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Abstract 

Cancer is a major cause of death globally, with approximately 10 million deaths in 2020. In South 

Africa, the number of new cancer cases is expected to double by 2030. Non-Hodgkin lymphoma 

(NHL), which represents a group of cancers originating from lymphoid tissues, was ranked the 

11th most common cancer globally, accounting for 544,000 new cases and 260,000 deaths in 

2020. In South Africa, NHL ranks among the top five invasive cancers among both males and 

females. Diffuse large B cell lymphoma (DLBCL), an aggressive B-cell derived cancer is the most 

prevalent cancer within the NHL group of cancers. DLBCL can be grouped into two main subtypes, 

namely the germinal-centre B cell (GCB) and the activated-B cell (ABC) subtypes, with the ABC 

subtype reported to have a more aggressive clinical course than the GCB subtype. Additionally, 

DLBCL is an HIV-associated cancer and is, thus, highly overrepresented among HIV-infected 

individuals. Currently, 30-40 % of DLBCL patients relapse or develop refractory disease following 

treatment with the standard DLBCL therapy. This figure is worse among HIV-infected DLBCL 

patients. There is therefore a need to develop more effective therapeutic regimens to treat this 

cancer.  

In recent years there has been increasing focus, by cancer sufferers, on the use of alternative 

therapies for treating their disease. An estimated 80% of the South African population seek 

health care from traditional healers. Medicinal plants form a major part of the repertoire of tools 

that these traditional healers use to treat their patients. Many plant species have already been 

the source of bioactive compounds used to develop currently approved cancer drugs. In the 

current research, the anti-cancer potential of aqueous extracts of Dodonaea viscosa (DVE), a 

plant commonly used by traditional healers in the Western Cape region of South Africa, against 

DLBCL cells, is being investigated.  Previously published reports showed that extracts of 

Dodonaea viscosa can inhibit the growth of several types of cancer cells, including breast, 

prostate, and colon cancer. There are currently no published reports on the effects of DVE on 

DLBCL cells.    
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The IC50 of DVE against two DLBCL cell lines (HBL-1 and SU-DHL-4) was determined, relative to a 

non-cancerous lymphoblastoid cell line (LCL) (PB-LCL-B95-8H) using viability assays. Thereafter, 

the effect of DVE on proliferation was investigated using proliferation-tracking and colony 

formation in a semi-solid medium. The effect of DVE on the cell cycle was also investigated. Lastly, 

induction of apoptosis was determined using microscopy, Annexin V incorporation assay, caspase 

activity assay, and western blotting to assess the expression of apoptotic markers.  

Viability assays showed that DVE could potently and selectively inhibit the proliferation of two 

DLBCL cell lines, namely the GCB cell line SU-DHL-4, and the ABC cell line HBL-1, relative to the 

non-cancerous lymphoblastoid cell line PB-B95-8H. This converted into a favorable selectivity 

index of 2.25 for SU-DHL-4 and 3 for HBL-1, demonstrating that DVE preferentially triggers cell 

death in the cancer cells. The cell-Trace proliferation assay, which tracks live cell proliferation 

over time, showed a 2.3-fold and 1.3-fold reduction of daughter cells (P2 generation) in the DVE-

treated SU-DHL-4 and HBL-1 cells relative to untreated SU-DHL-4 and HBL-1 cells respectively, 

with the non-cancerous cells being much less affected. The effect of proliferation was further 

confirmed through a colony-forming assay, which showed potent inhibition of colony formation 

over 7 days, by DVE, for both cancer cell lines.  No notable changes in the phases of the cell cycle 

(G1, S, G2/M) were observed in all cell lines when exposed to DVE. However, an increase in the 

sub-G1 population, which is indicative of cell death, was evident in the DVE-treated DLBCL cells. 

