Clinical Pathology, NMIMR. Aqueous and ethanolic extracts of 

Moringa oleifera were also prepared and used for the assays. 
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3.3 Aqueous Extraction of Moringa oleifera Leaves  

Extraction procedures were done as described by Sarker et al. (2005) and Harbone 

(1973). Matured and young leaves of M. oleifera were harvested in December from one 

plant early in the morning at East Legon, Greater Accra. The harvested leaves of M. 

oleifera were air dried at ambient temperature (25ºC) till the leaves were brittle and 

then pulverized. A 10X suspension of the sample was prepared with distilled water by 

weighing out 50 g of the pulverized leaves and adding 500 mL of distilled water to it in 

a reagent bottle. The mixture was heated for 1 hr at 80ºC. After cooling, the mixture 

was then centrifuged at 4500 rpm for 15 min with an Eppendorf centrifuge 5810R to 

obtain the supernatant. The extraction process was repeated to obtain another 

supernatant with the residue after which the supernatants were pooled together, frozen 

at -20ºC and freeze-dried. The percentage yield was then calculated. 

3.4 Sequential Extraction of Aqueous Freeze Dried Moringa oleifera Extracts 

with Ethanol 

A 10X dilution of the aqueous freeze dried extract with 50% ethanol was prepared by 

weighing 10.1 g of aqueous extract and adding 100 mL of 50% ethanol in a conical 

flask. The flask was then placed on a shaker for 24 hr and the mixture was centrifuged 

at 4500 rpm for 15 min (Eppendorf centrifuge 5810R, Germany) to obtain the 

supernatant. The procedure was then repeated for the residue to obtain another 

supernatant. The supernatants were then pooled together, concentrated by rotary 

evaporation, frozen at -20 ºC and freeze-dried (Harbone, 1973). The percentage yield 

was then calculated. 
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3.5 Cytotoxicity Assays 

3.5.1 Cell Culturing 

3.5.1.1 Cell Recovery 

The stored MCF-7 breast cancer cells were removed from -80ºC refrigerator and thawed 

for 5 min without the ice melting completely and suspended in 5 mL of Dulbecco’s 

Modified Eagle Medium (DMEM) supplemented with 10% Foetal Bovine Serum 

(FBS) and 0.1% Penicillin-Streptomycin-L-Glutamine (PSG). The cells were spun at 

1000 rpm (Tomy LC200 centrifuge, Japan) for 2 min with a centrifuge to get rid of the 

DMSO. The supernatant was discarded and the pellets resuspended in 1 mL of complete 

DMEM. The resuspended cells were then pipetted into 25 cm3 culture flask containing 

5 mL of complete DMEM and incubated in a humidified chamber at 37oC in the 

presence of 5% CO2. 

3.5.1.2 Passing of Cells 

The flask containing the MCF-7 cells was removed from the incubator and inspected 

for confluence at 80% - 100%. The spent medium was pipetted off and the cells washed 

with 4.5 mL of PBS for the 25 cm3 flask (9 mL for 75 cm3 flask) to get rid of dead cells 

and to stabilize the pH of the cells. The MCF-7 breast cancer cells were again washed 

with PBS and treated with 1.5 mL of trypsin (3 mL for 75 cm3 culture flask) and 

incubated for 4 min to detach the cells. After detaching the cells completely, they were 

washed with 8.5 mL (17 mL for 75 cm3 flask) of the medium and pipetted into 

eppendorf tubes. The MCF-7 breast cancer cells were then spun at 1000 rpm (Tomy 

LC200 centrifuge, Japan) for 5 min. The supernatant was discarded and the pellet 

resuspended in fresh complete DMEM (1 mL). A volume of 9 mL complete DMEM 

(18 mL for a 75 cm3 flask) was added to the initial suspension to obtain a homogenous 
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mixture. A volume of 30 µL of trypan blue was pippetted and 10 µL of the MCF-7 cells 

added into a micro tube to get a 4X dilution factor. The mixture was mixed thoroughly 

and 10 µL loaded onto a clean hemacytometer for counting. After counting the cells 

were passaged at a given concentration into 25 cm3 or 75 cm3 culture flasks. 

 

3.5.2 MTT- Tetrazolium Based Colorimetric (MTT) Assay  

Breast cancer cells, MCF-7 cell lines that were maintained in DMEM supplemented 

with 10% FBS and 0.1% PSG and incubated in a humidified chamber at 37oC in the 

presence of 5% CO2 were used for the assay. Cytotoxic effect of the extracts and 

fractions were assessed using tetrazolium based colorimetric (MTT) assay (Ayisi et al., 

2011). For the MTT assay, MCF-7 breast cancer cells (100 µL) were seeded at 1×105 

cells/mL concentration into 96-well plates and incubated overnight in a humidified 

chamber at 37ºC in the presence of 5% CO2 for 24 hr. The MCF-7 cells were then 

treated with concentrations of 0 - 50 mg/mL serial dilutions of the extracts and fractions 

(0 µg/mL, 62.5 µg/mL, 125 µg/mL, 250 µg/mL, 500 µg/mL, 1000 µg/mL) in triplicates 

and incubated for 72 hr. After incubation the cells were treated with 20 µL of 2.5 

mg/mL MTT solution (refer to appendix II for preparation) and incubated for 4 hr as 

indicated above. The samples were subsequently treated with 150 µL of acidified 

isopropanol (refer to appendix II for preparation) and the plates were incubated in the 

dark overnight at room temperature (26ºC) to dissolve formazan crystals formed from 

MTT. The optical density was read using a spectrophotometer (Tecan Infinite M200 

Pro plate reader, Austria) at 570 nm. Curcumin was used as a positive control 

compound. The negative control consisted of 1% of DMSO which was the dissolution 

solvent for the fractions. Percent cell survival was evaluated using the formula, 
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% Cell survival = [(A1 – A0 ) / A2]×100,  

Where A1 is the absorbance of the test experiment, A0 is the absorbance of the test 

control and A2 is the absorbance of the negative control.  A plot of % cell survival versus 

concentration of the fractions were used to determine the inhibition concentration at 

50% cell survival (IC50) values. To test the safety and efficacy of the fractions, they 

were tested on non-cancerous (normal) prostate cells (PNT-2) using the method 

described above. The IC50 values obtained were used to determine the selectivity 

indices (SI) of the fractions using the formula, 

SI = (IC50 of normal cell)/ (IC50 of cancer cell line) 

A significant SI value must be ≥ 2. 

