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ABSTRACT 

Cancer is on the rise globally, with incidences and mortalities increasing in developing 

countries including in Namibia. The ongoing search for efficacious and safe medicines to 

treat cancer is often cumbered by poor solubility and toxicity of potential treatments. 

Gomphocarpus fruticosus is a medicinal plant used to treat tumors in amibia through 

topical application and it has been shown to have anticancer action against several cell 

lines. I lowcver, due to its cardiotoxic properties, it has not been investigated further. This 

study was conducted to develop a lipid-based drug delivery system based on 

Gomphocarpusfruticosus extracts, to alleviate the plants toxicity profile while harnessing 

its anticancer properties. The phytochemistry of G. fruticosus harvested in Namibia was 

investigated using thin layer chromatography and Gas Chromatography-Mass 

Spectroscopy. The anticancer activity was evaluated against three cells lines (PC3, I leLa 

and HcpG2) and cytotoxicity against primary cell lines (Hck293 and KMST6). Apoptosis 

induction was investigated using the APOPercentageru assay, while general oxidative 

stress and caspase induction was investigated using the Reactive oxygen species (ROS) 

assay in HcLa and Hek293 cel ls. The toxicity of the G. fruticosus extracts was also 

assessed using in vivo toxicity assays in Balb/C mice. Finally, to improve solubility of 

phytochemicals and reduce non-specific toxicity, a lipid based delivery system was 

fonnulated through thin-layer hydration of phosphatidylcholine, cholesterol and plant 

extract (250: J: I 0) in phosphate buffered sal inc The nanoparticlcs were characterized for 

physically for zeta potential and polydispcrsity using Dynamic Light Scattering and 

Scanning Electron Microscopy. The encapsulation efficiency of the drug delivery system 

and its stabi lity in media was also investigated before its biological activity was evaluated 

against the lleLa cervical cancer cell line. Phytochemical analysis showed G. fruticosus 

had alkaloids, coumarins, steroids, anthraquinones, Oavonoids and triterpenoids. 

Furthermore, anti-inflammatory, anticancer and antioxidant compounds such as beta­

sitosterol, alpha-amyrin, lupeol and their esters and acetates were detected by GCMS. The 

plant extract showed selective antiproliferati vc activity against HeLa cel ls (ICso 8.35"7 ± 

0.13 g/L) although the mechanism of cell dcalh was most likely necrosis not apoptosis as 

expected. This conclusion was supported by detected ROS levels and lack of caspase 

cleavage. In vivo toxicity in Balb C mice was observed (LDso 1.968"1 ± 59.16 glkg) and 



classified as category 3 under GHS. Lipid based nanoparticles showed high encapsulation 

efficiency of 96.5 I % with a particle size range between 1 30-150 nm and narrow particle 

size spread. The zeta potential was low at -1.6 ± 0.6 mV, contributing to agglomeration 

and low stabi lity in biological media. Fluorescent microscopy and flow cytometry analysis 

showed uptake of G. fruticosus phytosomes based on the rhodamine fluorescence, 

treatment of HeLa cells with phytosomes (3.976"4 g/L), increased apoptosis. Cells also 

had reduced viability in a short time space after exposure, alluding to accelerated cell 

death in comparison to free extract. This study raises the possibility that the toxicity of G. 

fruticosus can be managed using a lipid based delivery system especially for cervical 

cancer following optimization in in vivo cancer disease models. It validates the 

ethnomedicinal use of G. fruticosus and adds value to a plant whose development was 

previously abandonded due to toxicity. Furthermore, it elucidates the mechanism of action 

of G. fruticosus extracts which was not previously known, while describing the 

phytochemistry of Namibian G. fruticosus. This study can lead to the development of 

commercially viable, safe and locally sourced treatment alternatives, especially for 

cervical cancer. 
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CHAPTER 1: INTRODUCTION 

Cancer is a term used to refer to a group of diseases which are characterized by 

uncontrolled cellular division . The global cancer burden was estimated to be 18.1 million 

new incidences and 9.6 million deaths respectively in 2018 (Bray et al., 2018). The most 

prominent cancers remain prostate and breast cancer for males and females respectively. 

Mathers, Bocrma and Ma Fat, (2009) cited cancer as the third leading cause of death while 

(Bray et a/., 20 18) cites it as expected to be the leading cause of death and reduction of 

life expectancy globally. This trend shows the progressive danger that cancer possess on 

human health. The types of cancer cases reported is changing from cancers related to 

infection or poverty to those associated with changes in lifestyle linked to economic 

development (Bray et al., 2012), such as aging populations, inactivity, westernized diets 

(Thun eta/., 20 I 0). 

Not only is the cancer burden on the rise globally, but also in Namibia. Namibian cancer 

statistics have been on the rise, resulting in increases of both morbidity and mortality. The 

latest cancer incidences as reported by the Namibia National Cancer Registry (!\NCR) 

between 2010-2014 reported a total of 11 248 new cases (Carrara et al., 2017). This 

represents an alatming hike of 43 .4%, as compared to the previous report (Carrara et a/., 

20 II ), which puts stress on the health care system. In addition, the completeness of the 

registry is a concern w ith some cases being missed, whilst some cancer cases arc not 

formally diagnosed. Cancers such as prostate cancer and Kaposi sarcoma have continued 

to be the most prevalent among males while cervical and breast cancers are the most 

prominent in females. The burden of cancer in Namibia has been greatest in the female 
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population (Carrara et al., 2009, 2011, 20 17), unlike the trend seen globally (Bray et al., 

2018). 

1n Namibia, cancers associated with HIV/ AIDS continue to mcrease, despite 

improvements in antiretroviral coverage in the country (Bruin and Stefan, 20 13) and these 

include Kaposi sarcoma, Non-Hodgkin lymphoma, eye cancers and cervical cancer 

(Carrara et a/., 20 17). The incidence of hepatitis B virus has also been increas ing in 

Namibia, and it is known as a cervical cancer risk factor (Mhata el al., 20 17). Namibia 

has struggled with hepatitis E outbreaks in the past (Isaacson et al., 2000) and has recently 

experienced a similar outbreak. Hepatitis E infection is suspected to be an associated risk, 

contributing to liver cancer in indi viduals already carrying hepatitis B and C (Atsama et 

a/., 2017). Other risk factors include smoking, multiple sexual pattners, early onset of 

sexual activity, use of contraceptives and human papillomavirus in fection (Carrara eta/., 

20 17). The Namibia National Cancer Registry (Carrara eta/., 20 I 7) further confirms the 

lack of up to date information linking risk factors such as alcoho l, tobacco use, Human 

papillomavirus, Hepatitis B and Human fmmunodcficiency Virus to cancer incidence. 

lnforrnation linking risk factors to disease occurrence will reduce infection as screening 

initiatives are implemented and strengthened, which would lead to an overall decline in 

cancer incidence (De Vuyst et a!., 20 12). Currently, treatment options involve 

chemotherapy mostly but can also take the form of radiotherapy, surgery or a combination 

of these. To access effective medical care, cancer patients go through a long referral 

process for confinned diagnosis, with often poor prognosis of disease (Dushimemaria and 

Mumbengcgwi, 2015; Dushimemaria, Du Preez and Mumbengegwi, 2017). 
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To improve access and provide effective alternative anticancer therapies, many 

researchers have turned to traditionally used medicinal plants (Kalita, Das and Sharma, 

2013; WHO, 2013). Medicinal plants continue to be valuable resources for 

pharmacological-lead drugs such as vincristine and vinblastine: potent anti-leukemia 

drugs in clinical use (Nirmala, Samundccswari and Sankar, 20 II). However, some plant 

derived alternative compounds display poor solubility and non-specific toxicity (Nirrnala 

et a/, 20 11 ). Furthermore, the bio-distribution of pharmacological agents are not always 

optimal for treatment of cancer. Drug delivery systems have been shown to be effective 

for improving all these undesirable properties of synthetic medicines. Applying drug 

delivery technologies may mitigate against these challenges facing use of medicinal plant 

extracts used in anticancer therapy. 

This study will focus on a plant called Gomphocarpus fruticosus. The plant is widely 

distributed around the world and is distinct due to the milky substance exuding from its 

injured parts as well as it bulb-like fruiting structures. In Namibia, the plant is reportedly 

used traditionally by the Bergdamaralberdamaralbcrgdamaldaman/damaqua, people who 

inhabited the mountains near Grootfontein and other mountainous places in Namibia (von 

Koenen, 200 I). It is known to be poisonous, with reports citing death of livestock 

(SEPASAL: http://apps. kew.org/sepasalweb/sepaweb). lt has also been studied by 

diffe rent researchers for anticancer properties and a number of compounds isolated from 

various organs (Fouche et al., 2008; Mashele and Kolesnikova, 2010). However, owing 

to its poisonous effects, it was abandoned and not studied or developed further. The 

encapsu lation of the toxic herb (G . .fruticosus) using a lipid-based delivery system may 
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present an opportunity to make use of its anticancer properties while targeting its delivery 

and therefore reduce its toxic effects to none-cancerous cells. 

1.1. Statement of the problem 

G. fruticosus is a plant used for treatment of tumors in Namibia's traditional setting and 

therefore has a potential for anticancer treatment. Tt has received scientific attention in 

different parts of the world for its anticancer activity in vitro against different cell lines 

with promising outcomes. However, due toits dose limiting toxicity, low therapeutic 

window and poor bio-distribution properties (Nirmala, Samundeeswari and Sankar, 20 I I) 

it has been abandoned and not studied further due The formulation of a lipid-based 

delivery system for Namibia's Gomphocwpus fruticosus extracts may reduce toxicity 

while improving it biological properties and hence provide an alternative treatment 

options for to the reduction of cancer morbidity and mortality. 

1.2. Research obj ectives 

a) To determine the phytochemical profile of Gomphoca1pusjruticosus. 

b) To investigate the anti-proliferative, cytotoxicity activity of Gomphocatpus 

fmticosus extract and its mechanism of action in vitro. 

c) To detennine the in vivo toxicology properties of crude extract of Gomphocarpus 

fruticosus. 

d) To formulate, characteri ze and evaluate, a lipid based-drug delivery system for a 

Gomphoc01pusjruticosus extract for in vitro anticancer treatment regimen. 
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1.3. Research hypothesis 

The formulation of Gomphocarpus fruticosus extract as a nanoparticulate drug delivery 

system will improve their therapeutic effect against an in vitro cancer model as compared 

to crude plant extract. 

1.4. Significance of study 

The study which is the first of its kind in Namibia, will lead to a phytosomc as a delivery 

platform for extracts derived from Gomphocarpus fruticosus, to be used as alternative 

therapies for diseases such as cancer. Phytosomes wi ll increase acceptability of herbal 

medicines and add value to indigenous natura l products and downstream industries 

associated with such products. ln addition, it wi ll lead to the documentation of the 

chemical constituents of G. fruticosus, its toxicity in vivo and anticancer mechanism of 

action. The study will also contribute to the gap in knowledge of the anticancer properties 

of Namibian G. fruticosus, there is a lack of the much needed research into the efficacy 

and safety of medicinal plants . Research such as this wi 11 not only serve to document and 

validate the use of these medicinal plants but will also form the basis of advice to policy 

makers and also potentially lead to the development of commercially viable, safe and 

locally produced medicinal products. This wi ll improve access to effective anticancer 

therapies and thereby improve prognosis and reduce morbidity as resulting from cancer, 

especially in a resource poor environment. 
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1.5. Limitation of study 

While the study envisions that the combination of nanotechnology and herbal extracts will 

improve access, result in improved acceptability of G. fruticosus as a cancer treatment 

option or better bio-distributed herbal products but these will not be detcnnined in this 

study due to availability of resources. In addition, the origin of the phytochemicals is not 

often defined as being the plant's own or belonging to endophytic fungi, and this will not 

be ascertained in this study. 
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CHAPTER 2: LITERATURE REVIEW 

2.1. Cancer 

Cancer refers to a group of diseases which are mainly characterized by uncontrolled cell 

division (Ganesan and Muthuchelian, 20 11) and their acquired abil.ity to escape 

programed cell death (Rastogi & Mishra, 20 12). ln addition to these two characteristics, 

Hanahan and Weinberg, (2011) further described cancer as a disease which induces the 

development of new vascular pathways (angiogenesis), perpetuates invasion and 

metastasis in order to sustain the growing mass of cells. Furthermore, the cancer 

phenotype is characterized by the ability to escape growth forbidding signals and immune 

system, sustaining its independent sources of growth-signals, redirecting energy 

investments, resulting in replicative immortality (Hanahan and Weinberg, 20 11). Cancer 

can develop in any body tissue and exist as either a benign or malignant cancer. Benign 

cancers develop and remain in the body tissue or organ of their origin, whereas, malignant 

cancers display migration and invasion from site or origin to additional distal sites in the 

body (Saunus et al., 20 II). It is reported that, breast, prostate, uterus, lung, kidney stomach 

and colon primary cancers are responsible for metastasis to the max illofacial region, 

(Sagheb et a/. , 20 17), via the hematologic, non-lymphatic or vertebral venous plexus 

pathway. ln addition, it is theorized that cancer cell s in a primary site are capable of 

determining or targeting themselves to distant organs for the purpose of establishing 

secondary metastatic sites using the stromal microenvironment (Saunus et al., 2011 ). 
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2.2. Cancer etiology 

Etiological agents of cancer fall into various categories such as chemicals infection 
~ ' ' 

radiation, physical agents, food intake and exercise, hormones. Chemical agents such as 

arsenic, tobacco, asbestos and benzene arc known cancer causers. Tobacco smoking, 

arsenic, asbestos is a known etiological agent of lung cancer. These chemicals have been 

shown to be risk factors for a number of cancers, such as tobacco smoking linked to not 

only lung cancer but cosophagus, larynx, tongue (Carrara eta/., 2017) and others such as 

stomach, bladder, kidney cancer. Physical inactivity contributes to cancer in a two-fold 

manner through weight gain and adverse effects on the endocrine and immune systems 

for breast, prostate, pancreatic, colorectal cancer and more (Clague and Berstein, 2012). 

Physical carcinogens such as ultraviolet rays and biological agents such as the hepatitis 

viruses (Yeap et a/. , 20 12; Tagliamonte et a/. , 20 15) have all been implicated in the 

initiation, promotion and progression of the disease (Mulwarc, 20 13). Menopause, 

hormonal changes, age at first menstruation, number of children, lactation arc also 

reported risk factors for various cancers such as breast and cervical cancer (Calaf et al., 

20 15). Still, cancer development may be hereditary with cancer predisposition passed 

down to offspring. A small percentage of observed cancers are caused in this manner, 

while most commonly inherited cancers are ovarian, breast or colorectal. 

The etiological agents of cancer arc varied and come in many forms. However, they all 

have a singular effect on the normal order of the cell cycle, which results in the 

development of cancer. 
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2.3. Cell cycle control and cancer development. 

The human body is made up of different cells which are grouped into tissues, organs and 

organ systems. Each cell originates from pluripotent stem cells which undergo 

differentiation to allow cells to perform specialized functions. This process occurs so that 

the organism may grow and increase in size but also to allow old cells or damaged cells 

to be replaced, ensuring the survival of the organism as a whole. Since all these processes 

arc orchestrated by the DNA, it is imperative its replication and subsequent events of the 

cell cycle proceed in a manner which maintains DNA integrity. DNA integrity is 

maintained as a cell undergoes a cycle comprising of a DNA synthesis stage and mitosis 

stages, which are interspaced by two cell growth stages (G I and G2) and three checkpoints 

(Dickson and Schwartz, 2009). 

During the mitotic phase, three different initiator caspascs are restricted by 

phosphorylation, such that additional cellular processes are inhibited (Pan-ish, Freel and 

Kornbluth, 2013), figure 2.1. Cyclin Band CdKI complex phosphorylates procaspase 2, 

8 and 9, effectively preventing their activation and their subsequent role in programmed 

cell death (Parrish, Freel and Kornbluth, 201 3). These caspases play unique roles in 

apoptosis induction. Two distinct pathways lead to apoptosis: The intrinsic and extrinsic 

pathways (Brentnall el a!., 20 J 3). The two pathways both employ a cascade of caspases 

in order to cause programmed cell death. The intrinsic pathway involves the mitochondria, 

while the extri nsic pathway is initiated by a death signal received through a 

transmembrane receptor (Brentnall et a/., 20 13). Procaspase 8 is recruited on the 

intracellu lar side of the transmembrane, when a death s ignal is received by the death 
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receptor (DR) on the outside of the membrane and linked to the death domain (DD) and 

F AS- associated death domain (F ADD), to be able to transverse the membrane (Mcilwain, 

Berger and Mak, 20 15). This recruitment causes procaspase to be activated by 

dimerization, leading to activation of procaspase 3, an executioner of apoptosis in type I 

cells or activation the intrinsic pathway in type 2 cells (Mcllwain, Berger and Mak, 2015). 

Activated caspase 8 cleaves proaopoptotic enzyme Bid, wh ich futther aids the 

dimerization of Bax and Bak. Bax and Bak enable the pennealization of the mitochondria 

membrane by forming pores in the membrane. The formation of the pores results in the 

release of cytochrome c. In the cytosol, cytochrome c fom1s an apoptosomes complex with 

procaspase 9 (initiator caspase) and apoptotic protease activating factor l(Apafl) 

(Mcllwain, Berger and Mak, 2015). The resulting apoptosome can now cleave procaspase 

3/7 in the cytosol, which also direct the expression of several downstream genes such as 

LaminA, PARP-1, Actin leading to apoptosis etc, in the nucleus (Chaabane et al., 2013). 
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Cooow• 2 

Figure 2.1. Schematic representation of intrinsic and extrinsic pathways, leading to 
apoptosis activation. Adopted from (Parrish, Freel and Kornbluth, 20 13). 

For the initiator caspase 2, its role in apoptosis is not well understood (Mcilwain, Berger 

and Mak, 20 15), even though its activation appears to occur in a similar as caspascs 8 and 

9 (dimerization). All three procaspases arc found in the cytosol, and similar to procaspascs 

8 and 9, procaspase 2 associates with p53-induccd protein with death domain (PIDD) and 

RIP- associated ICH- 1/CED-3 protein with death domain (RAIDD), under the influence 

of p53, to form a complex which activates BID, further propagating mitochondrial release 

of cytochrome c and other mitochondria associated molecules (Parrish, Freel and 

Kornbluth, 20 13). Procaspase 2 is thought to initiate apoptosis from the nucleus in 

response to heat shock, DNA damage, metabolic distress or cytoskcletal injury (Mcilwain, 

Berger and Mak, 20 15). 
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Alternatively, in response to physical damage such as hypoxia or unrepaired DNA 

damage, an intrinsic apoptotic pathway dependent on the mitochondria can be initiated 

(Marchi eta/., 2012). This pathway depends on the release of cytochrome c from the 

mitochondria. Once cytochrome cis released, it binds a protein found within the cytosol 

called Apaf-1, which orchestrates the aggregation of procaspase molecules in a cascade 

of events leading to cel l death (Nowsheen and Yang, 2012). To date, two pro-apoptotic 

(Bax and Bid) signals and one anti-apoptotic proteins belonging to the Bcl-2 family have 

been identified. It is believed that the pro-apoptotic proteins create channels allowing the 

leaching of cytochrome c from the mitochondria (Nowshecn and Yang, 20 12). Failure for 

damaged cells to undergo apoptosis means that defective cells survive and can undergo 

the cell cycle, resulting in the multiplication of said cells. Oncogenic activities exert their 

greatest effect on the check point which is found in the late G I phase. The G I checkpoint 

is a fundament stage in the regulation of the cell cycle since it is at this point when cells 

are sensitive to external signaling factors (Will iams and Stoeber, 2012). When a cell 

passes this checkpoint, it is no longer sensitive to external signaling and it must commit 

autonomously to replication. This checkpoint requires a series of factors to control the cell 

cycle. At th is stage, mitogens, either endogenous or exogenous act to encourage cell 

division. 

Faults occurring in the mechanism designed to protect the integri ty of the organism, in 

terms of cell division is what is termed as cancer. Cancerous cells significantly differ from 

normal cells in cell morphology, gene expression and resulting cell surface properties 

(Hanahan and Weinberg, 201 J). In addition, control on cel l growth and divis ion, cell to 
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cell interaction, protein secretion and cytoskeletal infrastructure further differentiate 

cancerous from normal cells. It is these hallmarks of cancer that makes the disease 

debilitating to the organism as a whole. The actions of oncogenes and tumor suppressor 

genes further play a distinguishing feature between normal and transformed cells 

(Hanahan and Weinberg, 20 II ). 

2.4. Cancer treatment and chemotherapy 

The understanding of cancer as a disease bas also come with the advent of numerous 

treatment options. Currently, the most commonly used treatments are surgery, 

radiotherapy and chemotherapy. Even though chemotherapy is the most widely used 

option, a combination with treatment options such as surgery, radiotherapy, is often used 

to effectively treat the disease, prolong life as well as improve patient's quality of life. In 

addition, newer options arc continually being developed and being subjected to stringent 

clinical trial before being approved by the food and drug administration (FDA). 

Chemotherapy is the most commonly used cancer treatment, because of its wide 

application against a wide range of cancers. Various chemotherapeutic drugs ex ist with 

various mechanisms of action. These mechanisms include actions against the spindle 

apparatus or those inhibiting critical DNA replication structures such as topoisomerase 

(Calaf eta/., 20 15). 
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Despite being the most commonly used mode of cancer therapy, chemotherapy is 

accompanied by several disadvantages: the occurrence of side effects experienced by 

patients undergoing treatment with chemotherapeutic drugs (Mukhtar, Adhami and 

Mukhtar, 2014). Side effects associated with chemotherapy include nausea, dianhea 

/constipation, vomiting, fatigue and hair loss (Mukhtar, Adham i and Mukhtar, 201 4), 

table 2.1. Additional side effects include dizzi ness, depression, headaches, pain, which 

further compounds the use of existing cancer drugs. To date, clinically relevant cancer 

drugs such as vinca alkaloids, paclitaxel, colchicine and combretastatins have been 

documented to cause adverse side effects contri buting to dose limitations, further limi ting 

their usability and acceptability for cancer therapy. The mechanism of these side effects 

can have one or more toxicities: myelosuppression, hematoxicity, gastrointestinal injury, 

hair follicle injury and cardiotoxicity. 

Table 2.1. Side effects associated with the use of chemotherapeutic drugs for cancer 
treatment. 

Type of toxicity Side effects Chemo-drug & Source 

Myelosuppression Anaemia Paclitaxel, Topotecan*** 

Thrombocytopenia 5-flurouracil, Carboplatine*** 

Neutropenia Vinblastine, Camptothecin* 

Gastroinstestina l toxic ity Oral sores and stomatitis Cytarabine, lrinotecan*** 

Hair fo llicle tox icity 

Neurotoxicity 

Hepatic toxicity 

Costipation Vinca alkaloids*** 

Diarrhea Floxuridine, Methotrexate*** 

A lopecia 

Hypersensitivity 

F ibrosis, ductal inj ury 
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Etoposide, Doxorubicinc*** 

Cyclophospamide*** 

5-Flurouracil , Streptozocin*** 



Renal failure, urinary 
Urinary tract toxicity retention Streptozotocin, Mitomycin*** 

Pulmonary fibrosis, 
Pulmonary toxicity pneumonitis Bleomycin, Methotrexate*** 

Sterility, menstrual 
Gonadal toxicity anomalies Alkalating drugs*** 

Occular and ontotoxicity Sight and hearing loss Amino glycosides*** 

Doxorubicin , Pacli taxcl** Cardiac toxicity Ischemia, Arrhythmia 

Key: * Moore (2016), **Curigliono et al. (2016),***Remesh (2012) 

Another disadvantage of chemotherapeutics is the development of resistance, which has 

been documented in li terature (Labhasetwar, 201 I ; Rcbucci and Michi els, 20 13; 

Zahreddine and Borden, 2013; Calaf et al., 2015) against a range of cancer phenotypes. 

Hallmarks of cancer resistance to chemotherapeutics are oullined in figure 2.2. Resistant 

cancers demonstrate the abi lity to actively export chemotherapeutics out of the target cell. 

This is facilitated by the increased translation of proteins encoding the A TP-Binding 

Cassette transports family members. Specific examples are the expression of the breast 

cancer resistance protein (BCRP), the multidrug resistance protein I (MDR I) and the 

multidrug resistance associated protein (MDP J ),all are hyper-expressed in 

chemotherapy resistant cancers (Housman et al. , 20 I 4). Chemotherapy resistant cancers 

also show resistance to cell death signals, this resistance is achieved by the alteration of 

apoptotic proteins such as BCL-2, procaspase 9 and Akt. When this occurs, cancer cells 

become unresponsive to cell death signals, and they continue to grow and divide. Cancer 

cells can also acquire resistance by enhancing the repair of DNA damage caused by 

cytotoxic drugs. Since drug-induced damage is one mechanism by which cytotoxic drugs 

induce apoptosis, cells able to repair their own DNA will survive (Housman eta/. , 2014). 
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Epigenetic alterations of tumor suppressor and oncogene, coupled with drug-target 

changes also contribute to drug resistance in cancer. Epigenetic changes to drug targets 

influences treatment such that entry into target cells is hindered. Furthermore, metabolism 

in target cells can alter the drug, to an extent, making it inactive, therefore resulting in 

drug resistance. Finally, cancer epithelial cells transitioning to mesenchymal (EMT) is 

another method of cancer drug resistance. During this transition, cancer cells (progenitor) 

detach from their stromal spaces with the aid of proteases. In addition, the formation of 

new vascular vessels forms by angiogenesis. It is thus, cancer progenitor cells that 

contribute to resistance, wben they set up new tumors in distant places (Housman eta/., 

2014; Calaf et al., 2015). 

Increased DNA 
damage repair 

Epithelial to mesenchymal 
transition/metastasis 

Cell acquired tolerance 
to apoptoticsignals 

Increased drug 
export 

Epigenetic alterations 
towards tumor 
suppressor and 

Cell directed change to drug 

Figure 2.2. Mechanisms employed by cells resistant to chemotherapeutics. 

2.5. Complementary and alternative medicine approach to cancer 

treatment 

Complications often encountered during cancer therapy using other conventional methods 

has opened avenues such as immunotherapy. lmmunothcrapy has grown increasingly 

popular with the advent of antibody-based cancer drugs such as trastuzumab. Since its 
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initial introduction, several antibody-based drugs have also been introduced into 

mainstream health care programs. The usc of antibodies for cancer therapy is relatively 

new and scientists suggest that the treatment option still requires improvements. An 

example can be demonstrated in the development of vaccines for hepatocellular carcinoma 

(HCC), with suggested improvements in both the selected antigen and in intrahepatic 

immunosuppressive environment (Tagliamonte et a!., 20 15). In addition, cross-cutting 

development such as the FDA-approval of radiolabeled anticancer antibodies such as Y­

Ibritumomab tiuxetan and 1-Tositurnomab, for the treatment of non-hodgkin lymphoma, 

improves the fight against cancer (Ryan and Bodei, 20 17). 

