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ABSTRACT 

Cancer incidences are on the rise in Namibia, because of late diagnosis, cancer cases 

often have poor prognosis and treatment options are limited especially in resource poor 

rural settings. Ethnomedicinal plants present a treatment option which is used in such 

settings, is accessible and inexpensive. However evidence on safety and efficacy of 

these traditional medicinal plants is lacking, which prevents mainstream use. This study 

evaluated two Namibian indigenous plants, Schinziophyton rautanenii and 

Colophospermum mopane used medicinally in Zambezi region, for their phytochemical 

content and anti-protease activity. Furthermore, phytochemicals where quantified as 

percentage yields of dry plant material, antioxidant activity measured and plants were 

evaluated in vitro for anti-cancer activity against breast, renal and melanoma cancer cell 

models. Additionally, plant extracts were screened against a human fetal lung fibroblast 

cell line to determine cytotoxicity. Extracts were also assayed in vivo in Planaria, for 

toxicity. Alkaloids, coumarins, flavonoids and triterpenes were found in all plant 

extracts, except anthraquinones which were only found in the root extract of S. 

rautanenii. Antioxidant activity shown by plant extracts was in correlation with the 

observed alkaloid content of plants, (correlation =0.58, n=12, p=0.048). The highest in 

vitro anticancer activity was exhibited by the organic root extract of C. mopane, with 

IC50 48.2 µg/ml although it also showed mild cytotoxicity against fibroblast cells, IC50 

162.4 µg/ml.  In vivo toxicity evaluation further revealed the strong toxicity level of the 

organic C. mopane root extract against the freshwater flatworm planaria at 20 µg/ml. 

The aqueous bark and root extracts of C. mopane showed some anticancer activity 
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towards the breast cancer model (IC50 86.8 µg/ml  and 87.9 µg/ml respectively) while 

the organic bark and root extracts of C. mopane showed anticancer activity against a 

melanoma (IC50 92.5 µg/ml    and 64.1  µg/ml), breast (IC5070.2 µg/ml    and 48.2 µg/ml 

) cancer models respectively. The melanoma cell line UACC-62 displayed sensitivity 

towards the aqueous bark and root extracts of S. rautanenii  with low IC50 values of 

116.7 µg/ml    and 128.7 µg/ml respectively. The organic root extract of S. rautanenii 

also showed sensitivity towards the UACC-62 melanoma cell line at high extract 

concentration  although IC50 102.6 µg/ml, was similar to that obtained against MCF-7 

breast cancer cells, 102.4 µg/ml. The organic and aqueous root extracts of S. rautanenii 

displayed the highest IC50 values of 315.5 µg/ml and 444.8 µg/ml against the human 

fetal lung fibroblast cell. In conclusion, the use of C. mopane and S. rautanenii within 

the traditional settings is rational and a readily accessible alternative. However, further 

studies are required to assess the extent of toxicity before the extracts can be 

recommended for mainstream usage. 
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CHAPTER ONE: INTRODUCTION 

 

1.1. Orientation of study 

Plants have been a valuable resource in the history of mankind, both as a source of food 

and medicine. As medicines, plants were often used to prepare poultices, powders, 

tinctures and other forms of medicinal portions for the treatment of different ailments 

(Balunas and Kinghorn, 2005). Presently, plants still remain as the basis for traditional 

medicinal systems being the source of primary health care for many individuals 

worldwide today (Ganesan, 2008) and have proven their value as contributing novel 

entities to modern medicine (Bellik et al., 2013). Modern synthetic medicinal entities 

have only supplanted traditionally prepared crude extracts as major healthcare 

provisions within the past few centuries with many drugs in clinical use owing their 

origin to plants, such as salicyclic acid (Karuppusamy, 2009). In fact, about 1141 

different Traditional Chinese Medicine derived drugs were registered for their different 

pharmaceutical activities in 2002, (Patwardhan et al., 2005). Certainly, medicinal plants, 

not only contribute positively to health management but are valuable as revenue sources 

in local economics and cultural heritage (Okigbo et al., 2008).  

Plants owe their therapeutic properties to the occurrence of phytochemicals, which are 

non-nutritional secondary metabolites of plant origin (Doughari et al., 2009). These 

beneficial compounds have the potential to alleviate many different diseases including 

cancer and metabolic diseases. Phytochemicals consist of polyphenols, flavonoids, 



2 
 

terpenoids, alkaloids and saponins and other classes of compounds. The presence of 

particular phytochemical compounds in plants is usually viewed or used to infer the 

therapeutic properties of such plants, e.g, vinblastine and vincristine known as vinca 

alkaloids, for anticancer (Mutee et al., 2012). Corroboration of the usefulness of 

traditional plants can be provided through investigations which determine the efficacy 

and safety of these plants. 

This study focuses on the evaluation of two Namibian indigenous plants, 

Schinziophyton rautanenii and Colophospermum mopane as anticancer extracts. Firstly, 

S. rautanenii and C. mopane were analysed for the presence of selected phytochemical 

compounds, antioxidant activity and antiprotease activity. Organic and aqueous extracts 

prepared from the two plants were evaluated for their anticancer activity in vitro against 

a panel of three human cancer cell lines, representing melanoma, renal and breast 

carcinomas. In addition, cytotoxicity analysis was conducted in vitro and and in vivo 

toxicity analysis against a human fibroblast cell line and Dugesia dorotocephala 

(planaria) respectively. 

 

1.2. Statement of the problem 

The Namibian Cancer Registry (2009) shows that different cancers are on the increase 

in Namibia. Prostate cancer and Kaposi’s sarcoma are the leading cause of morbidity 

and mortality among males while breast and cervical cancer are the most widespread 

among the Namibian female population. Cancer patients in distant remote areas of 
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Namibia have to endure a long referral process. This translates into poor prognosis of 

cancer cases before treatment commences. In addition, cancer is often incurable and 

patient’s access to treatment is often limited, leading to increased morbidity. In such 

instances, palliation of cancer is mostly the solution. Traditional herbal remedies are an 

option for treatment and palliation of cancer, however, there is stigma towards 

traditional medicine because it does not always have a scientific basis for its 

pharmacological activities. This further restricts the inclusion of traditional herbal 

medicines into mainstream clinical usage, worsening the associated stigma even deeply. 

To date, no scientific studies have been conducted to evaluate the efficacy and safety of 

plants used traditionally for the treatment of cancer similar symptoms in various 

Namibian communities. Such information can also be used to promote their use, 

discover an alternative anticancer treatment option and help reduce the existing stigma.  

 

1.3. Research objectives 

i. To screen for selected phytochemical compound classes in plant extracts: 

Colophospermum mopane and Schinziophyton rautanenii with anticancer properties and 

quantify them.  

ii. To determine anti-proliferative and cytotoxicity effects of these plant extracts in 

vitro.  
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iii. To evaluate the toxicity effect of the metabolic-end products of  plant extracts in 

a fresh water animal model: planaria. 

1.4. Hypothesis  

Plant extracts of Colophospermum mopane and Schinziophyton rautanenii contain 

known anticancer phytochemical class compounds: the extracts exhibit in vitro 

antineoplastic properties and low cytotoxicity, as well as low toxicity effects based on 

their usage in the traditional setting, Zambezi region, Namibia. 

 

1.5. Significance of study 

This study makes a contribution by filling the knowledge gap on the use of traditional 

plants for the treatment of cancer related symptoms in Namibia. Also, the evaluation of 

the selected plants: S. rautanenii and C. mopane provides science based evidence for 

the efficacy and safety for the use of plants medicinaly, which may help reduce the 

stigma associated with traditional medicine. Furthermore, the plants may be applicable 

as herbal supplements for the palliation and treatment of cancer, especially in distant 

resource-poor areas. Ultimately, this may reduce delays in patients receiving treatment 

and palliation for cancer and improve prognosis while bridging the gap between 

traditional medicine and orthodox medicine with common interest in the well being of 

the cancer patient. In addition, this study may lead to the discovery of novel 

pharmaceutical entities for the palliation and treatment of cancer. 
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1.6.  Limitations of study 

This study will be conducted within the following limitations. Firstly, cancer cell lines 

are laboratory homogenous immortal models (Kashyap et al., 2011) and their use in this 

study may not reflect the real clinical presentation of a tumor and neither does it 

represent the behavior of clinical cases (HogenEsch and Nikitin, 2012). Moreover, only 

a few selected phytochemical classes are researched in this study and likewise does not 

present the entire spectrum. This study uses a fresh water flatworm, Planaria, for the 

analysis of toxicity. Planaria is not routinely used for analysis of toxicity, in fact, this is 

the first use of the worm in this manner. Disadvantages of use of Planaria for toxicity 

analysis included its low relatability to frequently used models such as mice or man.  

Lastly, extract preparation in this study may differ from the method used in the 

traditional setting; hence, obtained results should be viewed in this light. 
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CHAPTER TWO: LITERATURE REVIEW 

 

2.1. Cancer and its development. 

Cancer is an umbrella term used to refer to a group of diseases, which are characterized 

by unregulated division of cells (Ganesan and Muthuchelian, 2011). Cancer can further 

be classified into two major groups: a localized mass of cells forming a tumor, i.e. 

benign cancer or can spread from point of origin, and is referred to as a malignant 

cancer. Cancer development begins when the initiating cell develops mutations in its 

cellular division machinery (Khan et al., 2011), see figure 1. It undergoes uncontrolled 

cellular division, resulting in the first initiated cell which multiplies, grows and survives 

at the primary site, leading to invasion, angiogenesis, intravasation, extravasation and 

eventually, growth in another distant site, termed as secondary site (Varsale et al., 

2010). Cancer initiation can be as result of endogenous factors such as genetic 

disposition and others such as failure of apoptosis, inflammation reactions in 

immunological responses or oxygen metabolism. However, exogenous sources such as 

ionization radiation, chemicals or bacteria and viruses are capable of initiating 

carcinogenesis. The next step involves promotion. Normal intracellular defense systems 

including antioxidant enzymes such as superoxide dismutase, catalase, glutathione 

peroxidase and additional non-enzymes such as carotenoids, flavonoids, vitamin C and 

E work together to prevent oxidative stress and thereby protect cellular macromolecules 

such as DNA and proteins from damage (Min and Ebeler, 2008). However, oxidative 

stress is unavoidable because mechanisms set in place to circumvent it, which are 
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antiproteases are sometimes inbalanced or are absent. Sedelnikova et al, (2010), 

described the effects of reactive oxygen species (ROS), resulting oxidative stress and 

the role ROS play in cancer pathogenesis.  In fact, cancer development and progression 

is influenced by different factors occurring at the molecular level such as genetic 

abberations (Abdel-Hamid, 2009). 

 

 

Figure 1. Initiation, promotion and progression of cancer. Adopted from Brudnak ( 

2000). 
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Six characteristics are evident in abnormal cancer cells. Firstly, cancer cells exhibit self-

sufficiency by mimicking growth factors. Normal cell cycle progression is mediated by 

extracellular stimulatory signals for a cell to proliferate, which are often produced by 

other cells. In cancer cells, oncogenes often mimic these growth factors such as in the 

case of glioblastomas and sarcoma and this allows cancer cells to replicate independent 

of mitogenic extracellular signals. In other examples such as breast cancer, the 

overexpression of a cell surface receptor HER2/neu on cell surface transduces growth 

signals into cells, promoting proliferation (Lam et al., 2008).  

Secondly, cancerous cells exhibit unrestrained replicative potential. Normal cells have 

an intrinsic inbuilt mechanism of tracking cell generations, which has direct 

implications in cellular DNA stability because, that determines when a cell undergoes 

apoptosis (Rampazzo et al., 2010). This intrinsic mechanism uses the number of 

telomere repeats at the end of chromosomes, which become worn during successive 

replications (Kelland, 2007). However, cancerous cells mutate their genes in order to 

up-regulate the telomerase enzyme and thereby obtaining unrestrained replicative power 

(Lebrun, 2012). Thirdly, initiating cancerous cells also display callousness towards 

response to anti-growth factors, such as in the case of loss of the transforming growth 

factor β (Meulmeester and Dijike, 2011) which plays a role in controlling cellular 

proliferation, differentiation, apoptosis, adhesion, and invasion among others. 

Antigrowth factors can regulate progression of the cell cycle by two mechanisms: 

forcing cells into the G0 stage of quiescence or inducing cell differentiation. These 
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signals are received and processed via the retinoblastoma (RB) pathway mostly. 

However, in about 15 % of all breast cancer cases, mutations in the RB gene have been 

found, which results in disruption of the RB pathway when the gene is over-expressed 

(Aderonke et al., 2013). The RB pathway is regulated by three additional factors: 

transforming growth factor β (TGF-β), mothers against decapentaplegic homology 4 

(SMAD4) and cyclin-dependent kinase (CDK) inhibitors. Loss of these, besides direct 

loss of RB may lead to malignant transformation.  

Abnormal/ cancerous cells display phenotypes which offer them an advantage in order 

to survive. Firstly, cancerous cells oppose the mechanism of apoptosis, as mentioned 

earlier, via different resistance contrivances. Resistance to apoptosis signals stems in 

loss of the tumor suppressor protein 53 (p53) or activation of anti-apoptotic B-cell 

lymphoma 2 (Bcl2) signal (Thomas et al., 2013). Additional characteristics which 

enable the survival and proliferation  of cancer cells include angiogenesis as well as 

tissue invasion and metastasis. Angiogenesis is the establishment of fine vascular 

networks to supply the developing cancerous mass of cells with oxygen and nutrients 

(Shokrzadeh and Saravi, 2010) as well as provide an avenue for metastasis (Wei et al., 

2011). Lastly, loss of contact inhibition, loss of adhesiveness, anchorage independent 

growth precedes spread of abnormal cells from the primary site to other distant 

secondary body sites through the vascular system, which is directed by changes in the 

glycans in the cell membrane  (Fujii et al., 2010). Proteases such as threonine, serine, 

aspartate, cysteine and metalloproteases aid in the initiation as well as metastasis of 

cancer (Rakashanda et al., 2012).  
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2.2. Endogenous factors contributing to cancer  

2.2.1. Free radicals 

During normal cell metabolism, reactive oxygen species, such as hydroxyl radicals, 

carbon, nitrogen reactive compounds, hydrogen peroxide, superoxide radicals and other 

singlet oxygen atoms  form as a normal by-product of oxygen metabolism (Min and 

Ebeler, 2008), having both advantageous and disadvantageous effects (Lone et al., 

2013). Reactive Oxygen Species (ROS) and Reactive Nitrogen Species (RNS) have the 

tendency to accumulate within living systems, originating from the mitochondria 

(Bernard and Olayinka 2010; Sedelnikova et al., 2010). These free radicals are charged 

molecules which are unstable, due to the electrical charge that they carry. In the 

presence of free radicals, molecules within cells such  as DNA and proteins, 

polysaturated fatty acids sustain damage causing changes in genetic expression and 

consequently affect cellular metabolism (Bernard and Olayinka, 2010). Proteins and 

polysaturated fatty acids found in cell membranes can undergo oxidative damage 

resulting in loss of membrane integrity and enzyme function loss (Venditti et al., 2013). 