The samples were coded to avoid any bias in the running of the assays. A total of forty 

fractions of the medicinal plants were assessed for their activity against the MCF-7 

breast cancer cell line. 

3.6 Molecular Mechanistic Studies 

Studies on molecular mechanism by which the most bioactive fraction (petroleum ether 

fraction of Aframomum melegueta) induced cytotoxicity was examined using test for 

apoptosis via nuclear morphology and flow cytometry. 

3.6.1 Tests for Apoptosis 

3.6.1.1 Nuclear Morphology 

The method employed was that described by Xing and others (2011) with slight 

modifications. The MCF- 7 cells (6 mL at 1x106 cells/mL) were seeded into sterile petri 

dishes and incubated for 24 hr at 37°C and 5% CO2. A concentration based experiment 

was performed by treating the cells at concentrations of 0 µg/mL, 2 µg/mL, and 4µg/mL 
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of the petroleum ether fraction of Aframomum melegueta and re-incubated for 24 hr. 

The treated MCF-7 cells were transferred from the petri dishes into 15 mL centrifuge 

tubes and spun at 1000 rpm for 5 min. The supernatant was then discarded and the pellet 

resuspended in 1 mL of phosphate buffered saline (PBS). The cells were then 

transferred to 1.5 mL eppendorf tubes and centrifuged at 1000 rpm for 5 min. The 

supernatant was discarded and the cells were treated with 200 µL of 1% glutaraldehyde 

and incubated at room temperature (26ºC) for 30 min. Urosolic acid was used as a 

positive control and 1% DMSO as a negative control. The supernatant was removed 

and 50 µL of PBS and 8 µL of Hoechst solution added and mixed thoroughly. The 

samples were viewed under a fluorescent microscope (Olympus BX53, Tokyo, Japan) 

for nuclear morphological changes. 

3.6.2 Flow Cytometric Analysis 

The method described by Xing and others (2011) with slight modifications was used 

for this assay. The MCF- 7 cells (3 mL at 2 x105 cells/mL) were seeded into sterile petri 

dishes and incubated for 24 hr at 37°C and 5% CO2. The cells were treated with the 

petroleum ether fraction of Aframomum melegueta at concentrations of 0 µg/mL, 2 

µg/mL and 4 µg/mL and re-incubated for 24 hr. Curcumin was used as a positive 

control. The cells were harvested by gently scraping them with a spatula to detach them 

and 100 µL of the cell suspension was aliquoted into wells in a 96-well plate. An equal 

volume (100 µL) of Guava Nexin Reagent was added and incubated for 20 min in the 

dark at 25ºC after which a flow cytometric analysis was done using a Guava easyCyte  

HT flow cytometer, U. S. A. 
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3.7 Antioxidant: Inhibition of Free Radical Scavenging Activity – DPPH assay 

The free radical scavenging activities of the M oleifera extracts and were evaluated 

using the 2,2 – diphenyl-1-picrylhydrazyl (DPPH) assay with slight modification 

(Blois, 1958; Coruh et al., 2007).  The extract solutions were prepared by weighing 20 

mg of the dry M. oleifera extracts and dissolved in 1 mL of methanol (20 mg/mL) 

separately. The mixtures were then vortexed for complete dissolution. A volume of 100 

µL diluted extract solution (1 - 20 mg/mL) in serial concentrations of 0.027 mg/mL, 

0.082 mg/mL, 0.247 mg/mL, 0.741 mg/mL, 2.22 mg/mL, 6.67 mg/mL were pipetted 

into 96 well-plates in triplicates and 100 µL of DPPH (0.5 mM) was added to the 

samples. After incubation of the samples in the dark at room temperature (25ºC) for 20 

min, the absorbance was recorded at 517 nm using Tecan Infinite M200 Pro plate 

reader. Butylated hydroxytoluene (BHT) of 10 mM concentration was used as the 

positive control in serial dilutions 0.014 mM, 0.041 mM, 0.12 mM, 0.37 mM, 1.11 mM, 

3,33 mM, and 10 mM. Methanol was used as the negative control. The concentrations 

were converted to mg/mL for comparison. Radical scavenging capacity of each extract 

was calculated as the percent DPPH radical scavenging effect.  

% DPPH Scavenging effect = [(A0 – A1)/ A0 ] × 100, 

Where A0 is the absorbance of the negative control and A1 is the absorbance of the test 

experiment. The IC50 values were determined from a plot of % DPPH scavenging effect 

versus concentration of test sample. 