Another non-conventional cancer treatments gaining popularity globally is the usc of 

herbal medicine. The use of herbal medicines has arguably been popular in developing 

countries but it is increasing utilized in developed countries in America and Europe 

(WHO, 2013). Demand for herbal products has risen globally, with many patients 

spending large sums of money to acquire herbal remedies. An increase in trade of herbal 

products is also evident with reports of US$ 83.1 billion made by the Chinese Materia 

Medica in 2012 alone (WHO, 2013). As a result, established traditional systems such as 

Ayurvcda and Chinese medicine, boasting an array of herbals products, deal in export 

trade to Europe and America. Reasons for the use of herbal medicines varies among cancer 

sufferers but can range from immune system boosting effects to remediation of side effects 

or belief that traditional medicine is more efficacious than conventional drugs. 
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The immune modulating properties of herbal medicines has been an attraction to its use 

among cancer patients. Since evasion of the immune system is part of the hallmark of 

cancer development, treatments that can enhance the immune system can be advantageous 

to cancer patients. Repmis suggests that the use of some herbal medicines positively 

modulates the individual's immune system by elevating cytokine activity and increasing 

lymphocyte counts, including deod1itic cells (Yin et a/., 20 13). The increase in 

lymphocytes and cytokines increases the surveillance of cancerous cells by the immune 

system. Herbal products derived from sources such as Ganoderma lucidum, Echinacea 

purpurea have been known to positively modulate the immune system and positive results 

have been reported in colorectal and Hepatocellular carcinoma patients (Yin et al., 2013) 

Cancer patients sometimes opt to combine herbal remedies with their anticancer 

prescription drugs in the belief that this offers them an advantage towards managing and 

cuzing of the disease (Mwaka, Okello and Orach, 20 15). According to llu et al. (20 16), 

the use or herbal medic ines can be an advantage to a patient through synergistic action of 

more than one active ingredient through multiple mechanisms of action. This can occur 

by a) treatments working on different targets using a similar pathway, b) same target but 

via different mechanisms, c) different targets and through different mechanisms, d) 

supplemental modulation of biological networks. Another report further illustrates the 

advantages of combining herbal and conventional drugs, which includes immune 

modulation, among others (Yin et al., 20 13). The use of herbal medicine in conjunction 

with conventional drugs allows a patient to practice "self-medication", a trend which is 

increasingly popular and allows patients to be in control of their own healthcare. 
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Cancer patients may prefer to use herbal medicines, whilst taking conventional drugs for 

cancer treatment in an effort to reduce the side effects, which arise from the use of these 

drugs thus improving their quality of life (Yin eta!., 201 3). Some cancer patients prefer 

the use of herbal medicines because of an increased awareness of the need for spirituality­

centered healthcarc option. This is based on the principal that herbal medicines not only 

focus on alleviating symptoms of diseases but rather has a holistic approach to healing 

disease. According to (Karimi, Majlesi and Rafieian-Kopaei, 20 J 5), herbal remedies aim 

to help various systems in an individual to regain their ability to fight the disease from 

within. In a diseased state, these various systems may have become deficient, and can be 

resuscitated using herbal remedies to allow the entire body to fight as a whole, hence why 

herbal remedies are thought to have a holistic approach to healing (Karimi, Majlesi and 

Rafieian-Kopaei, 20 15). 

According to the WHO, herbal/ traditional medicines is the main source of primary health 

care for 70-80% of the population in developing countries (Ekor, 20 14; Maroyi and 

Cheikhyoussef, 20 15). This is pa1tly because it is the only medical resource in close 

proximity to their homes. It may also be the only resource which is affordable to them. 

Mwaka et al. 2015 states that additional factors such as costs of cancer conventional drugs 

and distance to health care faci lities contribute to the popularity of herbal remedies. 

The rise in the usc of herbal medicines also comes at a period when there is an increased 

awareness in "self-care", "autonomy", personal responsibility to one's health (Joos, 
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Glassen and Musselmann, 2012; Mwaka, Okello and Orach, 2015). This development 

allows a patient to be more in control of their own care (WHO, 2013). This a lso comes at 

a time when herbal medicinal patients prefer a more holistic approach to health care. In 

addition, it is widely believed that herbal medicines are natural, and should be used instead 

of conventional treatments, since they arc more accepted by society. 

The scientific validation of herbal medicines and their bioactive components has 

contributed to the increased attention received by herbal medicines. However, there 

continue to be negative reports about herbal medicines especially undocumented 

traditional medicines used with conventional cancer therapy resulting in treatment failure, 

morbidity and death (Clarke and Mclachlan, 2011; Izzo, 2012). Desp ite the versatility and 

beneficial effects of traditional medicines in the treatment of cancer, there is a need to 

properly validate the use of these medicines, determine their potential side effects and 

elucidate their modes of action. This will further contribute to identifying the cause of 

contra-indications arising from the usc of these traditional medicines. 

2.6. Traditional M.edicinal plants 

Traditional medicine is a term used to refer to a system of medicine which existed long 

before the advent of allopathic medicine, and is founded on cultural beliefs and practices 

handed down from one generation to another, by word of mouth or practice and 

observation (Dan, Mchombu and Mosimane, 201 0). These traditional practices of 

medicine are used in the prevention, diagnosis and treatment of both physical and mental 
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illnesses. Examples of such traditional systems include but are not exclusive to Chinese 

traditional medicine, Ayurveda and Unani (Subramoniam, 2014). These continue to be 

reliable resources of active medicines which are developed and incorporated into 

mainstream use. Plant and plant products continue to make up the largest bulk of 

traditional medicine, with plant parts such as leaves, roots, rhizomes, barks, flowers, fruits 

seeds all being employed alone or in combination to prepare various medicinal 

preparations. Medicinal preparations can also take different forms such as tinctures, teas, 

decoctions, infusions, poultices or concoctions. The resulting prepararions have equally 

varied forms of administrations with topical applications (lotions, creams and oils), oral, 

anal (enemas), nasal (snuffs, smoke, steaming) or bathing. Records dating back to 2600 

BC depict the earliest known records of the usc of medicinal plants (Chanda and Nagani , 

20 13). Traditional medicinal plants con ti nue to play an active role in primary health care 

for many people, about 80 % of the global or African and Asian popu lation utilize 

traditional plants to combat various illnesses, including cancer (Ekor, 20 14; Oyebode et 

ai., 2016). In addition to this, about 100 mi llion people in Europe arc also believed to usc 

herbal and complementary medicines currently. 

2.7. Biological active compounds derived from medicinal plants . 

Medicinal products derived from these traditionally used plants owe their therapeutic 

properties to the presence ofphytochemicals, which arc secondary metabolites produced 

by the plants or symbiotic microorganisms in the plant (Chandra, 20 12). C linical drugs 

such as vincristine and vinblastine were first isolated from plant sources such as 

Catharanthus rose us (N irmala, Samundccswari and Sankar, 2011 ) . 
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However, these compounds can have non-desirable properties such as animal toxicity, 

poor solubility (Nirmala, Samundeeswari and Sankar, 20 11) and nonspecific toxicity 

resulting in low therapeutic indices and thereby preventing inclusion in mainstream usage. 

There is therefore a need to discover alternative remedies or improvement of existing 

medicinal compounds to circumvent obstacles facing cancer treatment. Table 2.2 below 

lists compounds investigated for anticancer actions, which have been isolated from 

various plants. Some compounds are FDA approved, while others are at various stages of 

investigation between the bench top and various stages of clinical trials. 

Table 2.2. Compounds isolated from plants demonstrating anticancer activity. 

Type Compound name Plant name Literature 

Alkaloid Vinblastine, Vincristine Catharathus roseus I 

Paclitaxcl Taxus brevifolia 2 

Camptothecin Camptotheca acuminate 3 
Berbamine Berberis amurensis 4 

Berberine Hydrastis canadensis 5 
Berberis vulgaris 
Coptis chinesis 
Berberis aquifolium 
Cephalotaxus 

Cephalotaxine lwrri ngtonia 2 
Ellipticine Ochrosia borbonica 3 

l!.:xcavatia coccinea 
Ochrosia el/iptica 

Curcumin Curcuma Iongo 6 
Coumarin Daphnoretin Wikstroemia indica 7 
Anthraquinone Emodin Rheum palmatum 8 
Flavonoid Flavopiridol Amoora rohituka 3 

lemon grass, lavender, 
Terpenoids Perrily alcohol ginger 9 

Tanshinone IIA Salvia rniltiorrhiza 10 
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Cucurbitacin 
Triptolide 

Belulinic acid 

Cucurbitaceae family 
Tripte1ygium wilfordii 
Zizyphus species, Betula 
alba 

10 
10 

2 

Steroid 28-homocastasterone Brassica napus 11 
Key: I (Sarma 2016), 2 (Prakash et al. 20 13), 3 (Nirrnala et al. 2011), 4 (Rabmatullah ct 
al. 20 14), 5 (Balakrishna & Kumar 20 15), 6 (Perrone et al. 20 15), 7 (Jiang et al. 20 14), 8 
(Lin et al. 2012), 9 (Farazuddin et al, 2012), 10 (Huang et al, 2012) and II (Mehndiratta 
etal,2011 ). 

Alkaloids are often described as heterocyclic bases containing ammonia, with the 

Nitrogenous bases derived from amino acids (Sarma, 20 16). Alkaloids take the role of 

defending plants against herbivores and other opportunistic enemies of plants such as 

parasites and pathogens due to their bitter taste. Pharmaceutically, alkaloids are employed 

as narcotics, poisons, chemotherapeutic drugs and stimulants. 

For cancer therapy, several alkaloids are worth mentioning. Vinca alkaloids were initiall y 

discovered from the Madagascan periwinkle plant, Catharanthus rose us (Sarma, 20 16). 

Vinca alkaloids where discovered amidst research of traditionally renowned 

hypoglycemic properties from the ornamental periwinkle plant (Sarma, 20 16; Sri, 201 6) . 

The research lead to the observation that extracts from the plant increase the lifespan of 

mice implanted with lymphocytic leukem ia cells. This lead to isolation of bioactivc 

compounds such as the notable Vincristine and Vinblastine, which are currently FDA 

approved leukemia drugs (Nirmala, Samundeeswari and Sankar, 2011 ). Vincristine is 

currently in clinical use for the treatment of various cancers, including testicular, small 

lung carcinoma, acute lymphomas, cervical, breast and leukemia (Pandey et a/., 201 1 ). 
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All vinca alkaloids and their synthetic analogs such a Vinolberine, Vindesine and 

Vinfluninc (Sarma, 20 16), see figure 2.3, treat cancer by disrupting the assembly of the 

microtubule components during cell division (Mukhtar, Adhami, & Mukhtar, 20 14; 

Nirmala et al., 2011 ). However, vinca alkaloids also kill normal cells since they have 

microtubules (Sri , 20 16). The usc of vincristine and vinblastine has been observed to cause 

obstruction of the colon and ileum leading to constipation, as they act on the autonomic 

nervous system of the GIT (Torrisi et al., 201 L). In addition, other side effects such as 

nausea, vomiting, cardiovascular difficulties, problems to the reproductive system have 

also reported (Berrios, 20 16). Yinfluninc is a nuorinatcd derivative of Vinorelbine drug 

currently approved clinically for primary and secondary treatment of cancers of the 

urothelium tracts and advanced breast cancer respectively (Sarma, 20 16). The fluorinated 

version has shown promise to be the most potent of all vinca alkaloids (Nirmala, 

Samundceswari and Sankar, 20 11). Vinca alkaloids are effective against a number of 

varied cancers, including leukemia, Kaposi sarcoma, breast, testicular, lung cancers and 

lymphomas (Nirmala, Samundccswari and Sankar, 20 II; Sarma, 20 I 6). 
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Figu re 2.3. Clinically relevant vinca alkaloids and synthetic analogues. Adopted from 
(Sarma, 20 16). 

The Pacific Yew plant, Taxus brevifolia is the source of clinically relevant anticancer drug 

Paclitaxel (Taxol) (Prakash et al., 20 13). The drug was discovered under the initiative 

dedicated towards the discovery and development of newer chemotherapeutic compounds 

from plants. The isolated compound was introduced into the pharmaceutical market in the 

1990s . .However, the drug was found to have poor solubility in water, which led to the 

formulation of a derivative, docetaxel, to improve paclitaxel 'spoor solubility. In addition, 

paclitaxel is also assoc iated with several side effects, including vomiting, diarrhea and 

ileum inflammation (by product of neutropenia), all which affect the GIT (Torrisi et al. , 

2011). Currently, both drugs are still important prima1y and secondary line drugs for the 

treatment of Kaposi sarcoma, lung, breast and ovarian cancers (Habli, Toumieh, Fatfat, 

Rahal, & Gali-Muhtasib, 20 17; Prakash et al., 20 13). The mode of action ofPaclitaxcl and 

its semi-synthetic derivative Docetaxel is simi lar to the antimitotic activity of the vinca 
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alkaloids (Barbuti & Chen, 20 15; Habli et al., 20 17; Nirmala et al., 20 II), which is exerted 

by stabiliz ing microtubulcs, thereby preventing disassembly (A iy, Debbab, Kjer, & 

Proksch, 20 L 0; Habli et al., 2017). 

The Chinese ornamental plant, Camptotheca acuminate is a source of a clinical ly 

approved anticancer drug, camptothccin (Nirmala, Samundeeswari and Sankar, 20 I I). 

The active ingredient was isolated from the bark and stems of the tree and introduced into 

clinical trials by the National Cancer Institute but was withdrawn due to extensive bladder 

tox icities brought about by poor solubility (Prakash, Kumar and Kumar, 2013). As a 

result, several derivatives have been synthesized such as irinotecan, topotecan, lurtotecan 

in an effort to reduce toxicity of the precursor molecu le. In addition, in a bid to improve 

the usabi lily camptothecin, some of its derivatives such as SN-38 (7-ethyl- 1 0-

hydroxycamptothecin) have been formulated into lipid-based formulations to counteract 

the low aqueous solubi lity and high toxic ity. Lip id-encapsulated camptothecin and its 

derivatives demonstrates reduced orr toxicity, mani festing as as diarrhea as a result of 

intestinal I ining destruction (Schmid et al., 20 14). The mode of action of these complex 

alka loids is the inhibition of DNA topoisomerase. The various eamptothecin derivatives 

have been found efficacious against epithelial ovarian cancer, colorectal and small cell 

lung cancer among others. 

Another anticancer drug isolated from a Chinese plant is Berbam ine. The active 

compound was isolated from Berberis amurensis and has shown promising activ ity 
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against myeloid leukemia ce lls. It has been shown through research that Berbamine causes 

apoptosis via a caspase-3-dcpendent pathway. Caspase 3 has constantly been up-regulated 

in various cells exposed to berbamine in vitro (Rahmatu llah, Jahan and Bashar, 2014). 

Berberine is an anticancer drug isolated from several plants including Hydrastis 

canadensis, Berberis vulgaris, Coptis chinesis, Berberis aquifolium (Balakrishna and 

Kumar, 20 15). This clinically active drug has been found to be effective against lung, 

liver, prostate, breast and osteosarcoma cancers. It has also been investigated to show 

various mechanisms of action leading to apoptosis development (llo eta!. , 2009; Lu et 

a/., 2012) 

Haningtonine and I Iomoharringtonine are two anticancer drugs derived from 

Cephalotaxus harringlonia. These two drugs have been found effective against both acute 

and chronic cases of myeloid leukemia, even therapy resistant cancers (Prakash, Kumar 

and Kumar, 20 J 3). Cephalotaxine is used as a precursor in the synthesis of both 

Harringtonine and Homoharringtonine in an esterification reaction, although it has no 

anticancer activity naturally. Both alkaloid esters inhibit leukemia cells by preventing 

chain elongation during the synthesis of proteins and therefore, prevent protein synthesis. 

Ellipticine is another plant derived anticancer a lkaloid whose mode of action is inserting 

itself into the DNA strand and thereby inhibits the activity oftopoisomcrase II (Stiborova 
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et a/., 2015). Ellipticine and its analogs also modulate cancerous cell death through 

different pathways, which includes but not limited to Bel-2 pathway, mitochondria 

modulated cell death through the release of cytochrome c and apoptosis inducing factors, 

Mitogen-activated protein kinases and induction of p53 (Stiborova et al., 2015). The 

active ingredient, 5, ll-dimthyl-6H-pyrido [ 4, 3b] carbazole was originally isolated from 

three plants, Ochrosia borbonica, Excavatia coccinea and Ochrosia elliptica (Nirmala, 

Samundeeswari and Sankar, 2011; W. Ma et al., 2012) and is believed to be common in 

plant belonging to Apocynaceae family members. Ellipticine and its derivatives have 

gained attention from the pharmacological industry due to their wide applications for 

treatment of a wide range of different cancers and its notably low toxicity (Stiborova et 

a!., 2015). Ellipticine is efficacious against bone, breast, brain, kidney cancers and 

leukemia (W. Ma et al., 20 12). 

Phenolic compounds represent a large group of plant derived compounds which are 

primari ly responsible for the bright pigmentation observed in plants. Phenols serve several 

functions, they deter herbivores, play a role in plant reproduction and defend the plant 

against disease-causing microbes (Rosa eta/., 2016). Pharmaceutically, phenols can be 

used as antibacterial, anticancer, antiviral and anti-inflammatory agents (Rosa eta/., 20 16) 

with varied modes of action. They are also known to possess antioxidant potential, 

phenolics can be divided into three major groups: (i) flavonoid polyphenols, (ii) Phenolic 

acids, (iii) Non-flavono id polyphenol s. F igure 2.4. shows several phenols derived from 

plants. 
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Figure 2.4. Examples of phenol ic compounds depicting the characteristic phenol ring. 
Adopted from (Becerra-Herrera, Sayago and Beltran, 20 17). 

Curcumin, a common polyphenol, has various food applications and is used in curries and 

other spices, turmeric contains about 2% curcumin. Curcumin is also an anticancer 

compound isolated from Curcuma longa, a member of the ginger family (Perrone eta!., 

20 15). Traditionally, the active principal of the plant has been used as an antiseptic, 

antioxidant, anti-inflammatory and analgesic. Experimentally, curcumin has been found 

to be effective against colorectal, pancreatic and multiple myelomas (Nirmala, 

Samundeeswari and Sankar, 20 11 ). Despite its potential use as a treatment option for 

cancer therapy, curcumin has no defmite mode of action even though research has shown 

various modes including its impact on cell cycle regulation, apoptosis, oncogenic 

expression, mutagenesis and metastasis regulation (Wilken eta/., 2011 ). 

Daphnoretin is an anticancer drug originally isolated from the Chinese plant Wikstroemia 

indica in 1979. Traditionally, Wikstroemia indica was used to treat various communicable 

and non-communicable ai lments including tuberculosis, syph ilis, arthritis and pertussis 
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(Jiang eta!. , 20 14; Yang eta!., 2014). Daphnoretin has been shown to hold potential for 

treatment of different cancers such as lung cancer (Jiang eta/. , 2014), Ehrlich ascites 

carcinoma and liver cancer cells (Nirmala, Samundeeswari and Sankar, 2011 ). Jiang ct 

al., (20 14) and Nirmala et al., (2011) report that daphnoretin exerts its anticancer effect 

by suppressing 8-ccll lymphoma genes involved in the cell cycle, thereby causing cell 

death and G2/M-phase cell arrest and cell death through a mitochondrial dependent 

pathway in cervical and lung cancer cells (Jiang eta/., 20 14; Yang et al., 20 14). 

Emodin is isolated from the rhizomes of the rhubarb plant, Rheum palmatum and has been 

found to cause death in pancreatic and colon cells (Lin eta!., 20 12). In addition, emodin 

has been known to restore programmed cell death in leukemia, breast, prostate, lung, liver 

and ovarian cancers (Chen et a/. , 201 0; Nirmala, Samundceswari and Sankar, 20 II). 

Research has shown varied mechanisms by which emodin causes cell death and these 

includes VEGF receptor signaling (Lin et al., 2012), reactive oxygen species (ROS) 

mediated DNA damage, mitochondrial mediated caspase cascade among others (Chen et 

a/., 20 10). 

Flavonoids are a subgroup of phenolics, which can further be divided into xanthones, 

proanthocyanidins, calchones, flavans, flavononcs, flavoncs and catechins. Flavonoids arc 

widely distributed in different plants and the ir basic structure is that called flavans. 

Flavonoids consist of more than on benzene ring in their chemical structw·c. Scientifically, 
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flavonoids are known commonly as free-radical scavengers, thus possessing antioxidant 

properties. 

Flavopiridol is a semisynthetic derivative of the alkaloid rohitukinc isolated from Amoora 

rohituka (N irmala, Samundccswari and Sankar, 20 II). Current clinical trials arc 

underway involving flavipiridol in various stages for the treatment of varied cancer types 

such as non-hodgkin lymphoma, non-small cell lung cancer, colorectal and renal cancers 

as well as leukemia. 

Terpenes are compounds that are commonly found in nature, and can be derived from both 

animals and plants. In plants, tcrpencs are commonly found in fruits, flowers, resins or 

vegetables, where they commonly serve the function of being attractants, deterrents and 

communication agents, figur e 2.5 shows examples of terpenoids discussed below. 

Terpenes arc composed of repeating units called isoprenes (C5Hs) which can be connected 

to form either cyclic or linear structures (Yadav, Yadav and Goyal, 2014). Furthermore, 

terpenes can be classified into hemitcrpenes, monoterpenes, sesquiterpenes, di tcrpenes, 

triterpenes, tetraterpeoes or polyterpenes depending on the total number of isoprene units. 

Terpcnes are referred to as hydrocarbons but the isoprene uni ts can be used to make 

structures which contain additional functional groups such as carbonyls, hydroxyls, 

ketones or aldehydes groups, which turns them into terpenoids (Yadav, Yadav and Goyal, 

2014). Due to their functions in nature, tcrpenes and tcrpenoids arc used for their 
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organoleptic properties in the fragrance, flavor, pharmaceutics and chemical industries 

(Huang et al., 20 12). 

Penily alcohol is a monoterpene isolated from common herbs such as lemongrass, 

lavender, sage, ginger, perilla, mints etc (Nirmala, Samundeeswari and Sankar, 20 I I; 

Farazuddin eta/., 2012). Perillyl alcohol has been shown to be effective in a number of 

cell lines including breast, prostate, co lon and lung cancer (Farazuddin et al., 2012). 

Perillyl alcohol is effective against cancer by causing apoptosis, cell arrest in the G 1 phase 

and differentiation of cancerous cells (Nirmala, Samundeeswari and Sankar, 20 11 ). 

Clinical trials have shown a reduction of tumor masses after treatment with Perillyl 

alcohol and especially without adverse side effects (Garcia et al., 2010). 

Tanshinone IIA 

Tnptolide 

Figure 2.5. Examples of tcrpenoids with anticancer activity. Adopted from (Huang et 
al., 2012). 

Tanshinone IIA is anticancer compound isolated from Salvia rniltiorrhiza, a plant used in 

Chinese medicine for the treatment of heart diseases(Huang eta/., 20 12; Prakash, Kumar 
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and Kumar, 20 l 3). Research has shown that the active principal of Salvia miltiorrhiza is 

effective by inhibiting the growth, inducing apoptosis, causing differentiation in several 

cell Jines (Lu, Zhang, Zhang, & Chen, 2009; Ma, Fan, Yu, Xin, & Zhang, 2012), and the 

prevention of cancerous cell migration (Huang et ai., 2012). Huang et al., (2012) further 

repotted the synergistic anticancer effects with other drugs such as cisplatin and 

doxorubicin. Tanshinone JIA exerts its anticancer effects by binding to DNA in the minor 

groove, which results in DNA damage and inhibition of the actions of RNAPJJ, fmther 

causing a series of events involving TNF-a, Pl3K/AKT, ROS, Bax/Bcl-2 etc (Huang et 

ai., 20 12). 

Cucurbitacin is a triterpenoid isolated from plants from the cucurbitaceae family. The role 

of cucurbitacins in plants as insect attractants has led to enonnous attention given to these 

biomolecules. Cucurbitacins demonstrate hepato-protective, anti-proliferative and anti­

inflammatory properties (.Huang eta!., 2012). The mechanism by which cucurbitacins 

exerts their anticancer activity is through the down-regulation of key signal transducer 

proteins such as JAK2 and STAT3 (Nirmala, Samundeeswari and Sankar, 2011 ). In 

addition, cucurbitacins have been known to cause cell death through JAK2/STAT3 

independent pathways such as the MAPK pathway (Lee, Iwanski and Thoennissen, 20 1 O) 

and inhibition of angiogenesis (Shukla eta/., 20 16). Additional modes of action have been 

mitochondrial dependent cell death, PRAPK cleavage, active caspase-3 expression, down­

regulation of genes such as Bcl-2, Cyclin D3, Mcl-1 and Bcl-xL (Alghasham, 20 13), cell 

cycle arrest at G2/M, S phase, cell differentiation, cytoskeletal assembly disruption and 

metastasis inhibition ( I luang et al., 2012). 
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Triptolide is an anticancer compound isolated from a Chinese plant called Tripterygiurn 

wilfordii, which has been found efficacious against a number of cell lines, such as 

pancreatic, oral, cervical, colon, thyroid and ovarian cancer (Meng eta/., 20 14). Triptolide 

also has immunosuppression and anti-inflammatory activity (Huang et al., 2012; Li eta/., 

20 12). The active principal is a diterpenoid triepoxide and inhibits tumor cell migration, 

proliferation and induces apoptosis (Li et a/., 2012). It also enhances the anticancer 

activity of chemotherapeutic dntgs such as cisplatin both in vitro and in vivo models of 

gastric cancer (Li et al., 20 12) and the improves the efficacy of radiotherapy (Meng eta/., 

201 4). The mechanism of action of triptolide is not completely understood but it is 

postulated that it interferes with the transcription factors such as p53, Nuclear Factor-kB, 

Nuclear Factor-AT, and Heat Shock Factor-! (lJuang eta/., 2012). Despite its attributes, 

tripto lide has poor so lubility which has resulted in the development of a semi-synthetic 

derivative, PG490-88 (Nirmala, Samundeeswari and Sankar, 201 1), which is currently in 

clinical trials. 

Betulinic acid is a triterpcnoid anticancer compound consisting of five fused rings. The 

active principal has been isolated from various plant sources including Zizyphus species 

and Betula alba (Nirmala, Samundeeswari and Sankar, 20 II; Prakash, Kumar and Kumar, 

2013).1t has shown potency against a number of cancer cel ls (colon, prostate, ovary, lung, 

melanoma, glioblastoma, medulloblastoma etc), including in vivo cancer models, while 

causing no harm to non-cancerous cells (Periasamy eta!., 2014). Betulinic acid exerts it ' 

anticancer actions through mitochondrial-mediated apoptos is induction (Nirmala, 

Samundecswari and Sankar, 20J 1 ). The poor solubility of betulinic acid limits its 
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bioavailability, bas led to the development of improved semi-synthetic derivatives 

(Furtado eta/., 20 17). 