Despite the presence of endogenous antioxidants, reactive oxygen species can still 

accumulate within cells. Continued oxidative damage to genetic material such as DNA, 

and lipids and cellular proteins has been shown to lead to the development of cancer 

and other diseases such as gastrointestinal inflammation, liver disease, asthma, 

cardiovascular disease, cataract, diabetes and other general inflammation related 

illnesses (Thambiraj et al., 2012). 
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2.2.2. Exogenous factors causing cancer 

There are external factors which play a role in the development of cancer and they can 

be classified as physical, biological or chemical carcinogens. Unhealthy lifestyle 

choices such as poor diet, smoking, lack of exercise and other bad life style habits have 

been shown to predispose individuals to cancer (Trovato, 2012). 

Exposure to harmful ultraviolet rays from the sun is responsible for the increased 

incidences of diagnosed melanomas and an estimated new cases, 132 600 were reported 

worldwide in 2000 (Parkin et al., 2001). Depletion of the ozone layer has played a part 

in increased UV infiltration into the earth’s atmosphere, (Prasad et al., 2010). 

Ultraviolet radiation, especially UVB rays are very harmful as they penetrate the skin, 

causing several effects such as thickening of skin, accumulation of melanin for longer 

periods, resulting in cancer (Akaydin, 2010).  

Cancer can also be a result of viruses acting as carcinogens. This is because viruses 

insert their genetic material into the host’s genome at random places during replication, 

which can contribute to defective genes. Kremsdorf et al, (2006) has shown a 

correlation between infection with the Hepatitis B virus and the development of 

hepatocellular carcinoma. Cervical cancer is among the leading causes of morbidity for 

women worldwide and its development has been closely linked to mucosatropic Human 

papilloma viruses (HPV), (Bosch et al., 2002). HPV expresses an E6 protein upon 

infection, which mediates ubiquitination of p53, subsequently targeting p53 for 

proteasome degradation. Bacteria also play a role in the development of particular 
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human cancers. Salmonella enteritidis has been implicated in the development of 

hepatocellular carcinoma due to their production of lipopolysaccharides (LPS) 

(Rastegar et al., 2011). Clostriduim perfringes, Streptococcus bovis and Bacteriodes 

fragilis have also been associated with malignant transformation in the development of 

colon cancer (Rahimkhani et al., 2010) whilst Heliobacter pylori (Marie and Lory, 

2012) and Schistosoma species (Deribew and Petros, 2013) have been shown to be 

involved in causing stomach and bladder cancer respectively.  

The multi-step induction of cancer, beginning with initiation, followed by promotion 

and progression of damage, leading to masses of abnormal cells has seen the 

involvement of chemical carcinogens (Klaunig et al., 2011). To date, the prevalence of 

cancers such as colon, esophageal, stomach, colon, liver and prostate cancers have been 

among  leading causes of cancer  morbidity worldwide (Jemal et al., 2011).  Farombi 

(2004) and Zaki et al. (2012) discusses some toxins that are found  in animal and plant 

products of which humans use as food. Mycotoxins such as aflatoxins, present 

considerable health risks such as hepatoxicity, liver cancer,  Reye’s syndrome,  

kwashiorkor (Atanda et al., 2011), and originate from fungi such as Aspergillus flavus 

and Aspergillus parasiticus (Eaton and Gallagher, 1994). Fumonisin toxins are 

commonly found in fields of maize, a staple crop in most African countries. Alone 

Fusarium species: Fusarium verticillioides, fusarium prolifratume, Fusarium nygamai 

and Aternaria alternaria (Mohanlall et al., 2013)  produce about 100 toxins and these 

pose substantial dangers in initiating cancer. A particular fumonisin, FB1 has been 

found to have a positive correlation with the development human esophageal cancer as 
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well as liver damage (Bokhari and Aly, 2013). Ochratoxins were first discovered from 

Aspergillus ochraceus in 1965. Lately, Ochratoxin A has been isolated from  other 

molds from  the penicillium species such as P. verrucosum and P. nordicum (Mboya et 

al., 2011) and  has also been found on medicinal and herbal plants in Egypt 

contaminated with Aspergillus niger (Allam et al., 2012). Another carcinogenic risk is 

presented by polycyclic aromatic hydrocarbons, which are found in soot, tar and 

untreated mineral oils (Mastrangelo et al., 1996) and these accumulate in the 

atmosphere, rivers, oceans and soil, which end up in the food chain and in processed 

foods (Ana et al., 2010). In addition, increased industrialisation worldwide with 

factories producing chemicals which are also carcinogenic contribute to this scourge. 

Individuals that come into contact with these chemicals during work (in what is termed 

as occupational exposure) and those who find it in their environment are at repeated risk 

(Anetor et al., 2008). 

 

2.3. Prevalence of cancers in the developing world 

Cancer remains and continues to be a fatal disease in most populations around the world 

and continues to cause significant morbidity (Kummalue et al., 2012; Wong et al., 

2011). Jemal et al. (2011) reported an estimated 7.6 million cancer resulting deaths and 

12.7 million new cancer incidences in 2008 alone. Incidences of cancers such as lung/ 

bronchus cancer and breast cancer continue to dominate as the highest cause of both 

morbidity and mortality in male and female populations worldwide (Jemal et al., 2011). 
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The cancer burden remains heavy in the developing world as compared to developed 

nations, with 56% new cases and 64% deaths estimated (Jemal et al., 2011) being 

reported in developing countries. Cancer causes a higher proportion of mortality 

worldwide in comparison to HIV/AIDS, tuberculosis, malaria, with ranking 2, 8,9 and 

12 respectively (American Cancer Society, 2011).  

In both the developed and developing countries, cardiovascular disease and cancer were 

cited as the most common cause of mortality in older women (Stevens et al., 2013 ). In 

developing countries, breast, lung/bronchus, stomach, cervix uteri and liver cancers 

where the top five carcinoma by site (Jemal et al., 2011). According to Kavanos (2006), 

breast cancer accounted for the highest cancer incidence in both the developed and 

developing world, figure 2. Breast cancer continues to be the foremost prevalent cancer 

in females, causing both morbidity and mortality (Parkin et al., 2005) and has continued 

to increase with over 1.4 million incidences and 458 400 deaths reported in 2008 (Jemal 

et al., 2011). In developing countries, factors such as increased life expentancy, dietary 

changes, lack of physical activity, late age of first child conception, absent breast 

awareness programmes and screening opportunities and others are indicated as 

contributing to the high breast cancer incidences (Al-Foheidi et al., 2013).  
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Figure 2. The proportion of different cancers in the developing countries,(A) and 

developed countries (B), adopted from Kavanos (2006). 

 

The most common types of lung cancers are non-small cell lung cancer and small-cell 

lung cancer (Zang et al., 2011). Jemal et al. (2011), reported lung and bronchus 

associated cancers being the most frequently diagnosed  cancers and indeed being the 

leading cause of cancer mortality in males while it was the fourth cause of cancer 

morbidity in females. Stomach cancer was among the top five most common causes of 

morbidity and mortality in both sexes in 2008 (Jemal et al., 2011). According to Jemal 

et al. (2011), stomach cancer incidences were more observed in the developing 

countries and the burden was more felt by the male population. Infection with 

Heliobacter pylori, has been implicated as a major risk factor for the development of 

gastric cancer (Crew and Neugut, 2006). Cervical cancer affects over 493 000 women 

worldwide, each year and 4/5 proportions of these are diagnosed to women from 

developing countries (Yumin et al., 2012). According to Saonere (2010) about 5% of all 
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cervical cancers were diagnosed to pregnant women, of which 1/3 were under the age of 

35, globally. Cervical cancer has been linked irrevocably to infections with the Human 

papillomavirus (HPV), a common infection transmitted sexually (Schluterman et al., 

2013). Hepatocellular carcinoma and intrahepatic cholangiocarcinoma are the most 

common cancers of the liver (Yeap et al., 2012), with the former accounting for over 

70% of all liver cancers (Jemal et al., 2011). According to Machana et al. (2012), about 

90% of all liver cancers are hepatocellular while, 5% are intrahepatic 

cholangiocarcinoma.  

 

2.4. Treatment options and mode of action 

2.4.1. Chemical therapy 

Sites onto which cancerous cells develop influence the treatment option. Usually the 

placement of the tumor or cancer eliminates treatment options such as radiation and 

surgery, leaving chemotherapy as the only alternative (Ganesan and Muthuchelian, 

2011). Due to poor recovery rates of patients treated with radiotherapy and surgery 

during the early periods of the 20
th

 century, there was a need for better efficacious 

options (Tohme et al., 2011). This gave rise to the use of chemotherapeutic drugs such 

as paclitaxel, vinflunine, ixabepilone, erubin, larotaxel and trabectin for treatment of 

different cancers. Chemotherapeutic agents mostly exert anticancer action by targeting 

the cell cycle at mitosis (Hashemi et al., 2011), with three main modes of action. Firstly, 

cytostatic drugs which interfer with DNA synthesis. This is achieved through different 
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mechanisms such as alkylating the genetic template, DNA. Alkylation of DNA strands 

makes it difficult for the DNA polymerase to read the genetic information thus prevents 

multiplication of faulty cells. Examples of drugs that help fight cancer in this manner 

are procarbazine, busulfan, cyclophosphamide, melphan and ifosfamide to mention a 

few (Yamaguch and Fujisawa, 2011).  

Secondly, chemotherapeutic agents which  cause DNA abberations, such as cisplatin, 

bind DNA but do not alkylate DNA strands. This class of cytostatics may have side 

effects such as irreversible reproductive toxicity, hepatotoxicity and renal damage 

(Beytur et al., 2012). Cytostatic antibiotics insert themselves into DNA strands and 

inhibit transcription of DNA.  Examples are mithramycin and chromomycin, which are 

isolated from Streptomyces plicatus (Devi et al., 2009).  

And thirdly, cytostatics which interfer with the mitotic spindle apparatus. The proteins 

of the spindle apparatus form part of the chromosomes before cell division can occur. 

However, some cytostatics act at this point by preventing the formation/assembly of the 

microtubule apparatus, leading to mitotic cell arrest at the metaphase stage. Examples of 

such drugs are the vinca alkaloids, vincristine and vinblastine, derived from the 

Madagascar periwinkle plant, Catharanthus roseus (Nirmala et al., 2011). The 

discovery and development of antineoplastic drugs has advanced cancer treatment and 

helped reduce morbidity as result of cancer worldwide. For instance, the discovery of 

camptothecin and taxol from Camptotheca acuminate and Taxus brevifolia respectively 

(Wall and Wani, 1995). 
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Adverse effects of chemotherapy include the following but differ from one individual to 

another. Firstly, loss of hair ocurs due to damage of hair follicles, nausea and vomiting 

caused by the stimulation of  chemoreceptors found in the postrema area. Diarrhea and 

other gastrointestinal disturbances resulting from inadequate replacement of enterocytes 

are additional side effects of chemotherapy. Furthermore, patients undergoing treatment 

with cytostatics are more prone to different infections due to the weakening of the 

immune system. Cytostatics also cause bone marrow depression, leading to a condition 

called anemia, through a step by step process, involving arrest of mitotic division of 

myeloid cell, leading to granulocyte proliferation arrest and lastly the supply of 

erythrocytes is affected. Another adverse effect of chemotherapy involves the 

reproductive systems as maturation of sperm and follicles is impaired. Brilhante et al. 

(2011) discussed the effect of doxorubicin, which causes germ cell depletion, tubular 

vacuolization, formation of multinucleated spermatids and germ cell showing apoptotic 

signs. Despite the success of cancer therapy using chemotherapy, a problem still persists 

in the form of developing resistance to chemotherapeutic agents, limiting treatment 

options (Tao et al., 2011).  

 

2.4.2. Radiotherapy 

Radiation therapy for the treatment of cancer uses high-energy radiation to kill off 

cancerous cells, however, treatment often does not discriminate between normal and 

cancer cells. The treatment employs the use of X-rays, gamma rays and charged 



19 
 

particles to cause damage in cellular DNA and eventually force cell apoptosis. 

Advances in radiotherapy have lead to various ways of delivering the radiation to the 

tumor site, which can be achieved by directing the radiation from an external machine 

onto the tumor site or by injecting the radioactive material into the blood circulation 

system. Due to the indiscriminating nature of radiation therapy, side effects such as loss 

of nerve function occur, impotency and incontinence (Fransson et al., 2001) side effects 

differ depending on the tissue receiving radiotherapy and other symstems associated 

with it. In fact, the nature of the cancer sometimes limits treatment options. For 

instance, non-small cell lung cancer patients with locally advanced disease have limited 

response to radiation therapy (Marnitz et al., 2002). Also, choice of therapy and 

subsequent dosage of radiation is restricted by the siting of cancerous tissue to closeness 

of radio-sensitive tissues such as brain, spinal cord and parotid gland (González-

Arriagada et al., 2013). In other instances, a combination of radiation and chemotherapy 

is given to effectively achieve the goal of cancer therapy (Shapiro and Recht, 2001). 

 

2.4.3. Surgery 

Surgery is another option for cancer treatment, which involves removal of the cancerous 

tumor by means of surgery. Depending on the position of the cancerous tissue, surgery 

is the treatment of choice. In rectal cancer, surgery is the first treatment option (Peeters 

et al., 2005). 
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However, surgery as a mode of treatment of cancer has its advantages as well. For 

instance patients diagnosed with metastatic prostate cancer have a low survival rate, 18-

20 months after surgical treatment/medical castration, at which point the tumor becomes 

androgen-independent, complicating the condition since no chemotherapeutic agent 

offers better response against androgen- independent prostate cancer (Petrylak et al., 

2004). According to González-Arriagada (2013), some side effects arising from surgical 

treatment of head and neck cancers include damage to speech, taste, smell, feeding 

functionalities of patients.  