3.8 Determination of Total Phenolic Content of M. oleifera Extracts 

A gallic acid standard curve was prepared using (0 mg/mL - 5 mg/mL) stock of gallic 

acid to estimate the total phenolic content of the extracts. A volume of 10 µL (5 mg/mL, 

2.5 mg/mL and 1 mg/mL) of each of the extract concentration was aliquoted into an 
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eppendorf tube and 0.79 mL of distilled water added and thoroughly mixed after 

addition of 50 µL of Folin-Ciocalteau reagent and incubated at 25ºC for 8 min. A 

volume of 150 µL of Na2CO3 (0.25 g/mL) was then added and the mixture was 

incubated for 2 hr at a room temperature of 25ºC. The resultant solution was aliquoted 

into 24 well-plates in triplicates and absorbance was read at 750 nm. (Waterhouse, 

2002). 
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CHAPTER FOUR 

4.0 RESULTS 

The cell viability graphs showed a concentration dependent activity of the fractions on 

the MCF-7 breast cancer cell line. Refer to Figures 4.1 to 4.40 for graphs of cytotoxicity 

assays of the dichloromethane, petroleum ether and ethyl acetate fractions of the 

medicinal plants. The cell viability graphs were used to estimate the IC50 values of the 

various fractions as well as the SI values (Tables 4.1, 4.2 and 4.3). Tables 4.1 to 4.3 

shows the IC50 values and SI values of the ethyl acetate, dichloromethane and petroleum 

ether fractions of the medicinal plants, respectively. In Table 4.1 A. cordifolia and P. 

macrocarpus were the species with IC50 values close to 30 µg/mL (41.6 µg/mL and 

40.9 µg/mL) with the rest of the species having IC50 > 100. The ethyl acetate fraction 

of the medicinal plant species demonstrated insignificant antiproliferative potential 

towards the MCF-7 breast cancer cell line. 

The IC50 values of A. cordifolia, M. charantia and S. rotundifolius in Table 4.2 are less 

than 30 µg/mL suggesting that they can serve as promising candidates for further 

research. The SI values of some of the medicinal plants also make them promising 

candidates for further research. In Table 4.3 the petroleum ether fractions of F. 

exasperata, P pinnata, O gratissimum, P. macrocarpus. H. indicum, and A. melegueta 

showed potent cytotoxicity against the MCF-7 breast cancer cell line with IC50 < 30 

µg/mL. The SI values ranged from 1.2 to 10 suggesting weak to strong efficacy on 

normal cells. The remaining plant species demonstrated moderate cytotoxicity towards 

the MCF-7 breast cancer cell line. 
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 Figure 4.1 Cell viability curve of ethyl acetate fraction of Ficus exasperata. 

 

 

Figure 4.2 Cell viability curve of ethyl acetate fraction of Alchornea cordifolia. 
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Figure 4.3 Cell viability curve of ethyl acetate fraction of Momordica charantia. 

 

 

Figure 4.4 Cell viability curve of ethyl acetate fraction of Paullinia pinnata 
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Figure 4.5 Cell viability curve of ethyl acetate fraction of Ocimum gratissimum. 

 

 

Figure 4.6 Cell viability curve of ethyl acetate fraction of Heliotropium indicum. 
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Figure 4.7 Cell viability curve of ethyl acetate fraction of Ocimum canum. 

 

 

Figure 4.8 Cell viability curve of ethyl acetate fraction of Fleurya asteuans. 
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Figure 4.9 Cell viability curve of ethyl acetate fraction of Albizia zygia. 

 

 

Figure 4.10 Cell viability curve of ethyl acetate fraction of Petersianthus 

macrocarpus. 
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Figure 4.11 Cell viability curve of ethyl acetate fraction of Alchornea cordifolia. 

 

 

Figure 4.12 Cell viability curve of ethyl acetate fraction of Aframomum 

melegueta. 
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Figure 4.13 Cell viability curve of ethyl acetate fraction of S. rotundifolius. 

 

 

Figure 4.14 Cell viability curve of petroleum ether fraction of Ficus exasperate. 
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Figure 4.15 Cell viability curve of petroleum ether fraction of Momordica 

charantia. 

 

 

Figure 4.16 Cell viability curve of petroleum ether fraction of P. macrocarpus. 
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Figure 4.17 Cell viability curve of petroleum ether fraction of Paullinia pinnata. 

 

 

Figure 4.18 Cell viability curve of petroleum ether fraction of Ocimum 

gratissimum. 
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Figure 4.19 Cell viability curve of petroleum ether fraction of H. indicum. 

 

 

Figure 4.20 Cell viability curve of petroleum ether fraction of Alchornea 

cordifolia. 
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Figure 4.21 Cell viability curve of petroleum ether fraction of Fleurya aestuans. 

 

 

Figure 4.22 Cell viability curve of petroleum ether fraction of Albizia zygia stem 

bark. 
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Figure 4.23 Cell viability curve of petroleum ether fraction of Albizia zygia root. 

 

 

Figure 4.24 Cell viability curve of petroleum ether fraction of P. macrocarpus 

root. 
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Figure 4.25 Cell viability curve of petroleum ether fraction of Afromomum 

melegueta. 

 

 

Figure 4.26 Cell viability curve of petroleum ether fraction of S. rotundifolius.. 
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Figure 4.27 Cell viability curve of dichloromethane fraction of Ficus exasperata. 

 

 

Figure 4.28 Cell viability curve of dichloromethane fraction of P. macrocarpus 

leaves. 
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Figure 4.29 Cell viability curve of dichloromethane fraction of Paullinia pinnata. 

 

 

Figure 4.30 Cell viability curve of dichloromethane fraction of Solanum nigrum. 
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Figure 4.31 Cell viability curve of dichloromethane fraction of Fleurya aestuans. 

 

 

Figure 4.32 Cell viability curve of dichloromethane fraction of Albizia zygia root. 
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Figure 4.33 Cell viability curve of dichloromethane fraction of P. macrocarpus 

root. 

 

 

Figure 4.34 Cell viability curve of dichloromethane fraction of P. macrocarpus 

bark. 
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Figure 4.35 Cell viability curve of dichloromethane fraction of Aframomum 

melegueta. 

 

 

Figure 4.36 Cell viability curve of dichloromethane fraction of Secamone afzelii. 
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Figure 4.37 Cell viability curve of dichloromethane fraction of M. oppositifolius. 

 

 

Figure 4.38 Cell viability curve of dichloromethane fraction of Momordica 

charantia. 
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Figure 4.39 Cell viability curve of dichloromethane fraction of Alchornea 

cordifolia. 