Steroids arc organic compounds typically comprised of a four-membered ring system, 

which is synthesized from squalene as the precursor molecule via the tritcrpenc pathway 

(Sawadogo eta/., 20 12). Steroids have been isolated from many natural sources including 

plants, marine organisms, fungi and animals (Saeidnia et al., 20 14), which exhibit various 

biological activities and have been exploited for the treatment of many illnesses. Simoben, 

lbczim, Ntic-Kang, Nwodo, & Lifongo, (20 15) summarized a number of steroids with 

anticancer potential isolated from African botanical material, among these were the more 

common compounds such as stigmasterol and sitosterol (Saeidnia eta/., 20 14). Other 

steroids such as those called brassinostcroids arc discussed by (Greenwell and Rahman, 

20 15), 24-epibrassinolidc and 28-homocastasterone have been investigated for anticancer 

effects against leukemia, lung, breast, prostate cervical cancer, myeloma and 

ostcrosarcoma cells. Brassinostcroids have been shown to induce apoptosis as well as 

inhibit cancer cell proliferation through cyclin dependent cell cycle arrest (Mehndiratta et 

a/., 2011; Greenwell and Rahman, 201 5). Sawadogo et al., (20 12) reported that steroids 

arc useful as anticancer treatment options as they alter the balance of sodium, Potassium, 

Calcium and hydrogen ions inside cancerous cells, which initiates apoptosis. Caloropis 

procera is a drought resistant plant which is native to lndia, northern Africa, Brazil, and 

Southern USA and has been instmmental in the maintenance of health in these local 

communities. Cardcnolides isolated from C. procera, have been shown to confer some 

pharmacological properties to the extracts of this plant, figure 2.6. Although much of U1e 
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toxic properties of the C. procera plant has been attributed to cardenolides, they have also 

been shown to be responsible for anti-inflammatory, antitumor, selective toxicity, anti-

ulcer properties and protection against oxidative stress (Teixeira et al., 2011). With 

regards to their anticancer propetties, cardenolides were found to operate through the 

inhibition of the sodium ion pump (Sawadogo et a!., 20 12). Presently, a semi synthetic 

derivative, UNBS1450, modeled after cardenolide 2"-oxovoruseharin, is available, which 

demonstrated better pharmacological applications (Teixeira et al., 201 I; Sawadogo et al., 

2012). 
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Figure 2.6. Examples of steroids, Voruscharin and Uscharin, belonging to cardenolide 
group. Adopted from (Sawadogo et al., 20 12). 

2.8. The use of traditional plants and practices to manage cancer-like 

symptoms in Namibia. 

Namibia is characterized by four distinct biomes: desett, nama karoo, succulent karoo and 

savanna. It is also known as the most arid country south of the Sahara Desert. About 16% 

of its entire land is either covered by the Kalahari or the Namib Desert. Despite this, 
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Namibia has a rich heritage of over 4000 (Maggs, Craven and Kolberg, 1998) plants 

inhabiting different biotic areas, with about 690 plants endemic to Namibia (Cole eta!., 

20 14) and about 615 plants listed for medicinal use by the SEPASAL database. The plant 

species which inhabit the different biotic niches develop mechanism to enable them to 

survive and thrive in these biota and secondary metabolites are a key part of the survival 

mechanisms. These plants, are a part of the rich traditional medicinal knowledge which is 

held by the local communities in the areas where they are found. Traditional medicinal 

practices arc usually passed down from elderly community members to the young 

generation in the form of songs, rituals, stories, observations (Parrotta, Yeo-Chang and 

Camacho, 20 16). However, the preservation or continuity of traditional medicinal 

practices arc at risk of d isappearing from communities all together because of the adoption 

of western life-styles. In Namibia, ethnomedicinal surveys have been unde1iaken to 

document Namibia's rich traditional medicine heritage and they report on plant species 

and their local medicinal uses (Cheikhyoussef et al. 201 J; Chinsembu et al. 2011; 

Chinsembu & Hedimbi 20 I 0; Dan et al. 20 I 0). Knowledge holders in local communities 

were key informants on symptoms or perceived causes of disease and the use of medicinal 

plants to treat them Descriptions such as skin infections, breast infections (Dan, 

Mchombu and Mosimane, 20 I 0), skin infections, Herpes zoster, Herpes simplex, skin 

rashes (Chinsembu and Hedimbi, 201 0) were based on the informants description and the 

interviewers interpretation, there was no clinicaV f01mal diagnosis. L. zastrowiana, L. 

stuhlmanni, A. senegalinsis, A. stenophylla are all used for treating skin infections, Herpes 

zoster, H. simplex and rashes (Chinscmbu and 1:-Icdimbi, 20 I 0). Vigna dinteri, 

acantlwsycios naudiniana arc ·used for treating herpes and inflammation (Chinsembu and 

llcdimbi, 20 I 0). 
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Efforts towards documenting traditional knowledge of medicinal plants is commendable, 

however the validation of the biological activity of these plants and the study of their 

safety profiles is sti ll lagging (Dushimemaria and Mumbengegwi, 2015). 

2.9. Traditional uses of G. fruticosus in Namibia 

This study focused on a plant called Gomphocarpusfruticosus (L.)Aiton f., belonging to 

the Apocynaceac/ Asclepiadaccae family, figure 2.7. G. fruticosus has had numerous 

names but is most commonly known as either G. fruticosus or Asclepiasfruticosa. The 

plant is listed among the 6 19 plants on the Survey of Economic Plants in Arid and Semi­

Arid Lands (SEPASAL: http://apps.kcw.org/sepasalwcb/sepawcb) as being used for 

medicinal purposes. The plant is known local ly by many different names: Kapokbos, 

Melkbos, Tondel, Wilde kapok (Afrikaans), Oruseppa (Otjilzerero). lgiitama l!ooh, 

llhorapob (Khoekhoegowab), Wilde JJaumwolle (German) or Milkweed, Wild cotton 

(English). The plant is native to south tropical Africa with distribution in countries such 

as Namibia, Zambia, Zimbabwe, Mozambique, Botswana, Swaziland, Lesotho and South 

Africa. G. fruticosus has various local uses such as arrow poison for hunting, as a 

vegetable for human consumption.lt is used medicinally for treatment of stomach troubles 

(Fouche eta/., 2008; Madureira eta!., 20 12), asthma (Marzouk, Osman and Gohar, 20 16), 

sores, boils, headaches, toothaches, TB (Madureira eta/. , 20 12) coughs, and other upper 

pulmonary respiratory complaints (Marzouk, Osman and Gohar, 20 16). G.fruticosus used 

as both a potent evacuate and emetic (Fouche et al. 2008), a sedative in treating mental 

disorders, treatment of venereal infections such as gonorrhea and as an anti-inflammatory 

decoction. In addition , G.jhtticosus has been used for the treatment oftumors and several 

40 



skin disease including scabies (R. A Mothana et al. 2009). Marzouk et al. (20 16) and R. 

A. A. Mothana et al. (2009) both cited the application of the plant in the remedy of heart 

related condit ions. In Ethiopia, extracts prepared from the root of the m ilk weed are known 

to be useful in termination of pregnancy (Araya, Abera and Giday, 20 15). 

Figure 2.7. Gomphocarpus.fruticosus erect p lant growing in a riverbed. P icture credit: 
Florence Dushimemariya. 
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2.9.1. Bioactivity of G. f ruticosus in literature 

Gomphocarpus fruticosus has been screened for antibacterial activity, against P. 

aeruginosa (Madureira et at, 20 12). In addition, G. fruticosus demonstrated potent activity 

against parasitic T. cruzi, with ICso 2.6 ± 0.5 ).lg/ml (Mothana et at, 20 14). Mothana et at, 

2009 reported that the mcthanol ic extract of G.fruticosus exh ibited anticancer properties 

against three cancer cell lines: Breast, lung and urinary bladder cancer. The ICso values 

obtained against these cell lines were all below I 0 ).lg/ml, indicating moderate anticancer 

activity (log Glso between 0 and 1.1 0) (Fouche ct al, 2006). In another study conducted 

by Fouche et at., (2008), methanolic and dichloromcthane extracts of G. ji-uticosus 

demonstrated potent activity against MCF7 (breast), Renal (TK I 0) and Melanoma cancer 

cells (6.25 J..Lg/ml <TGI <15).lg/ml for at least two cell lines). Surprisingly, lOtal growth 

inhibition (TGI) on metabol ica lly slow cell line TK 10, was less than 0 J..Lg/ml. The cell 

line TK IO usually demonstrates slow metabol ism of treatments, which leads to less 

sensitivity to treatments in comparison to other eclllincs sucb as the MCF7 (Gamer and 

Eastman, 20 I I). 

The methanolic extract of G.fruticosus demonstrated cytotoxic properties in MCF-5 cells, 

indicating its none-selective nature towards cancerous and non-cancerous cell lines 

(Mothana eta!., 2014). In addition, several reports in literature indicate the toxic nature 

of bioactive compounds derived from species of the apocynaccae family. Exposure to 

toxins manifests as corneal oedema as a result ofNa+/K-+ ATPase pwnp inhibition along 

the corneal endothe lium (Amiran, Lang and Yeung, 20 11 ; Pina et al., 20 14; Matsuura et 

a/., 2017; Mikkelsen eta!., 2017). 
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2.9.2. Phytochemicals found in G. f ruticosus 

Plant species in the Gomphocarpus group contain glycosides of the pregnane and 

cardcnolide variety (Warashina and Noro, J 994; Komissarenko, Chernobai and 

Komissarenko, 1995). These glycosides are toxic, having cardio-active properties and as 

a result, arc used as arrow poison for hunting. A study by Fouche ct al., (2008), further 

highlighted the anticancer activity of members of the Apocynacea family such as G. 

fruticosus and G. physocarous. In addition to cardenolides, the milkweed contains 

terpenoids (R. A. A. Mothana et al., 2009). In a study conducted by Komissarcnko et al. 

( 1995), three glycosidcs, gomphoside, gomphotin and gomphotoxin were identified in the 

leaves of G. fruticosus. Additionally, Warashina & Noro (1994) identified steroidal 

glycosides from whole plant mcthanolic extracts of G. fruticosus, which comprised of 

lincolon and 5 of its derivatives. In a recent report, Marzouk ct a!. (20 I 6) reported a new 

steroidal gl ycoside,l i neolon-3-0-W-D-oleandropyranosyl-( 1-4 )-~-D-cymaropyranosyi­

(1-4)-~-D-cymaropyranoside isolated from G . .fruticosus. Uzarigenin and deglucourazin 

have also been identified from leaf extract of the milkweed (Komissarenko, Chernobai 

and Komissarcnko, 1995), whilst coroglaucigenin and corotoxigcnin were identified from 

stem and root extracts (Abe et al. 1994). Coroglaucigenin significantly reduced the 

viability of human lung cancer cells (ROS and Nrf2 activation-oxidative stress) and also 

increased the sensitivity of A549 to radioactive rays (Sun et al., 2017). rn another study, 

extracts from Asclepias curassavica, demonstrated significant anti-proliferative activity 

against HepG2 cells, Raji cells and nasopharynx carcinoma cells, lC50 0.01-J .46 )lM/ml 

(A 1-snafi, 20 15). Other phytoconstituents reported in literature include triterpenoids 3P­

taraxerol acetate, 13a-metbyl, 27-norolean-14-en, 3~-ol (3P-taraxerol), calotropin, 

betulinic acid, useharin, uscharidin, ealactin, voruscharin, calotropagenin, afroside and 
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other glycosides containing ikemagenin or kidjolanin as the aglycon portion (Groeneveld 

et a/., 1990; Marzouk, Osman and Gohar, 2016). These cardcnolide and pregnane 

glycoside identified in G. fruticosus and other members of the Apocynaceae family are 

renowned for cardiotonic actions, anticancer actions against leukemia, antioxidant activity 

and may likely possess additional biological actions. In another study, an investigation 

into the phytochemistry of G. fruticosus growing in Egypt lead to the identification of 

flavonoid glycosides containing quercetin, kaempferol and isorhamnetin (Heneidak eta/., 

2006). However, very little is known about Namibian G. fruticosus, which grows in a 

unique environment. 

2.10. Challenges of cancer treatment using chemotherapeutics agents 

The most common route for anticancer bioactivcs/ drug administration is the oral route, 

through the alimentary canal, fol lowed by dissolution, absorption and transport to various 

sites. This is the most preferred route of drug administration because it is less invasive and 

therefore leads to high patient compliance. However, despite being the most preferred 

method of druo administration, it is not without problems. Drug administration throuoh b ~ b 

the oral route has the challenge of poor bioavailability and patient to patient variabi lity. 

Drugs or bioactive compounds need to be stable enough to remain intact as they pass 

through the stomach cavity where they are exposed to gastric jujccs (Kushwaha et a/., 

20 12). ln addition, the bioactivc compound needs to be sufficiently absorbed from the 

alimentary canal into the blood system. This is followed by the potential elimination of 

the bioactive compound by the hepatic portal system, further decreasing its bioavailability. 

As much as these arc real cha llenges faced during drug de livery, the two most common 
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challenges for cancer chemotherapy is poor solubility and toxicity. These challenges have 

led to the development of numerous drug delivery systems in an effort to improve 

bioavailability, targeted delivery, stable formulations, extended release tablets and even 

formulations which can be injected directly into the blood system to improve 

bioavai labil ity. Nanoparticles have gained popularity and have the advantage of multiple 

dosage forms, which can be taken orally, as aerosols and parenterally through the muscle 

or directly into blood circulation (Mudshinge et a/., 2011; De Smet eL a!., 20 13; El­

Sherbiny, El-baz and Yacoub, 20 15). 

Even though chemotherapy is the most commonly used cancer treatment option, it is not 

without challenges. One common disadvantage is that the chemotherapeutic agents arc 

often toxic, and due to non-specific distribution, side effects occur. This places dose­

limitations on existing drug candidates reducing tbe dosage reaching the tumorous sites 

and causing side efTects (Ebrahimifar et al., 201 7). furthermore, the non-discriminant 

distribution of chemotherapy also contributes to treatment failure as a result but more 

importantly to side effects and toxicity. These experienced adverse effects have been 

influential factors in attempts to improve treatment-related toxicity associated with drugs 

such as taxol, vinflurine, vincristine such as neuropathy, anemia, neutropenia, sight loss, 

and neurotoxicity (llabli eta/., 20 17). These attempts has been either to improve existing 

drugs or discover new therapeutic drugs. In addition to side effects, cancer cases can often 

demonstrate resistance to treatment interventions, reducing treatment options 

(Labhasetwar, 20 II; Rebucci and Michiels, 20 13; Zahrcddine and Borden, 20 13). 
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Available drugs on the markets such as paclitaxel, camptothecin have poor solubility in 

aqueous solvents (Nirmala et al., 20 II). Poor solubility of bioactive compounds is 

influenced by their large molecular weight, which prevents their passive diffusion across 

the membrane bi-layer (Sundaraganapathy and Leena, 20 16). The bioactive compounds 

demonstrate poor lipid solubility, caused by their polarity (Agrawal, Gupta and 

Chaturvcdi, 2012; Sundaraganapathy and Leena, 2016), exacerbating their poor 

bioavailability properties possibly leading to treatment failure in in vivo studies. Poor 

solubility of prominent drugs such as paclitaxel, eampothecin prevents parenteral 

administration of drug, which would improve bioavailability by I 00%, and therefore 

require the use of drug carriers (Kushwaha eta/., 20 12). It is against this background that 

liposome and other lipid based formulations have emerged as a potential solution. 

Liposomal based drug formulations are expected to improve the efficacy of treatments, 

reduce the clearance or degradation of treatments from the body, thereby increasing half­

lives and reducing toxicity via site-targeted delivery (Dickson and Schwartz, 2009). 

ln addition, the drug discovery and development pipeline takes a long time, currently 

being approximated to take about 23 years (Cummings eta/., 2017). The success rate of a 

drug making it to the market is about I in 5000 compounds screened in the research and 

development pipeline. For the most part, the poor success rate is mainly attributed to high 

toxicities as can be expected from the rise in poor aqueous-soluble drugs making it through 

the dmg research and discovery pipeline (Ma eta/., 20 12; Gupta, Kesarla and Omri, 20 13). 
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2.11. Lipid-based phytosomes for improved bioactive delivery 

Drug or bioactive compounds are often ineffective owing to barriers encountered whilst 

bioactive compounds/ drugs are in the body. One of such challenges is the poor solubility 

of drug/ bioactive compounds in the body, resulting in poor bioavailabil ity. Bioavailability 

is a term used to describe the degree and rate by which the active pharmaceutical 

ingredient reaches the blood circulatory system, thereby being able to access the point of 

action (Mehta eta/. , 20 16). As a result, technologies aimed at mitigating against these 

challenges have been developed such as liposomes, nano-emulsions, nanocrystals, 

hydrogels, solid lipid formulations, and phytosomes (Gupta, kesarla, Omri et al., 2013). 

Major components of these delivery structures arc phospholipids (Li et a!., 20 15). 

Phospholipids have an advantage over other materials used for active pharmaceutical 

ingredient (API) delivery such as carbon and silica (De Jong and Bonn, 2008), are 

biodegradab le and shows bio-compatibility when used in vivo, an important aspect of drug 

delivery (Mehta eta!., 20 16). Phospholipid based drug del ivery systems developed over 

the years continue to play a paramount role in the fight against cancer. Ebrahimifar ct al. , 

(20 17) reported that nano-particu late encapsulated carboplatin showed increased efficacy 

against ovarian cancer in mice in comparison to carboplatin alone. Another example is 5-

fluorouracil (5-FU), an anticancer drug with poor solubility in water, severe toxicity when 

administered intravenously and a half-life of close to 22 min, limits bioavailability. 

However, lipid based nanoparticlcs of 5-FU proved to improve its efficacy in in vitro 

studies (Shcnoy, Gudc and Murthy, 20 13). Several lipid based drugs have been approved 

by the fDA, with a myriad of app lications, including amphotericin B, cyclosporin A and 

topotccan (Bulbakc et a/. , 20 17). 
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A phytosome as compared to liposomes (figure 2.8), is a lipid based delivery system 

wh ich was specifically developed for the delivery of herbal remedies (Awasthi, Kulkarni 

and Pawar, 20 II) . Simi Jar to single compounds, herbal remedies also face challenges 

pertaining to poor solubility, which eventually leads to poor bioavailability (Shivanand 

and Kinjal, 20 I 0). Phytosomes, which are comprised of a lipid moiety and herbal 

components enclosed within the li pid bi-layer is able to mitigate this challenge. Herbal 

bioactives often comprise of water soluble (Shivanand and Kinjal, 201 0) and water 

insoluble portions, both which arc essential fo r treatment (Shivanand and Kinjal, 20 I 0). 

Water soluble components arc often poorly absorbed due to the lipid-rich nature of cells 

lining the GIT or when adm inistered topically (Pawar and Bbangale, 20 15) or the large 

size of these compounds (Shivanand and K injal, 20 I 0). These two reasons can lead to 

treatment failure due to poor bioavailabil ity. Additiona lly, encapsulation of herbal 

bioactive components to form phytosomes serves to protect contents from degradation of 

the gastrointestinal tract (GIT) juices, further leading to improved bioavailability (Pawar 

and Bhangalc, 20 15). Phytosomcs also provide for opportun ities for targeted delivery. 

Targeted delivery involves surface modifications which adds functiona lity to 

phospholipids such that they accumulate at disease sites (Mehta et a!., 20 16). Other 

research shows the targeting of phytosomcs to receptors found on cancerous cells or 

specific to ccttain tissues such as folate receptors in breast cancer cells and others, to 

achieve targeted delivery (Fasehee eta/., 20 16). Research has shown several methods used 

to confer targeted delivery, including the delivery of cinnamaldehyde using magnetite 

nanoparticlcs (Wan i et al., 2014). Wani et al., demonstrated the reduced viability of breast 

cancer cells treated with encapsulated cinnamaldehyde at lower extract concentrations, in 

comparison to free cinnamaldehyde. Additionally, the use of poly-etbyleneglycol (PEG) 
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has become increasingly popular to ensure sustained stability of 

ph)tosomes/nanoparticles, resulting in increased bioavailability (Li et al. , 20 15; Fasehee 

et a!. , 20 16). Furthem1ore, due to the lipid nature of phytosomes, increased absorption 

results, significantly increasing bioavailabi I ity and hence reducing dose needed to achieve 

therapeutic efficacy and this has been demonstrated in several studies (Wani et al. , 20 14; 

Wu el a!., 2017) and reviews (Pawar and Bhangale, 2015; Mehta eta!. , 2016). 

As a result, phytosomes are able to effectively improve the solubility and reduce 

nonspecific toxicity by encapsulating plant extracts both within the lipid bi-layer as well 

as within the nanostmcture core region. Within the lipid bi-layer, phytocompounds can 

form chemical bonds with the phosphate "head" regions (Awasthi, Kulkarni and Pawar, 

2011), thereby increasing the caring capacity ofphytosomes, in comparison to liposomes. 

W.th:r ~oluhk fn:~ \!rug 

Pho ... ph.tud~l.:uiJn.:.<frus 
~·vmrk:-. 

Figure 2.8. Presentation ofphytosome as compared to a Iiposome. Adapted from 
(Awasthi, Kulkarni and Pawar, 2011). 
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The nano-size of phytosomes gives this drug formulation an advantage. Since particles 

below 30 nm arc eliminated through the renal excretion system, while large particles arc 

picked up for degradation by the body's defense system comprised of mononuclear 

phagocytic cells and destroyed. Particles with sizes ranging from 150-300 run accumulate 

in major body organs such as the spleen, liver, heart, bone marrow, stomach and kidneys 

(Gaumet eta!., 2008; Chime and Onyishi, 20 13). The size ofpbytosomes also allows them 

to escape through fenestration on vascular vessels, therefore avoiding transport to the 

hepatic portal system, leading to increased half-life and bioavailability through 

accumulation at disease sites such as solid tumors' and in the skin. Therefore, the use of a 

phytosomc as a delivery system not only improves bioavailability of herbal medicines, 

but it also targets the accumulation of a combination of phytoconstituents into susceptible 

cancerous cel ls. 

This study will focus on G. fruticosus. Even though the plant has been researched 

numerous times and literature shows that it is poisonous to I ivcstock, and that cardia­

active principals were responsible for it tox icity, the mechanism of action has not yet been 

determined. Its anticancer activity has also been reported and despite its potent activity, 

the plant has been abandoned owing to observed tox iciti es. Besides this, the Namibian G. 

fruticosus grows in a unique ecological niche, which affects its phytochemical content. 

This study aims to investigate Namibian G. fruticosus for its phytochemical content as a 

contrast to already existing literature. In addition, in an effort to mitigate cited toxicities, 

a herbal -based delivery system wi ll be developed in the form of a phytosomc and 

evaluated against cancer models that are prominent in Namibia and beyond. 
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3.1. Abstract 

Cancer cases arc increasing globall y not j ust in developed countries. In the past two 

decades, cancers were more prevalent in developed countries in comparison to develop ing 

regions and this was attributed to lifestyles characterized by delayed chi ldbirth, inactive 

lifestyle leading to obesity, unhealthy eating hab its and exposure to tobacco smoke or coa l 

mining. However, a shift in cancer incidences has been observed during the same period 

wit11 an increasing burden occurring in developing countries because of more westernized 

lifestyles. With limited treatment options for cancer, medicinal plants represent an avenue 

that has not been fully explored for bioactive leads, despite there being potent plant­

derived anticancer drugs such as v incristine and vinblastine in clinical use. In this study 

the presence of phytochemicals in Gomphocarpus fruticosus was investigated using th in 

layer chromatography (TLC) and gas chromatography-mass spectroscopy (GC-MS). 

Extracts were prepared using four solvents, to target chemicals of varying polatitics. The 

methanolic, aqueous, dichloromethane and chloroform extracts were screened for the 

presence of alkaloids, anthraquinones, coumarins, Oavonoids, steroids and triterpcnoids. 
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TLC showed that the chloroform and dichloromethane extracts were positive for the 

presence of all selected classes of phytochemicals. The aqueous extract showed the 

presence of polar phytoehemicals such as anthraquinones and flavonoids whilst the 

methanolic extract showed the presence of all selected phytoehemicals, except coumarins. 

GC-MS analysis revealed the presence of carboxylic/fatty acids, triterpenols including a­

amyrin, lupeol and their esters as well as a phytosterol, ~-sitosterol. These compounds 

were reported to possess various biological activites such as anti-inflammatory, anticancer 

and analgesic properties. The presence of fatty acids and other phytocomponents 

rationalize the use the G. fruticosus for various purposes, including cancer treatment and 

its mode of preparation and administration. Observations in this study corroborate the 

traditional use of G. Jruticosus and supports the need for further attention towards this 

plant as a candidate herbal treatment for cancer treatment and palliation. 

Key words: GC-MS, G.ji-uticosus, Phytochcmicals, 

3.2. Introduction 

Medicinal plants arc gaining attention as sources of bioactive molecu les active against 

many diseases, especially since the initial discovery of the vinca alkaloids from the 

Madagascar periwinkle plant, Catharontlzus roseus (Nirmala, Samundecswari and Sankar, 

201 1 ). Various plant derived anticancer compounds arc currently in clinical usc, including 

drugs such as paclitaxel, vincristine, vinblastine, cllipticine. However, the search for better 

anticancer drugs continues and its being driven by high incidences of treatment related 

tox icities associated with available cancer treatments, therapy resistant cancers and poor 
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aqueous solubility of drugs in the current development pipeline (Nirmala, Samundeeswari 

and Sankar, 201 I; Rebucci and Michiels. 2013). 

Traditional medicinal plants that have been used successfully in local communities have 

been validated in the laboratory as having pharmacological activity based on the presence 

of bioactive compounds contained in extracts from the plants or even proof of activity 

against disease causing pathogens (Subba, Srivastav and Kandel, 20 16). These bioactive 

compounds are secondary metabolites and have been shown to have number of anti­

proliferative mechanisms in cancerous cells. Secondary metabolites such as alkaloids, 

phenols, steroids, terpenoids, saponins have been reported to possess anticancer properties 

(Nirmala, Samundecswari and Sankar, 2011). Scientific reports on traditional plants with 

anticancer activity have contributed to cancer patients using them together with cl inically 

prescribed treatments (Moreira el a/., 2014). Generally, medicinal plants with a long 

history of usage are perceived to be safe but the WHO recommends the determination of 

the toxicity profiles of traditional herbal treatments. This is especially important because 

traditional remedies are being taken concomitantly with conventional drugs (Moreira et 

a/., 2014) and there is a risk that hanuful drug-drug interactions can occur (Clarke and 

Mclachlan, 20 II; lzzo, 20 12). It is therefore imperative that traditional medicinal plants 

be assayed to determine potential toxicities and used to support their use in meeting the 

primary health care needs of peop le in resource poor communities (WHO, 20 13). 
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Gomphorcatpus fruticosus is a traditionally known plant, especially for its toxic 

properties. It has a wide distribution around central Namibia, where it is often seen along 

the roadside and riverbeds. G.fruticosus grows to a height between O.Sm to about 4 m. It 

is characterized by the milky latex which exudes its tissues when injured. Locally, G. 

fruticosus is known commonly as the milkweed or wild cotton in English. ft has several 

names in Namibia's local languages. Jt is known in Afrikaans as melkbos, tontelbos or 

wilde kapok, whereas, in Otjiherero, it is called oruseppa. Jn Khoekhoegowab/Nama, it is 

called llgiilamalloob and Wilde baumwolle in German. G. fruticosus has various uses 

traditionally in Namibia and other neighboring countries. According to the Survey for 

Economic Plants of Arid and Semi-Arid Lands (SEPASAL), it is used for fuel, animal 

folder, poison used in hunting, as an omamental plant and as a source of medicine. The 

Bcrgdamara/bergdama/berdarnara/clamaqua/berdamara people in Namibia usc crushed 

leaves to make a tea capable of curing cancer, especially when the tea prepared from 

crushed leaves is taken orally and used as a bath, which can be coupled with topical 

application of pulverized leaves (von Koenen, 200 I). The treatment is then followed by 

wrapping body in a blanket. Fmther medicinal claims in Namibia and elsewhere include 

anti-TB, anti-duiretie, anti-dian·hea or even as a tranquilizer (von Koenen, 2001). 