 

2.4.4. Palliative care 

Palliative care involves different disciplines and is solely focused on providing holistic 

care and support to individuals (patients) and their relatives who are facing life 

threatening illnesses. Palliative care, unlike hospice begins at diagnosis and continues 

all throughout duration of illness to the very end of life. It addresses the physical, 

sociocultural, psychological and spiritual aspects that come with receiving news of a 

life threatening disease, such as cancer (Maciasz et al., 2013). Palliative care is typically 

offered to a patient by a specialist who works directly with the patient and the specialist 

is usually assisted with a team of other medical professionals such as nurses, physicians, 

pharmacists, social workers and pastors, who provide comfort to aid patients, such as 

those diagnosed with cancer, live better with the disease while making the appropriate 

decisions towards treatment (Jung et al., 2013).  
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Forerunners of modern day palliative care engineered the holistic approach in the 

developed countries but presently, health care providers are seeking expansion of this 

service, even in developing countries (Harding, 2008). The need for appropriate 

palliative care is great and yet, to date, this essential service is still illusive to attain. In 

many developing countries, the burden of non communicable diseases such as cancer 

(Opare et al., 2013), infectious and the HIV/AIDS pandemic  are on the rise, further 

necessitates the need for affordable, culturally acceptable palliative as the majority of 

individuals are stricken from a vast  range of life threatening illnesses (Powell et al., 

2011). 

With regards to cancer management, Kris et al. (1987) stressed the importance and need 

of anticancer supportive treatments to be administered to patients undergoing 

chemotherapy, especially to control nausea and vomiting.  

Various interventions have been adopted for the effective palliation of cancer, (Ernst, 

2001). Petrylak et al. (2004) advised on the use of docetaxel in combination with 

estramustine for palliation of androgen independent prostate cancer, as compared to an 

earlier approach, a combination of prednisone and mitoxantrone.  

According to Yan et al. (2009), cancer patients facing palliative care have turned to 

traditional medicines such as Traditional Chinese medicine, where specific formulations 

have been developed for cancer sufferers. Lee et al. (2000), found that women who had 

been using alternative therapies to supplement their treatment when suffering from 

breast cancer found the therapies helpful and would recommend therapies such as 
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acupuncture, spiritual healing, herbal portions, dietary, physical therapy to others. Patel 

et al. (2010) concurred that phytochemicals contained in herbal medicinal plants may be 

a viable option in symptom management during chemotherapy. 

 

2.5. Use of plants as traditional medicines 

The use of plant-derived entities for medicinal purposes has been in existence for many 

centuries and has different earliest records among different cultures: The Chinese 

Traditional medicine has its earliest record of use as far back as 2500 BC (Xun-Li, 

2013), and continues to be a reliable resource for the discovery and development of 

effective medicines (Farombi, 2003; Wang and Lee, 1997). Instincts and experience 

guided early humans in the use of plant components, minerals and animal products for 

alleviation of various ailments (Folashade et al., 2012) such that this history has led to 

the acceptance of these naturally derived implements in the modern society as safe 

alternatives for maintenance of good health. Different communities retain a wide array 

of plants used traditionally for disease treatment. Up to 80 % of Africa’s population 

have been reported to depend on traditional medicinal plants to meet their primary 

health care needs (Elujoba et al., 2005). Chinese Traditional Medicine is a well-

documented traditional system, which has received considerable scientific-based 

support. Ayurveda, from India is another folklore practice, which is well established in 

various societies but lacks scientific research and supporting evidence, to permit equal 

competing footage in international markets (Patwardhan et al., 2005). Several other 
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traditional practices such as siddha, kampo, unani, acupuncture, African and South 

American traditional medicinal systems exist. Pandey et al. (2011) lists several drugs 

currently in mainstream usage and their initial folklore origin. These include well-

known drugs such as codeine, ephedrine, emetine, digoxin and quinine, which were 

initially reported among Sumarians, Chinese, South Americans, Europeans and Indians 

respectively. 

Efforts on the drug discovery road map have been met with several difficulties. For 

instance, in an attempt to synthesize drug alternatives using templates derived from 

nature has sometimes proven difficult, owing to the chemical complexity of the 

template compound structure. In some instances, acquiring enough plant materials from 

nature has posed difficulties, further impending research progress (Nikolic et al., 2011). 

 

2.5.1. Use of traditional plants for treatment of cancer 

Some medicinal traditional plants have found use in the prevention and treatment of 

cancer as antioxidants, which are molecules that terminate the cascading  reactions 

initiated by free radicals by being oxidized themselves (Hamid et al., 2010). Many 

compounds from nature have been  implicated in their effect of  retarding, reversing or 

delaying the multistep process of cancer development (Farombi and Owoeye 2011). In 

recent years, interest has increased in the search of natural sources of antioxidants, 

especially in medicinal plants and plants used as food (Boubaker et al., 2011), which 

would be promising candidates for prevention of oxidative stress resulting illnesses. 
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Compounds which possess antioxidant or radical scavenging potential are termed 

chemopreventative, and numerous studies have demonstrated antioxidant properties of 

plant products (Latha et al., 2012; Hodzic et al., 2009) which can imply potential 

anticancer therapeutic properties (Jing et al., 2010).   

Proteolytic activity is one important aspect of biological systems, which involves 

endogenous proteases. However, endogenous proteases have been  implicated in the 

initiation and progression of cancer. This warrants the need for treatment options whose 

mode of actition is protease inhibition activity. Root extracts of a plant called 

Zanthoxyllum zanthoxyloides were found as an  active antiprotease which can  be used 

in management of sickle cell disease (Imaga, 2010). In the case of HIV, plant extracts 

from Crotalaria pallida were found much more effective as HIV antiproteases as 

compared to a known antiprotease, Pepstatin A (Govindappa et al., 2011). Tuber 

extracts of Amorphaphallus paeonifolius, possess antitumor, antioxidant and protease 

inhibition activity while possessing phytochemicals such as alkaloids, flavonoids 

steroids, carbohydrates, tannins and proteins (De et al., 2010). 

 

2.5.2. Phytochemicals 

Phytochemicals are non-nutritive, secondary metabolites of plant origin (Doughari et 

al., 2009). Phytochemicals have generated interest due to the pharmacological 

properties that they lend plant extracts; antibacterial, antioxidant, antidiabetic, 

anticancer, antiallergic, anti-inflammatory and chemopreventative properties 
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(Ramkumar et al., 2007).  Examples of phytochemicals includes alkaloids, glycosides, 

phenols, tannins, coumarins, flavonoids, terpenes and many more (Okigbo et al., 2009). 

Phenolic plant compounds encompass a wide variety of plant secondary metabolites 

(Harborne, 1998) which are characterized by one or more aromatic rings, to which one 

or more hydroxyl structures are attached (Shukla and Dwivedi, 2013). Examples of 

phenolic acids includes flavonoids, coumarins, anthraquinones, xanthonoids, 

polyphenols, derived from medicinal plants have been shown to confer 

chemopreventative properties in the prevention of cancer (Amusan et al., 2007; Huang 

et al., 2009). 

Biological properties of phenolics are diverse (Ojieh et al., 2013) and include radical 

scavenging/antioxidant activity (Hodzic et al., 2009), anti-inflammation (Oskoueian et 

al., 2011), anti-proliferation/ anticancer (Neeraj et al., 2011), and anti-angiogenesis 

(Badrhadad et al., 2012). Several plant derived anticancer compounds and their 

derivatives worth mentioning are discussed (Wang and Lee, 1997; Nirmala et al., 2011). 

Okigbo et al. (2009) discussed some advances in medicinal and aromatic plants native 

to the African continent.  

 

2.5.2.1. Phenolics: Flavonoids, coumarins and anthraquinones. 

Flavonoids have made considerable contributions in laboratory research as anticancer 

agents over different cancer models. Eupatilin, isolated from the antimalaria plant, 
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Artemisia argyi (Rasul and Ma, 2012) has been found potent in causing arrest of 

melanoma cells in the G2/M phase and subsequent apoptosis (Shawi et al., 2011). 

Flavone-8-acetic acid, a synthetic compound derived from the basic flavonoid structure 

was extensively assayed in phase 1 clinical trials during the 1990’s, in independent 

studies on different continents against malignant melanoma but was found to be 

potentially cytotoxic and not potent in humans (Krestzschmann and Furst, 2013). A 

more potent derivative was developed, 5,6-Dimethylxanthenone-4-acetic acid, whose 

mode of action was the disruption of already established vascular vessels supplying 

large tumors (Krestzschmann and Furst, 2013). In another report, Wang et al. (2012), 

the anticancer properties of various flavonoids are discussed, as well as their 

derivatives. Figure 3 shows structural examples of flavonoids, coumarins and 

anthraquinones. 

 

Figure 3. A) A Flavonoid: Eupatilin, B) a coumarin, C) an Anthraquinone structure. 
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2.5.2.2. Alkaloids 

A compound, isolated originally from Camptotheca  acuminate (Nyssaceae), 

camptothecin is an alkaloid (Pasqua et al., 2004). The parent molecule, which consists 

of a pentacyclic ring structure, is flanked by two hexacyclic moieties, one of which is a 

pyridine ring and can be isolated from other plant families; Apocynaceae, Olacaceae 

and Rubiaceae (Agarwal et al., 2012).  Camptothecin displayed broad activity against a 

range of tumor models, but demonstrated poor solubility and severe toxicity (Nirmala et 

al., 2011). Subsequent studies resulted in the development of an analogue, camptothecin 

sodium and several others such as irinotecan, topotecan, 9-aminocamptothecin, 10-

hydroxycamptothecin (Nirmala et al., 2011).  The development of these analogues 

counteracted a disadvantage of the parent molecule, camptothecin. Camptothecin 

sodium was more water soluble, enabling its advancement in clinical trials (Wall and 

Wani, 1995). Camptothecin’s anticancer activity is largely due to the structure of the 

molecule, the s-configured lactone and its carboxylic form which exerts inhibition of 

DNA topoisomerase I activity (Nirmala et al., 2011).  

Vinca alkaloids were discovered and isolated in 1958 accidently from a plant known as 

the Madagascar periwinkle, Catharanthus roseus (Apocynaceae) (Sharma et al., 2011). 

Initially, vinblastine and vincristine were the two major isolated compounds and to date, 

several other isolates exist. In fact, vincristine and vinblastine have been used as 

templates for the semi synthesis of newer compounds such as vinorelbine and vindesine 

(Nirmala et al., 2011) 
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Homoharringtonine is an alkaloid drug from the cephalotaxanes drug class, originally 

isolated from a plant called Cephalotaxus harringtonia (Bhanot et al., 2011). Since 

then, harringtonine and homoharringtonine  have been isolated from other species of 

Cephalotaxus, such as C. hainanensis and C. qinensis and  are in clinical use against 

acute and chronic myeloid leukemia due to their protein synthesis and chain elongation 

inhibition activities during translation (Nirmala et al., 2011). 

The alkaloid colchicine, figure 4, was extracted from Colchicum autamnale, an 

important herbal component of Unani practice. The plant has since been used for the 

alleviation of ailments such as gonorrhea, prostate enlargement, gout, rheumatism and 

cancer (Akram et al., 2012). Its mechanism of action  involves inhibiting the assembly 

of microtubule (Maheshwari et al., 2008) but its toxicity has prevented its clinical use ( 

Kupper et al., 2010) and is not approved by the Food and Drug Administration (FDA) 

despite it current use for treatment (Nasr et al., 2011). However, several derivatives 

such as colchicinamide, have been developed which showed improved activity in 

comparison to colchicine (Wang and Lee, 1997) with applications for treatment of solid 

tumors such as breast cancer (Wang and Lee, 1997) and leukemia (Nirmala et al., 

2011). 

Ellipticine and its analogues were isolated originally from Ochrosia elliptica (Farombi 

2003) and there has been evidence that its antitumor activity stems from its ability to 

intercalate with DNA (Lamani et al., 2010). 
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Figure 4.Colchicine, an example of an alkaloid. 

 

2.5.2.3. Triterpenes 

Triterpenes are a subclass of a group called terpenes, which is inclusive of 

hemiterpenes, monoterpenes, sesquiterpenes, diterpenes, tetraterpenes, sesterterpenes 

and polyterpenes. More commonly, terpenes are known as turpentine or resin gum. 

Within the plant kingdom, terpenes and its members act as deterrents to herbivores 

(Paduch et al., 2007) and this contributes to the application of terpenoids in medicine. 

Terpenes are also responsible for the bright colours, pleasant smells, and spicy taste of 

members of the plant kingdom. Triterpenes have been shown to confer a range of 

pharmacological properties which has lead to investigations of resinous plant material 

such as frankincense, figure 5,  for anti-inflammatory, asthma, bowel disease, brain 

tumors and others pharmacological activity (Zhang et al., 2013). Triterpenes with 

anticancer activity are not only found in plant sources but have also been found in a 

traditional mushroom called Ganoderma lucidum (Chan et al., 2008). 
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Figure 5. Structure of frankincense, a triterpenen. 

 

2.5.3. Plant derived drugs under development 

Butler (2005) outlines a number of plant derived anticancer compounds in various 

stages of the drug development pipeline. These drugs, (Butler, 2005) target cellular 

machinery such as topoisomerase I and II, tubulin binding and stabilization, caspase 3, 

8, 9, protein kinases C activation, T-cell anti-proliferation, protein synthesis inhibition, 

expression and activation of NFκ-β activation. These drugs are derived from well-

known anticancer drugs already in clinical use such as camphothecin, 

epipodophyllotoxin, combretastatin, homoharrington, ingenol, daidzein, paclitaxel, 

protopanaxadiol, vinblastine and triptolide (Butler 2005). In another report, anticancer 

compounds, alkaloids in nature, such as berberine, matrine, evodiamine, piperine, 

tetrandrine and sanguinarine are discussed and their antineoplastic properties (Lu et al., 

2012). Several other mechanisms are in the pipeline for improvements of current and 

future anticancer drugs, which are often insoluble, lacking delivery specificity and 

causing side effects. Nanoparticles are already receiving considerable attention in the 



31 
 

drug delivery system arena, utilizing such materials as folate ( Shakeri-Zadeh et al., 

2010), lipids (Jahanshahi and Babaei, 2008) or methoxy poly (Ding et al., 2011). Some 

drugs in clinical trials and clinical use are available, fashioned using nanoparticles as a 

drug delivery system (Matsumura and Kataoka, 2009). Doxorubicin, has been fashioned 

in several different materials such as magnetic (Aljarrah et al., 2012), barium titanate 

(Ciofani et al., 2010), poly-2-hydroxyethyl methacrylate (Chouhan and Bajpai, 2009) to 

enhance the treatment of multidrug resistant breast cancer. 