 

 

Figure 4.40 Cell viability curve of dichloromethane fraction of S. rotundifolius. 
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Table 4.1 Ethyl acetate fractions with IC50 on MCF-7 breast cancer cells and 

PNT-2 normal prostate cells with their selectivity indices. 

 

Plant Name 

 

Extract 

Code 

 

Plant Part 

                   

         IC50 (µg/mL)a 

MCF-7           PNT-2   

 

Selectivity 

Index 

F. exasperata FS/FEE leaves ˃100 34.92 ±1.31 <0.35 

A. cordifolia ACR /ArCE root ˃100 ˃100 <1 OR >1 

A. cordifolia AC/AlCE stem& leaves 41.60 ± 1.33 ˃100 >2.4 

M. charantia MC/MCE whole plant ˃100 ˃100 <1 or >1 

P. pinnata PP/PPE leaves ˃100 66.58 ± 1.46 <1 

O. gratissimum OG/OGE leaves 51.19 ± 2.1 34.43 0.67 

H. indicum HI/HIE whole plant ˃100 ˃100 <1 OR>1 

O. canum OC/OCE leaves ˃100 ˃100 <1 OR>1 

S. nigrum SN/SONE leaves NA NA NA 

A. conyzoides AC2/AgCE whole plant NA NA NA 

F. aestuans FA/FAE whole plant ˃100 66.61 ± 1.52 <0.6 

A. zygia AZR/AZRE root ˃100 ˃100 <1OR>1  

A. zygia AZSE stem bark NA NA NA 

P. macrocarpus. PR/PRE root 40.9 ± 1.81 49.68 ± 1.36 1.2 

P. macrocarpus P/PE leaves NA NA NA 

P. macrocarpus. Pb/PBE bark ˃100 NA NA 

A. melegueta AMF/AME fruit 98.3 ˃100 <1OR>1 

S. rotundifolius. SSWP/SOE whole plant ˃100 ˃100 <1OR>1 

S. afzelii SA/SAE leaves NA NA NA 

M. oppositifolius MAS/MOE seed NA NA NA 

 

IC50 < 30 µg/mL and SI ≥ 2 are significant 

a Data represent mean ± SEM of triplicates of an experiment 

NA = sample unavailable 
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Table 4.2 Dichloromethane fractions with IC50 for normal and cancer cells with 

selectivity indices. 

Plant Name Extract 

Code 

Plant Part         IC50 (µg/mL)a 

   MCF-7        PNT-2 

Selectivity        

Index 
 

F. exasperata 

 

FS/FEE 

 

leaves 

 

33.69 ± 1.34 

 

12.17 ± 1.30 

 

0.36 

A. cordifolia ACR /ArCE root NA NA NA 

A. cordifolia AC/AlCE stem& 

leaves 
3.83 ± 1.22 7.19 ± 1.23 1.87 

M. charantia MC/MCE whole plant 24.76 ± 1.32 66.63 ± 1.44 2.69 

P. pinnata PP/PPE leaves 61.93 ± 1.41 62.17 ± 1.34 1 

O. gratissimum OG/OGE leaves NA NA NA 

H. indicum HI/HIE whole plant NA NA NA 

O. canum OC/OCE leaves NA NA NA 

S. nigrum SN/SONE leaves >100 ˃100 <1 OR >1 

A. conyzoides AC2/AgCE whole plant NA NA NA 

F. aestuans FA/FAE whole plant 41.90 ± 1.33 82.21 ±1.31 1.96 

A. zygia AZR/AZRE root >100 ˃100 <1OR>1 

A. zygia AZSE stem bark NA NA NA 

P. macrocarpus PR/PRE root 70.94 ± 1.27 NA NA 

P. macrocarpus. P/PE leaves 51.65 ± 1.29 NA NA 

P. macrocarpus Pb/PBE bark 36.34 ± 1.34  86.79 ± 1.38 2.39 

A. melegueta AMF/AME fruit 38.03 ± 1.39 50.93 ±1.33 1.34 

S. rotundifolius SSWP/SOE whole plant 11.48 ± 1.22 11.19 ± 1.41 0.97 

S. afzelii SA/SAE leaves >100 11.32 ± 1.22 <0.1 

M. 

oppositifolius 

MAS/ MOE seed >100 NA NA 

 

IC50 < 30 µg/mL is significant and SI ≥ 2 is significant 

a Data represent mean ± SEM of triplicate of an experiment 

NA = sample unavailable 
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Table 4.3 Petroleum ether fraction with IC50 for cancer and normal cells with 

their selectivity indices. 

Plant Name 

 

  Extract 

Code 

  Plant Part                  IC50(µg/mL)a            

MCF-7             PNT-2  

Selectivity 

    Index 

 

F. exasperata 

 

CFS/FEE 

 

Leaves 

 

16.30 ± 1.44 

 

24.71 ± 1.33 

      

     1.5 

A. cordifolia ACR/ArCE Root NA NA NA 

A. cordifolia AC/AlCE stem &leaves NA 8.56 ± 1.22 NA 

M. charantia MC/MCE whole plant 103..89 ± 2.30 28.34 ± 1.24 0.27 

P. pinnata PP/PPE Leaves 19.30 ± 1.61 ˃100 >5 

O. gratissum OG/OGE Leaves 31.12 ± 1.41 36.57 ± 1.38 1.17 

H. indicum HI/HIE whole plant 18.72 ± 1.21 23.93 ± 1.46 1.28 

O. canum OC/OCE Leaves NA NA NA 

S. nigrum SN/SONE Leaves NA NA NA 

A. conyzoides AC2/AgCE whole plant 133.77 ± 1.44  16.70 ± 1.33 0.12 

F. aestuans FA/FAE whole plant >100 37.63 ± 1.29 <0.38 

A. zygia AZSE stem bark >100 NA NA 

A. zygia AZR/AZRE Root 41.50 ± 1.25 ˃100 >2.4 

P macrocarpus PR/PRE Root 19.20 ± 1.37 NA NA 

P. macrocarpus P/PE Leaves 42.21 ± 1.93 37.71 ± 1.41 0.89 

P. macrocarpus Pb/PBE Bark NA NA NA 

A. melegueta AMF/AME Fruit 3.89 ± 1.21 39.68 ± 1.26 10.2 

S. rotundifolius SSWP/SOE whole plant 35.68 ± 1.39 8.56 ± 1.35 0.23 

Secamone 

afzelii 

SA/SAE Leaves NA 37.71 ± 1.24 NA 

Mallotus 

oppositifolius 

MAS/ MOE Seed NA NA NA 

 