However, poisonous effects in small livestock have been reported, which can lead to 

death, when large quantities of the leaves arc ingested. 

The aim of this study was to determine the phytochemica l profile of Gomphorcmpus 

fruticosus extracts using TLC, and funher explore the methanolic extract for bioactive 

compounds using Gas Chromatography-Mass Spectroscopy. 
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3.3. Methods and materials 

3.3.1. Plant collection and processing 

Gomphocarpus fruticosus was collected in the Otjozondjupa region of Namibia using a 

plant collection form, Appendix A, figure 3A. A voucher specimen, FD 14, was prepared 

in a plant press, for identification and deposited with the herbarium at the National 

Botanical Research Institute (NBRI). The aerial/ above ground parts including leaves, 

fruiting structures and stalks were harvested and placed in brown paper bags. Plant 

material was sorted to remove debris before being cut into pieces ( 1"2-2"2 m) to facil itate 

drying on an open bench top for 3 weeks. Dry plant material was then ground into a 

powder using an industrial miller. The ground plant material was labelled and stored at-

20 °C until needed. 

3.3.2. Plant extract preparation 

Crude plant extracts were prepared by maceration of powdered plant material (l 0 g) and 

1· ' L solvent. Distilled methanol, dichloromcthane, Chloroform or water at room 

temperature were used as solvents for a period of 24 hrs. After the maceration period, 

extracts were filtered through a Wbatman filter paper, using gravity filtration. Filtration 

was followed by rotary evaporation (Hcliodoph) using a water-bath set at 333.15 K, 

pressure set at 7000 Pa. To further remove traces of extraction solvent, extracts were 

lyophilized on a freeze dryer for at least 4 hrs or until they could eas ily be scrapped off 

the round bottom flask wall. Dry extracts were weighted and stored in air-tight containers 

at 253. I 5 K unti I furthe r use. 
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3.3.3. Phytochemical analysis 

Phytochemical analysis using thin layer chromatography was conducted on all prepared 

plant extracts. Methods used in this analysis were based on literature publication by 

IJarborne ( 1998). Dry plant (I 0 g) extracts was reconstituted in (1-3 L) relevant extraction 

solvent before analysis. Table 3.1 , shows the selected phytochemicals analyzed, the 

corresponding mobile solvents and chromogenic reagents. Aluminium sheets prccoated 

with silica 60 (Merck), with dimensions: 2"1 x 2"1 m, were used in the analysis. The 

dissolved plant extracts ('Z7"5 L) was spotted on a marked spot on the line of origin using 

a capillary tube and allowed to dry before placing the silica plate into a mobile solvent 

saturated tank. At the end of the experiment, the mobile solvent front was marked with a 

soft pencil. Chromogenic reagents were used to visualize different spots on the plate and 

were recorded as either present of absent per plant extract. 

T able 3.1. Chromogenic reagents and mobile solvents used for selected phytochemicals. 

Phytochemical Mobile phase Chromogenic r eagent Positive control 

Alkaloid Chloroform: Dragendorrf's reagent Quinine 
Ethano l (9: 1) 

Anthraquinone Ethyl acetate: l 0% Potassium hydJoxide in Alizarin 
Methanol: Water methanol 

100:17:13 
Coumarin Chloroform 1.3 g Copper sulphate, 17.3 g Coumarin 

Sodium Citrate, 10 g 
anhydrous sodium 
carbonate, 100 ml water 

f lavonoid Butanol: Acetic 10% Antimony chloride in Quercetin 
acid: Water chloroform 
4:1:5 

Terpenoid llexane: Ethyl Liebermann reagent ~-sitosterol 
acetate 17:3 
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Steroid Chloroform: Aqueous Phosphoric acid P-sitosterol 

Acetone 9:1 and methanolic phosphoric 
acid, heat plate at 120 °C 

3.3.4. GC-MS analysis 

Plant extracts prepared from the methanolic maceration of the shoot plant material of G . 

.fruticosus were analyzed using Gas Chromatography Mass spectroscopy (GC-MS). 

Briefly, the stored methanol extract was reconstituted in methanol at 1 g/L. The extract 

was sonicated in a water bath set at 298.15 K for 30 min, to ensure complete dissolution. 

For the GC-MS analysis, 1"5 L of the extract was injected at a split ratio of 1/10, using a 

Thermo Scientific focus GC coupled to an ITQ 700 MS. Xcalibur software, version 2.1, 

was used for data acquisition. A column coated with 5% phenyl, 95% 

dimethylpolysiloxanc (film thickness of 2.5-7 m) with the following dimensions: 30 m x 

2.5-4 m J.d. (Thermo Scientific) was used for the chromatography. Chromatographic 

conditions were as follows: gas carrier was helium at a flow rate of 1·3 Lim in. The injector 

was operated at 493.15 K, while the oven temperature was programmed as 313.15-573.15 

Kat a rate of 275. 15 K per min and held for 50 min. Mass spectrometer conditions were 

as follows: Ionization voltage of 70 eV, ion source temperature of 523.15 K, with an 

interface temperature of 523.15 K, mass range of m/7. 25 to 625. The chemical compounds 

within the methanolic extract were tentatively identified by comparison of the mass 

spectra to those in the National Institute of Standards and Technology (NIST) 11 mass 

spectra data base. The identities of the compounds were further supported by comparison 

of their Kovatz retention indices (Rls) to those in NlST I l Rl database. Kovatz retention 

index for each compound was calculated based on the elution time of a series of even 
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alkanes, C
1
o-C4o, analyzed under the same GCMS conditions as the plant extracts 

according to Lucero et a!., (2009). Rl = 100[n + (N - n)((logRTunknown- v)­

(log RTsmaller alkane- v)f(log RT larger alkane- v) -

(log RT smaller alkane- v))] 

Where n is the length of the smaller alkane, N is the length of the larger alkane, RT is the 

retention time in min and vis column void time, i.e. J .32 min. 

3.4. Results and discussion 

Phytochemicals arc secondary metabolites produced by plants as a survival mechanism 

but are not essential fo r growth. They can be used to deter herbivores, microbes or even 

other plants, or as a means to adapt to the plant's harsh environment. In other instances, 

plants produce phytochcmicals as a response to plant pathogens (Kennedy and Wightman, 

201 1 ). These phytochemicals can be exploited as bioactive molecules with various 

app lications such as treating different illness. In this study, selected phytoehemicals 

relevant for cancer therapy were investigated in four different extracts produced from the 

ground shoot plant of G. fruticosus. Table 3.2 shows the selected phytochemieals found 

in solvents of varying polarities. 

Table 3.2. Phytochemical analysis of G. fruticosus extract for selected bioactivc 
compounds using TLC. 

Phytochemical 
C hloroform 

Alkaloid +++ 

Solvent 
Dichloromcthane 

++ 
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Anthraquinone ++ +++ ++ +++ 
CoomariM ++ + 
Flavonoids + ++ + + 

Steroids ++ +++ ++ 
Terpenoids + ++ + 

Key: +++ = Intense presence, ++ - Moderate presence, + = Low presence, - = Absent 

The order of polarity begins with chloroform as the least polar solvent, followed by, 

dichloromethanc, methanol and finally water as the most polar solvent. The chloroform 

and dichoromethane extracts showed the presence of all selected phytochemicals. The 

aqueous extract showed the presence of anthraquinones and Oavonoids only. The 

methanolic extract showed the presence of anthraquinooes, steroids, terpenoids and 

navonoids. Anthraquinones and flavonoids were found in all solvents used, regardless of 

polarity. Alkaloids, coumarins, steroids and triterpenoids were found in less polar 

solvents, indicating that non-polar solvents were suitable for extracting these compounds. 

The findings in this study revealed alkaloids in mcthanolic extract, which is different from 

another study conducted in Kenya (Omwenga, Okcmo & Mbugua, 2012). Alkaloids from 

plant sources are known to confer several useful biological properties, including chemo-

protective properties, antimicrobial properties, antiox idant and anticancer activity (Kaur 

and Arora, 20 15). Flavonoids, coumarins and anthraquinoncs all belong to a class of 

compounds called phenolics. In a report by Heneidak et at., (2006), Oavonoids were 

detected by HPLC in the 80% aqueous methanolic extract prepared from G. fruticosus 

stems. These included quercetin, isorhamnetin, kacmpferol and their 3-0-~-rutinosi des 

(lleneidak et a/., 2006). Another report cites the presence of glycosides, steroidal 

glycosides and 5, I J- cpoxymegastigmanes from polar extracts from the leaves of G. 

fruticosus (Abe & Yamauchi 2000). 
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Phenolics are among important group of phytochemicals found in plants, with structural 

diversity, which contributes to its diverse phannacological actions in man (Gbasemzadeh 

and Ghasemzadeh, 2011 ). This structural diversity also increases opportunities to discover 

useful compounds for development as dmgs. The reported pharmacological actions 

eKhibited by members of the phenolics family have become of interest to the scientific 

community, with their collective members possessing antioxidant activity. Coumarins, 

submembers of the phenolics family, possess a myriad of biological properties, including, 

antioxidant, antimicrobial, anticancer, anti-inflammatory properties, among others 

(Chikezie, Ibegbulem and Mbagwu, 20 15). Flavonoids are secondary metabolites known 

to exhibit antiviral, anticancer, anti-inflammatory, antioxidant, protective effects against 

diseases of the cardiovascular system and liver-protective effects against toxin damage 

(Kumar and Pandey, 20 13). The results found in this study arc consistent with previous 

reports of G. fruticosus possessing flavonoids (Hcneidak et al., 2006). In another study 

conducted in Kenya (Omwcnga, Okemo & Mbugua, 20 12), also collaborated these 

observations as tlavonoids were found in the methanolic extract presumably prepared 

from whole ground plant material. In addition, several species belonging to the 

Apocynaceae family also demonstrated various phytochemicals in different solvents 

(Joselin eta/., 20 12). 

Terpenoids were detected in all extracts, except that prepared using water. Whereas 

tcrpcnoids were observed in this study, another study by Omwenga and colleagues found 

the contrary (Omwenga, Okcmo & Mbugua, 20 12). No terpenoids were detected in the 

methanolic extract prepared from G. fruticosus. In a study conducted on Yemen G. 
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fruticosus, terpenoids were detected in the methanolic extract (R. A. Mothana et al., 2009). 

Terpenoids have been shown to possess various biological effects, which are being 

exploited, including antiviral, antifungal, antiparasitic, anticancer properties and as an 

anodyne (Siilsen et a!., 2017). Terpenoids are commonly found in members of the 

Apocynaccae family (Marzouk et al. 20 16; Mothana et al. 2009). As members of the 

terpenoids, triterpernoids possess antimicrobial, anti-inflammatory (Chikezie, Ibegbulem 

and Mbagwu, 2015) activity. In a study on Egyptian grown G. fruticosus, triterpeooids 

such as betulinic acid, 3P-taraxcrol, 3~- taraxerol acetate were isolated (Marzouk, Osman 

and Gohar, 20 16). A number of triterpcnoids such as aliso!, pachymic acid, cucurbitacins 

and celastrol have been demonstrated to confer actions such as ami-angiogenesis, 

apoptosis induction, cell cycle arrest, autophagy, all which contribute to their anticancer 

activity (Huang eta!., 2012). 

Similar to triterpenoids, steroids were detected in all prepared extracts, except the aqueous 

extract. This finding is also supported by a report by Warashina and Noro, (1994), which 

reported the presence of steroidal glycosides from the methanolic extract prepared from 

shoot plant material of G. fruit cos us. 

Water displayed limited extractive capacity of selected phytochcmicals, in comparison to 

the other three solvents, table 3.2. The aqueous extract was only able to extract 

anthraquioones and tlavonoids, among all six selected phytochemicals. In contrast, 

solvents such methanol and dichloromethane are better able to extract a wide range of 
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compounds (polar and semi-polar) from plant material, table 3.2. In addition, organic 

extracts usually exhibit more biological action in comparison to their aqueous equivalents 

(Fouche et al., 2008). Moreover, organic solvents often have lower boiling points, which 

preserves the integrity of plant compounds, as some extracts may contain heat labile 

compounds. This is because water is a polar solvent, which limits its extractive power. 

Consequently, the mcthanolic extract was explored further because methanolic extracts 

have a consistent extractive power/potential, which is important for reproducibility of 

results. 

Gas chromatography coupled with mass spectroscopy (GC-MS) was used to identify the 

volatile and semi-volatile compounds in the mcthanolic plant extract derived from 

powdered shoot plant material of G. fruticosus. The GC-MS analysis revealed the 

presence of 33 prominent compounds, figure 3.1 . Tentative identities of the compounds 

were done by comparison of mass spectra to those in the NIST 11 mass spectra data base. 

Furthermore, the calculated retention indices were compared to those in the N 1ST Rl 

database and other literature sources, which further added confidence to the tentative 

identities of the compounds. The extract consisted of carboxylic acids, triterpenoids, and 

their ester derivatives. Retention index comparisons matched with literature values for a 

similar colurn11, except for compounds 3, 6-8, 10, 16-17, 20. 
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Several triterpenes were identified in the methanolic extract of G. fruticosus, eluting in 

the middle of the chromatogram, figure 3.1. Compound 1 1 was assigned tentative identity 

as squalene, which eluted at 105.77 min. It is an imp01tant precmsor in the synthesis of 

cholesterol in plants, animals and humans. Mass spectra data which aided this assignment 

were its fragmentation pattern. Its molecular ion a m/z 410 was observed, in addition to 

peaksatm/z 55, 69, 81, 95, 121,136, 149,203,231,259,299,34 1 and 367 (Dande, Bonde 

and Pandita, 20 13). However, in literature, it is noted that the base peak is indicated as 

either 55 or 69 (Dande, Bonde and Pandita, 2013), which is contrary to observation in this 

study, base peak m/z 81 . Squalene is used as a calmative in cosmetic products, being able 

to relieve eczema, aged skin and hair (Popa et a!., 2014), especially for squalene 

outsourced from plant sources (Popa eta!., 2014). This is also in part to squalene's role 

as a UV-radiation protector (Kostyuk et al., 20 12). Additionally, squalene is confctTed to 

possess antioxidant properties (Huang, Lin and Fang, 2009). Jn addition, squalene 

continues to be used traditionally for the treatment of various ailments. Literature 

attributes the beneficial effects of consuming a diet rich in squalene such as olive-oi l rich 

meals to low incidences of cardiovascular diseases (Popa et al., 2014). In the 

pharmaceutical industry, squalene has gained popularity as ad adjuvant used in several 

vaccines (Sayers et a/. , 20 12) and an aid in the formulation of parenterally delivered drugs 

(Fox, 2009). Evidence also shows several articles indicating the protective effect of 

squalene from chemotherapeutic drugs such as cisplatin, carbop1atin (Das eta!., 2008) and 

doxorubicin. 
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Compound 16, eluting at 122.74 was identified as a-amyrin. Key mass chromatogram 

features used for this identification were the distinct base peak at m/z 218.12 (Amorim, 

20 16; Gasca et al., 20 17). However, no molecular ion was visible, as was expected at m/z 

426 (Amorim, 2016). This may be due to the instability of the resulting cation. a-Amyrin 

is a triterpenoid isolated from plant sources and has various biological properties. It has 

been isolated from vai;ous plant sources, and together with P-amyrin, can be found in 

resin, leaves, bark and woody plant materiaL The biological activity of a-amyrin includes 

antioxidant, anti-in Oammation and anticancer action against several cell lines. In addition, 

a-amyrin has been known to confer antibacterial and antifungal activ ity. ln a review by 

El-Kashef and colleagues, several triterpenoids and sterols were discussed including a­

amyrin, its acetate derivative, in members of the Apocynaceae family (El-Kashef eta!., 

20 15). The acetate derivative of a-amyrin, compound I 9, Urs-12-en-3-ol, acetate, (3a)- is 

also reported to possess antibacterial activity, in addition to other properties such as 

anesthetizing potential (Ananthi and Kumari, 2013). Its mass chromatogram presented 

with molecular ion at m/z 468. 13, in addition, its bass peak was c learly visible at m/z 

2 18. 11, another peak at m/z 203 (Amorim, 2016). In add ition to a peak appearing at m/z 

408.20, corresponding to loss of the acetate group from the molecule, M: Cl J3COOH. 

Compound 17 was identified as lupeol, el uting at 122.87 min. Diagnostic ions leading to 

this identification were molecular ion at m/z 426 and otber peaks characteristic of Jupeol 

at m/z 411, 393, 383 (De Carvalho et a/., 201 0; Suttiarporn et a/., 20 15). Lupeol is a 

common triterpene found in various plants, including fruits and vegetables. Jupeol and its 

derivatives possess several biological properties, including anti-inflammatory modulation, 
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antiparasitic (antiplasmodial and antileishrnania), antitumor and antimicrobial activity 

against both gram positive and negative laboratory strains (Wal eta/., 20 15), lupeol has 

been shown to induce the expression ofFas receptors in prostate cancer cells, leading to 

apoptosis, in add iLion to its well-known inhibition of the topoisomerase II enzyme (Wal 

el a/. , 20 11). Furthermore, Wal et at., (20 I I) discussed the pro-protective effects oflupeol 

from damage induced by carcinogenic toxins such aflatoxin. Similarly, lupeol was found 

to be instrumental in preventing tumorigenesis induced by 7,12-dimethylben(a)anthracene 

in the oral cavity, in vivo (Palanimuthu et al. , 2012). furthcnnore, evidence shows that 

the acetate derivative of lupcol, compound 20, Lup-20(29)-en-3-ol, acetate eluted at 

125.92 min. The compound showed mass spectra corresponding to Lupeol acetate in 

literature. A molecular ion was observed at m/z 468, followed by other ions at rn!z 408.20, 

218.14, 204.14, and base peak at 189.15 (Calixto eta/. , 20 17). Literature search shows 

that compound 17 has anti-inflammatory potential (Kadhim, Sosa and Hameed, 2016). 

Table 3.4 and figure 3. 1 shows a collection of 16 compounds that could not be idcnti fied 

sufficiently. Some of the compounds demonstrated no visible molecular ion. Compound 

14 demonstrated no noticeable molecular ion, but demonstrated two distinct peaks at m/z 

203 and 2 18, which were of almost equal intensity. Compound 14 demonstrated a 

molecular ion at m/z 426, with two unique peaks at m/z 133 and 287. Compounds 18, 23 

and 26 demonstrated similar diagnostic peaks with compound 14. Distinct molecular ions 

arc observable at m/z 468, 48 J for compounds 18 and 23 respectively. After the molecular 

ion, distinct peaks are observable probably corTcsponding to the loss of acetic acid M -60 

for compound 18 and M-88 (butanoic acid), for compound 23. No distinct peak is 
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observed corresponding to the anticipated loss of pentanoic acid from compound 26, M-

93. On the other hand, compounds 25, 27, 30 and 31 had a prominent base peak at m/z 

218. Molecular ions for these four compounds are observable at m/z 496, 510 for 25 and 

27, while m/z 522 seems to be the molecular ion for compounds 30 and 31. Compounds 

2 J, 22, 24, 28 and 29 shared a simi lar feature of a distinct peak at rn/z 189. Furthermore 
' 

compounds 21 and 22 both demonstrated a molecular ion at m/z 468 and both showed a 

peak corresponding to the loss of acetic acid from the parent structure, M-60. For 

compound 24, no noticeable peak was seen corresponding to the loss of propanoic acid, 

M-74, while 28 and 29 also did not show the expected loss of the butanoic (M-88) and 

pcntanoic acid (M-93) respectively. Finally, compounds 32 and 33 had similar mass 

spectra patterns. No distinct molecular ion was visible for both these compounds. 

However, they both demonstrated a prominent m/z 189, with another distinct peak at m/z 

409, which could not be explained. The two peaks did not have a similar abundance. The 

mass spectra were similar to that ofpentacyclic lriterpenols. 

The majority of compounds tentatively identified in this study were tritcrpenoids, whereas 

betulinic acid, 3P-taraxerol and its acetate derivative are the only literature sightings of 

tritcrpcnoids isolated in G. fruticosus (Marzouk, Osman and Gohar, 20 16). Further 

research is required to confirm the identities of these compounds using appropriate 

standards, analyzed under similar experimental conditions. In this study, about 16 

compow1ds could not be identified due to the limitations imposed by the NIST mass 

spectra data base. We recommend the use of additional techniques such as High Pressure­

Liquid Chromatography (HPLC) and Liquid Chromatography-Mass Spectroscopy 
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(LCMS). This is to further determine a complete array of chemicals found in Namibian 

G. fruticosus, since GCMS often requires dcrivatization for optimal detection (Ruiz­

Matute eta!., 2011) while masking is also possible (Scalbert eta/., 2009). 

Table 3.3 also shows the different compounds identified as carboxylic or fatty acids and 

their esters. Carboxylic acids included compounds 1, 2, 6, 7, 8 and 10. These included two 

compounds consisting of 16 carbons each, 1 (branched hexadecanoic acid) and its 

unbranched compound, 2, which are isomers and were saturated. Both showed a similar 

mass spectra with diagnostic ions at m/z 55, 73, 87,115, 129, 157, 185, 213, 227. Most 

importantly, the molecular ion was visible at m/z 256 as well as base peak at m/z 87 

(Moussa and Almaghrabi, 2016). Compounds 6 was identified as octadecadienoic acid, a 

polyunsaturated carboxylic acid. Diagnostic mass spectra was similar to that observed in 

literature (Liu eta!., 20 16). The molecular ion was clearly visible at m/z 280.09. Three 

additional diagnostic ions were observed at m/z 150.10, 95.1 0, including base peak at m/z 

67.06, similar to 9,12-octadecadienoic acid (Liu et al., 2016). Compounds 7 and 8 

contained one double bond, and the carbon chain was 18 carbons long. Both compounds 

had the same molecular weight, 282 Da. The molecular ion, (M+), was not easily visible 

in both compounds. However, the presence of other diagnostic ions such as mfz 55, 83, 

97 and 264 contributed to the tentative identification for compound 7, despite the base 

peak not being observed at m/z 55 as expected (Zayed, Abd El-Kareem and Zaky, 2017) 

but rather at m/z 79, in this study. On the other hand, compound 8 demonstrated diagnostic 

ionization mass spectra fragments similar to published literature report of oleic acid. The 

base peak was observed at m/z 55, in addition to fragmentation peaks at mfz 69, 83, 97, 
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264. A peak corresponding to the loss of water, ([M-18]+, m/z =264) was clearly visible 

in both compounds, while the ion formed by the McLafferty rearrangement, expected to 

be observed at mlz 60, (HC=C(OH)-OH) had less abundance than expected. Compound 

10, eluting at 80.59 was identified as the unsaturated analogue of compounds 7 and 8, 

since it also had a carbon chain consisting of 18 carbons. Fragmentation peaks leading to 

this assignment include the observation of a peak at m/z 255, corresponding to the loss of 

an ethyl radical (29 Da). The McLafferty rearrangement ion is also visible at rn/z 60, also 

not highly pronounced. Literature indicates the presence of fragmentation ions observable 

at m/z 55, 57,60, 69, 71, 73 and molecular ion at m/z 284 as defining features of 

octadecanoic acid (Aali et a!., 20 18). Base peak is expected at 73, which contradicts 

observations in this study, since base peak was observed at m/z 55 (Aali et a/., 20 18). 

Among the compounds identified in the mcthanolic extract of G.fruticosus, 4 esters were 

found. These esters comprised of compound 4 (Methyl octadecadienoatc), compound 5 

(Methyl octadeccnoate) and compound 9 (Ethyl octadecadienoic acid). Compound 4 was 

identified on the basis of its fragmentation pattern, producing its molecular peak at m/z 

294 with additional peaks, and abundance patterns similar to 9, 12-octadecadenoic acid , , 

methyl ester (Zayed ct al, 2017). lts base peak was easily distinguishable at m/z 67 and 

other peaks at m/z 55, 81, 95 (Zayed ct al, 20 17). The presence of diagnostic ions such 

peaks at m/z 264, 222, 97, 55 and molecular ion at mlz 296 were used to identify 

compound 5 as a methyl ester of octadecenoic acid. A report shows these as distinguishing 

fragmentation ions of 8-octadecenoic and I 0-octadecenoic acids (Zayed ct al, 20 17). 

However, prominent peaks such as m/z 74 and 69 were absent from the mass spectra in 

this study. Compound 9 was identified as an ethyl ester due to the observation of the peak 

at mfz 262, corresponding the loss of ethanol from the parent compound. Fmthermore, the 
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presence of the peak at mlz 279, corresponding to the loss of the ethyl radical (CH2CH3), 

which is characteristic of carboxylic acids. In addition, fragmentation pattern similar to a 

literature example, 9,12-octadecadienoic acid ethyl ester, with peaks at m/z 41,55,67,81, 

95, 109, 123, 136, 150, 164 and 178 were observed in this study, despite the column beino 
eo 

different (lgwe and Okwu, 20 13). These fatty acids are commonly seen in plant derived 

extracts during GC-MS, especially in methanolic/ alcoholic extracts and most of these 

fatty acids are reported to possess biological activity. The presence of fatty acids in G. 

fruticosus, especially those that are polyunsaturated may explain its action (treatment for 

cancer) and mode of delivery (topical application of pulverized leaves) (von Koenen, 

200 J ), since fatty acids faci litates the absorption of active principles through the skin and 

mucosa membranes (Loftsson et a/., 20 16). In addition, carboxylic acids are cited to 

possess anti-inOammatory and anticancer actions, which arc all relevant in herbal 

candidates for cancer therapy and palliation. 

Compound 12 was identified as phenolic compound a-tocopherol, eluting at 115.57 min. 

This compounded had a molecular ion at m/z 430.22, the next diagnostic ion was seen at 

m/z 205.10, which corresponds to the loss ofthe long alkyl side chain on the struct11re. 

This was confirmed as a fragmentation pattern expected for y-tocopherol (L6pez-Cobo et 

a/., 2017). Other diagnostic ions were observed in this study at m/z 121.11, 165.08 and 

the molecular ion at 430.22 were observed simi lar to another report by Saba eta!., (2015). 

a-Tocopherol is also !mown as Vitamin E, has several other isomers, including P-

tocopherol, y-tocopherol, of which, a-tocopherol has the highest relative abundance in 

plants, in comparison to the other isomers. a-Tocopherol is cited as possessing antioxidant 
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activity (Franco eta!., 20 14), which is beneficial in the prevention of cancer development. 

Yu eta!., 20 I 0, described the anti-proliferative and pro-apoptotic activities vitamin E, it 

reduced the proliferation and increased apoptosis in human breast cancer cells, implanted 

in mice. In fact, evidence suggests that not only is a-tocopherol pro-apoptotic but that 

other isomers of the molecule also possess anticancer effects (Constantinou, Papas and 

Constantinou, 2008). As such, tocopherol is proposed for consideration as an adjuvant for 

cancer therapy. ln spite of the beneficial properties of a-tocopherol, it blocks the effects 

of protein kinase inhibitors, which can lead to treatment failure when it is taken 

concomitantly with anticancer dmgs as a supplement (Pedcboscq eta!., 20 12). 