 

2.6. Cancer statistics in Namibia and risk factors 

The incidences of cancer in Namibia have been shown to be on the rise. Cases such as 

skin, Kaposi sarcoma, breast, prostate and cervix cancer have consistently been among 

the top five cancer types, as confirmed by histologically proven cases, data courtesy of 

the Namibian cancer association. Figure 6 depicts the general increment in cancer cases 

since 2005. According to the Namibian Cancer Registry (2009), a total of 4949  

neoplasmas were reported over a period of six years while the Namibian Cancer 

Registry (2011), reported an increased cancer incidence of about 6363 cases during a 

four-year period. This shows an alarming rate of cancer incidences. Furthermore, the 

Namibian Cancer Registry (2011) reported the cancer incidence rate as 142.3 per 100 

000 and 109.3 per 100 000 in males and females respectively. The three most common 

cancers per gender were breast, cervix and Kaposi sarcoma for females , while Kaposi 
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sarcoma, prostate and mouth cancer were more commonly diagnosed in males 

(Namibian Cancer Registry, 2011). 

 

Figure 6.Trend of histologically proven cancer incidences in Namibia. Courtesy of 

Cancer Association of Namibia. 

 

According to Calitz (2013), the Cancer Association of Namibia (CAN) concurred that 

breast cancer in Namibia is diagnosed to women over the age of forty, further 

confirming that the risk of developing breast cancer increases with age. Breast cancer 

risk factors within the Namibian population, according to Calitz (2013) include family 

history, excessive alcohol use, obesity, in addition to age. Additional studies have 

confirmed the increased risk of developing breast cancer with obesity and hormonal 

serum content (Endogenous hormones and breast cancer collaborative group, 2003). 
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An important cause of certain kinds of cancers such as lung carcinoma is use of tobacco 

(Iwalewa et al., 2007). Tobacco will become increasingly popular in developing nations  

in years to come (Owusu-Dabo et al., 2011). Research findings have also implicated 

tobacco in the development of cancers such as cervical cancer (Bosch et al., 2002). 

According to Saonere (2010), females who smoke were twice more likely to suffer 

cervical cancer as compared to non-smokers, also longer exposure to tobacco smoke 

increased the  risk even more. Yeap et al, (2012) also indicated tobacco smoking as a 

factor in the development of hepatocellular cancer. Oropharyngeal cancer develops as 

well when individuals partake of tobacco as snuff or even chewing (smokeless tobacco) 

(Lee and Hamling, 2009). 

Alcohol abuse is rampant within the Namibian population. A recent media report, Kaira 

(2013), reported on the escalating alcohol consumption within the Namibian population, 

while another article, Nickols et al. (2012), drew a connection between density of 

drinking establishments/ alcoholic consumption and elevated HIV incidences in 

Namibia. Alcohol consumption not only has implications for risky behavior but also 

liver, breast, esophagus, ovarian, prostate, lung, coleractal and other forms of cancer 

(Everatt et al., 2013; Toriola et al., 2008).   

Namibia has a high HIV prevalence rate, estimated at 15.3% and among the highest in 

the whole world (de Beer et al., 2012). Despite HIV incidences showing a decline over 

the past few years (Ministry of Health and Social Services, 2008), HIV/AIDS continues 

to be the highest cause of death 23%, followed by cancer 8% 
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(http://www.cdc.gov/globalhealth/countries/namibia/pdf/namibia.pdf). The HIV/AIDS 

prevalence predisposes much of Namibia’s population to the development of HIV 

associated cancers such as Kaposi sarcoma, non-hodgkin’s lymphoma and invasive 

cervical carcinoma (Crum-Cianflone et al., 2009). Namibian statistics support this, 

because the Namibian Cancer Registry (2011) cited an increase in HIV associated 

cancers, including eye cancer. Kaposi sarcoma and Non-Hodgkin lymphoma were 

among the top seven cancer incidences between 2000-2005 (Namibian Cancer Registry, 

2009) and were among the top six diagnosed cancers between 2006-2009 (Namibian 

Cancer Registry, 2011). Kaposi sarcoma was the leading cancer incidence in males, 

rating at 22.1% and 10.3% in females. The high HIV/AIDS pandemic also predisposes 

the Namibia population to infections which are sexually transmitted such as those 

caused by the Hepatitis viruses (Wild and Montesano, 2009), and Human 

papillomaviruses (Ribassin-Majed et al., 2012; Huang et al., 2009; Bosch et al., 2002), 

which have also been known to cause cancer. In addition, Namibia’s HIV/AIDS 

prevalence rate has implications for the conception of children born to HIV/AIDS 

parents or also those who are carriers of certain cancer-risky microbial infections. 

Other risk factors, according to the Nambian Cancer Registry (2009) and (2011), that 

predispose the Namibian population with the development of cancer are further given, 

such as  human herpes virus, diets low in vegetables, and lack of physical activity, The 

overall ageing population of the world is a cause of different problems, including 

cancer. On average, by the year 2020, on average, an individual will live to be about 73 

years old as compared to the life expectancy of 66 years in 1997 (Reeler et al., 2008). 
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Namibia’s life expectancy increased from 57.9 years in the year 1980 to 62.6 years in 

2012 (Human development report, 2013), meaning that individuals live longer. 

Namibia’s increased life expectancy reflects that it’s population is aging, which posses 

certain health risks such as development of cancer. 

 

2.7. Use of medicinal plants in Namibia 

Plants are used in different Namibian communities to alleviate symptoms similar to 

cancer (Cheikhyoussef et al., 2011; Chisembu et al., 2011). Patients, both originating 

from rural and urban areas seek the assistance of traditional healers and other 

knowledge holders for the treatment of cancer-like symptoms. In certain situations, 

indigenous medicinal preparations are taken together with orthodox medicines. 

Traditional medicines are popular although there is no scientific support of their safety 

and efficacy in literature.  

 

2.7.1. Traditional medicinal plants in study 

2.7.1.1. Colophospermum mopane 

Description 

Colophospermum mopane is popularly known as mopane. This plant can be found 

growing as a shrub or a small tree (Van Wyk and Gericke, 2000). It can reach 18 meters 

in height. Its bark is usually grey in color, with fissures. Its small greenish flower give 
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rise to a flattened featherly pod copiously dotted with resin glands (Palgrave, 1981). 

However, its most distinguishing feature is its butterfly-shaped leaf, consisting of two 

symmetrical leaves, joined by a small appendage in between. In addition, the leaves 

have a distinct turpentine odour.

 

Figure 7. Leaves of Colophospermum mopane. Source Florence Dushimemaria. 

 

Distribution in Namibia 

In Namibia, C. mopane inhabits a wide range of areas, figure 8. Its distribution extends 

from the Kunene river and towards north eastern Namutoni. Small patches of the tree 

are also found in the Zambezi region and Grootfontein. Other ears such as Kaokoland, 

Etosha, Owambo, Outjo and Omaruru boost a wide population of C. mopane.  

Grootfontein, , Kunene River towards the Ugab and northeastwards towards Namutoni. 

All in all, C. mopane covers about 9% of Namibia’s surface area.   
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Figure 8. The distribution of C. mopane in Namibia. Adapted from Curtis and 

Mannheimer, 2005. 

2.7.1.2. Uses of C. mopane within the Namibian traditional context 

C. mopane has various applications within the traditional settings of Namibian 

indigenous people. The mopane tree is consumed by livestock as fodder. Within the 

Kwanyama people, C. mopane is used in ceremonies such as weddings or  cleansing 

from spirits. Gum that exudes from the stem of C. mopane is also used for treatments of 

cuts and wounds. According to Van den Eynden et al, (1992), C. mopane is locally 

known as tsaurahais and is used mainly as a pain relieving decoction prepared from the 

leaves, on wounds, body parts inflammation. Roots are known to contain tannins and 

resin. Resin is used to treat wounds, stomach problems, inflamed eye, and syphilis. 

Leaves are also used as enemas (von Koenen, 2001). 
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2.7.1.3. Schinziophyton rautanenii 

 

Figure 9. Schinziophyton rautanenii leaves. Source Florence Dushimemaria 

 

Description 

Schinziophyton rautanenii belongs to a family called Euphorbiaceae. The tree grows up 

to 20 meters in height. Its bark is grey to brown in colour, with a tendency to peel. Its 

tender shoots are covered with soft rusty furry hairs (Palgrave, 1981). Its leaves are 

palmately compounded with five obovate, margins entire and the leaves are attached to 

the tree by a slightly reddish stem. S. rautanenii’s fruit is egg shaped, hard, woody, light 

grey to green, which is covered by a velvetish covering.  
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Distribution of S. rautanenii. 

S. rautanenii is commonly to uncommonly dispersed in the north-eastern parts of 

Namibia.  Locations such as Owamboland, Grootfontein, Kavango and Grootfontein 

north 

 

Figure 10. The distribution of S. rautanenii in Namibia. Adapted from Curtis and 

Mannheimer, 2005. 

 

2.7.1.4. Uses of S. rautanenii within Namibian traditional context 

S. rautanenii also known as Ricinodendron ratanenii in some literatures is used as a 

cosmetic among the Kwanyama people (Rodin, 1985). Enemas prepared from S. 

rautanenii have been known  to kill babies (Robin, 1985). The white kernel found 

inside the nut is extracted for cooking oil, while the red flesh fruit aril is edible (Graz, 

2002). Von Koenen (2001) reported only on the use of S. rautanenii for food. 
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Table 1. Traditional uses of C. mopane and S. rautanenii among the natives of the 

Zambezi region, Namibia. 

Scientific name Family Local names Uses 

1. S. rautanenii Euphorbiaceae Mankettii Sores on body surface 

2. C. mopane Fabaceae Mopane, Omusati Swollen testis 
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CHAPTER THREE: MATERIALS AND METHODS 

 

3.1. Research design 

This study employed both qualitative and quantitative  approaches. Qualitative design  

yielded information such as preliminary antioxidant and anti-protease activity as well as 

the presence or absence of a phytochemical in thin layer chromatography. Quantitative 

approaches resulted in data such as quantification of selected phytochemical compound 

classes (phenols, alkaloids and saponins), cell vaiability and IC50 values, and toxicity 

investigation using planaria. The study is designed in a manner in which chemical 

preliminary assays are used as a basis for further biological assays. 

 

3.2. Procedure 

3.2.1. Plant collection and processing 

Plant specimens of S. rautanenii and C. mopane were collected from the Zambezi 

region of Namibia during April 2012 and March 2013. These plants were selected based 

on a survey conducted in 2010, on the ethnobotanical knowledge of traditional 

knowledge holders in the Zambezi region,  formerly known as the Caprivi region, 

Namibia, (Du Preez et al., 2011). Voucher specimens, were prepared using a plant 

press, and deposited with the National Botanical Research Institute (NBRI) in 

Windhoek, Namibia for scientific validation. Coordinates were taken at sites of plant 
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collection and these were included into the NBRI voucher collection forms. An axe, 

pruner and spade were used to obtain plant material for laboratory analysis. Plant parts 

collected for analysis were roots and bark of both plants, S. rautanenii and C. mopane. 

The plant material was then taken to the laboratory and bench top dried at room 

temperature for a period of two weeks. 

Table 2. Subject plants collected and voucher specimen numbers deposited with NBRI. 

 

Scientific name Local name Family NBRI Voucher specimen # 

S. rautanenii Mankettii Euphorbiaceae FD03 

C. mopane Omusati Fabaceae FD02 

 

3.2.2. Extraction of phytochemicals 

Air dried plant material was ground to powder using an industrial blender, model 

37BL85(240CB6) and this was followed by extract preparations. To prepare extracts for 

biological assays, absolute methanol was used for the organic extracts while distilled 

water was used for aqueous extracts. Powdered plant material, 10 g, was macerated in 

100 ml of the respective solvent. After 7 days, the mixture was filtered using a funnel 

and 110 mm Whatmann filter paper, employing gravity force.  Filtration was followed 

by rotary evaporation and freeze drying at reduced pressure to remove extraction 

solvent. Dry extracts were scraped off the round bottom flasks and were then stored at -

20°C until further use, in Epperdorf tubes.  
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3.2.3. Chemical assays 

3.2.3.1. Phytochemical profiling 

Antioxidant and anti-protease activity 

Plant extracts were prepared by maceration, using 2 g plant material and 4ml absolute 

ethanol (Promark chemicals). The mixture was filtered using a 110 mm Whatmann 

filter paper and funnel and the filtrate was collected into a glass vial and these extracts 

were used to determine the antioxidant and antiprotease activities of Colophospermum 

mopane and Schinziophyton rautanenii, using the GIBEX screens-to-nature screening 

kit ( Screen-to-Nature manual for Namibia, 2012). In order to determine antioxidant 

activity, 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) (Sigma 

Aldrich) was used. An aliquote, 200 µl of the ABTS solution was added to each well of 

a 96 well plate, with appropriate labeling. Further, 10 µl of each plant extract was added 

to its corresponding labeled well, each plant extract was assayed in triplicate, see figure 

9. An aliqoute of 10 µl 60% methanol served as negative control while 10 µl ascorbic 

acid solution (17.6 mg/ml) was used as positive control. The colorimetric change was 

observed and graded using (-,+, ++, +++) with (-) being the absence of antioxidant 

activity while (+++) was very good antioxidant activity. The grading was as follows, (-) 

= solution remained dark green in color, meaning no antioxidant activity, while 

(+++)=solution become clear or colorless, meaning high antioxidant activity.  
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Prepration of the ABTS Solution 

The ABTS colorimetric solution was prepared by dissolving 7mg ABTS in 1 ml 

distilled water, which was kept in the dark by wrapping the container of ABTS 

solution with foil. An amount of 50 mg of potassium persulfate was dissolved in 

1 ml distilled water. An aliqoute, 20 µl of the potassium persulfate solution was 

pipetted into the ABTS solution and the mixture was shaken to mix manually. 

The mixture was then diluted by transferring the content of photosensitive 

mixture into 20 ml distilled water, to produce the ABTS solution used in the 

procedure above. 

 

Figure 11. A 96 well plate set up for the antioxidant assay. SRR= Schinziophyton 

rautanenii root, SRB= Schinziophyton rautanenii bark, CMR= Colophospermum 

mopane root and CMB= Colophospermum mopane bark. 

 

To determine the anti-protease activities of the plant extracts, a method derived from 

GIBEX, Screens-to-Nature Manual for Namibia (2012) was also employed. The assay 

used a radiofilm coated with gelatin and a digestive protease, trypsin. The trypsin being 

a protease digests the gelatin coat on radiofilm revealing a blue backgorund, in the 
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absence of a protease inhibitor in the plant extract. The methanolic plant extract, 10 µl  

of each was pipetted onto the radiograph film and 10 µl trypsin solution (2.5 mg/ml) 

was added to each drop of the extract. Distilled water (W) and a trypsin inhibitor (I) 

(MP Biomedicals) were used as controls. The radiofilm was left undisturbed for 10 

minutes, which was followed by gentle rinse of the strip with water. The results were 

scored based on the effectiveness of the extract to prevent the trypsin from digesting the 

gelatin, (P+): the lack of a blue spot, while (N-) was a score for no anti-protease 

activity, as seen in figure 10. 