IC50 < 30 µg/mL and SI ≥ 2 are significant 

a Data represents mean ± SEM of triplicate of an experiment 

NA = sample unavailable 
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This section shows the results for test for apoptosis as a mechanism of induction of 

cytotoxicity. Figure 4.1 shows the nuclear morphology of the MCF-7 cells treated with 

petroleum ether fraction of A. melegueta. The condensed nucleus and fragmented DNA 

of some of the cells is indicative of induction of apoptosis in the cells as a mechanism 

of cytotoxicity. The number of cells with condensed nucleus in (d) is more than that in 

(c), followed by (b) and then (a) which is the negative control. 

Figure 4.2 equally demonstrates a concentration dependent activity of petroleum ether 

fraction of A. melegueta on the MCF-7 breast cancer cell line. When the concentration 

of A. melegueta was increased from 0 to 4 µg/mL, the early apoptotic cells and late 

apoptotic cells increased, respectively, shown in graphs (a), (b) and (c). Graph (d) is the 

positive control, curcumin at 2.9 µg/mL concentration and demonstrated the highest 

number of early apoptotic and late apoptotic cells. The negative control contained 1% 

DMSO as the 0 µg/mL concentration. This lends evidence to the induction of apoptosis 

as a possible mechanism of action of cytotoxicity by the A. melegueta fraction. 
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Figure 4.41 Nuclear morphology of cells in early apoptosis using Hoechst stain. 

Apoptotic cells are indicated with arrows showing condensed and fragmented nucleus. 

Fig. a, b and c represent negative control (0 µg/mL), 2 µg/mL and 4 µg/mL respectively 

of petroleum ether fraction of A. melegueta. Fig. d is urosolic acid used as positive 

control. 
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Figure 4.42 Contour diagram of FITC-Annexin V /7-AAD flow cytometry of 

MCF-7 breast cancer cells after treatment with petroleum ether fraction of A. 

melegueta. 

The graphs a, b and c are the negative controls (0 µg/mL), 2 µg/mL, and 4 µg/mL, 

respectively. Graph d is curcumin at 2.9 µg/mL concentration (positive control). The 

lower left and right of the quadrant represents viable cells and early apoptotic cells, 

respectively and the upper left and right of the quadrant represent necrotic and late 

apoptotic cells, respectively. 
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Table 4.4 Yield of crude extracts of Moringa oleifera leaves 

Extracts Mass (g) %Yield 

Aqueous 15.3 30.5 

 

50% Ethanolic 

 

7.2 

 

71.8 

Yield was calculated as w/w of the leaves 

 

Table 4.5 Total phenolic content of Moringa oleifera leaf extracts.  

The total phenolic content, as determined by Folin Ciocalteu method, are reported as 

gallic acid equivalents by reference to the standard curve (y = 1.4168x + 0.0623) 

Extracts            mg GAE/g                    P-value 

Aqueous           184.6 ± 24.5                    < 0.005 

 

50% Ethanolic 

 

          177.4 ± 17.4 

 

                   <0.005 

Values are reported as mean ± the standard deviation of three experiments and 

compared with standard gallic acid 

 

Table 4.6 Antioxidant activity of the Moringa oleifera leaf extracts expressed as 

the EC50  

Extract          EC50 (mg/mL)                P-value 

Aqueous           3.1 ± 0.3                < 0.0005 

 

50% Ethanolic 

 

         3.0 ± 0.2 

 

               < 0.0005 

 

BHT (control) 

 

         0.053 ± 0.002 

 

               < 0.0001 

Values are mean ± standard deviation of triplicates and compared with positive 

control p<0.0005 is significant.  
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This section shows the results for cytotoxic activity of the crude extracts of M. oleifera 

on the MCF-7 breast cancer cell line. The graph in Figure 4.43 shows a concentration 

dependent activity of the crude extracts on the breast cancer cell line. There is an initial 

sharp decline in % cell viability as the concentration of the extract is increased followed 

by a steady decrease in % cell viability as the concentration increases. The IC50 value 

is > 1000 µg/mL indicative of weak activity of the M. oleifera extracts on the MCF-7 

breast cancer cell line. The IC50 and SI could not be calculated due to the weak 

antiproliferative activity of the M. oleifera leaf extracts. Figure 4.44 is the positive 

control, curcumin used for the experiment with IC50 = 4.53 µg/mL. 
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Figure 4.43 Cell viability assay showing the cytotoxic effect of Moringa oleifera leaf 

extracts on MCF-7 breast cancer cells. 