Compound 13 was identified as ~-s i tosterol or stigmast-5-cn-3~-o l and eluted at 120.72 

min , table 3.3. Tts molecular formula ion was easily distinguishab le at m/z 4 14.20. Other 

diagnostic ions were consisted with expectations for this compound such as rnlz 105, 145, 

178, 213, 255, 329 and 381, exception being the m/z 57 peak, which was not observed in 

this study (Saha et al., 20 15). Another important ion was observed at m/z 273, 

corresponding toM : 141 , the loss of the side chain (Kamboj and Saluja, 2011 ). P-Sitosterol 

is a phytosterol, which is structurally simi lar to cholesterol. It's among the top three 

phytosterols, contributing the greatest proportion to human diet. In a review by Sacidnia 

et a!. , (20 1 4), p-sitosterol is described to have biological activity able to bring about 

beneficial effects against cancer, inflammation, pain relief, chemoprevention, anti­

angiogenic, antioxidant, anti-diabetic effects, anti-parasitic activity, anti-cholesterol, 

immuno-modulating effects among others. The chcrno-prevcntativc effects of P-sitosterol 

were further demonstrated in both in vitro and in vivo disease models against colon cancer 
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(Baskar eta/., 2010). ~-sitosterol is known to be anti-cancerous against several cell-lines 

through its role of inducing apoptosis, preventing angiogenesis, antioxidant/anti­

inflammatory modulation (Baskar et a/., 20 I 0). Despite the published data on the 

biological effects of ~-sitosterol, the compound has not been endorsed as a known 

anticancer drug. Consumption of ~-sitostero l containing food stuff has been found to 

contribute to the presence of Estrogen receptor breast cancer tumors (Grattan, 20 13). In 

cancer therapy, ER posi£ive tumors are readily responsive to anticancer treatments while 

the ER negative tumors are generall y resistant. Its therefore, a known suspicion that P­

sitosterol may be beneficial, especially to patients suffering from breast and colon cancer 

(Novotny, Abdel-hamid and Hunakova, 20 17). 

The detection of ~-sitostero l in the methanol ic extract was col laborated with findings of 

steroidal glycosides identified from G. fruticosus methanolic extract, including several 

aglycone components (Warashina and Noro, 1994). In fact, a similar study, Marzouk et 

al, 20 16, reported similar steroidal compounds, using NMR. The study reported the 

sighting of unknown pregnane glycosides in addition to cardenolides and triterpenoids. 

These include uzarigenin, afroside, uscharin, uscharidin, voruscharin, calotropin, 

calotropagcnin, calotox in, calactin, gomphosidc, ~-sophoroside, 17a-hydroxycalactin, 

I7a-hydroxyafroxide, gomphotin, gomphotoxin detected methanolic extracts prepared 

using aerial parts of the G.fruticosus (Abe, Mori, Okabe, & Yamauch, 1994; Groeneveld, 

Steijl, Van Den Berg, & Elings, 1990; Komissarenko, Chemobai, & Komissarenko, 1995; 

Marzouk et al., 20 16) and more isolated from roots or whole plant extracts including 

coroglaucigenin and corotoxigen in (Abe et al., 1994; Warashina & Noro, 1994). 
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Compound 3, was the only alcohol identified, which eluted at 76.73 min. According to 

mass spectra comparison with NIST database, compound 3 was identified as 

octadecatrien-1-ol. The position and ot;entation of its double bonds could not be 

determined but future studies can usc dimethyl disulfide derivatization to locate the double 

bonds (Ding and LOfstedt, 20 15). Its molecular ion at m/z 264. 1 8 was detected. In 

addition, a prominent base peak at m/z 79.07 was also observed, coupled with a peak at 

m/z I 08, while other distinguishing peaks at m/z 208 and 236 were not observed (Liu et 

al., 2016). This fatty acid/alcohol has antibacterial and antioxidant potential 

(Gopalakrishnan and Udayakumar, 20 J 4). This report is consistent with the findings in 

this study and (Gopalakrishnan and Udayakumar, 2014), since in all three cases, the 

alcoholic compound was identified in the methanolic extract. 

Table 3.3. GCMS analysis of the methanolic extract of G. fruticosus. 

MW 
Peak RT Compound name RP RJb MF (g/mol 
# (min) ) 

branched hexadecanoic 1916.78 J904A 
] 68.77 acid C t6H320 2 256 

1974.24 1970.1 c 

2 71.67 Hexadecanoic acid , 1968F Ct6H320 2 256 
0 

OH 
3 76.73 Octadecatrien-1-ol * 2086.09 2058A CtsB320 264 

HO~ 

I 

~ 

methyl 2098.91 

4 77.3 octadecadicnoatc* Ct9HJ402 294 
5 77.58 methyl octadecenoate* 2105.17 C t9H360 2 296 
6 79.48 octadecadienoic acid* 21 47.05 2214° C1sH3202 280 
7 79.73 octadecenoic acid* 2152.49 2216G CtsHJ402 282 
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8 79.87 octadecenoic acid* 2155.52 2216° C1sH3402 282 
Ethyl octadecadienoic 2164.81 2144-

9 80.3 acid* 2 2J77F C2oH3602 308 
80.59 Octadecanoic acid 217 1.05 2127.4F C1sHJ60 2 284 

OH 

2827.31 28388 
C3oHso 410 
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20 

0 
----{ 

0 

K ey: RT= Retention time, MF= molecular formula , MW: Molecular weight.*= position 
and orientation of double bond unknown. Rl3

: Calculated value. Rlb: Literature value. 
Sources of Rib:ANJST 11 RT database, 8Kowalski (2005), cNadaf, Halimi and Mortazavi 
(2012), 0 Stojanovic et a!. , (2011), EDiaz et a/., (2018), FBabushok, Linstrom and 
Zenkevich, (20 J I ),G Fernandes eta!. , (20 17). 

Table 3.4. Unidentified compounds by GCMS found in G.fruticosus shoot mcthanolic 
extract. 

Compound # RT (min) 
14 121.42 
15 122.36 
18 124.58 
21 J 28.38 
22 128.71 
23 130.89 
24 131.89 
25 132.2 
26 132.77 
27 134.21 
28 135.53 
29 137.93 
30 139.16 
31 141.13 
32 145.48 

33 146.09 

Identification status 
Unknown 
Unknown pentacyclic tritcrpenol 
Unkown triterpemyl acetate 
Unknown triterpenyl acetate 
Tritcrpenyl acetate 
Triterpenyl butanoate 
Triterpenyl propanoate 
Triterpenyl butanoate 
Triterpcnyl pentanoate 
Triterpenyl pentanoate 
Triterpenyl butanoate 
Triterpenoyl pentanoate 
Triterpenyl ester of compound 14 (Hexcnoate ester) 
Triterpenyl ester of compound 14 (Hexenoate ester) 
Unknown triterpenol 
Unknown triterpcnol 
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This study has found that thin layer chromatography (TLC) results are consistent with 

findings by other researchers (EI-Kashef et al., 20 15) and GCMS results in table 3.3. In 

this study, the aqueous extract displayed few selected phytocbemicals by thin layer 

chromatography although this is the solvent primarily used in traditional settings. This is 

collaborated by reports that indicate that the aqueous extract often shows poor bioactivity 

(Adeonipekun, Adeniyi and Aminu, 2014). 

The lack of visible phytochemicals does not necessary indicate the absence of the selected 

phytochemicals due to masking on thin layer chromatography. Gas Chromatography 

coupled with Mass Spectroscopy have a higher resolving power in comparison to TLC, 

and hence was employed in this study. However, GCMS also has limitations in that it 

captures mainly volatile and semi-volatile compounds. Literature sources also show that 

G.fruticosus has glycosides (Abe et at., 1994; Fumiko Abe & Yamauchi, 2000; Heneidak 

et at., 2006; Komissarenko et at., I 995; Mar:touk ct al., 20 16), which were not detected 

using GC-MS, but derivatization practices using trimcthylsilyl (Louw et al., 2011) can aid 

in the detection and identification of these compounds in future work. [n addition, future 

research on Namibia's G. fruticosus can focus on identifying bioactive components by 

fractionation. In addition, methods such as LCMS, HPLC can be used to better give 

insights into phytochemicals contained therein, in future. This study serves as baseline for 

future studies and contribute to the knowledge gap authenticating claims of traditionally 

used plants, inform policy makers and serve to communicate dangers of the plant to the 

public. 
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3.5. Conclusions 

The findings in this study provide evidence of the properties of extract derived from the 

powdered material of G. fruticosus and support its use in the traditional setting. The 

presence of lupeol, P-sitosterol and a-amyrin which have both anticancer and anti­

inflammatory properties could contribute to cancer treatment and palliation whi lst 

carboxylic acids, especially polyunsaturated compounds, may also explain the traditional 

use of the plant, permitting its easy pe1meation through the skin. Traditionally, G. 

fruticosus is used to treat diarrhea, pain, respiratory infection and as an arrow poison. 

However, toxic effects need to be explored further, while mechanisms of action and 

bioactivity of plant extracts on Namibian-relevant cancers is imperative in order to meet 

the healthcare gaps experienced by cancer suffers in Namibia and beyond. 
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4.1. Abstract 

Namibia has a wealth of trad itional knowledge and practices that includes the usc of plants 

for the alleviation of a myriad of diseases. G. fruticosus is a plant endemic to Namibia and 

it used to treat a range of diseases such as stomach complaints, tuberculosis and cancer. 

An investigation into the biological properties of the methanolic extract of G. fruticosus 

shoots against cancerous and non-cancerous cell lines was conducted. The study evaluated 

the anti-proliferative activity, cytotoxicity and the apoptosis induction properties of the G. 

fruticosus extracts in vitro, against a panel of cells consisting of prostate (PC3), liver 

(l lepG2), cervical (He La) cancer and two non-cancer cell lines skin (KMST6) and kidney 

(Hek293). The anticancer assay revealed potent activity of G.fruticosus extract on HeLa 

cervical cancer cells (ICso 8.3Y7 ± 0. I 3 giL), and mini mal cytotoxicity against a non-

cancerous cell lines Hek293 (ICso 3.9764 ± 86.7 g/L), KMST6 (ICso 4.201"4 ± 89.0 giL). 

Cancerous cells, PC3 and HcpG2 demonstrated ICso 7.3824 ± 6.4 and 5.035-4 ± 5.03 giL 

respectively, indicating selectivity of extract against HcLa. Non-significant apoptosis 
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induction occurred in HeLa at ICso concentration, indicating necrosis as possible cell death 

mechanism. This was further supported by significant elevation of Ros in HeLa , 

indicating that this mechanism may be responsible for observed reduced ceiJ viability. 

Caspase 317 dependent apoptosis induction was not observed in neither Hek293 nor HeLa, 

indicating that cell death, especially at the high extract concentrations was not activated. 

In conclusion, this study supports tbe use of G. fntticosus within Namibia's 

Bergdamaralberdamara/damaqua/damaran people, with potent activity especially for 

cervical cancer. Mechanism of action appears to be necrosis, ROS dependent, caspase 317 

independent. The plant needs to be pursued for additional studies to determine safety and 

potency against solid tumors in small mammals as these would validate its use 

traditionally. 

Key words: Antiproliferative, caspase independent, Gomplwc01pus fruticosus, BeLa, 

necrosis, selectivity. 

4.2. Introduction 

Traditional medicine has been used for the treatment and prevention of various illnesses 
' 

since time immemorial (Sofowora, Ogunbodede and Onayade, 20 13). It is prepared in 

many forms such as decoction, infusions, tinctures for oral administration, ointments, 

poul tices for topical applications or powders which arc inhaled, and arc often composed 

of different components such as plant material (flowers, roots, fruits, leaves, bark, gum), 

animal parts or products, soil particu late among others (Bussmann el a!., 2010). Plants 
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constitute the largest portion of traditional medicine, and have been a useful resource in 

finding lead compounds for treatment of many diseases, including cancer. Important 

clinical medicines such as vincristine, vinblastine and paclitaxol are derived in whole or 

in part from traditional medicines. These are Food and Drug Administration (FDA) 

approved drugs in clinical use for the treatment of cancers such as breast, ovarian, lung 

cancer and Kaposi sarcoma (paclitaxol) or rare cancers such as non-hodgkin's lymphoma, 

leukemia (vincristine and vinblastine) (NirmaJa, Samundeeswari and Sankar, 2011). 

Inclusion of traditional medicine -derived drugs into mainstream use can take 14 years, 

from laboratory in vitro analysis to clinical trial phases (Schuhmacher, Gassmann and 

Hinder, 2016). Medicinal plants arc efficacious due to their various modes of action, 

including apoptosis induction, sustained injury to DNA, caspase activation and 

antiproliferativc effects by either cell cycle arrest, MAPK and NF-KP pathway alterations 

(Habli eta!., 20 17). Apoptosis has been the most commonly preferred treatment outcome, 

especially with chemotherapeutic drugs, because it is programmed cell death (Mcilwain, 

Berger and Mak, 20 15). However, other modes of cell death such necrosis, mitoptosis, 

autophagy can also occur, in an effort to regain cellular homeostasis (Chaabane eta!., 

20 13). Various caspases, are involved at various signally stages and as key players in the 

intrinsic (mitochondrial-dependent) and extrinsic (transmembrane activated) apoptosis 

induction pathways (Brentnall eta/., 20 13). 

The family Apocynaceae is reach with a variety of plants which are mostly characterized 

by exuding a milky latex from its fractured body parts. This family is notable for the 

discovery of cardcnolides, which are useful for treating heart disease and are renowned 
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for anticancer activity. Cardenolides isolated from members of the apocynaceae family 

have been shown to possess cytotoxicity against a number of cancer models such as colon, 

breast, liver, uterus, brain, prostate, gastric, lung, breast, some which are leading causes 

of mortality such as breast and prostate cancer (Wen et al., 20 16). A recent report by 

Wong, Lim and Chan (20 13), reviewed the activities of several members of this family, 

which included: Cerbera, Catharanthus, Alstonia, Allamanda, Plumeria, Calotropis, 

Tabernaemontana, Vallaris and Nerium species. The most notable is Nerium oleander, 

from which several cardenolides have already been isolated (Wen et a/., 20 16). 

Gomphocarpusfruticosus or Asclepiasfruitocosa is a milkweed erect plant also belonging 

to the Apocynaceae fami ly. This plant is found in different ecological niches, in various 

continents and countries neighboring Namibia such as Zambia, Zimbabwe, Mozambique, 

Botswana, Swaziland, Lesotho and South Africa. G. fruticosus is used for the h·eatment 

of cancer by the bergdamara/bergdamalberdamara/damaqua people who inhabited the 

Grootfonlein Mountains, as well as other mountains of Namibia. It is against this 

background that this plant is investigated for its biological activity against cancer and 

cytotoxicity in vitro. The mode of action was also explored using APOPercentage, reactive 

oxygen species (ROS) production and caspase 3/7 activation. 

4.3. Methods and materials 

4.3.1. Plant processing 

Shoots, along with fruiting structures, leaves and stems of G. fruticosus were collected in 

the Otjozondjupa region ofNamibia. A voucher specimen (FD 14) was prepared in a plant 
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press, for identification and deposited with the herbarium at the National Botanical 

Research Institute (NBRI). Furthermore, the aerial/ above ground parts including leaves, 

fruiting structures and stalks were harvested and stored in brown paper bags. The plant 

material was sorted to remove debris before being cut into small pieces to facilitate drying 

( 1·5-2·5 km long). Plant material was dried on an open bench top for 3 weeks, followed by 

grinding into powder using an industrial miller. The ground plant material was labelled 

and stored at -20 oc until further needed. 

4.3.2. Extr·act preparation 

Powdered plant material 10 g derived from the shoot of G. fruticosus was macerated in 1· 

1 L methanol. The mixture was left at room temperature for 24 hrs, followed by gravity 

filtration through a Whatman filter paper. Filtration was followed by rotary evaporation , 

which was conducted in a water-bath set at 333.15 K, pressure was set at 6000 Pa. To 

further remove traces of extraction solvent, extracts were dried on a freeze dryer until 

extracts could easi ly be scrapped off the round bottom flask wall. Dry extracts were 

weighted and stored in air-tight containers at 253.15 K until further use. 

4.3.3. Cell culture 

Three cancer cell lines (lleLa, HepG2, PC3) and two non-cancer cell lines (Hek293 and 

KMST-6) were used in this study. Cell lines were purchased from American Type Culture 

Collection (ATCC). The cells were maintained in culture media (RPMJ1640 or 

Dulbecco's Modified Eagle's Media) supplemented w ith l 0% fetal bovine serum and 1% 
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penicillin/streptomycin. Cultures were grown in a humidified incubator set at 5% C02 and 

at 310. 15 K. Cell culture reagents were obtained from Invitrogen and cells were cultured 

in ventilated 75 mm2 culture flasks for routine maintenance and seeded in 96, 12 or 6 well 

plates for experimental procedures. 

4.3.4. In vitro cell viability assay 

Cell viability was investigated according to a method by (Omoyeni eta!., 2015) with slight 

modifications using the water soluble formazan salt, WST -1. The metbanolic plant extract 

was analyzed against 1 leLa, I IepG2, PC3 cell lines for anticancer activity and Hck293 and 

KMST -6 cell Jines for cytotoxicity. Cells were seeded at 1 x 105 cells per well in a 96-well 

plate in 14 L media: DMEM (Hek293, HeLa and HepG2) or RPMI 1640 (PC3). After 24 

hrs, all spent media was removed by pi petting from side of the well plate and replaced 

with 14 L media containing various concentrations of plant extracts. G. fruticosus 

methanolic extract was dissolved in DMSO and further diluted in complete biological 

media, 1000 fold, such that the fina l DMSO concentration was less than 0.5 % 

(Ilajighasemi and Tajik, 20 17; Singh, Mckenzie and Ma, 201 7). The fina l extract 

concentrations for each cell line were as follows: KMST6 (3.125-5-1 giL), Hek293 (3.12s-

5 - 1 giL), PC3 (s-4-1 giL), HeLa (3.2Y 10-3.2Y5 giL) and HcpG2 (3.125-5-1 giL), followed 

by incubation for 24 brs. The time of incubation was determined as the least standard time 

from wh ich a significant change in cell viability can be noticed (Meyer et a!., 2008; 

Omoyeni et a!., 201 5). A well containing cells and extract was used at each treatment 

concentration, to account for interference. After 24 hrs of exposure, spent media was 

removed and cell viability was measured using a water soluble tetrazolium reagent (WST _ 
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1) (Roche diagnostics). The WST-1 reagent (5"5 L) was prepared at 1:1 0 dilution in 

complete media was added to each well and incubated for 4 hrs in a humidified incubator 

set at 310.15 K and 5% C02. Negative control wells on ly received cell culture media 

whilst positive control wells were treated with cell culture media plus 6% DMSO. The 

experiment was conducted in the dark by covering plates with foil. Absorbance of each 

plate was done in a plate reader (Omega, BMG Labtech: Germany) at 440 nm (with 630 

nm as reference wavelength). Cell viability was expressed as a percentage of the 

absorbance obtained in untreated cells. The TC5o, the concentration of plant extract 

resulting in 50% reduction in cell viability was determined using graph pad prism version 

5, using non-linear sigmoidal curve fitting. Each treatment was conducted in triplicate and 

no experimental repeats were conducted. 

Cell Viability% = (00 1rcatcd well- 00 blank/00 WJlre:ucd well- 00 blank) * 100 

4.3.5. Cell death mech anism 

The mechanism of cel l death was determined using APOPcrcentage assay, ROS induction 

and caspase 3/7 activation assay on Hek293 and B eLa cells. The cells were seeded at a 

density of2x 105 cells per well and allowed to adhere in a humidified incubator, 5% C02 

at 3 1 0. 15 K for 24 hrs, in 5-4 L media. Spent media was removed and replaced with 5-4 L 

fresh media containing the relevant treatment (8.35"7 giL or 3.976.4 giL plant extract for 

each of the cell lines, i.e. ICso concentrations on HeLa and lleK293 cell lines respectively: 

based on the cell viability assay). Cells treated with 4-5% DMSO served as positive 

control on Hek293 and HeLa respectively, for APOPercentage and caspase activation 

assays. The positive control for ROS induction was I% H202, whi le untreated cells served 
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as negative control. For all assays, treatment was followed by incubation for 24 hrs in a 

humidified incubator set at 5% C02 and 310.15 K. All spent media was removed per well 

and cells were harvested by gently trypsinization, pelleted by centrifugation and incubated 

with the appropriate dye for each of the assays. 

4.3.6. APOPercentage assay 

To investigate the apoptosis inducing effects of plant extracts, the APOPercentage assay 

was conducted on HeLa and Hek293 cell lines (Meyer eta!., 2008), prepared accordino 0 

to section above (Cell death mechanism). The cell lines were chosen because they showed 

the most sensitivity towards plant extract and were representative of a cancerous and non-

cancerous cell lines. After cell harvesting and pellcting, APOPercentage dye was added 

to each cell population and incubated for 30 min, before analyzing a minimum of J 0 000 

cells per sample. The percentage cells positive for apoptosis at each treatment with 

reference to untreated and unstained cells, using flow cytometry (Becton Dickinson 

FACscan machine) was recorded. Graph pad prism was used to plot the data into a bar 

graph, and Jarque-Bcra test for normality, followed by one-way ANOV A for statistical 

difference, p=0.05, in comparison to untreated cells. Each treatment was replicated a 

minimum of 3 times. No experimental repeats were conducted. 

4.3.7. General Reactive Oxygen Species induction assay 

To investigate the induction of reactive oxygen species (ROS), harvested and pcllcted 

cells, as described in cell death mechanism section, were stained with the chloromethyl 
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derivative ofJ:hDCFDA (CM-H2DCFDA) (Thermo Fisher Scientific) probe according to 

literature (Graves et al, 2009), with modifications. The experiment was incubated for 30 

min at 310.15 K in the dark. After incubation, cells were washed with PBS to remove 

unbound dye and re-suspended in 2-'~ L PBS before reading on a flow cytometer (Becton 

Dickinson F ACscan machine) using FLI fi lter (533/30 nm). A minimum of I 0 000 cells 

per sample were acquired for analysis and a percentage of cells under oxidative stress 

were recorded with reference to untreated and unstained cells. In addition, all experiments 

were conducted in trip! icatcs and no experiments were repeated. Data is presented as mean 

percentage ROS ± SE (minimum 3 replicates). 

4.3.8. Caspase 317 activation assay 

Caspase induction was investigated by the usc of the Vybrant FAM caspase 317 kit 

(Invitrogen) and according to manufacturer's instntctions (Chan et al., 20 12). After 

exposure to 3.976"4 giL extract concentration as in section (Cell death mechanism), the 

cells were harvested, centrifuged and pellet incubated with the FUCA dye followed by 

incubation for 60 min in a humidified incubator set at 3 I 0.15 K and 5% C02. Cells were 

analyzed using a flow cytometer (Becton Dickinson FACscan machine) by acquiring a 

minimum of 10 000 cells per sample and usc of the FLI filter (533/30 nm). Data is 

presented as percentage caspase 317 activity. Graph pad prism, version 5 was used to plot 

the mean ± SE data (minimum of 3 replicates) into a bar graph, and conduct Jarque-Bera 

test for normality, followed by one-way ANOVA for statistical difference, p=0.05, in 

comparison to untreated cells. No experimental repeats were conducted. 
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4.4. Results 

4.4.1. Cell viability in response to treatment with G. fruticosus extract. 

Figure 4.1 shows the effect of different extract concentrations on non-cancer cell Jines 

and figure 4.2 shows the effect of increased extract concentrations on the viability of 

cancer cell lines. In figure 4. 1, the decline in cell viability on two non-cancerous cell lines 

KMST6 (skin fibroblast) and Hek293 (embryonic kidney) shows a similar response. The 

ICso values were 4.201 4 ± 89.0 giL on KMST6 and 3.9764 ± 86.7 giL on Hek293 (table 

4.1). 

Varied IC50 values were obtained against cancer cell lines. The most sensitive cell line 

was He La, with an ICso value of 8.35'7 ± 0.13 giL, while higher values were observed on 

HepG2 (5.035'4 ± 5.03 giL) and PC3 (7.3824 ± 6.4 giL). 

A 

1.2s" us' 2.s' s' 
ExtrKt COtlctntratlon (gil) 

B 

:u:r' us• us' 2.s' r 
Extr~ c:ofletntratlon (giL) 

F igure 4.1 Effects of G. frulicosus methanolic shoot extract on two non-caucerous cell 
Jines. Panel A represents K.MST6 and B corresponds to Hek293. 
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Figure 4.2. Cell viability ofPC3 cell line after treatment with G.fruticosus methanolic extract at s-4 to I g/L fo r 24 hrs. 
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Figure 4.3. Cell viabi lity assay on HeLa cells after treatment with G. fruticosus plant extract at concentrations ranging 3.13-10 

to 3.13·5 giL for a period of 24 hrs. 
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Figur·e 4.4. Percentage viability of HepG2 cells treated with G. fruticosus extract from 
concentrations ranging 3.1 3'5 to 1 giL. 

Table 4. 1. WST-1 cell viability ICso ± SE against cancerous and non-cancerous cells 
based on non-linear modeling. 

Cell line type l Na me 

Non-cancerous Skin fibroblast 

Embryonic kidney 
---

Cancerous 

CcllJine 

KMST6 

Hek293 

PC3 

J ICso ± SE giL 

4.20 1'4 ± 89.0 

3.976-4 ± 86.7 

7.382-'~±6.4 

Cervical cancer H_c_L_a ____ l 8.35-7 ± 0.13 

Hepatocellular carcinoma f HepG2 15.035'4 ± 5.03 

L---------~----

4.4.2. APOPcrcentage assay 

The cell death mechanism of G. fruticosus on Hek293 and BeLa cells was investigated 

post treatment with 3.976-'~ and 8.35'7 g/1 extract concentrations for 24 hrs, using a 
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negatively charged halogenated fluorescein dye. The results are ~hov.n in figure 4.5. the 

induction of apoptosis in Hek293 cel ls sho'..v high level (81.6 ±0.24%) of apoptotic cells. 

Whilst no significant increase in apoptosis induction was observed in Hek293 at the low 

extract concentration, 8.35"7 giL (P=0.005) in comparison to non-treated cells. There was 

no significant increase in apoptosis induction in HeLa cells at the ICso concentration, 

figure 4.6. Whilst, 54.8 ±2.5% of the cell population was significantly presenting with 

apoptotic properties after treatment with 3.976"4 giL. 

100 
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tJ) 

tJ) 80 
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0 60 a. 
ro 
(1) 
0') 
ro 40 * -c 
(1) 
(.) 
~ 
(1) 20 a. 