 

Figure 12. Radiofilm coated with gelatin displaying P+ and N- results showing positive 

antiprotease and negative antiprotease activity respectively. Source Florence 

Dushimemaria 

 

 

 

Spot where 

plant 

extract was 

put before 

addition of 

trypsin 
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Thin layer chromatography (TLC) 

The presence of five phytochemicals: coumarins, anthraquinone, alkaloids, terpenoids 

and flavonoids in the plant extracts of S. rautanenii and C. mopane was determined 

using thin layer chromatography For this, a method adapted from Harborne (1998), was 

used and chromogenic reagents were used. An aluminium plate coated with silica was 

used. A line was drawn, 1 cm from the bottom edge of the plate. The extract was 

spotted onto the plate using capillary tubes dipped into the methanolic plant extracts. 

The extract was applied in successive applications while allowing drying of spots. The 

spots were spotted 2 cm from the left and right edges of the plate. An approriate control  

was used in respect to the particular phytochemical being investigated (Quercetin= 

Flavonoids, Quinine= Alkaloid, Alizarin= Anthraquinone, B-sitosterol, 

Coumarin=Coumarin). Quercetin dehydrate ans Alizarin  were purchased from Alfa 

Aesar, Quinine hydrochloride dehydrate and B-sitosterol were obtained from Sigma 

Aldrich while coumarin was purchased from Merck KGaA. Solvent systems were 

prepared as shown in table 3 below. To the chromatographic tank, a prepared solvent 

system as seen in table 3, was added to not more than 1 cm depth. The tank was then 

covered in order to saturate the tank with the mobile phase prior to running the plates. 

Gently, the TLC plate was lowered into the tank using tweezers and the tank covered 

for the duration of the TLC run. The mobile phase was allowed to run up the stationary 

silica phase. The plate was removed and the end solvent point was marked with a soft 

pencil. Chromogenic reagents, table 3, were used to detect the phytochemicals on the 
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TLC plate. The presence or absence of the phytochemical group was scored based on 

the colors seen after spraying with chromogenic reagents.  

 

Figure 13. TLC plate set up for phytochemical detection. Source Florence 

Dushimemaria 
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Table 3. Phytochemical solvent systems and chromogenic reagents. 

 

Phytochemical 

compound Solvent system Chromogenic solvent 

Alkaloid Ammonium  hydroxide: Methanol. 3:200 Dragendorff reagent 

Anthraquinone 

Ethyl acetate: Methanol:Water, 

100:17:13 10% KOH in methanol 

Triterpenoid Hexane:Ethyl acetate, 17:3 Liebermann burchard reagent 

Coumarin Chloroform 10% KOH in methanol 

Flavonoid Butanol:Acetic acid:Water, 4:1:5 

1% Aluminium chloride in 

methanol 

 

3.2.3.2. Quantification of phytochemical class compounds 

Alkaloids 

Total alkaloids in the powdered plant material were determined according to a method 

contained in Edeoga et al. (2005) with slight modifications. To quantify alkaloids, 1 g 

of powdered plant material was macerated  in 150 ml of 10% acetic acid in ethanol. The 

mixture was filtered using a 110 mm Whatmann filter paper, after four hours of 

maceration at room temperature. The filtrate was concentrated  to ¼ of its initial volume 

using a rotary evaporator (Heidolph). To the remaining extract, ammonium hydroxide 



49 
 

(PAL chemicals) was added dropwise in order to precipitate the alkaloid. Each plant 

sample was precipitated for alakoids in three independent trials. The precipitate was 

allowed to settle and it was collected on preweighed 110 mm Whatmann filter papers. 

The collected precipitate was washed with dilute ammonium hydroxide and air dried 

until a constant mass was achieved. Total alkaloid yield was calculated based on the 

initial powdered plant material’s weight and the average of three replicates was noted.  

 

Saponin 

Total saponin content was measured according to a method also adapted from  Edeoga 

et al. (2005) with slight modifications. To quantify saponins, 3 g ground plant material 

was macerated in 150mL 20% ethanolic aqueous solvent in a water bath at 55 °C, for 4 

hours. The mixture was filtered using the force of gravity and  a 110 mm  Whatmann 

filter paper. The residue was washed with an additional 10 ml 20% ethanolic aqueous 

solution and the combined filtrates were concentrated on a rotary evaporator to a third 

of its initial volume. The concentrated plant extract volume was transferred to a 250 ml 

separatory funnel and 10 ml diethyl ether (Merck KGaA) was added, the mixture was 

shaken vigorously with intermittant venting. The organic layer was discarded while the 

aqueous layer was recovered. To the aqueous layer, 5 mL butanol was added, followed 

by vigorous shaking and venting. This was followed by the addition of two portions, 

each 5 ml of 5% aqueous sodium hydroxide for washing. The combination was 

evaporated to dryness in pre-weighed crucibles in an oven. The saponin content was 
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calculated as a percentage yield based on the initial dry plant material and each extract 

was quantified for saponin content in triplicate 

Phenolic acids 

Total phenolic content determination was conducted according to a slightly modified 

method obtained from Jing et al. (2010), using the Folin-Ciocalteu (FC) reagent. 

Dilutions of plant extracts were prepared in methanol in order to achieve a 

spectrophometric reading in obedience to Beer-Lambert’s law of linearity. A 100 µl 

volume of the methanolic plant extract was mixed with 750 µl FC reagent and 750 µl of 

sodium bicarbonate solution (60 g/L) in a cuvette. The mixture was allowed to stand for 

90 minutes before taking the absorbance at 725 nm. Gallic acid was used to develop a 

standard curve from which phenolic content was extrapolated. Total phenol content was 

expressed as gallic acid equivalence.  

 

Antioxidant activity  

Free radicals, produced during normal cell metabolism can accumulate in cells and 

cause damage to cell components such as DNA, leading to the development of cancer 

(Gunassekaran et al., 2010), due to their unstable nature (Min and Ebeler, 2008). 

However, free radical scavenging molecules such as phytochemicals have come highly 

appraised as being able to quench radicals (Subhashini and Arunachalam, 2010) and are 

known as antioxidants, since they prevent oxidation of cell macromolecules by being 
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themselves targets for radicals. Quantification of antioxidant potential of plant extracts 

was investigated based on a method adopted from Jing et al. (2010) and Re et al. 

(1999). Equal volumes of 7mM ABTS and 2.45mM potassium persulfate solutions were 

incubated in the dark for 16 hours. Then, the solutions were diluted with distilled water 

to obtain an absorbance of 0.7±0.2 at 734nm. Meanwhile, plant extracts were dissolved 

in methanol to yield 1mg/ml concentrations of which about 200µl was mixed with 2ml 

ABTS/potassium persulfate solution in plastic cuvettes. Colorimetric change was 

observed for five minutes before taking absorbance at 734nm at four different 

concentrations of the ascorbic acid. No repeated measures were conducted for each 

ascorbic acid concentration. A standard graph, figure 12, was developed using ascorbic 

acid as the standard, which was used to estimate the antioxidant potential using the 

linear regression model. Four points were used for the plot in order to obtain a good fit 

as shown by the R
2 

value, indicating goodness of fit. Ascorbic acid is a known 

compound with antioxidant properties. 
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Figure 14. Standard graph developed from ascorbic acid for use to estimate the 

antioxidant activity of plant extracts in relation to ascorbic acid. 

 

3.3. Biological assays 

3.3.1. Anticancer  Sulforhodamine B (SRB) assay 

A protein stain, sulforhodamine B (SRB) (Sigma Aldrich) was used to measure total 

cell protein, which is proportional to cell number and stains the basic amino acids in 

mild acidic conditions (Vichai and Kirtikara, 2006) and this is achieved by staining with 

trichloroacetic acid (TCA) (Sigma aldrich). The assay measures viable cells as a direct 

corroboration of cell protein. The anticancer effect of plant extracts was determined as a 

percentage reduction in cell viability using a method adopted from Fouche et al. (2008). 

Screening for anticancer activity was conducted on a panel of three cancer cell lines 
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consisting of breast cancer MCF-7, renal cancer TK-10 and melanoma UACC-62 cell 

lines obtained from the American Type Culture Collection (ATCC).  Cell lines were 

grown in RPMI media supplemented with 2mM L-glutamine, 5% foetal bovine serum 

and gentamycin (50 µg/ml). Flasks with 100% confluent cells were rinsed with PBS 

containing gentamycin (50 µg/ml), three times. Cells were trypsinized using 2 ml of 

0.25% trypsin/EDTA for 2 minutes. After trypsinizing, 8 ml complete media was added,  

in order that the FBS neutralizes the trypsin. Cells suspended in media were transferred 

to a 50ml falcon  tube, which was centrifuged at 2000 rpm for 2 minutes to obtain a 

pellet. The media containing trypsin/EDTA was decanted off the cell pellet and fresh 

complete media was added to resuspend cells.  Cell plating densities were between 7-10 

000 cells/ well. The assay was performed on a 96 well plate, see figure 13, for the 

plating plan. A 100 µl aliqoute of cell suspension in media was pipetted in each well of 

a 96 well plate with regular aspirating, while 100 µl media was added to wells which 

served as negative controls around the perimeter of the well plate. The plate was 

incubated for 24 hours  in 5% CO2 humidified environment at 37°C.  Concentrations of 

the bark and root organic and aqueous extracts of S. rautanenii and C. mopane were 

diluted in DMSO and further diluted in complete cell media to achieve a thousand fold 

dilution of the DMSO. Final extract concentrations in the wells after addition of 100 µl 

media containing plant extracts were as follows: 6.25, 12.5, 25, 50 and 100 µg/ml. The 

extract concentrations deceased from outward of the plate to inward from both sides and 

with two different extracts on each plate, figure 13.  
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Figure 15. SRB assay 96 well plating pattern. 

 

Cells were incubated for 48 hours after treatment with experimental extracts before 

fixing live cells by addition of 50 µl/well of 50% trichloro acetic acid (TCA) in dH2O. 

Plates were fixed by keeping them at 4°C for 2 hours. Well plates where rinsed several 

times using tap running water, blotted on paper towel to dry and left to dry at room 

temperature. An aliquote, 100µl/well of 0.4% sulforhodamine B constituted in 1% 

acetic acid aqueous solution was incubated for half an hour with TCA fixed cells. The 

dye was rinsed off  with copious amounts of 1% acetic acid and the plate was left to dry 

at room temperature. This was followed by addition of 100µl/well of 10mM Tris Base 

to dislodge the fixed cells. Absorbance was measured at 540 nm using a multiwall 

spectrophotometric plate reader, to determine the total protein content, as a direct 
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indication of cell viability. Percentage cell viability resulting from the plant extracts was 

calculated as follows, in relation to the viability of cells without treatment (control 

wells) for each cell line. The concentrations  (µg/ml) were expressed in log10 form and 

used to plot the non-linear graphs against percentage cell viability. Further, the IC50 

value, which is the extract concentration which reduces cell viability by 50% was 

determined using a non-linear sigmoidal curve of cell viability and log10 extract 

concentrations. 

Cell viability %= (OD540 treatment-OD540blank)/(OD540control-OD540blank)*100% 

 

3.3.2. SRB In vitro cytotoxicity assay 

This assay investigated the effects of the plant extracts of S. rautanenii and  C. mopane 

on a non-cancerous cell line, W138. The assay was conducted according to a method 

adapted from Fouche et al., 2008 using the SRB protein stain. For this assay,  a human 

fetal lung fibroblast, W138 cell line (obtained from ECACC) was used for the assay and 

was maintained in EMEM media supplemented with 10% FBS, 2 mM L-glutamine and 

50 µg/mL gentamycin. Seeding of W138 cells was at 10 000 cells/ well. Plant extracts, 

at various concentrations, 100, 50, 25, 12.5, 6.25 µg/ml, were incubated with fibroblast 

cells in a 96 well plate in 5% CO2, 100% humidified incubator at 37°C. After 48 hours, 

cells were fixed with TCA, stained with 0.4% SRB and solubilizing with tris base. 

Etoposide was used as the positive control.  Absorbance  was measured at 540 nm in a 

plate reader spectrophotometer as an indicator of total cell protein. Percentage cell 
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viability resulting from the plant extracts was calculated as follows, in relation to the 

viability of cells without treatment (control wells) for each cell line. The concentrations  

(µg/ml) were expressed in log10 form and used to plot the non-linear graphs against 

percentage cell viability. Also, the IC50 value, which is the concentration which reduces 

cell viability by 50% was determined using a non-linear sigmoidal curve of cell 

viability and log extract oncentrations. 

Cell viability %= (OD540 treatment-OD540blank)/(OD540control-OD540blank)*100% 

 

3.3.3. In vivo cytotoxicity assay with planaria  

3.3.3.1. Maintenance of fresh water Planaria (Dugesia dorotocephala) 

Flatworm planaria were obtained from Carolina biological laboratories in the United 

States of America. The worms were maintained in a glass tank containing shallow 

mineral water. The tank was covered with aluminium foil to protect them from direct 

sunlight because planarian are photophobic in nature. Planaria were fed once each week 

with raw chicken liver, which was followed by cleaning of the tank and addition of 

fresh water. Each  planaria worm was sliced into two parts, head and tail, of which the 

head section was retained for propagation while the tail section was used for the in vivo 

toxicity screen. The planaria were fed prior to each experiment.  
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3.3.3.2. Toxicity assessment in vivo 

The assessment for plant extract in vivo toxicity was conducted based on a method 

modified from the GIBEX-screens-to-nature manual for Namibia (2012). Each planaria 

was transferred to a petri dish containing mineral water using a soft bristle paintbrush. 

The flatworm was then cut using a sterile scalpel, below the sensory lobes, see figure 

14, for the appearance of planaria before and after excision of head. A clear ruler placed 

below the petri dish was used to measure the tail section of each worm. The length was 

recorded as the initial length of each planaria on day 0 in millimeters.  

 

Figure 16. (A) whole planaria, (B) tail section used in the in vivo cytotoxicity screen 

after measuring initial planaria length. Source Florence Dushimemaria. 