The extracts exhibited a dose dependent activity on the MCF-7 breast cancer cell line 

however the IC50 was high (> 1000 µg/mL) 

  

0

20

40

60

80

100

120

0 200 400 600 800 1000 1200

%
 C

el
l 

v
ia

lb
il

it
y

[Extract] µg/mL

IC50 > 1000 µg/mL

aqueous

50% ethanolic

University of Ghana http://ugspace.ug.edu.gh



74 
 

 

 

 

Figure 4.44 Cell viability curve showing a dose dependent activity of the positive 

control curcumin on MCF-7 breast cancer cells.  
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CHAPTER FIVE 

5.0 DISCUSSION AND CONCLUSION 

5.1 Discussion 

This study sought to investigate the anti-breast cancer potential of some Ghanaian 

Traditional Medicinal plants on MCF-7 breast cancer cell line using MTT assay. The 

MTT assay together with other cytotoxicity assays have been employed in the study of 

antiproliferative activity of plant extracts (Adekunle & Ikupamayi, 2006; Vega-Avila 

& Pugsley, 2011; Fred-Jaiyesimi & Anthony, 2011; Jafarian et al., 2014). Preliminary 

studies on some of the medicinal plants have indicated their cytotoxicity towards 

pathogenic bacteria and other cancer cell lines (Carceres et al., 1992; Bharali et al., 

2003; Mensah et al., 2006; Bayor et al., 2007; Jafarian et al., 2014). Bayor and others 

(2007) examined some traditional medicinal plants and identified their cytotoxicity 

towards MCF-7 cells in addition to other cancer cell lines. This study evaluated the 

antiproliferative potential of a total of 40 fractions comprising14 fractions of ethyl 

acetate, 14 fractions of dichloromethane and 12 fractions of petroleum ether from 16 

Ghanaian Traditional Medicinal plant species employed in treating cancers and other 

diseases for decades. The results of the cell viability graphs indicates a concentration 

dependent activity of the dichloromethane fractions against the MCF-7 breast cancer 

cell line and the PNT-2 prostate normal cells in vitro. Similar patterns were observed 

for the other fractions of ethyl acetate, dichloromethane and petroleum ether (refer to 

Figures 4.1 to 4.40). Thus as the concentration of the fraction increases, the percentage 

viability of the MCF-7 breast cancer cell line decreases. There is strong evidence of 

antiproliferative activity of the plant species and their parts as demonstrated by the cell 

viability graphs. The fractions with strong cytotoxic activity are comparable to the 

positive control used which is curcumin with an established cytotoxicity against 
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cancerous cells. The results obtained are comparable to that observed in literature 

(Bayor et al., 2007). The established phytochemicals isolated from the medicinal plants 

could also account for the observed cytotoxicity on the breast MCF-7 cells (Olugbade 

et al., 2000; Umukoro & Ashorobi, 2007; Ukeh et al., 2009). Such phytochemicals have 

been reported to induce cytotoxic activity on other cancer cell lines (Heo, 2004). 

From Table 4.1, the IC50 values estimated for the ethyl acetate fractions were > 30 

µg/mL, for all the fractions, with majority (79%) recording IC50 values > 100 µg/mL. 

The American National Cancer Institute (NCI) stipulated that the IC50 value for potent 

cytotoxic effect is IC50 < 30 µg/mL (Itharat et al., 2004). Since, the IC50 values obtained 

for the ethyl acetate fractions were greater than the stipulated value, the fractions could 

be considered to have weak cytotoxic effect. Apart from P. macrocarpus, A. cordifolia 

and O. gratissimum with IC50 values of 40.9 µg/mL, 41.6 µg/mL and 51.19 µg/mL, 

respectively, the remaining plant species recorded larger values. This suggests that the 

ethyl acetate solvent was not effective at extracting bioactive principles present in the 

plant species (Aliyu et al., 2014). Additionally, the cytotoxic effect of the ethyl acetate 

fractions on the PNT-2 normal prostate cell line is insignificant indicated by a high IC50 

values for the normal prostate cells (>100 µg/mL). Thus the ethyl acetate fractions of 

the various plant species do not contain potent antiproliferative compounds and so do 

not exhibit promising anticancer activity. According to Aliyu et al. (2014) the 

compounds that are present in the ethyl acetate fraction are mostly tannins, flavonoids, 

steroids/terpenes. The possibility of these compounds present would be useful in other 

reactions but unable to induce a cytotoxic effect on the MCF-7 breast cancer cells. 

Hence they cannot offer as possible leads for the discovery of active plant components 

for drug research since they are unable to induce effective antiproliferative activity. 
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On the other hand, potent antiproliferative activities were exhibited by the 

dichloromethane and petroleum ether fractions as observed in Tables 4.2 and 4.3, 

respectively. Some of the fractions demonstrated promising bioactivity on the MCF-7 

breast cancer cells. The dichloromethane fractions for some plant species had IC50 

values < 30 µg/mL which falls within the range stipulated by the NCI. For example the 

IC50 values for A. coridifolia, M. charantia, and S. rotundifolius were 3.83 µg/mL, 

24.76 µg/mL and 11.48 µg/mL, respectively, will be of great interest since at these 

concentrations, fifty percent of the cancer cells are killed by the active compounds 

present in the fractions. This also suggests that the solvent was effective at extracting 

the active principles present in the plant extracts. Thus, the three fractions exhibited 

potent cytotoxic effect on the breast cancer cells. The fraction for A. cordifolia was the 

most bioactive followed by S. rotundifolius and then by M. charantia. The selectivity 

indices for the three most bioactive fractions were however not good for S. rotundifolius 

with a value of approximately one. Nevertheless further research can be conducted on 

the three plant species and fractions to study the effects of pure compound isolated from 

these plants on both cell lines. A promising candidate for potential drug development 

and pharmacognosy must have a selectivity index (SI) value that is ≥ 2 in order to 

prevent excessive cytotoxic activity on the normal cells. The dichloromethane fractions 

of S. rotundifolius and M. charantia could be investigated for cytotoxicity on other 

cancer cell lines. These plants may pose a challenge due to their SI values being less 

than two suggesting that the fractions possess deleterious activity on the normal cells. 

In order to address this challenge further research on isolation and characterization must 

be done. 

The petroleum ether fractions demonstrated cytotoxicity that was comparable to that of 

dichloromethane with different plant species involved. This suggests that the petroleum 
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ether solvent was effective at extracting the active principles present in the extracts. 