0 
3.976 4 g/L g/L PC 

Treatment 

Fioure 4.5. Induction of apoptosis by G. fruticosus extract on Hek293 cells at two 
co~centrations after 24 hrs exposure. Asterisks denote a significant increase. NC: 
Negative control. PC: Positive controL Statistical significance: *P=0.05, **P=O.Ol and 

***P=O.OOJ. 
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Figure 4.6. Induction of apoptosis by G. fruticosus extract on He La at two concentrations 
after 24 hrs exposure. Asterisks denote a significant increase. NC: Negative control. PC: 
Positive control. Statistical significance: *P=0.05, **P=O.O I and ***P=O.OO I. 

4.4.3. Role of reactive oxygen species in induction of apoptosis 

Figure 4.7, shows the production of reactive oxygen species in Hek293 and HeLa after 

treatment with plant extracts. The results obtained show no significant increase in ROS 

production in Hek293 cells treated with 8.35"7 or 3.976"4 giL extract concentrations, in 

comparison to non-treated cells, panel A (P=0.005). However, exposure of HeLa to 3.35· 

7 or 3.976-4 giL plant extract resulted in a significant increase in ROS production, 30.5± 

4.7% (p=0.05) and 60.5± 4.6% (p=O.OO I) respectively. 

The use of 1% Hydrogen peroxide as a positive control resulted in significant damage to 

cells, even though exposure was only for 30 min, such that cell harvest did not capture 
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stressed cells. The result of th is severe damage are very few cel ls undergoing oxidative 

stress at seen in figures 4 .7. 
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Figure 4.7. Induction ofROS in Hek293 (A) and HeLa (B) cells at two extract 
concentrations after 24 hrs exposure. Comparisons in each cell line were considered 

s ignificant after comparison with non-treated cells, NC: Negative control. PC: Positive 
control. Statistical significance: *P=O.OS, **P=O.O I and ***P=O.OO I. Asterisks denote a 

significant increase. 
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4.4.4. E ffect of G. fruticosus on caspase 317 activation 

Caspase 3 and 7 are very important executor caspases in the intrinsic apoptosis induction pathway. The effects of G. fruticosus 

extract on caspase 3/7 activation in Hek293 and HeLa cells are shown in figure 4.8 below, panels A and 8 respectively. In both 

panels, there is no evidence of a significant expression of easpase 3/7 as a result of treatment with G. fruticosus extract. 
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F igure 4.8. Activation of caspase 3/7 induction in HeK293 (A) and HeLa (B) cells after treatment with 3.976·4 giL G. 
fruticosus extract for 6 and 24 hrs. Comparisons were made with non-treated cells, NC: Negative control. PC: Positive control 

Statistical significance: *P=O.OS, **P=O.OI and ***P=O.OOI. Asterisks denote a s ignificant increase. 
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4.5. Discussion 

This study reports on the effect of methanolic shoot extract of G.fruticosus on the viability 

of five cell lines using the WST -1 assay which is a water soluble tetrazolium based assay. 

The assay is based on the premise that the tetrazolium salt permeates cell membranes and 

is cleaved to form fonnazan by mitochondrial dehydrogenases (Yin et at., 2012). Only 

metabolically active cells are able to facilitate this transformation, therefore, formazan 

fom1ed is directly propo1tional to viable cells. In this study, the HeLa cells were most 

sensitive to the methanolic extract of G. fruticosus, with an ICso concentration 8.35-7 ± 

0.13 giL. According to the criteria set by the National Cancer Institute (NCI), an IC50 

value below 30 !Jg/ml, for a crude plant extract is considered cytotoxic (Fadeyi et a!., 

20 13). Therefore, in accordance with the NCJ criteria, activity of the mcthanolic extract 

of G. fruticosus against HeLa cell line demonstrates potent cytotoxicity, while no potent 

cytotoxicity was observed against HeK293, PC3, KMST6 and HepG2 cell lines since 

observed lCso values were above the NCI criteria (Fadcyi eta/., 20 13). This further means 

that G. fruticosus mcthanolic effect on these four cell lines should be considered as poor 

activity and does not warrant attention for either as a concern for cytotoxicity in the case 

of KMST6 and Hek293 or for anticancer action for PC3 and HepG2 cell lines. This 

observation could possibly mean that these cell lines are not as sensitive to the plant extract 

as HcLa cells. This may be due to resistance mechanisms expressed by these cells to the 

active principles contained in the extract. It could mean that these cell lines do not express 

transporter proteins on their cell membrane or that active efflux of the extract occurs 

before plant effect occurs or that these cell lines lack cellular targets on which G. 

fruticosus acts (Hanahan and Weinberg, 2011), to significantly reduce viability. Future 

112 



studies could also explore the mechanisms of this resistance while employing co-treatment 

with cytotoxic drugs, in a bid to improve the sensitivity of different cancer types to G. 

fruticosus, or available cancer treatments (Macedo et al, 2016). as this is a common 

scientific practice in recent years (Wei et al, 20 15; Esfini-Farahani et al, 20 17). 

It's therefore noteworthy that this assay shows selectivity towards the He La cell line only. 

Cervical cancer is ranked second most diagnosed cancer in Namibia (Carrara eta!., 20 17), 

and is among the lop 4 most prominent cancers in women globally(Carrara eta!., 2017; 

Bray et al., 20 18). No report could be found of the cytotoxic activity of G . .fruticosus 

extracts against cancerous cell lines used in this research through the literature with the 

exception of HeLa. In a study by Twilley et al, 2017, an ethanolic extract of powdered 

leaf material from G. fruticosus demonstrated activity against HcLa, with IC50 51.04 ± 

3.00 flg/ml. This report is contrary to observations in this study, even though its activity 

against Hek293 is consistent with observations in this study. The difference in the 

bioactivity observed in this study as compared to the study by Twilley et a!., (20 J 7) may 

be attributed to the differences in the phytochemistry of the plant specimen 

investigated.(Sampaio, Edrada-Ebel and Batista DaCosta, 20 16; Kumar et al., 2017; Liu 

et a!., 20 18). Additional reports were found of the activity of the dichloromethane/ 

methanol or methanol extracts prepared using either the fruiting structures, stems, leaves 

and roots of the plants against renal (TK1 0), breast (MCF7) and Melanoma (UACC62) 

cells lines (Fouche eta/., 2008).ln another study, the methanolic extract of the same plant 

demonstrated potent activity with following ICso values against urinary bladder (0.5 ±0.68 

flg/ml), breast (6.2 ±1.6 ~tg/m l) and lung (1.2 ± 1.06 flg/ml) cancer cell lines, with ICso 
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values all within NCI's guidelines (Mothana eta!., 2009).ln this study, the lowest extract 

concentrations tested in the case of HepG2, KMST6 and Hek293 was 3.125'5 giL, wh ile 

s-4 giL and 3.25'10 giL for PC3 and lleLa respectively all reduced cell viability by close 

to 50%, demonstrating significant cytotoxicity. However, future studies need to analyze 

extract at lower extract concentrations to properly estimate the ICso value on each cell 

line. Nonetheless, based on selectivity of the G. fruticosus extract towards HeLa 
) 

additional studies were undertaken to determine the mode of anti-proliferation. 

Futthermore, Hek293 was used as a control cell line for additional cell death mechanism 

assays. The ICso value on Hek293 is over 470 times greater than that on HeLa. 

The use of DMSO at 6 %, (refer to appendix B, figure 4A) was substantiated by the fact 

that DMSO at various concentrations has been shown to induce significant damage to the 

mitochondria and cause membrane potential deficiency, induce ROS production, leading 

to apoptosis and reduced ceJJ viability even at l %concentration (Yuan el a/., 20 14). This 

study employed DMSO concentrations of 4 to 6% in cell lines such as HcLa and HepG2 

in cell death mechanism studies, depending on the cell line and cell surface of exposure 

in well plates. This observation demonstrates that different cell lines and culture 

conditions influence the response of different cells to DMSO. While it is the proper 

practice to usc a cytotoxic drug as positive control such as doxorubicin, ceramide, 

parthenolide or camptothecin, DMSO at various concentrations has been shown to 

signi ficant ly reduce cell viability at various concentrations, even 2 % in the case of 

leukemia cel ls (Hajighascmi and Tajik, 2017), while 5% DMSO reduced the viability of 

lung adenocarcinoma cells to about 40% (Wang et al., 20 12). In addition, DMSO has 
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also been proven to induce apoptosis in various cell lines (Koiri and Trigun, 2011). ln fact, 

complexes containing DMSO have been proposed as viable cancer treatment options and 

proven efficacious in vitro (Jovanovic et al., 2016). However, this has only been 

demonstrated in a limited number of cell lines and this may differ in other cell lines (Koiri 

and Trigun, 201 1; Wang eta!., 2012, 2013; Yuan eta!., 2014; Hajighasemi and Tajik, 

20 17). Admittedly, it is best to use a standard control such as a drug, especially since 

DMSO produced not more than 40 % apoptosis induction, but standard drugs were 

unavailable at the time of analysis. In other studies, DMSO, which is often used to disso lve 

dry plant extracts, was shown to react with cytotoxic drugs such as carboplatin, cisplatin 

and other platinum-containing drugs, fonning complexes, which result in loss of activity 

of the cytotoxic drug, thereby conferring protection (Hall et al, 2014 ). 

The induction of programmed cell death was observed in llek293 and lleLa cell lines 

using the J\POPercentage assay which measures the phosphopbatidylserine (PS) 

migration from the internal side of the bilayer cell membrane to the external side (Meyer 

et a/., 2008). In this study, the lower concentration (ICso value on HeLa) and higher 

concentration (IC50 value on Hek293) were used as treatments on the two cells lines. The 

methanolic shoot extract of G.fruticosus positively induced apoptosis at the high extract 

concentration in both Hek293 and BeLa cells. Surprisingly, no significant increase in 

apoptosis was observed in IJeLa cells treated with lower extract concentration. For BeLa 

cells, this observation shows that induction of apoptosis was not the cause of the observed 

reduction in viabi li ty, but that observed decl ine in cell viability may be due to other cell 

death mechanisms such as necrosis (Mahassni and Al-Reemi, 2013; Kwan et al., 2016). 
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Decreased cell viability can be caused by necrosis or apoptosis. For many years, induction 

of apoptosis has been the desired response of anticancer treatment targets, and not 

necrosis. Necrosis is a cell death characterized by increased cell volume, due to uptake of 

water, resulting in swelling of organelles and eventual burst of the cell membrane. This 

end event of necrosis is not desirable as this mechanism differs from apoptosis in that, the 

cell products are released into the extracellular space, whereas, apoptotic cells are 

phagocytized and therefore the cell content isolated inside cells like macrophages 

(Chaabane et al., 20 J 3). As a result, necrosis has often been considered to be uncontrolled 

or unprogrammed, but recent evidence has shown that necrosis may also be programmed 

(Chaabane ct al., 2013). Several studies have reported the induction ofboth necrosis and 

apoptosis in in vitro bioactivity studies of drug development agents (Nirmala, 

Samundceswari and Sankar, 20 1 1; Rahmatullah, Jahan and Bashar, 2014). Necrosis is 

initiated due to the depletion of both ATP and NAD+, leading to elevation of ROS and 

calcium within the intracellular space. Other key players in necrosis include calpains, 

receptor-interacting protein kinase I (RIPK 1 ), tumor necrosis factor (TNF) receptor­

associated factor 2 (TRAF2) and poly(ADP-ribose)polymerase (PARP) (Wu, Liu and Li, 

2012). At high extract concentration, apopLOsis induction of81.6± 0.24% was observed 

in Hck293 cells, while treatment at the same concentration produced an apoptosis 

response of 54.8 ±2.5% in HeLa cells. No sign ificant increase in apoptosis was observed 

at the lower extract concentration in both cell lines. In another study, necrotic and 

apoptotic cells were quantified after 24 hrs of exposure to bioactive nanoparticles and the 

proportion of necrotic to apoptotic cells was greatest at low concentration (0.5)..lg/ml), 

while the trend was reversed at high concentration (8 J..lg/ml) (Kaba and Egorova, 20 15). 

In this study, DMSO was used a positive control for apoptosis induction. Despite the 
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observation that apoptosis was significantly elevated in positive control when compared 

to untreated cells (p=0.05), the margin is only 5 % in comparison to untreated cells. This 

observation shows the need for a cytotoxic drug to be used as positive control, instead of 

DMSO. Koiri and Trigun,(2011) demonstrated that DMSO administered intraperitoneal 

to mice at approximately 7.5 g/kg per body weight was sufficient to cause apoptosis by 

inducing activation of the tumor necrosis factor and p53. In this study, the positive control 

demonstrated apoptosis induction at a level lower than the high extract concentration but 

this may be explained by the fact that DMSO-induced apoptosis has not been 

demonstrated in all cell lines. Therefore, it is recommended to usc an appropriate cytotoxic 

control in future experiments. 

The discrepancy in observations between WST-1 and APOPerccntage assay may also be 

explained by the different mechanisms for the two assays, the WST -1 assay measures 

mitochondrial mediated dehydrogenase activity whi lst the APOPcrcentage assay 

measures the extcmalization ofphosphatidylserine (PS). In addition, surface areas in a 96 

and 12 well plate greatly affects exposure of cells to bioactive components as orchestrated 

by classic volume to surface area ratio dynamics of diffusion. The production ofROS was 

investigated as a mechanism of apoptosis induction. The probe used in this investigation, 

CM-H2DCFDA detects general oxidative stress, arising from radicals which includes 

lh02, superoxides, hydroxyl radicals, NO. Normally, the balance of ROS is maintained 

by naturally occurring antioxidants in the cells. When the balance is offset, the increased 

amount of ROS in a cell can lead to damage to cellular macromolecules such as DNA , 

proteins and RNA (Stojncv, Ristic-Petrovic and Jankovic-Vclickovic, 20 13). In such 
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instances, the cell activates events leading up to programmed cell death in order to protect 

the integrity of the entire organism. Both extrinsic and intrinsic pathways of inducing 

apoptosis are possible with ROS production (Stojnev, Ristic-Petrovic and Jankovic­

Velickovic, 2013). 

In this study, the results demonstrate the positive induction of ROS in BeLa cells only: 

which was significantly elevated in cells treated with 8.35"7 giL (30.47± 4.7%), and 

doubled to 60.5 ±4.57% at the higher extract concentration, 3.976-4 giL. Therefore, 

general ROS generation may play an active role in inducing apoptosis and necrosis in 

He La cells (Chaabane et al., 20 13; Saibu eta/., 20 14). There is evidence that the activation 

of ROS in cells positively induces apoplosis through several mechanisms, including 

checkpoint kinase I and 2 cell arrest, p53 and cytochrome C and other intennembrane 

proteins of the mitochondrial (Saibu eta/., 2014). lnducing ROS levels in cancerous cells 

above the toxicity threshold can be used as a tool to selectively target them, which would 

offer a selective advantage against non-cancerous cells (Panicri and Santoro, 20 16), an 

observation seen in this study at Jow extract concentration (8.35"7 giL). In this study, at 

the dose causing decline in cell viability in J leLa, ROS is significantly elevated (p=O.OO 1 ), 

which is not seen at the same concentration in Hek293 cells, and incidentall y coincides 

with high cell viability and no apoptosis induction as seen in this study. This presents an 

advantage, which may be exploited as a mechanism to selectively target Bela cells. 

Evidence seems to suggest that ROS production allow extract concentration (8.35·7 giL) 

favors necrosis, hence observed low apoptotic signal, while high extract concentration 

(3.976-4 giL) favors apoptosis, since ROS thresholds dictate fate of cells (Stojnev, Ristic-
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Petrovic and Jankovic-Velickovic, 2013). Normally, the production ofROS and balance 

with inherent antioxidants in cells seem to be the determining factor on whether cells 

survives or apoptosis induction ensues through the mitochondrial pathway (Marchi et al., 

2012). This is the first report of the ROS inducing effects of G. fruticosus extract in 

literature. In this study, I % H202 was used as a positive control, which significantly 

affected both BeLa and Hek293 cells. A study by (Xiang et al., 20 16) shows that different 

cell lines have a different H202 tolerance threshold. During the study, Xiang and 

colleagues exposed 293T, fibroblast and myocardial cells to a range of concentrations 

between 0.1-1.6 mM of hydrogen peroxide and assessed time taken by each cell line to 

apoptosis initiation, end or maximal level (Xiang et al., 2016). A concentration dependent 

reversal effect was observed in all three cell lines but the response was not comparable 

(Xiang et of., 20 16). In another study, exposure of HcLa cells to concentrations of H20 2 

levels between 50-250 )..lM, significantly reduced cell viability, increased dead cells and 

modulated the expression of caspasc 3, PARP, ~-actin, lactate dehydrogenase, indicating 

both necrosis and apoptosis as mechanisms of cel l death (Park, 20 14). Since cells were 

significantly damaged, lower concentrations ofH202 should be used as positive control in 

future studies. 

Both HeLa and Hek293 cell lines demonstrate no significant (p=0.05) change in caspase 

317 cleavage, a late indicator of apoptosis, as result of treatment with G. fruticosus plant 

extract. This may mean caspase 317 expression is not responsible for observed apoptosis 

induction in either cell lines. This observation further substantiates observations of a lack 

of apoptosis and caspase activation in cells treated with 8.3Y7 giL, to indicate necrotic cell 
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death since necrotic cell death is devoid of caspase activity (Su eta/., 20 16). However, 

since the assay only has two time points, it is possible that caspase 317 expression 

fluctuated with time (Bloemberg and Quadrilatero, 20 I 4), especially during the earlier 

hours of plant extract exposw-e. Therefore, it is important to investigate the aspect of time, 

in order to properly understand the actions of treatments in inducing caspase 317 and their 

overall role in the intrinsic apoptosis pathway after treatment with G. fruticosus extract. 

One common challenge faced by individuals seeking to use traditional medicine for 

treatment is that these arc often not covered under medical insurance (Ros et al., 20 18) or 

health care products subject to government subsidies to make them more affordable to 

users (Antwi-baffour et a!., 2014). However, with science-based evidence, the 

acceptability ofthcsc traditional medicines can be improved, making them candidates for 

government subsidies and covered under health insurance, such as other conventional 

drugs (Antwi-baffour et al., 2014). For instance, vincistine, vinblastine and paclitaxol 

were once isolated from traditional medicine but have gained acceptability into 

mainstream medicine, such that they have FDA approval (Nirmala, Samundeeswari and 

Sankar, 2011 ). Like these anticancer drugs, evidence of the anticancer action and thorough 

understanding of the mode of action of G. fruticosus may lead to its gain recognition in 

convectional or traditional and alternative medicine as supplement to the already existing 

healthcare system. 
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Furthermore, co-administration of herbal preparations and convectional drugs has gained 

popularity in research within recent years (Hashcmzaei et a!., 20 16). Other examples 

include the co-administration of silymarin (extracted from Silybum marianum) and 

sorafenib being investigated as a combination therapy for hepatocellular carcinoma 

(Cheng, Hsieh and Tsai, 20 18). This is largely influenced by cancer sufferers who seek 

better quality of life by combining prescribed anticancer drugs and herbal traditional 

medicines (Cheng, Hsieh and Tsai, 20 18). Unfortunately, concomitant use of traditional 

medicines and convectional drugs can prove dangerous in many instances, owing to 

negative herbal to drug interactions and may also result in treatment failure (Clarke and 

Mclachlan, 2011; lzzo, 2012). While this avenue has not been explored for G.fruticosus, 

co-administration of plant extract derived from the subject plant with clinically used anti­

cervical cancer drugs may prove useful especially for therapy of resistant cases or other 

cancer types (Fridlcnder, Kapulnik and Koltai, 2015).This deserves full attention in 

subsequent studies, in order to find alternative cancer treatments, not only for cervical 

cancer but other cancer types too. 

4.6. Conclusion 

Jn conclusion, this paper has shown the ant.iproliferative effects of G. fruticosus 

methano lic extract. Anti-proliferative effect was particularly pronounced on cervical 

cancer cells, which shows its selectivity against prostate and liver cancer cells as well as 

non-cancerous skin fibrob last and embryonic kidney cells, s ince min imal cytotoxicity was 

observed on these cell lines (NCI criteria on bioactivity). Necrosis was probably the major 

cause of cell death in the viability investigation, instead of apoptosis, at the JC50 value of 
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HeLa. Cell death was likely caused by elevated ROS in HeLa, which shows selectivity. 

This creates an opportunity for treatment of cervical cancer at low extract concentration, 

which causes no effect in non-cancer cells. FUJthermore, caspase 317 independent 

apoptosis was observed, indicating other mechanisms of cell death, especially in Hek293 

cells. This is the first report of the mechanism of the anticancer action of G. fruticosus 

extract. 

G. fruticosus extract to cancerous cells in vivo be pursued since this would be the next 

step in validating the plant's use for cervical cancer treatment. 
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5.1. Abstract 

Plants have been and continue to be relevant sources of medicines, with a long history of 

use in Namibian communities.Gomphocmpusfruticosus is auscd ethnomedicinaly to treat 

cancer-like ailments. With rising incidences of cancers and challenging health care 

demands, people in resource poor settings have no or limited access to adequate cancer 

treatment. While accessibility and affordability arc key considerations under such 

economic conditionssafety should not be disregarded Gomphocarpus fruticosus has been 

reported to have anticancer activity in trad itional settings, however, it is important for the 

toxicity of G. fruticosus extracts to be ascertained in vivo. The methanolic shoot extTact 

of G.fruticosus was analyzed for acute toxicity in Balb C mice, administered orally and 

observations made for 24 hrs. Furthermore, three doses below LDso (2.46-2-9.84-2 g/kg), 

were administered orally over a period of 8 days with body weight, general appearance 

and behavior of the animals being observed. Methanolic shoot extracts of G. fruticosus 

had an acute LDso of 1.967-1 g/kg. The obtained LDso value places the methanolic extract 

within category 3 indicating that the shoot methanolic extract is toxic. The observed 

127 



adverse effects in experimental animals included reduced motility, hyperventilation, 

passing of a soft stool and a mortality rate ranging between 33.3-83.3% in treatment 

groups. No significant weight changes were observed in animal groups administered daily 

with three different extract doses below LDso, when compared to untreated group. In 

conclusion, this study shows the toxicity of the mcthanolic G. fruticosus extract in mice, 

with low LDso and adverse effects to the respiratory system, muscular-skeletal and 

gastrointestinal system. However, doses of extract below LDso (2.46-2-9.84-2 g/kg) seem 

to cause no overt effects, indicating the usability of the plant extract, at lower extract 

concentration, for possible cancer treatment, especially in a nano-particulate delivery 

system to improve non-specific toxicity and reduce administered dosage. 

Recommendations are to detennine ex tent of toxicity of concoctions prepared similarly to 

methods in traditional settings (aqueous extracts), using in vivo models. Furthem1ore 
) 

additional toxicity and efficacy studies are required to clearly determine effect of extract 

on internal organs and biochemistry in vivo. 

Key words: Balb C mice, category 3, diarrhea, G. fruticosus, GJ IS. 

5.2. Introduction 

Gomphocarpusfruticosus is a plant belonging to the Apocynaccac family. It is renowned 

for its uses in various traditional settings within Namibia and beyond. It is commonly used 

to treat stomach ailments, TB, heart conditions, pain, as an emetic, to treat nose infections, 

topical ailments such as itching, scabies and tumors (Fouche eta/., 2008; Mothana eta!., 

2009, 2014; Ndhlala, Finnic and Van Staden, 2011; Dyubeni and Buwa, 2012; Stark, Mtui 
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and Balemba, 20 13). The plant is known by several names in different local languages 

such as lgiitamal loob, llhorapob (Khoekhoegowab!Nama), Oruseppa (Otjiherero), 

Kapokbos, Melkbos, Tondel, Wilde kapok (Afrikaans), Wilde Baumwolle (Gennao) or 

Milkweed, Wild cotton (English). The damara community around the Grootfontein 

Mountains claim that a tea and powdered plant material prepared from the leaves of the 

plant has curative properties against cancer (Von Koenen, 2001). As a result, 

investigations into the in vitro activity of the extract revealed that methanolic shoot extract 

of G. Jruticosus demonstrated both cancer growth-inhibition through necrotic cell death 

in HeLa (cervical cancer), in addition reactive oxygen species were significantly elevated 

in HeLa cells after treatment with plant extract. The plant has been studied in South Africa 
' 

Yemen, Netherlands, Portugal, Mozambique, Kenya, .Egypt and Ukraine, most likely due 

to the presence of cardenolides (Komissarenko, Chernobai and Komissarenko, 1995; 

Heneidak et a/., 2006; Fouche et al., 2008; Mothana et al., 2009; Kaaria, Matiru and 

Ndungu, 20 12; Madw-eira et a/., 20 12; Marzouk, Osman and Gohar, 20 16). Its cardiac 

glycosides are responsible for the toxic properties observed in sma ll livestock that 

consume the plant, but the extent of toxicity (LDso, target organs of toxicity aside from 

the heart) are unknown. Due to the long history of usage in man, medicinal plants are 

usually considered to be safer for use and also preferred because they arc natural (Izzo, 

2012). llowever, there has been a move towards the safety screening of medicinal plants. 

This is because herbal medicines often cause toxicity to major organs such as the liver, 

heart, GIT and can cause carcinogenic transfotmations (George, 2011; lzzo, 2012). As a 

result, WHO is strongly encouraging the scientific-based support for the safe use of 

traditional medicine, in order to supplement existing healtllcare systems (WHO, 2013). 

This chapter will focus on acute toxicity and effect of continued exposure of plant extract 
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on the body weight as an indicator of safety in Balb C mice, while assessing the general 

well-being of experimental animals. 

5.3. Methods and materials 

5.3.1. Plant processing 

The fresh shoot plant material was collected from the Otjozondjupa region ofNamibia, in 

a riverbed. A voucher specimen (fD14) was deposited with the National Botan ical 

Research Institute (NBRI) for scientific identification. The material was stored in brown 

paper bags for transportation to the laboratory, where the plant was cut into small pieces 

using a pruner. The small pieces of plant material were spread on the bench top and air 

dried for a period of three weeks. The plant material was f-urther processed by grind ing 

into powder using an industrial miller. The ground plant material was labeled and stored 

at 253.15 K until further usc. 

5.3.2. Extr·act preparation 

Crude plant extracts were prepared by maceration of powdered plant material ( I 0 g) in 1 · 

' L methanol at room temperatu re for a period of 24 hrs. Arter the maceration, extracts 

were filtered through a Whatman filter paper, using gravity filtration. Filtration was 

followed by rotary evaporation, which was conducted in a water-bath set at 333.15 K, 

pressure was set at 6000 Pa. To fu rther remove h·aces of extraction solvent, extracts were 

dried on a freeze dryer until extracts could easi ly be scrapped off the round bottom flask 
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wall. Dry extracts were weighted and stored in air-tight containers at 253.15 K until further 

usc. 

5.3.3. In vivo toxicity 

5.3.3.1. Animal care 

Female and male Balb C mice, 28-42 days old and weighing 17.49 ± 3.0 I g, locally reared 

and housed at the Makcrcrc Pharmacology and Therapeutics department's animal house 

were used in this study. The animals were fed once a day and allowed water ad libitum. 