 

Plant extract dilutions in DMSO were performed and these were further diluted in 

mineral water to achieve final concentrations of 20 µg/ml and 5 µg/m and further 

reduce the concentration of the DMSO carrier solvent.  Planaria were also maintained in 
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mineral water containing 20 µg/ml and 5 µg/ml DMSO in order to determine the effect 

of the carrier solvent on the growth of the planaria. A 24 well plate was labeled with 

appropriate labels: which were plant extracts and respective concentrations, negative 

control  and non-treatment wells. Each treatment was done in triplicate. The tail section 

was then transferred to a well in a 24 well plate, containing the appropriate treatment. 

The entire 24 well plate was maintained  in the dark by wrapping with aluminium foil. 

Observations on the length of each planaria was done every second day. On every 

second day of observation, contents of each well were replaced with a fresh preparation 

of the appropriate treatment to ensure a constant presence of plant extracts, before 

returming the planaria tail section. The change in planaria length was calculated by 

subtracting the length of the planaria on each observational day from the planaria’s 

initial length on day 0. Furthermore, change in planaria length was normalized by 

deducting the effects of the control vehicle solvent on planaria length: DMSO, on each 

observational day. The mean change in planaria length under each treatment was used 

to determine the effect of plant extracts on the regenerative ability of planaria. See the 

following equestion. 

Change in planaria length= (Observed length-Length on Day 0)-Length of planaria in 

DMSO 
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3.4. Data analysis  

The analysis of quantitative data obtained from the phytochemical class compounds 

quantification, antioxidant activity, percentage cell viability of the anticancer assay, in 

vito cytotoxicity screen and mean change in planaria length from the in vivo 

cytotoxicity were analysed. A one-way Student’s t-test, at 95% confidence level, was 

used to determine differences in the level of phytochemicals quantified and antioxidant 

activities of the four methanolic plant extracts. A two-way Student’s t-test, at 95% 

confidence level, was used to compare phytochemical levels obtained between the two 

plant parts, roots and bark. The percentage yields of alkaloids, saponin and phenolic 

content was compared with the antioxidant activity using spearman correlation analysis 

to determine which phytochemical was responsible for observed antioxidant activity. 

Cell viability data resulting from the two extracts from the same plant part were also 

compared using a two-way Student’s t-test.  Multiple linear regression analysis of the 

effect of extract, concentration and their combined effect was also done for the in vitro 

cytotoxicity analysis.  Multiple analysis of variance was used to determine whether 

there was a difference in the mean change in planaria length each day. For each 

Student’s t-test performed, the decision criterior was p<0.05 for a significant difference 

while p>0.05 was considered as no significant difference. 
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3.5. Research ethics 

This study involved the use of plant material and for the collection of the plant material 

for use in research experiments and for preparation of voucher specimen submitted to 

the National Botanical Research Institute of Namibia, a plant permit was obtained from 

the Ministry of Environment and Tourism of Namibia to permit collection of plant 

material for research use. Sustainable harvesting of plant material was conducted. No 

ethical approval was required for the use of planaria as an in vivo model for toxicity. 
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CHAPTER FOUR: RESULTS 

 

4.1. Phytochemical profiling 

In this study, methanolic plant extracts of S. rautanenii and C. mopane were screened 

for the presence of five phytochemical classes, antioxidant activity and antiprotease 

activity, Table 4 shows the results. According to the GIBEX-screens-to-nature assay 

method, all plant extracts displayed high antioxidant and antiprotease activity. S. 

rautanenii   and C. mopane root and bark extracts both displayed a significant high 

presence of antioxidant activity.  

This study reports high antiprotease activity of all methanolic extracts in this study, 

derived from S. rautanenii and C. mopane. In addition, this study revealed the presence 

of phytochemicals such as alkaloids, flavonoids, coumarins, anthraquinones and 

triterpens. Alkaloids where found in both S. rautanenii and C. mopane root and bark 

extracts. Triterpenes were also detected in all plant extracts, especially in the root 

extract of S. rautanenii. Only one band was detected indicating the presence of 

flavonoids in all extracts. Coumarins were detected on the same level in almost all plant 

extracts except for S. rautanenii root. Anthraquinones where only detected in one plant 

extract, the root extract of S. rautaneniii. 
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Table 4. Detection of phytochemical compounds, antioxidant and antiprotease activity 

of S. rautanenii and C. mopane. 

Test 

compound Plant name and Part 

  

 

S. rautanenii 

bark 

S. rautanenii 

root 

C. mopane 

bark 

C. mopane 

root 

Antioxidant +++ +++ +++ +++ 

Anti-protease +++ +++ +++ +++ 

Alkaloid + + + + 

Anthraquinone - +++ - - 

Coumarin ++ + ++ ++ 

Flavonoid + + + + 

Triterpenes +++ ++++ +++ +++ 

Key: ++++ Very high presense, +++  high presence, ++ moderate presence, + present, - 

absent 

4.2. Phytochemical class compounds quantification 

4.2.1.Total phenolic content 

Quantification of the total phenolic content of the root and bark extracts of S. rautanenii 

and C. mopane yielded the following quantities, graphed in figure 15, derived from an 

ascorbic acid graph. The root and bark of C. mopane contained 205.4 ±9.3 and 12.6 

±1.7 GAE µg/ml respectively. S. rautenenii root and bark contained 41.4 ± 1.2 and 48.6 

± 1.2 GAE µg/ml respectively. The plant extract with highest phenolic content was C. 
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mopane root while the least phenolic content was displayed by the bark extract of C. 

mopane. Data analysis found a very significant difference in the mean phenolic content 

of all plant extracts, (p=0.006). Meanwhile, both comparisons of each root and bark 

extract of C. mopane and S. rautanenii also showed a significant difference (p<0.001 

and p=0.002) respectively.  

 

Figure 17. Quantification of total phenolics contained in the root and bark of  S. 

rautanenii and C. mopane. 

4.2.2.Total alkaloid content 

Quantification of total alkaloids by the precipitation method revealed that data obtained 

was normally distributed as determined by the Shapiro-Wilk test for normality, 
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p=0.539. Alkaloid percentage yields ranged between 11.1 ±2.7 percent  and 2.1±0.6 

percent, with C. mopane root and S. rautanenii bark exhibiting the highest and lowest 

alkaloid percentage yields respectively. Data was further analysed using a two way 

Student’s t-test, and analysis between S. rautanenii root and S. rautanenii bark showed 

no significant difference in alkaloid content (p=0.102), while there was a significant 

difference between  the alkaloid content of C. mopane root and bark extracts, (p=0.049), 

figure 16. 

 

Figure 18. Total alkaloid content in S. rautanenii and C. mopane roots and bark. 
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4.2.3.Total saponin content 

Quantification of total saponin in the methanolic extracts of S. rautanenii and C. 

mopane root and bark plant parts gave the following yields, figure 17. The sample with 

the highest saponin content was S. rautanenii bark extract 13.6 ± 3.5 %, which was 

significantly different  in comparison to the second plant extract with high saponin 

content, C. mopane bark 7.5 ± 2.5 % (p=0.032). The bark and root extracts of C. 

mopane contained significantly different saponin contents (p=0.035) however, extracts 

of S.  rautanenii contained similar levels of saponins since the yield was not 

significantly different at 95 % confidence level.  
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Figure 19. Quantification of total saponins from root and bark extracts of S. rautanenii 

and C. mopane. 

4.2.4. Antioxidant potential 

The plants, S. rautanenii and C. mopane bark and root organic extracts had varying 

antioxidant activity, figure 18, which ranged between 945.6 ± 231.1 AAE µg/ml  and 

226.7 ± 17.6 AAE µg/ml. Using a one-way Student’s t-test, there was a significant 

difference in the antioxidant potential of all plants (p<0.001). A significant difference 

was observed between S. rautanenii root and bark extracts (p=0.032), but no difference 

was observed in the activities of C. mopane plant parts. 
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Figure 20. Antioxidant potential of two Namibian indigenous plants: S. rautanenii and 

C. mopane.  

 

4.3. SRB anticancer screening 

The effect of plant extracts on the cell viability of three cancer cell lines was 

investigated using the SRB protein dye assay. Screening of the eight plant extracts 

against a panel of three cancer cell lines, TK10 renal, MCF-7 breast and UACC-62 

melanoma carcinoma cell lines revealed the activities as seen in table 5, figure 20-23. 

Two known cytostatic drugs were used as positive controls, etoposide and parthenolide, 

the controls exhibited differing activity across the three cancer cell line panel, figure 19. 

parthenolide exerted a greater effect on the cells as compared to etoposide, because it 

greatly reduced the cell viability of all three cell lines. Only etoposide gave an IC50 
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value against renal cancer TK-10 cell line of 21.43 µg/ml while the rest yielded values 

below 6.25 µg/ml. 

 

Figure 21. Anticancer activity of etoposide and parthenolide against a panel of three 

cancer cell lines, which were used as positive controls in the Sulforhodamine B assay. 

 

Both organic and aqueous extracts of S. rautanenii bark produced the responses below 

against a panel of the three cancer cell lines, figure 20. The organic extract appears to 

display higher activity against the three cell lines, especially the breast MCF-7 cancer 

cell line with an IC50 value of 74 µg/ml in comparison  to 120.1 µg/ml and 167.8 µg/ml 

obtained against melanoma UACC-62 and renal TK10 cell lines, table 5. However, no 

statistically significant difference was found using a Student’s t-test at 95% confidence 

level by comparison of the mean cell viability plots of each cell line of both organic 

versus aqueous extracts.  

Comparison of the effect of the plant extract of aqueous S. rautanenii bark using a two 

way Student’s t-test, on the three cancer cell lines revealed no significant difference 

when the mean cell viability percentage of each cancer cell line was compared against 
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the other, except in the case of renal against melanoma cancer (p=0.015). On the other 

hand, no significant difference on the effect of organic S. rautanenii bark was observed 

on the three cell lines at 95% confidence level. 

 

Figure 22. Antiproliferetive activity of S. rautanenii bark aqueous and organic extracts, 

with breast cancer MCF-7 cell line demonstrating sensitivity towards the organic extract. 

 

The organic and aqueous extracts prepared from S. rautanenii root affected the cell 

viability of a panel of three cell lines as seen in figure 21. The cancer cell model with 

the greatest sensitivity to both the organic and aqueous extracts of S. rautanenii was the 

melanoma model, figure 21. Student’s t-test analysis of the organic and aqueous S. 

rautanenii root extracts cell viability revealed that the extracts affected  each cell line by 

the same magnitude since no significant differences were found at 95% confidence 

level. However, there was a significant difference when mean cell viability percentages 



70 
 

obtained from the organic and aqueous extracts on  melanoma and renal cancer cells 

were compared (p=0.009 and p=0.026) respectively.  

 

Figure 23. Activity of the aqueous and organic root extracts S. rautanenii against a 

panel of three cancerous cell lines. 

 

An IC50 value of 83.09 µg/ml was obtained against the breast cancer cell line MCF-7 as 

resulting from anticancer effect of aqueous C. mopane bark, figure 22. Meanwhile,the 

organic extract of C. mopane root displayed IC50 values of 94.39 µg/ml  and 61.26 

µg/ml on human melanoma UACC-62 and MCF-7 cell lines respectively, figure 22.  

Conversely, statistical analysis using a Student’s t-test revealed no significant difference 

when the percentage cell viability of the different cell lines were compared. 

Additionally, no significant difference was found when the effects of the organic and 

aqueous extracts on causing cancer cell line death was compared. 
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Figure 24. Anticancer activity exhibited by C. mopane bark aqueous and organic 

extracts against three cancer cell lines. 

 

The C. mopane root extracts displayed the following effects on the three cancer cell 

types, figure 23. The aqueous extract displayed cell viability reduction within the tested 

range of concentrations yielding an IC50 value of 87.9 µgml against breast cancer. The 

organic root extract of C. mopane yielded the following IC50 values, 64.1 µg/ml and 

48.2 µg/ml against melanoma and breast cancer cell lines respectively. The effect of the 

C. mopane root organic extract observed against breast cancer cells was the most potent 

anticancer activity in this study. However, no significant difference was obtained when 

establishing a differential effect of the organic and aqueous extracts on the cancer cell 

lines at a 95% confidence level against all three cell lines, renal (p=0.201), melanoma 

(p=0.55) and breast (p=0.106). 
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Figure 25. Antiproliferative effect of C. mopane root extracts against three cell lines 

with the organic extract displaying activity against both breast MCF-7 and UACC-62 

cell lines. 

 

The aqueous root and bark plant extracts derived from S. rautanenii displayed 

selectivity towards the UACC-62 melanoma cell lines while organic root and bark 

extracts of C. mopane displayed selectivity towards breast cancer MCF-7, table 5. 

However, the selectivity index could be determined empirically. In addition, both the 

organic and aqueous extracts of C. mopane displayed IC50 values below 100µg/ml for 

MCF-7 breast cancer while the organic C. mopane extract displayed similar activity 

below the same threshold against UACC-6, table 5. 
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Table 5. Anticancer evaluation and resulting IC50 values of different plant extracts on a 

panel of three cancer cell lines.  

Solvent Extract IC50 µg/ml 

    TK10 UACC62 MCF7 

Aqueous S. rautanenii bark 411.6 116.7 134.0 

 
S. rautanenii root 452.4 128.7 154.5 

 
C. mopane bark 273.7 164.3 86.8 

 
C. mopane root 332.3 135.2 87.9 

Organic S. rautanenii bark 167.8 120.1 74.0 

 
S. rautanenii root 252.5 102.6 102.4 

 
C. mopane bark 115.8 92.5 70.2 

  C. moane root 124.1 64.1 48.2 

 
Etoposide 21.43 1.668 1.759 

  Parthenolide <6.26 <6.26 <6.26 

 

4.4. Cytotoxicity analysis 

The cytotoxicity analysis of the aqueous and organic extracts of both S. rautanenii and 

C. mopane bark and root extracts displayed the following activities as depicted in table 

6, figures 25-28. Etoposide was used as the positive control, with an IC50 value below 

6.25 µg/ml, figure 24. 

Extracts displayed mild cytotoxicity against the human W138 fibroblast cell line. All 

IC50 values obtained were above the highest extract concentration of 100 µg/ml. 

However, when cell viability percentage was plotted against extract concentration in 

linear  plot, IC50 values as seen in table 6, were obtained.  The organic root extract of C. 

mopane yielded the lowest IC50 value of 162.4 µg/ml, while the organic root extract of 

S. rautanenii gave the highest IC50 value of 444.8 µg/ml. No significant difference 
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between aqueous and organic plant part extracts was observed at 95% coefficient level, 

indicating that the plant extracts were equally cytotoxic 

Table 6. IC50 values obtained during cytotoxicity analysis of S. rautanenii and C. 

mopane plant extracts compared to etoposide as control against W138 cell line. 