Fractions from five plants namely F. exasperata, P. pinnata, H. indicum, P. 

macrocarpus, and A. melegueta had shown cytotoxicity with IC50 values < 30 µg/mL 

and varying SI values. With the exception of P. pinnata and A. melegueta, the other 

bioactive fractions had SI values less than two which suggests toxic effect on normal 

cells. In order to employ them as drug candidates, the extreme cytotoxicity on the 

normal prostate cells must be assuaged. The SI value for P. macrocarpus could not be 

calculated as there was no IC50 value of the fraction on normal PNT-2 cell line. In the 

case of P. pinnata and A. melegueta, their activities on the normal human cell line 

yielded SI values >5 and 10.2, respectively. Thus, they can serve as potential candidates 

for further research and isolation to fully characterize the active principles as possible 

drug leads. 

The test of apoptosis has been employed to study the mechanism of action of bioactive 

compounds (Xing et al., 2011; Koopman et al., 1994). The process involves a change 

in refractive index of the cell followed by cytoplasmic shrinkage and nuclear 

condensation, blebbing of the cell membrane and formation of “apoptotic bodies” (Kerr 

et al., 1972; Hengartner, 1997). In this study, two hallmarks of apoptosis which is 

represented by chromatin condensation and nuclear fragmentation is observed in the 

results of the Hoechst solution staining of the MCF-7 breast cancer cells. In Figure 4.41 

the nuclear condensation reaction using the Hoechst stain demonstrated a concentration 

dependent activity of the A. melegueta fraction on the MCF-7 breast cancer cells as well 

as apoptosis for the possible mechanism of drug action. In addition, the cells in early 

apoptosis are 14% and 28.1% for the 2 µg/mL and 4 µg/mL of petroleum ether fraction 

of A. melegueta, respectively as shown in Figure 4.42. Careful examination of the figure 

reveals a concentration dependent activity of the bioactive fraction on the cells, as the 
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higher concentration has more cells in early apoptotic stage than the lower 

concentration. The results obtained in the study are comparable to that of the positive 

control and that reported by Xing and others (2011). The positive control (curcumin at 

2.9 µg/mL) also exhibited a concentration dependent activity. Curcumin recorded 

30.7% of the cells in early apoptosis being the highest percentage of cells in early 

apoptosis. The reason being that curcumin was a pure compound with established 

cytotoxicity unlike the petroleum ether fraction of A. melegueta. The pathway involved 

in the induction of apoptosis could be any of the two established processes; extrinsic or 

intrinsic involving mitochondrial membrane through activation of caspases and 

transduction of the signal downstream (Brentnall et al., 2013). The extrinsic pathway 

could involve the interaction of the active principle with death ligand receptors on the 

MCF-7 breast cancer cell membranes which could transduce signals downstream to 

activate caspase 8 leading to downstream activation of other factors (Launey et al., 

2005). Further research can be advanced in this regard to establish the detailed 

pathways involved in the induction of apoptosis. 

Several methods have been employed in the extraction of plant extracts for studies 

(Sreelatha & Padma, 2009; Bayor et al., 2007; Jafarian et al., 2014). Sreelatha and 

Padma (2009), for example obtained a yield of 10% for the aqueous extracts and 19.6% 

was recorded by Jafarian et al. (2014) for the hydromethanolic extracts. The extraction 

of M. oleifera in this study yielded a high amount of the crude extracts of 30% and 

71.8% of the aqueous hydroethanolic extracts, respectively. These values are higher 

than those observed in literature. This suggests that the method is effective at giving 

higher yield. However, some heat sensitive polyphenols like anthocyanins may be lost 

as a result of the heating process during the aqueous extraction (Dai & Mumper, 2010). 

These heat sensitive polyphenols are lost at temperatures beyond 70ºC (Dai & Mumper, 
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2010). Several studies have estimated the antioxidant properties of leaf extracts of M. 

oleifera (Ramachandran et al., 1980; Sreelatha & Padma 2009; Jafarian et al., 2014). 

The antioxidant assays enable the estimation of free radical scavenging ability of 

compounds (Sreelatha & Padma, 2009). The effective concentration values obtained 

for the aqueous and hydroethanolic extracts demonstrated the ability of the extracts to 

readily scavenge reactive oxygen species and offer protection to living tissues during 

physiologic processes (Sreelatha & Padma, 2009; Ramachandran et al., 1980). The 

antioxidant activities of the M. oleifera extracts were lower compared to that of BHT, 

as the EC50 of BHT was 56 times lower than that of the extracts which recorded 3.0 

mg/mL and 3.1 mg/mL for the aqueous and hydroethanolic extracts, respectively. This 

clearly shows that the antioxidant activity of BHT was much stronger than that of the 

extracts. Earlier study has recorded EC50 value of 0.018 mg/mL for matured M. oleifera 

leaf extracts (Sreelatha & Padma, 2009). This was lower than the estimated value in the 

current experiment suggesting that the indicated value in the preliminary study has a 

better DPPH scavenging potential than the value obtained in this study. The difference 

in geographical location may account for the observed difference as well as the methods 

employed in the extraction of the aqueous extracts. In the previous study a soxhlet 

extractor was used in the aqueous extraction process without prior heating to 80ºC. 

Additionally, the total phenolic content indicates the ability to mop up free radicals due 

to the presence of many phenolic groups in the extracts (Dai & Mumper, 2010). The 

total phenolic content was lower than that of plants with known antioxidant activities 

and total phenolic content (Huang et al., 2010; Zaidi et al., 2014). 