Animal cases made from wire mesh, glass and wood were cleaned daily. Experiment with 

animals was conducted in a humane manner and according to a general protocol at the 

Makerere University, department of pharmacology and therapeutics, based on Ghosh 

(20 11) and Organization for Economic Cooperation and Development guidelines with 

slight modifications. The protocol involved a pilot study of two animals per group, treated 

with extracts between 2.5"1-1 glkg. The pilot study is followed by the actual study 

involving larger numbers of animals. Animals were fasted for 6 hrs before u·eatmcnt with 

plant extract or saline (negative control), to maximize absorption. After determination of 

LDso, lower extract concentrations were administered daily to access long term effects of 

extracts on animal behavior and other charactetistics. 

5.3.3.2. Act~te toxicity analysis 

The Acute toxicity experiment was conducted based on the procedure of Ghosh (20 1 1) 

and Organization for Economic Cooperation and Development guideline 423 (OECD, 

2001) with slight modifications. The animals were separated into five groups of six mice 
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each, which were distinctly marked, figure 5.1. The animals acclimatized for a minimum 

of 24 hrs before treatment. The animals were observed for behavioral traits before 

administration of plant extracts. Each group received a predetermined concentration of the 

plant extract calculated on weight, ranging between l-1-3S1 g/kg, fo llowing a fasting 

period of 12 hrs. Next, each group received the plant extract suspended in saline (Sodium 

Chloride Intravenous Infusion), which also served as negative control, orally administered 

using gastro-tube and syringe. Food was provided approximately I h after treatment. The 

animals were observed for behavior changes after administration of plant extracts, animals 

showing signs of toxicity or discomfort were sacrificed humanely, after 24 hrs since 

extract administration. The mortality rate per group were recorded and plotted against the 

log concentration, and resulting probit graph was used to determine the concentration 

resulting in 50% Death (LDso). Expeliments were conducted once for each 

concentration/treatment, per group of animals. 
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Acute toxicity 

Dose administered orally per 
group. n=6 per group. i-

Mortality recorded, for 24 hrs. 

I I I I 

Group 1: 1·1 g/kg Group 2: 1.5'1 g/kg Group 3: 2·1 g/kg Group 4: 3·1 g/kg Group 5: 3.5'1 g/kg 

Figure 5.1. Schematic view of the acute toxicity of G.fruticosus extract administered as a single dose. Observations of mortality 
after 24 hrs per group. 

5.3.3.3. Effect of prolonged exposure to G. f m ticosus extract 

Four groups, consisting of two animals each were used in the next experiment, figure 5.2. The groups received different 

treatments: The first group was the negative control, receiving I .5'3 L saline, second group received 2.46'2 g/kg, and third group 

received 4.92·2 glkg, while fourth group received 9.84·2 glkg plant extract. The animals were dosed daily in accordance with 
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OECD guidelines (OECD, 2008). The experiment was conducted over period of 8 days and three different doses were given to 

the three groups of animals. The weight of each animal was taken before the start of the experiment and each day after the study 

commenced. Animals were allowed food and water after dosing. Animals were also observed for the duration of the experiment 

for behavioral changes in comparison to control group. No experimental repeats were conducted for any treatment group. 

Effert of prolonged 
daily exposure to 
extract on animal 

weight. 

Treatment 
administered orally 

1--
and weight taken 

daily for eight days 

Control: 1.5·3 L Saline, 2.46"2 g/kg 4.92·2 g/kg 9.84·2 g/kg 

I n = 2 extract, n = 2 extract, n = 2 extract, n = 2 

- -----·---·- 1.....- --

F igure 5.2. Schematic representation of sub-acute toxicity conducted for eight days by administering a daily oral dose of G. 
fruticosus methanolic extract per group, n=2. 
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5.4. Results 

5.4.1. Acute toxicity 

To evaluate the acute toxicity of Namibian mcthanolic G.fruticosus extract, six mice per 

group were exposed to a range of extract doses between l-1-3S1 glkg. Table 5.1 below 

shows the mortality observed at the end of the experimental duration, 24 hrs, per treatment 

group. In the first group treated with l-1 g/kg of the plant extract, a ll animals survived, 

after24 hrs after dosing. At I S 1 g/kg, mortality was 2 out of6 animals, while 3 mortalities 

were observed in the group treated with 2-2 glkg. Jn both group 4 and 5, the mortality rate 

was 83.3% respectively. No mortality was observed in animals in the control group, 

treated with 1.5-3 L saline. 

Table 5.1. The toxicity effect of G.fruticosus shoot methanolic extracts on Balb C mice. 

Group Dose Mortality/ total Mortality rate 
(g/kg) animals % 

I 1-1 016 0.0 

2 J.s-1 2/6 33.3 

3 2-1 3/6 50 

4 3-1 5/6 83.3 

5 3.5-1 516 83.3 

The tog extract concentration and percentage of dead animals per group were used to plot 

a probit graph, figure 5.3, which was used to estimate the LDso value for the acute toxicity 

experiment. In addition, the animals were observed for behavioral changes, by comparison 

with control group. The calculated LDso was 1.968-1 ±59.16 g/kg, while a range of adverse 
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effects over 24 hrs, li ke death, disturbed digestive system (passing soft stool), heavy 

breathing, slow motility and in some cases, muscle spasm. 

100 

- 80 ~ 0 -C1) 

«S 60 .... 
>. ... ·- 40 -~ -.... 0 

20 2 

0 
1.8 

y=151.54x-297.85 

~=0.988 

2.0 2.2 2.4 2.6 

Log concentration mg/kg 
2.8 

Figure 5.3. Probit plot of animal death per group treated with various extract 
concentrations of the mcthanolic shoot extract of G. fruticosus. 

5.4.2. Effect of daily dosing of mice with fractions of G. fruticosus extract over 8 days 

The effect of daily administration of lower fraction doses of determined LD50 of G. 

fruticosus over a period of8 days fU!ther support the observed acute toxicity. Two animals 

per group were exposed to various plant extract doses and the change in their weight per 

group was compared to the control group over a period of eight days. Mean weight ±SE 

of the four groups are presented in figure 5.4, which shows the non-significant fluctuation 

of body weight per experimental group. 
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A two-way analysis of variance revealed that there was no significant difference in the 

change of body "'eight of the treated groups over the course of the experiment, p=O.OS, 

and also in comparison to the control group. ln addition, no animal death was observed 

among the three treated groups. However, animals in all treated groups were passing soft 

stool and demonstrated normal water and food intake. 

200 

C) 150 --J:: 
0> 
4) 100 
~ 
>. 
"0 
0 50 m 

r< r--. 

0 1 

__.-: 

2 3 4 5 6 7 

Days 

-{r- Control 

• 24.6 mg/kg 

-- 48.2 mg/kg 

--- 98.4 mg/kg 

Figure 5.4. Effect of exposure to the methanolic extract of G. frut icosus on the weight of 

mice over 8 days. 

5.5. Discussion 

Traditionally used medicinal plants are generally perceived to be safe, especially owing 

to the long history of use (WHO, 2013). However, many traditional medicinal plants have 

been responsible for toxicity following oral use to treat various disease conditions. G. 

fruticosus is reportedly toxic (Von Koenen, 2001 ), owing to the presence of cardenolides 

and pregnane glycosides, which were not detected in this study (see previous chapter 3, 

despite this, the extent of toxicity is not known. According to the Globally Harmonized 
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Classification system of classification and labeling of chemicals (GHS), G.fruticosus with 

LDso of 1.968-1 ±59.16 g/kg is classified as category 3, through the oral adm inistration 

route (Boatman, Kelsey and Ball, 2014). This category has a range limit between 5-2_3·1 

glkg body weight and is accompanied by a hazard warning to indicate 'toxic if swallowed.' 

This observation is consistent with literature, which indicated that G. fntticosus is 

considered toxic (Amiran, Lang, & Yeung, 201 l , Von Koenen, 2001). This observed 

toxicity is probably responsible for the anticancer property the plant has demonstrated in 

previous sections of this study and also observed in literature (Fouche et a/., 2008; 

Mothana et al., 2009). However, due to the presence ofcardinolides, resulting in remarked 

toxicity, there is a need to develop mechanisms which allow the use of G. fruticosus' 

anticancer properties while managing its toxic effects. This mechanism is explored in a 

subsequent section of this study as a lipid based delivery system. 

Other plants in the apocynaccae family have also been shown to be toxic. Nerium oleander 

has been found poisonous in both man and an imals. It is suspected that toxicity occurs due 

to its actions on the Na+ K +A TPase pumps found in cell membranes (Akhtar, Sheikh and 

Abbasi, 2014). J11 addition, cardiac effects have been demonstrated after oral exposure of 

0.25 glkg in dogs. Toxic signs included vomiting, nausea, diarrhea, tremors, pain 

(Camplesi et al., 20 17). Calotropis procera is a plant belonging to the apocynaceae family 

too, which is reportedly toxic (Ahmed et al., 20 16), including a citing of ocular toxicity, 

following accidental exposure to milky exudate from plant tissues (Waikar and Srivastava, 

2015). In a report by Alonso-Castro eta/., (2017), eleven plants from the apocynaceae 

family were reported to produce a range of toxic effects, ranging from nausea, paralysis, 
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diarrhea, hypertension and cardiotoxicity. These plants included Asclepias curassavica, 

Thevetia thevetioides, Rauvoljia tetraphylla, Plumeria rubra (A lonso-Castro et al., 20 17). 

The findings in this report are uncommon as it is contrary to what is in literature regarding 

the acute toxicity of medicinally used traditional plants in recent years (Jothy eta/. , 201 J; 

Ping eta/., 20 13; Kifayatullah eta/., 20 15). Reports in literature cite that traditionally used 

plants are usually none toxic beyond 5000 mg/kg, which agrees with the safety expectation 

arising from a long history of use (WHO, 2013). Plant extracts with an LD5o beyond 5000 

mg/kg, places these plants in category 5, the least toxic classification (Boatman, Kelsey 

and Ball, 2014). Besides classification and labeling of medicinal plants and chemicals, 

acute toxicity can help determine dosing levels and allude to modes of toxic actions 

resulting from plant extract usc (Ping eta/., 2013). ln addition, adverse effects such as 

muscle spasms, reduced motil ity, reduced breathing al l seem to suggest that the muscular­

skeletal system is affected, while a similar conclusion can be drawn about the 

gastrointestinal tract, due to the observed diarrhea. Further experiments need to be 

conducted using isolated receptor models to determine the mode of these adverse effects. 

For instance, exposure to chemicals acting as agonists of the Glucagon-Like Peptide 1 

(GLP- 1) receptors arc known to result in diarrhea (Filippatos, Panagiotopoulou and Elisaf, 

2014). 

In this analysis, only the body weight was measured as an indicator of adverse effect to 

the daily exposme of the mcthanolic extract of G.fruticosus. Statistical analysis indicates 

that no significant difference in body weight occurred. This indicates that exposure to the 

various fraction doses of the extract below determined LDso did not cause significant loss 
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of body weight, nor mortality to experimental animals. This might be due to the low 

extract doses used but it could also mean that body weight alone is not a sufficient 

indicator of toxicity. Other parameters such as histology samples prepared using major 

organs, biochemistry analysis to include creatinine, urea and other enzymatic markers and 

hematology are performed alongside this assay to further support conclusions drawn 

(Lakmichi eta!., 2011; Ghadirkhomi et al., 2016; Alonso-Castro era/., 2017). Animals 

treated with the metbanolic shoot extract of G. fruticosus were observed to pass soft stool 

in both experiments. This observation seems to suggest that the alimeota1y canal is 

disturbed by the plant extract, even at lower extract concentrations. 

In the traditional setting, plants for medicinal purposes are often prepared using water, 

which is most likely for G.fruticosus. This study analyzed the methanolic extract derived 

from the plant, which demonstrated high toxicity in this study. It is possible that residual 

methanol in plant extract may have affected the results observed in this study, despite that 

extracts had been dried to powder during preparation. Residual solvent has implications 

to a biological system since it has a dose and effect relationship. Methanol is classified in 

class 2 (solvents to be limited) with a PDE (Permitted Daily Exposure) of 30 mg per day 

(ICH, 20 16). Its therefore necessary to detennine the impact of residual solvent alone, on 

treated animals, in order to be confident on results obtained (Ramos, 20 13). Furthermore, 

aqueous extracts of G. fruticosus should be analyzed for their toxic effects in vivo, in 

future studies. 

140 



The examination of animal organs such as liver, gut lining, Lungs, heart and muscle tissue, 

brain, kidneys and biochemical parameters would be additional and important tools to 

determine the effect of G. frulicosus methanolic extract on experimental animals. 

Literature shows the importance of histological samples, hematology analysis and 

biochemistry, coupled with weight measurements taken for the duration of animal dosing 

(.Kifayatullah et al., 20 15). In addition, the daily dosing of animals with experimental plant 

was onl y conducted for 8 days, extension of experimental duration might give a better 

indication of toxic effects and extent. Observations seem to suggest ad verse effects to the 

skeletal/muscle system, alimentary canal and the respiratory system. Additional research 

needs to evaluate the accumulative behavior of toxic principles found in G. fruticosus over 

a period of time. 

The scientific community is currently exploring the combination of herbal and 

conventional drugs, in an effort to avert adverse effects brought on when using current 

conventional drugs for treatment (EI-Sayed el a/., 20 II) or to increase cytotoxic actions 

of druos such as doxorubicin (leon et al., 2018). lt is therefore recommended that extracts 
1:> 

derived from G. frulicosus be evaluated in a similar manner, especially in the search for 

alternative anticancer treatments. Future research efforts can focus on dose escalation and 

in vivo anticancer studies, in order to detetminc the therapeutic window (the doses of an 

active pharmaceutical agent causing therapeutic responses without any adverse effects) of 

G. fruticosus. 

141 



5.6. Conclusion 

In conclusion, this study has reaffirmed the literature reports of toxicity citing of G. 

fruticosus and other members of the Apocynaceae family. G.fruticosus methanolic extract 

is toxic and is classifiable in category 3 of the Globally Hannonizcd Classification System. 

However, the results of this repo11, coupled with earlier reports suggest the value of the 

plant in treating cancer, and possibly other ailments. In view of this, it is suggested that 

the use of the plant be discouraged pending research, because this can result in serious 

adverse effects, especially since the therapeutic window has not been determined yet. 

Furthermore, we recommend, the development of a nanoparticulate herbal drug delivery 

system, which can reduce non-speci ftc toxicity, in addition to evaluation of G. fruticosus 

in animal tumor models. This study is a step in the positive direction towards the 

development of an alternative and effective cancer treatment for Namibia and the global 

population at large. 
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6.1. Abstract 

Plant have been used in Africa since time immemorial as sources of medicines in 

traditional settings, more recently they are used as sources of novel therapeutic 

compounds in mainstream medicine. However, poor dissolution and nonspecific toxicity 

often limit the use of plant compounds in the fight against diseases such as cancer globally. 

ln this study, a lipid-based nanoparticulate delivery system was developed to improve the 

delivery properties of extracts of G. fruticosus extract, a plant used in Namibia to treat 

solid tumors. The lipid-based phytosomes were characterized by particle size (DLS), zeta 

potential and polydispcrsity index and the morphology was determined using scanning 

electron microscopy (SEM). The encapsulation efficiency of the lipid-based phytosomes 

was measured using spectrophotometry and their stability was evaluated. Further, the 

cellular uptake and apoptosis inducing effect of the lipid-based phytosomcs was 

demonstrated in HcLa cells using flow cytometry and fluorescent microscopy following 

labelling with Rhodamine. The lipid-based empty nanoparticles/ phytosomc were 
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spherically shaped and ranged from 130-150 run using DLS after extrusion, which is 

within particle size range to fac ilitate absorption, circulation and accumulation in body 

organs in in vivo studies. The zeta potential was -0.8±1.8 to -1.6 ±0.6 mV but this was 

not sufficient to confer particle stability in biological media. Encapsulation of G. 

fruticosus extract in lipid vesicle was 96.51%, depicting high encapsulation efficiency 

(EE%). The phytosomes were taken up by HeLa cells as confirmed by flow cytometry 

and fluorescent microscopy. Flow cytometry further showed a shift of the cell population 

towards apoptosis, after treatment with phytosomes. This study demonstrated that 

phytosomcs prepared from Namibian G. fruticosus extracts have potential for 

development as a cervical cancer treatment. Phytosomes demonstrated improved activity 

and acted in a short time interval. Furthermore, the encapsulation of bioaetive plant 

extracts offers the opportunity to reduce dose required to effectively achieve cell death. 

Further research is required to optimize stability and shelflife of phytosomes before their 

evaluation in small animal disease models. The phytosomes can then be further developed 

for sustained release, improved bioavailability and targeted therapy, which may help meet 

the demand for affordable anticancer drugs in Namibia and elsewhere. 

Key words: Bioavailability , G.fruticosus, HeLa, low confluency, phytosomes .. 

6.2. Introduction 

Despite plants being a resource of biologically active molecules, the drug discovery and 

development pipeline is faced with two major challenges. The ftrst challenge is that most 

drugs demonstrate poor aqueous solubility (Nirmala, Samundeeswari and Sankar, 2011) 
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and poor absorption. Molecular size and polarity often hinder passive uptake of bioactive 

molecules across membranes. This affects concentration ofbioactivc molecules at sites of 

action, contributing to low bioavailability. According to Savjani, Gajjar and Savjani 

(20 12), over 40% of chemical leads for alternative treatments are water insoluble. In a 

review of medicinal plant derived compounds in clinical usc or clinical trials, Nirmala, 

Samundecswari and Sankar (20 11) described a range of plant-derived drugs w ith potential 

therapeutic use but poor aqueous solubility. This bas led to the development of synthetic 

derivatives such as combretastatin A-4 disodium phosphate, a derivative of combretastatin 

(Ninnala, Samundecswari and Sankar, 2011 ), in order to mitigate against this challenge. 

Poor bioavailability can also lead to treatment failure and development of resistance. The 

second largest challenge faced in cancer therapy is the toxicity of available conventjonal 

drugs. Many drug candidates dcmonstTate non-selective toxicity, which leads to the 

occunence of side effects, an example is Colchicine which is a potent anticancer plant­

derived compound active against a number of cancers, such as leukemia. 1 Iowever, it's 

development as an anticancer treatment option is hindered by its toxicity (Ninnala, 

Samundecswari and Sankar, 20 11). Several derivatives of colchicine have been developed 

such as colch icoside, thiocolchicocide and 3-demcthyl colchicine. 

Nanoparticles have advanced drug delivery due to their surface to volume ratio, various 

Lypes of nanoparticles such as dentrimers, nanofibcrs, polymeric nanoparticlcs, 

nanocrystals, Jiposomes and phytosomes are being developed (D'Souza, 2014). 

Phytosomcs arc a nanoparticulate delivery system, designed to encapsulate herbal material 

for drug delivery purposes (Awasthi, Kulkarni and Pawar, 20 II). Phytosomcs offer many 
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advantages such as improved absorption of poorly aqueous soluble herbal medicines, 

while targeting these to diseases sites and offering protection from damage associated with 

oral administration of therapeutics (Awasthi, Kulkarni and Pawar, 20 ll ). In fact, 

phytosomes present other avenues for drug administration, through the parenteral route 

(subcutaneous, intravenous, intramuscular) (Mudshingc et a!., 2011; De Smet el a/., 

20 13), which improves bioavailability to 100% (Hippalgaonkar, Majumdar and Kansara, 

201 0), as aerosols (El-Sherbiny, El-baz and Yacoub, 20 15). 

Jn this study, phytosomes were formulated by encapsulating methanolic extracts of G. 

Jruticosus, a plant used in Namibia with reported anticancer properties. The phytosomes 

were then characterized and evaluated for activity against HeLa cells as compared to a 

lipid-based fom1ulation (nanoparticle) without plant extracts. 

6.3. Methods and materials 

6.3.1. Plant processing 

G. Jruticosus was collected in the Otjozondjupa region of Namibia, a voucher specimen 

(FD 14) was prepared in a plant press, for identification and deposited with the herbarium 

at the National Botanical Research Institute (NBRI). Furthermore, the aerial/ above 

ground parts including leaves, fruiting structures and stalks were harvested and placed in 

brown paper bags. The plant material was sorted to remove debris before being cut into 

small pieces to facilitate drying ( 1-2-2-2 m long). Plant material was dried on an open bench 
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top for 21 days, followed by grinding into powder using an industrial miller. The ground 

plant material was labell ed and stored at 253. 15 K until further needed. 

6.3.2. Extract preparation 

The powdered plant material (I 0 g) derived from the shoot of G.fruticosus was macerated 

in methanol (1·1 L). The mixture was left at room temperature for 24 hrs, fo llowed by 

gravity filtration through a Whatman filter paper. Filtration was followed by rotary 

evaporation, which was conducted in a water-bath set at 333.15 K, pressure was set at 

6000 Pa. To further remove traces of extraction solvent, extracts were dried on a freeze 

dryer unti l extracts cou ld easily be scrapped off the round bottom flask wall. Dry extracts 

were weighted and stored in air-tight containers at 253.15 K un til further use. 

6.3.3. Form ulation of nanoparticles/ pbytosomes and their characterization. 

To improve solubility or plant extracts, the methanolic extract of G. fruticosus was 

encapsulated into nanoparticles using a m ixture or L-a-phosphatidylcholinc (50 mg) 

(Sigma Aldrich) and cholesterol (0.2 mg) (Sigma Aldrich), using a method called thin 

layer hydration (Rasaie et a/., 2014). Firstly, 3 different phytosomes formulations 

containing varying quantities (0.5, I and 2 mg) of plant extract were fom1ulatcd to 

optimize the encapsu lation efficiency. A calibration curve was developed using 

spectrophotometry was used to determine that phytosomes prepared using 2·3 g extract 

had better encapsulation efficiency (refer to appendix C, table 6A), in comparison to those 

prepared using 5-4 or 1·3 g plant extract. The size, polydispersity index and zeta potential 
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of the phytosomes were measured before and after manual extrusion (refer to appendix 0, 

figure 6A-C). 

Following this, empty nanoparticles and phytosome (plant extract loaded): both labeled 

with rhodamine 8 (Sigma Aldrich) were prepared with different formulations according 

to table 6.1 , the ratio of phosphatidylchol ine and cholesterol was maintained as 250:1 

(W/W), which was similar to phytosomes formulated in previous section. Both 

nanoparticlcs and phytosomes were extruded manually to a range of 130-l 50 run, using 

an extruder (Avanti Polar Lipids), through a 200 and I 00 nm membrane filters. The 

extruded formulations were compared to unextruded formulations using dynamic light 

scattering (OLS), Scanning Electron Microscopy (SEM), Zeta potential (ZP), 

encapsulation efficiency (EE) and polydispersity index (PDT). Particle size analysis using 

OLS was conducted on a suspension of nanoparticles and phytosomes in a Malvern 

Zctasizcr NanoScries. Light was refracted at 90 o angle at 298.15 K. Approximately g-4 L 

of the homogenous lipid suspension was analyzed in a standard disposable cuvette. A 

folded capi llary zeta cell was used for the ZP analys is, by injecting 1-3 L of a homogenous 

nanoparticulate suspension into the tube. For each sample, three measurements were taken 

and presented as average ± standard error. 

Table 6.1 . Constitution of lipid-based nanoparticlcs/ phytosome. 

Particle 
description 

Cholesterol Plant Rhodamine 
:PC(W:W) extract (g) (g) 
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Meth anol 
(L) 

Chloroform 
(L) 



Nano-particle 

250:1 

phytosome 

Key: PC= Phosphatidylcholine, W:W=Weight:Weight 

The two fonnulations (nanoparticles and phytosomes) were also analyzed for surface 

morphology, before and after extrusion, for shape and size using Scanning Electron 

Microscopy (SEM). Samples were prepared by adding ::::: 5"5 L of a homogenous 

suspension of the fonnulations onto a metal stub mounted with a carbon coated surface. 

The samples were left to air dry in a fumehood for 48 hrs then coated with a carbon coater 

for 5 min before analysis using Auriga Gemina SEM instrument. Resulting micrographs 

were further analyzed using lmageJ, to average a minimum of ten distinct nanoparticles 

per sample. Size using SEM is presented as mean ± SE. 

Two formulations (nanoparticles and phytosomes) containing rhodamine were analyzed 

for encapsulation efficiency (EE%) using the indirect method (Omwoyo eta/., 20 14), in 

preparation for their analysis on cell lines. To determine the encapsulation efficiency, a 

calibration curve was developed by initially doing a scan to dete1mine the extract 

absorption maximum between 200-500 nm, at various extract concentrations dissolved in 

PBS. The wavelength with the highest absorption was determined as 269.5 nrn. Following 

this, extract concentrations between Y2-1.5-1 giL were measured in triplicate to develop 
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calibration curve in accordance with Beer Lambert's law oflinearity. This curve was used 

to determine concentration of extract suspended in supernatant obtained from 

nanoparticluate solution after pelleting samples. Therefore, the samples were spun down 

at 16 400 rpm for 2 hrs in a centrifuge. The supernatant was aspirated and diluted 5 fold 

with PBS before reading at 269.5 nm using a UV-Vis (GBC Cintra 2020). The experiment 

was conducted in triplicate and the average absorbance readings were used to determ ine 

the encapsulation efficiency (EE%) according to the formula as fol lows (Yi et al., 2014). 

EE% = (Initial extract weight- Weight of free extract/ lnitial extract weight)* 100 

6.3.4. Nanopart iculate stab ility under experimen tal conditions 

To measure the stability of nanopatticles and phytosomes in cell culture media, 1·3 L 

suspension of each of the rhodamine labelled formulations were spun down at 16 400 rpm 

to collect the pellet and remove any free extract not encapsulated. The pellet was re­

suspended in 1·3 L of either DMEM or RPM! 1640 conta ining I 0% feta l bovine serum, L­

glutamine and 1 %streptomycin and penicil lin. Incubation fo llowed for a period of24lu·s 

in a humidified environment set at 310.15 K and 5 % C02. After 24 hrs, the media was 

aspirated after centrifuging and resuspension of pellet in PBS. The nanoparticles and 

phytosomes were then analyzed for size (DLS), polydispersity index and zeta potential 

using a Malvern Zetasizcr instrument (Moore et al., 201 5). 
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6.3.5. Rhodamine-labelled phytosome uptake in HeLa cells 

To observe uptake of rhodamine labelled phytosomes in HcLa cells, the cells were 

exposed to phytosomes for 4 hrs, following this, the treated cells were seeded in 6 well 

plate containing a sterile glass coverslip at a density of 3 x 108 cells per L. The cells were 

then observed for morphological changes in comparison to control untreated cells and 

images were captw·ed using a fluorescent microscope (Ax ioplan-2 Imaging Fluorescent 

Microscope) under a rhodamjne fi lter for red emission and in bright field. 

Photomicrographs were taken under both exposures and the images were overlayed to 

reveal the localization of the fluorescent spots. 

6.3.6. Apoptosis inducing effects of r hodamine-labeled p hytosomes in HeLa cells 

The pro-apoptotic activity of nanoparticles/phytosomcs was evaluated using llcLa cells. 