  IC50 µg/ml 

  Aqueous Organic 

C. mopane bark 202.5 197.6 

C. mopane root 211.5 162.4 

S. rautanenii bark 174.4 248.8 

S. rautanenii root 444.8 315.5 

Etoposide 5.1 

  

A known cytostatic drug, etoposide was used as a positive control in the cytotoxicity 

assay. Figure 24 shows the response of the human fetal lung fibroblast cell line, W138 

to etoposide, which is measured as percentage cell viability. Etoposide showed 

increasing cytotoxicity with increasing concentrations of etoposide. The graph seen in 

figure 24 shows expontential decay dosage response.  
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Figure 26. Antiproliferative activity of positive control, etoposide against the human 

fetal lung fibroblast cell line W138. 

 

Analysis of cytotoxicity in vitro of S. rautanenii bark aqueous and organic extracts 

resulted in the dosage response sigmoidal curves in figure 25. The decrease in cell 

viability is observed more strongly in the case of the aqueous extract, in comparison 

with the organic bark. This is further supported by the IC50 values, table 6, of the S. 

rautanenii bark aqueous and organic extracts, 174.4 µg/ml in comparison to 248.8µg/ml 

respectively. Further data analysis reveaveled that despite the extract concentration 

effect on cell viability, no difference could be accounted to the different plant extracts. 

In other words, only an increase in extract concentration made a difference to cell 
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viability but the extraction solvent did not affect cell viability in the same manner, table 

7.  

 

Figure 27. Cytotoxicity evaluation of S. rautanenii bark aqueous and organic extracts 

against the human fetal lund fibroblast cell line W138. 

 

Table 7. Multiple linear regression analysis results of S. rautanenii bark extracts. 

Change 

Degree 

of 

freedom 

Sum of 

squares 

Mean of 

squares F P. value 

Concentration 1 655.366 655.366 67.1 <.001 

Extract 1 33.893 33.893 3.47 0.112 

Concentration and Extract 1 19.011 19.011 1.95 0.212 

Residual 6 58.601 9.767     

Total 9 766.872 85.208     
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Evaluation of cytotoxicity of the aqueous and organic extracts of S. rautanenii  root 

revealed that the organic extract was more cytotoxic as compared to the aqueous 

extract, figure 26. There was a significant difference in cell viability resulting from the 

effect of the organic extract in the one-way Student’s t-test, (p<0.001). PostHoc analysis 

using the least significant difference indicated that the difference was at low extract 

concentrations. IC50 values were 444.8 µg/ml and 315.5 µg/ml for the aqueous and 

organic extracts of S. rautanenii root respectively. Multiple linear regression of the 

combined effect of extract concentration and extract revealed that extract concentration 

significantly affects cell viability (p=0.001) but the cell viability did not differ 

significantly in response to extract type (p=0.448). 

 

Figure 28. Evaluation of aqueous and organic extracts of S. rautanenii root extracts 

against the human fetal lung fibroblast cell line W138. 



78 
 

Analysis of cytotoxicity of both aqueous and organic extracts derived from the bark of 

C. mopane revealed the following, see figure 27. The IC50 value obtained against the 

extract’s effect on the human fetal lung fibroblast cell line, W138 was 202.5 µg/ml for 

the aqueous extract, which was slightly higher in comparison to that obtained from the 

organic extract, 197.6 µg/ml. Furthermore, a significant concentration effect was 

observed in both extracts (p<0.001), however the two plant extracts did not differ 

significantly in causing a decrease in cell viability (p=0.101). In other words,  figure 27, 

shows that the rate of decrease in cell viability changed in a similar manner for both the 

organic and aqueous extract. Subsequently, analysis of the combination of extract type 

and concentration on cell viability also not significantly different (p=0.594). 

 

Figure 29. Cytotoxicity investigation of both extracts of C. mopane bark against a fetal 

lung fibroblast cell line, W138. 
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Investigation of the cytoxicity effects of the aqueous and organic extracts of C. mopane 

root yielded IC50 values of 211.5 µg/ml and 162.4 µg/ml respectively. The two curve 

responses appeared similar, figure 28 and this was confirmed in that there was no 

difference in cell viability depending on extract being prepared either from an aqueous 

or organic solvent, table 8. However, there was a concentration response observed in 

both extracts (p<0.001),  the curve resulting from the effect of organic C. mopane root 

extract shows a much greater change in decreasing cell viability as extract concentration 

doubles, at the highest extract concentration. Generally, cell viability decreased with 

increasing extract concentration, that implies that cytotoxicity increased with extract 

concentration. 

 

Figure 30. Evaluation of cytotoxicity effect of the root aqueous and organic extracts  of 

C. mopane root on a fibroblast cell line, W138. 
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Table 8. Multiple linear regression analysis of C. mopane root extracts against cell 

viability of human fibroblast cells, W138. 

Change 

Degree 

of 

freedom 

Sum of 

squares 

Mean 

square F 

P. 

Value 

Concentration 1 1092.8 1092.8 63.16 <.001 

Extract 1 36.5 36.5 2.11 0.197 

Concentration and extract 1 16.68 16.68 0.96 0.364 

Residual 6 103.82 17.3     

Total 9 1249.8 138.87     

 

The extracts with the highest and lowerest IC50 values where aqueous S. rautanenii root 

and organic C. mopane root extracts respectively, table 6. A multiple linear regression 

analysis of the cell viabilities obtained from the two extracts revealed that a 

concentration effect was evident between the two plants (p<0.01). The effect of 

differences in extracts was not significant (p=0.529), however, a combined effect of the 

concentration and extract type was significant (p=0.017), table 9.  
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Table 9. Multiple linear regression analysis of the effects of  aqueous S. rautanenii root 

and organic C. mopane root extracts on the cell viability of the human fibroblast cell 

line W138. 

Change 

Degree 

of 

freedom 

Sum of 

squares 

Mean 

square F 

P. 

Value 

Concentration 1 599.13 599.13 39.77 <.001 

Extract 1 6.71 6.71 0.45 0.529 

Concentration and extract 1 160.38 160.38 10.65 0.017 

Residual 6 90.38 15.06     

Total 9 856.6 95.18     
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Table 10. Selectivity indeces of plant extracts  and etoposide against a panel of here cancer 

cell lines. 

 

Solvent Extract Selectivity index 

    TK10 UACC62 MCF7 

Aqueous S. rautanenii bark 0.4 1.5 1.3 

 

S. rautanenii root 1.0 3.5 2.9 

 

C. mopane bark 0.7 1.2 2.3 

 

C. mopane root 0.6 1.6 2.4 

Organic S. rautanenii bark 1.5 2.1 3.4 

 

S. rautanenii root 1.2 3.1 3.1 

 

C. mopane bark 1.7 2.1 2.8 

 

C. moane root 1.3 2.5 3.4 

  Etoposide 4.2 0.3 0.3 

 

The selectivity index (SI) is ratio of the measure/ indicator of how much effective a 

compound is as a therapeutic emtity as compared to its cytotoxicity. Since the SI is 

indicative of the compound’s differential activity of a compound, then, the greater the 

SI value, the greater the selectivity of the compound (Wardihan et al., 2013) and the 

better its potential use as a new therapeutic entity. For this study, high selectivity was 

considered as SI≥3 (Machana et al., 2012; Mahavorasirikul et al., 2010). Results 

displayed in figure 10, shows high selectivity of certain plant extracts against against 

cancer cell lines. The aqueous root extract of S. rautanenii displayed high selectivity 

cytotoxicity against the UACC62 melanoma cell line with SI=3.5. Organic extracts of S. 
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rautanenii bark, S. rautanenii root and C. mopane root also displayed high selective 

cytotoxicity against the breast cancer cell line, MCF7 with SI values of 3.4, 3.1 and 3.4 

respectively. The organic root extract of S. rautanenii also showed high cytotoxicity 

against the UACC62 melanoma cell line, SI=3.1. Worth notice is the anticancer and 

cytotoxic effect of the positive control, eoposide, which was highly selective against the 

renal cancer cell line, TK10, with SI=4.2. 

4.5. In vivo toxicity investigation 

Planaria are among the few organisms capable of regenerating complete body parts after 

they are lost. Planaria was cut and maintained in the presence of different plant extracts 

and concentrations. The length of the planaria was measured every second day for eight 

days. The following graphs were obtained by plotting the mean change in planaria 

length over the experimental period of eight days, figure 29-32.  Data analysis for 

normality of data obtained from the mean change in planaria length every observational 

day using Shapiro-Wilks test proved data to be normally distributed, therefore, 

additional parametric data analysis tests were performed.  

The effect of growing planaria in the presence of the organic S. rautanenii bark extract 

displayed both growth promoting and growth retarding effects at different 

concentrations.  Overall, there was an increase in planaria length at the lower extract 

concentration of 5 µg/ml over the eight observational days, and yet this was not 

comparable to the growth seen at no treatment, 0 µg/ml, figure 29. However, a  four 

fold increase in extract concentration resulted in a decrease in planaria length, figure 29. 
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Multivariate analysis of the mean lengths on different observation days and different 

extract conconcentrations reveal a significant difference over the eight days, p=0.010. 

This depicted that S. rautanenii organic bark extract negatively affected planaria 

regeneration, indicating that as extract concentration increased, the cytotoxicity effects 

of S. rautanenii bark extracts were more visibly seen as affecting planaria regeneration 

in comparison to low extract concentration.    

 

Figure 31. Effect of the organic bark extract of S. rautanenii on planaria length. 
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S. rautanenii root extract affected the planaria growth in a concentration dependent 

manner (figure 30). At low extract concentration of 5 µg/ml, planaria length was 

comparable to that of the planaria growing in mineral water that did not contain any 

treatment as no significant difference was found in the mean change in length of 

planaria gowing in the presence of 5 µg/ml or 0 µg/ml extract (p=0.9). Multivariate 

analysis of the mean growth of the planaria as affected by the different extract 

concentrations of S. rautanenii root showed they were comparable, (p=0.870). This 

means that the extract of S. rautanenii was not toxic to the planaria overall since growth 

was similar in the instance of treatment and no treatment.  
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Figure 32. Effect of the organic root extract of S. rautanenii on planaria length. 

 

C. mopane bark extract affected planaria growth as seen in figure 31. The extract at 

different concentrations showed an initial strong antigrowth effect as extract 

concentration increases, planaria length decreases. However, there is no difference in 

the effect of the different extract concentrations over the eight observational days, 

p=0.215. This shows that the bark extract, is not toxic to the planaria. 
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Figure 33. Influence of the organic bark extract of C. mopane on planaria length. 

 

The organic extract prepared from the root part of C. mopane displayed growth 

inhibiting and toxicity effects on regenerating planaria, figure 32. At low extract 

concentration, 5 µg/ml, the extract appears to cause a growth inhibition effect as 

compared to no treatment. Statistical analysis shows that there is no significant 

difference in the change in planaria length when data at low extract concentration and 

no treatment was compared over the eight days, (p=0.257). However, when extract 

concentration was increased to 20 µg/ml, C. mopane root extract was very toxic to the 
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planaria, resulting in planaria death. Overrall, there exists a significant change in 

planaria length as a result of differing concentrations, (p=0.033).  

 

Figure 34. Effect of C. mopane root organic extract on planaria length. 
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CHAPTER FIVE: DISCUSSION 

 

The need for anticancer remedies is undoubtably important, owing to the increasing 

cancer incidences in Namibia (Namibia Cancer registry, 2011) and world wide (Jemal 

et al., 2011). Plants have proven to be a valuable resource for novel medicinal entities 

over the years. For the treatment of diseases such as cancer, plants such as 

Catharanthus roseus, Camptotheca acuminate, Taxus brevifolia, to mention a few, have 

revolutionized cancer drug discovery with the inclusion of vinca alkaloids, 

camphothecin and paclitaxel (Nirmala et al., 2011) as clinically approved treatments for 

the treatment of different cancer forms such as leukemia, Kaposi sarcoma, solid tumors 

and others. Many of these plant derived anticancer drugs in clinical use such as 

paclitaxel were derived from plants with a long history of use within traditional settings 

for treatment of cancer (Thaware, 2012). Namibia already has a rich heritage of 

traditional medicinal plants (Cheikhyoussef et al., 2011a; Cheikhyoussef et al., 2011b; 

Chinsembu, 2009; Hedimbi and Chinsembu, 2012;), however, there is a lack of 

scientific evidence supporting the efficacy of Namibia’s plants. 

This study revealed the presence of various phytochemical compounds, in both the root 

and bark extracts of S. rautanenii and C. mopane, with the exception of anthraquinones, 

which were only detected in S. rautanenii roots. Alkaloids were detected in all four 

plant extracts, table 4. The pharmacological properties of alkaloids include antioxidant 

(Tiong et al., 2013),  analgesic and anticancer properties  (Lu  et al., 2012). However, 
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alkaloids have been known to be toxic to man and livestock, acting as deterants to 

prevent the plant from being eaten as food (Harborne, 1998), which may explain their 

useful applications as medicines. Phenolic compounds such as flavonoids, coumarins, 

anthraquinones, lignans and curcuminoids (Huang et al., 2009), are well documented 

for their roles in chemoprevention of cancer (Hail, 2005), as a result of their hydrogen 

donating properties, radical scavenging ability, metal ion and singlet oxygen species 

chelators (Ida Christi and Meona, 2013). This diverse group includes 8000 biologically 

active members (Stalikas, 2007). In a study in Botswana, Madibela et al. (2006), 

reported that a phenolic compound accounted for  27g/kg tannin content in folder 

leaves, citing anti-nutritional factors. Both the root and bark of C. mopane tested 

positive for the presence of flavonoids. In a recent report (Kapoor and Pandita, 2013) 

quantified three flavonoid compounds from the leaves of C. mopane. This study also 

demonstrated the presence of several terpenoidal compounds, table 4. The presence of 

triterpenens in this study are in agreement with another report, on the phytochemical 

composition of the chloroform extracts of the bark and seed of C. mopane,which 

revealed the presence of diterpenes, dihydrogrindelic acid and an aldehyde: 

dihydrogrindelaldehyde (Mebe, 2001). Extracts prepared from the bark and seed of C. 

mopane proved cytotoxic towards breast cancer cells (Mebe, 2001). Triterpenes were 

also detected in all extracts of both plants. Pharmacological properties of terpenes 

includes chemoprevention of cancer (Salminen et al., 2008), anti-inflammatory, 

anticancer and many others (Paduch et al., 2007). A member of the Euphorbiaceae 
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family, Euphorbia kansui is a Chinese plant, from which potent anticancer diterpenes 

have been isolated in the past (Itokawa et al., 2008). 