Several studies have shown that phenolic compounds are implicated in the induction of 

cytotoxic activity by plants (Mensah et al., 2006; Sreelatha & Padma, 2009; Jafarian et 

al., 2014). In Figure 4.43 the cell viability assay showed a mild antiproliferatve activity 
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of the M. oleifera leaf extracts on the MCF-7 breast cancer cells. However, a 

concentration dependent activity was observed. The aqueous extract exhibited a higher 

cytotoxicity than the hydroethanolic extract. In a previous study, Jafarian et al. (2014) 

reported cytotoxicity of M. oleifera extracts on Hela cancer cell lines with IC50 value 

of 260 µg/mL. Additionally, an unpublished study using M. oleifera extracts have 

shown cytotoxicity towards other cancer cell lines. The high IC50 value for the M. 

oleifera leaf extracts (>1000 µg/mL) in this study cannot be estimated as a result of the 

weak antiproliferative activity. The higher value of IC50 of M. oleifera leaf extract in 

this study than that observed in literature may be explained by the breast cancer cells 

being resistant to the mechanism of induction of cytotoxicity of the extracts. Although 

the IC50 value of the Hela cell line was higher compared to NCI standards, it was lower 

than that of the MCF- 7 breast cell line obtained in this study. The SI value could also 

not be calculated for M. oleifera due to the weak antiproliferative activity of the 

extracts. 

5.2 Conclusion 

The petroleum ether and dichloromethane fractions of the various plant species 

exhibited varying dose dependent activity on the MCF-7 breast cancer cell line. The 

dichloromethane and petroleum ether fractions of plants namely stem A. cordifolia stem 

and leaves, M. charantia, S. rotundifolius, F. exasperata, P. pinnata, H. indicum, A. 

melegueta respectively, demonstrated excellent cytotoxicity towards the MCF-7 breast 

cancer cell lines in vitro with IC50 values < 30 µg/mL. The selectivity indices of these 

fractions suggest that they are good lead candidates for further development. The results 

obtained lend support to the use of some of the medicinal plants from folk medicine as 

anticancer remedies. M. oleifera, A. cordifolia, P. pinnata and A. melegueta, have 
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widely been used in many folk medicines from antiquity and continue to serve as useful 

chemopreventive dietary plants in Ghana. 

The aqueous and hydroethanolic extracts of M. oleifera do not possess any significant 

antiproliferative activity towards the MCF-7 breast cancer cell line. M. oleifera had 

antioxidant activity although it was weak. The antioxidant activity of M. oleifera was 

estimated to be 3.0 mg/mL and 3.1 mg/mL for the aqueous and 50% hydroethanolic 

extracts respectively suggesting a mild scavenging ability. The total phenolic content 

was estimated to be 177mgGAE/g and 168mgGAE/g for the aqueous and 50% 

hydroethanolic extracts, respectively. The phenolic content of the plant could have 

accounted partly for the observed antioxidant activity.  
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RECOMMENDATIONS 

There is the need to carry out further research into the mechanism of action of the other 

petroleum ether and dichloromethane fractions that demonstrated high cytotoxicity 

towards the MCF-7 breast cancer cells with high selectivity indices as they have 

demonstrated promising bioactivity against the cancer cells. For example the petroleum 

ether fractions of Paullinia pinnata, Heliotropium indicum and Ficus exasperata can 

be studied for their mechanism of inducing cytotoxicity to establish them as potential 

candidates for anticancer drug development. The apoptosis mechanism can further be 

studied to establish the pathways involved in its induction. Additionally, there must be 

a repeat of the experiment to test the reproducibility of the results in the case of 

Aframomum melegueta so that it can be researched into to isolate the bioactive 

compound(s) and fully characterize it (them). The experiment involving Moringa 

oleifera must also be repeated for reproducibility of the results obtained or otherwise. 

Finally funding for such experiments should be improved upon to enable detailed study 

of the scientific bases for the use of the various traditional medicinal plants in folk 

medicine. 
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APPENDICES 

APPENDIX I 

Preparation of reagents used for MTT assay 

DMEM 

A mass of 4.75 g of DMEM powder was weighed and 300 mL of sterile distilled water 

added and stirred for 30 min. Sterile distilled water was added to top up to 500 mL and 

transferred into an autoclave flask for autoclaving. After autoclaving, the content was 

cooled to 37oC and 5 mL of 10% NaHCO3, 5 mL of PSG, and 5 mL of L-glutamate are 

added under sterile conditions. The medium was stored at 4oC for later use. 

Acidified Isopropanol 

A volume of 1.7 mL of 37% HCl was added to 500 mL of isopropanol in a reagent 

bottle and mixed thoroughly and labelled and stored at 4ºC. Five millilitre of the 

solution was pipetted off and replaced with 5 mL of triton X. The solution was mixed 

well to obtain a homogenous mixture and stored at room temperature. 

Phosphate buffered saline (PBS) 

Four grams of NaCl, 0.1 g of KCl, 0.72 g of Na2HPO4 and 0.12 g of KH2PO4 were 

weighed and dissolved with 450 mL of distilled water in a 500 mL beaker. The pH was 

adjusted to 7.4 using NaOH and HCl. The solution was transferred into a 500 mL 

measuring cylinder and topped up to the 500 mL mark. The solution was then 

transferred into a 1 L autoclave bottle and sterilised. After cooling, it was labelled and 

stored at 4oC. 
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MTT solution 

A mass of 0.12 g of MTT was weighed in the dark with the tube covered with 

aluminium foil. A volume of 50 µL of PBS was added and mixed to dissolve completely 

the MTT salt. After that the solution was filtered using a 50 mL syringe barrel and 

0.45µM Millipore filter. It was labelled and wrapped in a 50 mL centrifuge tube 

container with aluminium foil and stored at 4ºC. 

 

APPENDIX II 

Preparation of solutions for antioxidant assay 

0.5mM DPPH 

After calculating the mass needed using the formula m = C × Mr × V, where m is the 

mass, C is the concentration, Mr is the molecular weight and V is the volume. 

A mass of 0.0044g of DPPH was weighed and dissolved in 1 mL of methanol. 

10mM BHT 

A mass of 0.0016 g of BHT was calculated and weighed using the formula above and 

dissolved in absolute methanol. 
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Standard Gallic acid curve used in the estimation of Total Phenolic content of M. 

oleifera leaf extracts. 
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