The cells were seeded at a density of 2x105 cells per well and allowed to adhere in a 

humidified incubator, 5% C02 at 310.15 K fo r 24 hrs, in 5"4 L media. Spent media was 

removed and replaced with 500 j..tl fresh media containing nanopartieles, phytosomes 

(equivalent to 3.976"4 giL plant extract) and media only. Incubation was al lowed for a 

period of 24 Jus and cells were observed under a microscope at end of experiment. Spent 

media was removed before cell harvesting by gentle trypsinization, centrifugation and 

pellet incubated in APOPercentage dye (Meyer et al., 2008). Cells were analyzed using 

flow cytomctry (Becton Dickinson F ACscan machine). Filters FLI (533/30 nm) and FL4 

(675/25 nm) were used to capture fluorescent signals produced by Rhodamine B and 

APOPercentagc dye on an x andy plot respectively. 
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6.4. Results 

Table 6.2 presents physical characteristics of lipid-based fo1mulations such as size (DLS 

and SEM), polydispersity index (PDI) and zeta potential of the formulations before and 

after it was extruded. The diameter of particles ranged between 1-<>-2·6 m before extrusion 

but was reduced to a range of 1.3-7- l.Y7 m after extrusion by DLS method. On the other 

hand, size ranged between 9.5-8-1.1-7 m and 8-8-9.Y8 m before and after extrusion, using 

SEM respectively. The results show a remarkable di fference in particle s ize as determined 

by the two methods. The POI significantly reduced from a range of0.5- l before extrusion 

and 0.19-0.2 after manual extrusion. However, no significant change in the zeta potential 

(p=0.05) was observed before and after extrusion. Table 6.2 shows that both nanoparticles 

and phytosomes were negatively charged. Furthermore, the zeta potential ranged between 

-0.87 and -1.5 before and it was -0.62 to -1.6 after extrusion. Figures 6A-C, appendix D, 

shows the physical parameters of phytosomes and nanoparticles whilst table 6A, shows 

encapsulation efficiencies of phytosomes fom1ulatcd using different extract quantities. 

This allowed for optimization of pbytosomes for carrying capacity (refer to appendix C, 

table 6A). 

Table 6.2. Physical characteristics of nanoparticles/ phytosomes. 

Measured 
parameter 

Particle size' (nm) 

Particle size2 (nm) 

PDl 

Un-cxtrudcd 

Extruded 

Un-cxtrudcd 

Extruded 

Un-cxtrudcd 

Formulation 

Nanopartticlcs 

11 58.4 ± 149 .1 
139.3 ± 2.1 

98.6 ± 1.4 
92 ±9.1 

1.0 ± 0 
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Phytosomcs 

1964.9± 171.2 

143.2 ± 2.2 

107.8 ± 1.8 
82.4 ± 3.7 

0.48 ± 0.03 



Extruded 0.194 ± 0.004 0.197 ± 0.003 
ZP (mY) Un-extruded -0.87 ± 1.1 -1.5 ± 1.0 

Extruded -0.82 ± 1.8 -1.6 ± 0.6 
Key. Particle size

1 
by DLS and Partic le s ize2 by SEM. POI: Polyd ispersity index, ZP: Zeta 

potential. Data presented as Mean ± SE. 

Table 6.2 and fig ure 6.1 show the morphology of the lipid based formulations before and 

after extrusion. SEM analysis shows that particle diameter ranged 1 08" ± 1.8 nm to 82.4 ± 

3.7 nm. The micrographs showed spherical stmctures with uneven surface morphology, 

figur·e 6.1. Generally, average diameter of the nanoparticles and phytosomes show a 

reduction after extrusion. 

- -- Phytosomes~fore extrusion 
Siu: 107.8 ± 1.2 nm 

- -- Phytosomes after extrusion 
Size: 82.4 :t :? .1 nm 

Figure 6.1. Micrographs of phytosomes before and after extrusion using SEM. 
Micrographs A represents before extrusion, while B shows after extmsion. 
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Previously, a calibration curve (refer to appendix E, figure 60 ) developed using different 

plant extract concentrations was established and used in this analysis. The variance in 

absorbance between supernatant obtained after ultra-centrifugation of nanoparticles and 

phytosomes was statistically significant, p=O.O l, table 6.3. This difference in absorbance 

was attributed to the presence of plant extract, since this was the only distinction between 

the two formulations. This calculated variance, was further used to calculate encapsulation 

efficiency (EE) as a percentage of the initial plant extract incorporated during formulation 

of the phytosome, table 6.4. 

Table 6.3. A vcrage absorbance of the formulated nanoparticles and phytosomcs. 

P hytosomc description 

Nanoparticles 

Phytoso mes 

Mean absor bance 
±SE 

0.36 ±0.0018 

0.39 ±0.0028 

Difference in 
absorbance 

0.0341 

Key: SE: Standard error, **: significant difference, p- 0.0 I. 

Table 6.4. Encapsulation efDciency of phytosomes. 

Statistical 
difference 

** 

Key: A: Initial extract weight, B: Absorbance value from table 4.4, C: Extrapolated 
extract using y=0.0065x-0.0585, D: Free extract per s·3 L fonnulation (C xS), 
£ :(encapsulated extract per s·3 L): A-D. 

Figure 6.2 shows the physical characteristics of the two formulations before and after 

exposure to biological media containing I 0% FBS. Measurements taken of each 

formulation before incubation served as a comparison tool after incubation with media, 

for each individual formulation. The effect of incubation in two different media on the 

particle size is shown in figure 6.2A. Before incubation, particle diameters ranged from 
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138.1 ± 1.7 nm to 183± 1.7 nm. However, after incubation in RPMI1640 and OMEN media, 

diameters of the nanopartic1e significantly increased to 2.07"7 ± 2.6 m and I .64"7 ± I .2 m 

respectively. No significant change in diameter was observed in phytosomes, which were 

incubated in RPMI1640 media, while diameter significantly decreased in those incubated 

in DMEM, 1.58-7 ± 2.3 m. 
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F igure 6.2. Stabilily ofnanoparticle and phytosome formulations in media (RPMT1640 nnd DMEM). Comparisons befor~ and 
after incubation for 24 hrs. Analysis in lhree panels for of size (A), PDI (B) and ZP(C). Data expressed as mean ±SE (n=3). (* 
or** or*** was considered significantly different in comparison to measurement before, for each formulation, p=0.05 or 0.0 I 
or 0.00 I respectively). Asterisks denote a significant difference. 

The effect of media on particle pol ydispersity is presented in ligur·c 6.2B. PDI of nanoparticles incubated in RPMrt 640 media 

significantly increased, in comparison to the POI before incubation in media 0.43 ± 0.08. Interestingly, PDI did not change in 

phytosomes, figure 6.2B. 

The effect of incubation of the nanoparticle and phytosomes in different media on the zeta potential is shown in figure 6.2C. 

Both nanoparticles and phytosomes remained negatively charged after incubation in either DMEM or RPM£1 640. Nanoparticles 

incubated in 

159 



OMEM and RPM11640 showed a significant increase in negativity. There was no 

si!mificant change in zeta potential observed in the phytosomes. 
0 

Fiaure 6.3 shows the picture taken by overlay of two images of the same field, one under 
"' 

bright field and the other by exciting the sample with fluorescent light. The resulting 

imaae shows fluorescent areas outside the cells but also within cells, figure 6.3. 
0 

~ Rhodamine spot 

-+ HeLacell 

- ~ Rhodamine spot 

Fioure 6.3. Live cell fl uorescent imagery ofHeLa cells exposed to phytosomes after 4 
"' hrs, showing localization of rhodamine inside Hela cells. 
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The apoptosis inducing effects of rhodamine-labeled nanoparticles and phytosomes in 

HeLa cells arc shown in figure 6.4. Cells receiving no treatment were compared to cells 

treated with nanoparticles and phytosomes. Less than I% of these BeLa cells were 

undergoing apoptosis (upper and lower right quadrants). Cells treated with nanoparticles 

showed an increase in rhodam ine signal in upper left quadrant, 11.8%, and about 0. 7% 

cells undergoing apoptosis (seen as cells in the upper and lower right quadrants). Cells 

treated with phytosomes show an increase in rhodamine stained cells (1 1.4%) and 5.4% 

cells undergoing active apoptosis. In addition, cells treated with phytosomcs displayed 

reduced con fluency in comparison to cells treated with nanoparticlcs only and the negative 

control. Cells treated with phytosomes also showed classic evidence of apoptosis, such as 

nuclei condensation and rounded detached morphology. The bottom left quadrants in A­

C demonstrated cells which were neither positive for rhodamine signal nor 

APOPcrccntage dye. 
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Treatment: 
Confluency: 
Description: 

"· 

Negative control 
::::70% 
Distinct nuclei 

Nanoparticles 
::::60% 
Distinct Nuclei 

. ~ I . . : q \ I j § ~ 0 0 ·.X~~¥J I I . § 
~ • .,, c 
l : ~ ·. ··~··., . ~ 
S! o 
~ 

A APOPorcmta!" B AlOPm:enn~ c 

Phytosomes 
::::40% 
Rounded mass/ no nuclei 

.2 

APOPeretnu~ 

Figure 6.4. APOPercentage assay on He La cells using nanoparticles and phytosomes. Results show a shift of the cell population 
to on the x-axis, coupled with y-axis, in comparison to negative control cells. Rhodamine signal on y-axis shows uptake of 
nanopatticles and phytosomcs in cells. Treatment with phytosomes resulted in significant reduction in confluence. 
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6.5. Discussion 

To characterize the nano-formulations, physical characteristics were investigated. Manual 

extrusion significantly reduced the diameter of all formulations from 1000-2000 nm to 

130-150 nm. The reduction in size of the phytosomes was necessary to make uptake into 

cells possible (Sa latin, Dizaj and Khosroushahi, 20 15). A small size also prevents 

nanoparticles/phytosomes from being eliminated in an in vivo system by the hepatic first­

pass effect, and permits crossing of the blood-brain barrier (BBB) through fenestrations 

found in vascu lar tissues (Gaumet et al., 2008). The phytosomes also demonstrated a 

significant decrease in particle size spread, as measured by the PDl, after manual extrusion 

from broadly dispersed to a narrowly spread suspension after extrusion, as demonstrated 

by DLS. The zeta potential (ZP) which is a measure of the repulsive forces between 

similarly charged particles (Mpofu, Msagati and Krause, 20 14) did not change after 

manual extrusion. The ZP influences the stability of the particles in the suspension. The 

more negatively charged the zeta potential, the more stable the particles are. A ZP range 

between -30 to -60 mY indicates good stability of particles in suspension (Salopek , Krasie 

and Filipovic, 1992). Lipid based formulations were negatively charged but not 

sufficiently negative to confer stability or long shelf life. This observation is fluther 

supported by agglomeration which is evident in stability studies (Salopek, Krasic and 

Filipovic, 1992) and generally presents as an increase in particle size. The results generally 

show an increase in phytosome size, POl and alteration of charge around particles, after 

the incubation period for all formulations in media. Furthermore, increase in the particle 

diameter of the fonnu lations may be due to the attraction of proteins found in media, onto 

the particle surface area, forming a corona (Hansen & Thi.incmann 20 I 5). Incubation in 
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media also affected the ZP of formulations. The initial ZP of each fonnulation was in the 

range -5 to +5 m V. Future studies should also ascertain the she! flife of phytosomes stored 

in solutions such as phosphate buffered saline, especially at various pH values and 

temperatures. 

Other reports show that physical characteristics of the particles in solution such as particle 

size, zeta potential and polydispcrsity index can be used as an indicators of stability 

(Moore el al. 2015; Shah et al. 20 14; Pavlin & Bregar 2012; Argentiere et al. 2016). 

However, it is recommended to use additional methods to establish stability, including 

shelf life and half-life of formulations. The formulation of the phytosomes should be 

optimized by varying the composition of cholesterol, the plant extract and 

phosphatidylcholine ratios. Rasaie ct al., (20 14) demonstrated that the addition of 

cholesterol improved stability of quercetin phytosomes by 3 weeks, which can 

significantly increase shelf life. In addition, the use of a negatively charged phospholipid 

such as phosphatidylserine (Li eta!., 20 15), may also contribute to the negative charge on 

lipid formulations, therefore to the stability of resulting lipid particles. Other methods can 

employ surface modifications of the phospholipid head or tail region, with structures that 

may increase stability and shelf li fe (Pavlin and Bregar, 20 12). The general findings show 

a corresponding decrease in phytosome size as observed in DLS analysis of the same 

samples. However, SEM sizes seem particularly smaller in comparison with results 

obtained using DLS as given by the Malvern instrument. This difference can be explained 

by difference of physical state of nanoparticulate samples at time of analysis. Samples 

analyzed for particle size using DLS are prepared in solution, while SEM samples arc 
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prepared as dry smears on stubs (Eaton et a/., 2017). Both these measurements are 

important and demonstrate the particle size in solution and its true size respectively. 

Analysis of particle morphology showed that formulations were spherically shaped. 

Research has found that the shape of the nanoparticles affects the case and rate of 

nanoparticle uptake in cells (Sa latin, Dizaj and Khosroushahi, 20 15; Xie et a/., 20 17). 

Spherically shaped nanoparticles are easily taken up into cells due to their symmetry (Toy 

et al., 2014). 

The encapsulated efficiency (EE) of the 2mg plant extract per 50mg PC was calculated to 

be 96.5 J %, which is equivalent to 3.86"1 giL. The observed EE% is high and reports seem 

to indicate varied values of EE depending on the components used during phytosome 

construction (Sahu and Bothara, 20 15). The optimization of the formulation, especially 

for quantity of cholesterol used, may increase EE and therefore lead to increased stability 

of the resulting phytosome. This study used an indirect method to determine EE %, using 

UV-Vis,. The direct method is similar to the methods employed in this assay, except that 

phytosomcs are washed to remove unencapsulated extract, followed by lysis of 

nanoparticles to yield extract encapsulated within the nanoparticulate structure. This is 

followed by quantification of extract using methods such as UV-vis, HPLC or other 

(Branquinho et a/., 20 I 4; Li et a/. , 20 I 6). In future, additional methods such as HPLC 

(after quantification of indicator compounds in G. fruticosus extract) or dialysis can be 

used to determine BE% more accurately. 
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The live image taken during the analysis of rhodamine labeled phytosomes showed 

localization of rhodamine outside and within a cell. This study confirmed the physical 

uptake of pbytosomes across hi-membrane surrounding cells. Nanoparticles are taken up 

across cell membranes by two major endocytotic mechanisms: pinocytosis or 

phagocytosis. Phagocytosis is not selective and involves uptake of particles that are larger 

than 200 nm, while pinocytosis is selective in comparison, involving particles smaller than 

200 nm (Xie eta/., 2017). This indicates that pinocytosis is the most probable mechanism 

of phytosome internalization, based on the size of the particles. However, this analysis can 

fwther be improved by confocal microscopy using of Z-stack analysis. This analysis can 

be used to locate the fluorescent spot in a 3D image of the BeLa cell (Blumenfeld et al., 

20 14). 

This study shows an increase in rhodamine stained cells, in cells treated with nanoparticlcs 

and phytosomes ( 11.8 and J 1.4%) respectively. Higher apoptosis was also observed in 

HcLa cells treated with phytosomcs, in comparison to those treated with media or 

nanoparticles although it was low in comparison to free extract (chapter 4). It has been 

reported that encapsulation of phytoproducts increases their uptake across the cel l 

membrane leading to inc reased bioavailability (Awasthi, Kulkarni and Pawar, 20 11) and 

improved bioactivity. In a study by Shalini, Kumar and Birendra, (20 15), encapsulation 

ofT. arjuna improved its bioactivity in MCF7 cells, as compared to free extract alone, 

reducing the JCso from 2.5"
2 

g/L to I .5"2 g/L. In another study, encapsulation of rutin 

improved its absorption across rat abdominal skin by almost three fo ld (33 ± 1.33%) in 

comparison to un-encapsulated rutin (J 3 ± 0.87%) (Das and Kalita, 2014). This improved 
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bioactivity may explain the observed results in tllis study, because cells treated with 

phytosomcs depicted reduced confluence, because of accelerated cell death, occurring 

approximately 6 hrs after the start of the experiment. In previous chapter 4, treatment of 

HeLa cells at a similar extract concentration, demonstrated 54.8 ±2.5 % apoptosis after 24 

hrs of exposure. Thi s could mean that a subpopulation of cells left were not undergoing 

apoptosis, which would explain the low observed apoptosis. Signs of apoptosis were also 

observed in wells treated with phytosomes, such as nucleus condensation and cell 

shrinkage. These observations, coupled with the evidence of pbytosome uptake and 

apoptosis mechanism of action demonstrated by flow cytometry data, supports the theory 

that treatment with phytosomes demonstrated improved bioactivity. In addition, 

observation that experimental endpoint (6 hrs for phytosomes and 24 hrs for plant extract) 

to ach ieve observed apoptotic signs further confound this theory. However, no direct 

comparison for efficacy could be made due to the time difference in which apoptotic signs 

were observed. To improve this study in future, the experiments need to be optimized by 

reducing extract concentration and experimental exposure time. To make the study more 

robust, analysis of the apoptosis-inducing effects of phytosomcs containing G. fruticosus 

on non-cancer cell lines or employing another method of analysis such as cell viability in 

order to compare TCsos, could be considered. Future studies can focus on the efficacy of 

the phytosomes in an in vivo disease model, in comparison to free extract. 

Phospholipids as the encapsulation vehicle used in this study is ideal because it is 

biodegradable and also biocompatible.(Gnananath, Nataraj and Rao, 20 17). As a result, it 

improves the absorption of the herbal bioactive components across the cell membrane, 
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while presenting other modes of administration such as topical and intravenous 

introduction. The encapsulation of herbal bioactives using phospholipids creates an 

opportunity for both passive and active targeting to sites of action (Gnananath, Nataraj 

and Rao, 20 17). Advances in lipid based delivery systems have seen the utilization of 

various surface modification/functionalization techniques to accumulate encapsulated 

bioactive at tumor sites through endocytosis via overexpressed receptors on tumor cells 

(Riaz et of., 20 18). The extracellular space surrounding tumor cells is often different as 

compared to nonnal cells, with poor oxygen levels and acidic pH, which have been 

demonstrated as physiological triggers for payload release (Kulkarni et of., 20 16; Kim et 

ol. , 2018) These novel functional ization techniques (Riaz et ol., 2018) can be explored in 

future studies to improve the pharmacokinetic and phannacokinetic properties of G. 

Jruticosus phytosomcs for cervical cancer treatment. 

6.7. Conclusion 

G . .fruticosus extracts encapsulated in phytosome demonstrated uptake and caused 

significant reduction in cell viability presented as reduced conflucncy in HeLa cells, 

therefore, phytosomcs demonstrated increased bioactivity in HeLa cells, in comparison to 

extract alone. However, the phytosomes were not stable when incubated with media 

containing 10% FBS even though stability in storage at different pH or temperatures is 

necessary to determine shelf life. Phytosome's optimization and investigations in 

cancerous tumors in vivo should be considered as future research activities. This plant 

demonstrates potential as herbal medicine and its encapsulation adds value to naturally 

derived plant extract and offers an avenue to reduce doses, while achieving bioactivity. 
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This will lead to improved bioavailability and stability of plant extracts in animal studies 

as wel l as alternative herbal administration routes such as parenteral or as aerosols. 
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CHAPTER 7: OVERALL CONCLUSIONS Al'VD 

RECOMMENDATIONS 

7.1. Conclusions 

Access to effective and safe cancer treatment continues to be a challenge in developed and 

developing countries. Whi lst the search for alternative treatments continue to be a constant 

occupation of scientist, lead compounds are often rendered not useful owing to poor 

bioavailability and nonspecific toxicities, resulting in treatment failure and side effects 

such as dianhca, vomiting, alopecia and fatigue. G.fruticosus is used for treating tumors 

in Namibia and has demonstrated potential in in vitro assays against several cell lines. 

However, it is also described as toxic with cardeno1idcs suspected to cause cardiotoxicity 

in animals, hence why the plant has not been developed or pursued further for its 

anticancer properties. This study Therefore, this study was conducted, J) the 

phytochemical profile of G. fruticosus harvested in Namibia was detennined using TLC 

and GCMS techniques. 2) the anti-proliferative, cytotoxicity activity of Gomphocarpus 

.fruticosus extract and its mechanism of action in vitro. 3) the extent of toxicity and toxic 

symptoms associated with G . .fruticosus was determined in vivo using mice. And 4) the 

plant extract was formulated into a lipid based nanoparticle delivery system, which was 

characterized and evaluated in vitro as an anticancer treatment. 

Firstly, the phytochemistry investigation using thin layer chromatography revealed the 

presence alka loids, tlavonoids, anthraquinone, terpcnoids and steroids in the methanol, 

chloroform and dicbloromethane extracts. The aqueous extract, used commonly in 
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traditional settings, only showed the presence of anthraquinones and flavonoids. The 

methanolic extract was further analyzed using GC-MS revealing the presence of a number 

of 16-20 carbon chain unsaturated fatty acids and triterpenols. Triterpenols included a­

amyrin, lupeol and their esters and also steroidal compound ~-sitosterol, all reported to 

possess anti-inflammatory, anticancer and analgesic properties validating the traditional 

medicinal use of this plant. Furthermore, the presence of fatty acids and other 

pbytocomponents rationalize the medicinal use of G. fruticosus and explain its mode of 

preparation and administration, in Namibia's traditional setting. 

Secondly, the metbanolic shoot extract showed antiproliferative properties against the 

cervical cancer cclllineHeLa (ICso 8.35-7 giL) with low cytotoxicity as determined against 

Hck293 cell line (ICso 3.976-4 giL). The mechanism of cell death leading to the 

antiproliferative effect of the plant extract on IIeLa cells at such a low concentration was 

not the apoptotic pathway but other cell death mechanisms such as necrosis through a 

ROS related pathway and lack of caspase 3&7 cleavage. 

Thirdly, the in vivo toxicity analysis in Balb C mice revealed an LDso value of 1.968-' 

g/kg, which puts the extract in category 3 as toxic according to the Globally Harmonized 

System of Classification and Labelling of Chemicals (GHS). Adverse effects included 

diarrhea, slow motility, muscle spasms and heavy breathing, which were observed in 

treated animals. However, daily administration of doses lower than determined LDso did 
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not significantly affect the weight of the experimental animals nor cause any deaths, in 

comparison to untreated group, alluding to the usefulness of extract as lower doses. 

finally, formulation of the methanolic shoot extract into a rhodamine-labelled lipid-based 

nanoparticulate herbal (phytosome) delivery system ( 1.3-7- l.s-7 m diameter) using 

phosphatidyl choline and cholesterol resulted in uptake of the plant extracts (encapsulation 

efficiency of phytosomes, 96 %) as visualized by flow cytometry and fluorescent 

microscopy. The uptake of the phytosomes resu lted in increased apoptosis in HeLa cells 

at concentration comparable to the free extract in a shorter time frame. It is speculated that 

the reduced confluence observed after a short time framein this experiment was a result 

of accelerated apoptosis. We therefore recommend that further studies be conducted to 

detennine biological effects of extracts and phytosomes against tumors in vivo, while 

developing a stable nano-particulate system to improve delivery, solubi li ty and improve 

nonspecific toxicity. 

1.2. Contribution to new knowledge 

The study is the first of its kind, involving a Namibian plant. It has significance in the on-

ooino search for efficacious anticancer dmg candidates, which demonstrate selectivity for 
0 0 

cancer cells as seen in this study and not nonspecific cytotoxicity. The study also shades 

new light on the mechanism of action to possibly necrosis. Necrosis is becoming an 

acceptable outcome of chemotherapy, whereas, apoptosis was previously expected. 
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Furthermore, encapsulation into phytosomes adds value and is a step towards the possible 

adoption of G. fruticosus as herbal treatment for cancer, especially cervical cancer. 

7.3. Recommendations 

It is recommended that future research efforts strengthen the identity and isolation of 

components found in Namibian plant, Gfruticosus, so that the phytochemicals responsible 

for the observed bioactivity maybe determined This could include the usc of bioactivity 

guided-fractionation, on a panel of cancerous cell lines. Compound identification can be 

improved by using Liquid Chromatography Mass Spectroscopy (LCMS) or High Pressure 

Liquid Chromatography (HPLC) to uncover non-volatile compounds. The sub-acute 

effect of crude extracts need to be ascertained using histology in vivo, over a period of 90 

days, while also determining organ distribution of both crude and encapsulated extract in 

vivo, so that the findings can add weight to observations in this study and show organ 

targets for toxicity. In addition, the phytosome fonnulation should be optimized to 

improve its physical stability, while maintaining its encapsulation efficiently in order to 

improve irs shelf life, while ensuring sustained release of active herbal components in 

living systems. Furthennore, it is recommended that lCso detennination for phytocome be 

compared under similar experimental conditions as free extract, so results are comparable. 

Finally, it is recommended that the phytosomes and crude extract be compared for its 

effect on cancerous tumors in an in vivo model whilst also determining the 

pharmacokinetics of the phytosomes and their herbal component levels in blood. Since 

aqueous extracts are generally used traditionally, it is recommended that it be investigated 

for bioactivity in future. 
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CHAPTER 8. APPENDICES 

Appendix A. Plant collection form 
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Figure 3A. Plant col lection form deposited with voucher specimen at NBRJ 
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Appendix B: Cell viability response of cell lines to 6% DMSO. 
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Figure 4A. Response of different ~ell lines to.6% DMSO, used as pos itive control in cell 
viability assay. Response vaned dependmg on susceptibility of cell line under 

investigation, with Hek293 and HepG2 being most sensitive. 
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Appendix C: Optimization of nanoparticles with varying extract concentrations for 

EE%. Chapter 6 

Table 6A. Encapsulation efficiency of 3 batches of phytosomes constructed with 
varying extract concentrations. 

Phytosome Extract Absorbance Extrapolated Free extract in EE% 
mass (g) free extract (g) s-3 L batch (2) 

1 y 4 0. 1382 3.03-5 1.5 1-4 69.7 
2 r3 0.4 164 7.3 1-5 3.65-4 63.5 
3 2-3 0.1 891 3.81-5 1.91 -4 90.5 
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Appendix 0: Physical characteristics of empty nanopar ticles and phytosomes. 

Chapter 6. 
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Figure 6A. Particle size comparison of nanoparticles/ phytosomes before and after 
extrusion. Asterics denote significant difference. P=O.OOl of both fonnu lations before 

and after extrusion. 
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Figure 6B. Polydisp~rs i ty index ?f~onnulat?d nanoparticles/ph_ytosomes ?efore and 
aflcr extrusion. Asterrcs denote s1gnr ticant drfference. P=O.OO l 10 the particle spread 

after extrusion. 

180 



2 

>1 
E - Nanoparticle 
~ 0+-~~ 
c 
(I) 

0 -1 
0. 
CIS 

~ -2 

-3 

Em Before extrusion 

Phytosome 

~ After extrusion 

Figure 6C. Zeta potential of nanoparticles/ phytosomes before and after manual 
extrusion. No significant change in zeta potential was observed in both formulations. 
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Appendix E. Calibration curved of increasing extract preparation and absorbance 

on UV Vis mchaine. 

1.0 

e y=0.0065x-0.0585 
r:::: 0.8 R2=0.9996 

10 
ai 
(Q 

0.6 ~ 
(I) 
0 
r:::: 
ro 0.4 
.c ... 
0 0.2 Ill 
.c 
<( 

0.0 
0.00 0.05 0.10 0.15 0.20 

Extract concentration g/L 

Figure 60. Calibration curve developed with G. fruticosus plant extract, concentrations 
ranging between 50-150 )lg/ml with absorbance values in obedience to Beer-Lambert 

Jaw. 
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