High antioxidant activity of a compound refers to its ability to protect other compounds 

or molecules from being oxidized. Antioxidant activity is an important property of plant 

extracts which is especially beneficial for chemoprevention (Spanou et al., 2007). 

Several members of the Fabaceae family have recently been shown to contain strong 

antioxidant activity (Godevac et al., 2008) using several methods such as DPPH, ABTS 

radical scavenging and inhibition of liposome peroxidation.  Plant products are a good 

source of antioxidants and have been motivated for inclusion into diets and also the use 

of medicinal herbal supplements for the reduction of diseases such as cancer and  

cardiovascular diseases, whose development is influenced by free radicals (Ida Christi 

and Meona, 2013). Therefore, the findings of this research regarding the high level of 

antioxidant activity, especially in the root extract of S. rautanenii implies that 

application as a chemopreventative remedy to reduce cancer risk. 

Saponins are widely distributed in different plant species and are characterised by their 

bitter taste and foaming abilities. Saponins are glycosidic in structure comprising an 

aglycone structure attacted to sugar moieties. Saponins can either be triterpenoid or 

steroidal, with the former being more common, and they have been shown to confer a 

variety of physiological activities such as anticancer (Man et al., 2010) and other 

therapeutic properties in man. Podolak et al. (2010), recently revealed the cytotoxic 

properties of various saponins. This study revealed the presence of saponins in the plant 
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extracts, especially in the bark and roots of S. rautanenii and C. mopane respectively, 

figure 6. Literature contains reference of triterpenoid saponins in a member of the 

Euphorbiaceae family, (Acharya and Khan, 2013). 

The root extracts of both plants had greater antioxidant activity in comparison to the 

bark extracts. This may be due to the presence of phenols: anthraquinones, coumarins 

and flavonoids as found in the extracts during phytochemical profiling of plant extracts, 

table 3. The highest antioxidant activity was observed in S. rautanenii root extract,  

which can be attributed to the presence of phytochemicals, table 4. In another study, a 

plant called Acalypha manniana (Noumedem et al., 2013), belonging to the 

Euphorbiaceae family possessed antioxidant properties. Antioxidant activity is 

commonly attributed to phenolics (Farombi and Owoeye, 2011; Oueslati et al., 2012). 

However, analysis of correlation between the antioxidant potential, figure 18 and total 

phenolic content, figure 15  using the spearman correlation of the four plant extracts, 

S. rautanenii, C. mopane root and bark extracts (n=12) revealed a very weak 

correlation, (-0.112), p=0.729 indicating that the observed antioxidant activity does not 

depend on the phenolic content of plant extracts. In a study conducted by Motlhanka 

(2008), in Botswana, both water and methanol extracts of C. mopane displayed free 

radical scavenging activity of close to 70% using the DPPH method at extract 

concentrations between 50-100µg/ml. A correlation analysis of the total alkaloid 

content (figure 16) against the antioxidant potential revealed a significant positive 

association with correlation=0.58 (n-12, p=0.048). This shows that the total alkaloid 

content of the plant extracts may have been responsible for the observed antioxidant 
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activity, figure 18. In another study, four alkaloids isolated from the Catharanthus 

roseus plant were demonstrated to possess antioxidant properties with potential 

applications in the treatment of type 2 diabetes (Tiong et al., 2013). 

Vertebrates possess a defense system which circumvents attack by microorganisms. 

Anti-proteases are ubiquitous and are found free floating within vertebrate’s serum and 

act as a non-specific immune response (Rao and Chakrabarti, 2004). Indeed, 

phytochemicals such as triterpenes have been known to mediate protease inhibition 

activity (Hodges et al., 2003). Cancer progression has been linked to reduced pH values 

within and in the immediate periphery of cancer cells (Rothberg et al., 2013), resulting 

in increased proteolytic activity of enzymes such as cysteine cathepsins. Proteases such 

as cysteine cathepsin are pro- angiogenic, involved in degrading extracellular matrix 

(Dabrosin, 2005) to allow cancer metastasis. The methanolic extracts of C. mopane and 

S. rautanenii all displayed anti-protease activity in this study, table 4. Zha et al. (2013) 

showed the activity of various extracts of several plants, prepared using methanol and 

chloroform as potent inhibitors of urokinase type plasminogen activator, a protease 

believed to play an important role in cancer metastasis. The findings of this research 

imply that plant extracts have antiprotease activity which may be applicable in the 

control of cancer progression by inhibiting angiogenesis and hence reduce cancer 

metastasis. 

To date, many plant candidates from various traditional systems have been examined 

for anticancer medicinal properties (Elkady 2012; Muhamad et al., 2011; Wang et al., 
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2011). Here, two Namibian plants, S. rautanenii and C. mopane roots and bark extract 

displayed different levels of anticancer activity, table 5. C. mopane root and bark 

organic and aqueous and S. rautanenii organic bark extracts displayed anticancer 

activity against the breast MCF-7 cancer cell line with IC50 values below 100 µg/ml. 

The organic C. mopane bark and root extracts were of particular interest because they 

displayed activity below 100  µg/ml extract oncentration for at least two cell lines, and 

this was moderate activity, according to the Council for Scientific and Industrial 

Research (CSIR) criteria (Mashele and Kolesnikova, 2010). However, according to the 

US NCI cancer screening criteria, an extract with observed IC50 value above 30 µg/ml is 

considered as not possessing in vitro anticancer activity (Karimi et al., 2012). 

All the extracts derived from C. mopane and S. rautanenii did not exhibit anticancer 

activity against the renal cell line, TK-10, with IC50 values above 100 µg/ml, table 5, 

despite their phytochemical profiles, table 4 and their use within the traditional settings 

(table 1). According to Fouche et al. (2008), the cell lines, UACC-62, MCF-7 and TK-

10 are equally sensitive for detection of anticancer activity, but this research displayed 

differences in the sensitivity of the three cancer cell lines, as evidenced by the IC50 

values, table 5. Garner and Eastman (2011), noted that the TK-10 cells  have lower 

metabolism as compared to MCF-7, which might help explain its insensitivity to plant 

extracts. Furthermore, Shen et al. (2007), describes the renal TK10 cell line as being 

resistant towards chemotherapeutic agents, even towards cisplatin.   
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In the traditional setting, water is used as the main solvent for preparation of medicinal 

portions. However, results obtained in this study, table 5,  show that the organic extracts 

are more potent, in comparison to their aqueous extract equivalents as shown by lower 

IC50 values.  This  can be attributed to the type of solvent system  used for the 

isolation/extraction of bioactive compounds in plants. Organic solvent usually yield 

greater activity as compared to the aqueous extracts (Clarkson et al., 2004; Fouche et 

al., 2008), despite the fact that water is the main solvent of choice in the traditional 

setting. Laboratory preparation of extracts differs from traditional preparation of 

medicinal remedies. In the traditional setting, medicinal portion reparation often involve 

long hours of boiling (Clarkson et al., 2004). S. rautanenii is prepared by simple 

soaking of fresh plant  material in water and not boiling while C. mopane  root is 

applied in the form of a dry powder to swollen testis, in Namibia’s Zambezi region. In 

the laboratory, extraction methods such as soxlet or ultrasonication extraction methods 

have repeatedly yielded elevated activities as compared with extracts prepared by 

simple maceration (Oh et al., 2011). Drying and preparation of extracts in the laboratory 

setting may lead to the degrading of bioactive compounds, essential for 

pharmacological activity. Compounds such as terpenoids, and phenols, which were 

detected during phytochemical screening are volatile and are subject to loss during the 

extraction process (Omar et al., 2013). Further, the bioactive constituents may exist in 

an inactive state, which requires activation through metabolic breakdown to release the 

active compounds (Huttunen et al., 2011), and hence may not show activity in vitro.  
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Phyllanthus niruri, is a member of the Euphorbiaceae family, from which a potent 

anticancer compound, corilagin has been isolated with activity against ovarian cancer 

(Jia et al., 2013). Meanwhile other members of the Fabaceae family have also recently 

displayed anticancer activity against a range of cell lines (Dos Santos et al., 2012), in 

Brazil.  

An important aspect of cytostatic treatment options for the treatment of cancer is the 

ability of the chemotherapeutic drug to differentiate between cancer and non cancerous 

cells. The indiscriminate nature of many cytostatic clinical drugs results in side effects 

such as dyspnea, hair loss, nausea and vomiting, tiredness and many others (Ihbe-

Heffinger et al., 2013). Side effects such as hot flashes, vaginal discharge, irregular 

menstruations were discussed in a study by Shapiro and Recht (2001) as associated 

negative effects arising from the use of tamoxifen as a chemotherapeutic drug. Such 

side effects support the search for alternative less toxic treatment options. Some plants  

extracts in this study, table 10, appeared to display selective cytotoxicity and did not 

adversely affect non-cancerous cells in comparison to cancer cells, table 5 and 6. These 

findings show potential use of plant extract for the development of an alternative 

treatment option with possibility for inclusion into mainstream usage, provided the 

mode of action of the plant extracts can further be established in vitro, in vivo small 

animal studies and eventually clinical trials. 

In vivo models for evaluating anticancer or cytotoxicity properties of extracts or 

compounds include transplantable cancer models such as sarcoma 180, leukemia L1210 
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and carcinoma 755, which can be studied in a host such as a rodent (Suggitt and Bibby, 

2005). An ideal in vivo cancer model should be characterised by a simple, fast, low 

research cost and modeling close to in situ pharmacodynamic activity. Planaria is a 

fresh water flatworm with the perculiar regenerative abilities not so common in all 

animals, because only a few other animals are capable of complete tissue regeneration. 

Planaria regeneration is influenced by its immediate environment, either supporting or 

retarding the rate of regeneration. Planaria is a multicellular organism, whose growth is 

rapidly affected by its immediate environment, it offers a cost effective, simple, and 

sensitive method for in vivo toxicity screening (Dushimemaria and Mumbengegwi, 

2013). Data in figures 20-23 revealed the effects of bark and root extracts of S. 

rautanenii and C. mopane on planaria. Planaria treatment was measured every two days 

with a fresh change of the extract preparation. Organic root extract of C. mopane proved 

cytotoxic to planaria, causing death of all Planaria. This implies that the products of the 

metabolic breakdown of C. mopane root extracts are toxic at high concentration. The 

use of planaria in this study for the assessment of cytotoxicity is a novel and cheap 

method but is disadvantaged by the fact that Planaria does not compare to more 

frequently used models such as mice. Both planaria and mice are multicellular 

organisms, able to show the cytotoxic effect of plant extracts and their metabolic end by 

products, however, mice models are more versatile, allowing assessment of toxicity 

experienced by different body organs. Toxicity results obtained in this study can serve 

as a baseline, for further studies using, frequently used experimental models. Other 

cheap models for investigating cytotoxicity include brine shrimp assays (Ali et al., 
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2013), and drosophila flies for anticancer screening and cytotoxicity (Willoughby et al., 

2013).  

There are three different ideas on the origin of phytochemical compounds 

(Karuppusamy, 2009), and one school of thought suggests that pharmacological 

properties displayed by medicinal plants owe them to symbiotic interactions with 

endophytic fungi that reside in them (Chandra, 2012). In fact, paclitaxel, was isolated 

from a fungus, Taxomyces andreanae, which exists in a symbiotic relationship with 

Taxus brevifolia, (Nikolic et al., 2011) and also the isolation of a gene involved in the 

biosynthesis of taxol, 10-deacetylbaccatin-III-10-O-acetyl transferase from 

Clasdosporium cladosporiodes, from Taxus media (Karuppusamy, 2009). This and 

many other findings have affirmed the principle that endophytic fungi are able to 

produce bioactive substances similar to the host plant’s secondary metabolites, with 

biological properties including antioxidants, antineoplastic, cytotoxicity and others, 

(Wang and Dai, 2011). C. mopane has been shown to host a range of endophytes such 

as Phoma, Phomopsis and Alternaria, (Wang and Dai, 2011). No research has been 

conducted to show that the fungal species isolated from C. mopane produce secondary 

metabolites similar to those observed in literature, contained in the plant host. To date, 

it is not possible to differentiate secondary metabolites such as taxol, produced by the 

plant or the endophytic fungal taxol produced by organisms such as Taxomyces 

andreanae since both the fungi and it host may share a similar pathway to produce the 

metabolite (Soliman et al., 2013). 



99 
 

 

 

 

 

 

 

CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS 

 

Namibian indigenous plants, S. rautanenii and C. mopane were observed to possess 

phytochemical compounds such as alkaloids, flavonoids, anthraquinones, coumarins 

and triterpenenes, which are known to confer either chemopreventative activity against 

cancer initiation and progression or antiproliferative properties. Antiprotease  activity 

and antioxidant activity were also detected in all plant extracts. In vitro anticancer 

activity against renal, breast and melanoma cell lines revealed that the organic root and 

bark extracts  of C. mopane had moderate anticancer activity, with the the root organic 

extract showing the lowest IC50 values, especially against the breast MCF7 cell line. 

Cytotoxicity screening of all extracts against the human fetal lung fibroblast cells 

displayed low cytotoxicity, while the lowest IC50 value was obtained from the organic 

root extract of C. mopane. However, in vivo toxicity evaluation of the plant extracts in a 
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fresh water flatworm revealed that C. mopane organic root extract was toxic to planaria 

at 20 µg/ml, and resulted in the death of the planaria. 

In conclusion, the findings of this report provide only moderate support for the use of C. 

mopane for palliation and treatment of cancer in resource poor settings to meet the 

healthcare needs of patients from distant rural areas who cannot easily access Western 

treatment or have to endure the long referral process. However, due to the toxicity 

results displayed by the extracts against Planaria, it is essential to investigate dosaging 

regimen of the plant extracts, in vitro, in vivo mechanistic studies and randomized 

clinical trials are required before recommendation of plant extracts for cancer treatment 

and palliation. 

This research forms the basis for further research on the anticancer properties of the 

medicinal plants used in this study. Future studies should focus on optimization of the 

extraction process using different solvent systems to achieve a greater yield of bioactive 

compounds. The extracts can also be fractionated to identify the bioactive constituents 

in the extracts as well as any sources of toxicity.  In addition, the panel of cancer cell 

lines can be extended to yield a wide range of activity profiles of the two plant extracts. 

Furthermore, plant extracts should be evaluated for anticancer activity and toxicity in a 

mammalian in vivo cancer model such as xenographts in mice. Finaly, future research 

should distinguish between endophytic originating phytochemicals and those 

originating from the two plants investigated in this study.  
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