The induction of apoptosis was investigated firstly through microscopy, to assess for the presence 

of cellular morphological features typical of this mode of cell death. Membrane blebbing, nuclear 

fragmentation, the presence of apoptotic bodies, and cell shrinkage were observed for both 

DLBCL cell lines while slight cell swelling was observed for the PB-B95-8H cells. Using the Annexin 

V incorporation assay, a majority of late apoptotic (64%) and non-viable/necrotic (15%) cells were 

detected in DVE-treated SU-DHL-4 cells, while mostly early apoptotic cells (49%) were observed 

for HBL-1. The non-cancerous cell lines were left mostly unaffected. These findings were further 

supported by the caspase-3/7 activity assay and western blot analysis, which demonstrated that 

DVE treatment induces the expression of the apoptotic markers PARP-1 and caspase-3 in DLBCL 

cells, with the SU-DHL-4 cells displaying traces of necrosis, as evidenced by smaller cleaved PARP-

1 fragments (74 kDa and below).   
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Overall, the study shows that aqueous extract of D. viscosa is selectively cytotoxicity towards 

DLBCL cells, and significantly less toxic towards a corresponding non-cancerous B cell line. 

Additionally, at the same concentration as DVE, and under the same treatment conditions, the 

GCB DLBCL cell line was more sensitive to DVE than the ABC DLBCL cell line. This is in line with 

reports on the more aggressive and resistant nature of the ABC subtype. While this research is 

the first to demonstrate that extracts of the medicinal plant D. viscosa are cytotoxic toward 

DLBCL cells, more research is needed to further understand the mechanisms of cell death, as well 

as to demonstrate these findings in an in vivo model. Additionally, biochemical studies should be 

done to identify the bioactive compounds responsible for the cytotoxic effects observed.  
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Chapter 1 

Background 

1.1 The burden of cancer. 

Cancer is a leading cause of mortality worldwide, accounting for around 10 million deaths in 2020, 

or one-sixth of all fatalities (World Health Organization, 2022). Furthermore, the occurrence of 

cancer in South Africa is on the rise, with projections indicating that the number of new cases will 

nearly double from 2019 to 2030, amounting to just over 120,000 new cases in 2023 (Finestone 

and Wishnia, 2022). The distinctive features of cancer cells are uncontrolled cell division, evasion 

of growth suppressors and cell death, ability to metastasize, and promotion of angiogenesis 

(Hanahan and Weinberg, 2011). Cancer cells have also developed the ability to evade the immune 

system and promote inflammation which aids tumour growth (Hanahan and Weinberg, 2011). 

Research in cancer biology has enhanced our understanding of why “normal” cells become 

cancerous and how they grow uncontrollably, which has been critical in the development of 

therapeutic strategies to combat the progression of this disease. However, cancer is not one 

disease but a group of many related diseases, which can occur almost anywhere in the body, 

each with its own genetic and molecular characteristics, risk factors, causes, and treatments. In 

many cases, treatment is suboptimal, and therefore, the quest to enhance our knowledge about 

the biology of cancer, and the development of new and more effective treatments, continues.  

1.2 Haematological cancers. 

Haematological malignancies encompass a diverse group of cancers that originate in cells of the 

immune system and affect the blood, bone marrow, and lymphatic systems (Novak and Rego, 

2012). Approximately 1.24 million cases of haematological malignancies are diagnosed annually 

on a global scale, constituting approximately 6% of total cancer cases (GLOBOCAN, 2018). 

Additionally, GLOBOCAN (2018) provided estimations that indicate the mortality rate of blood 

cancer patients surpasses 720,000 individuals every year, accounting for more than 7% of all 
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cancer-related deaths. Infection with the human immunodeficiency virus (HIV) has been shown 

to significantly increase the incidence of certain types of haematological malignancies, and this 

is attributable to several factors including immunosuppression, immunological dysregulation, 

prolonged antigenic stimulation, and direct viral activity (Mowla and Ahmed, 2022; De Martel et 

al., 2012; Dolcetti et al., 2016; Carbone et al., 2021). Various types of blood cancers include 

leukemia, lymphoma, myelodysplastic syndromes, myeloproliferative disorders, and multiple 

myeloma. 

Individuals who are living with HIV or AIDS face an elevated susceptibility to Hodgkin's and certain 

subtypes of non-Hodgkin lymphoma in comparison to those who are HIV-negative (Black et al., 

2023). In the Southern African region, which has the highest prevalence of HIV infection globally, 

HIV-associated cancers represent a major healthcare challenge (Dhokotera et al., 2019). While 

the utilization of combination antiretroviral therapy (antiretrovirals and chemotherapy) has 

significantly improved the incidence and outcome of individuals with HIV-associated cancers, 

morbidity, and mortality remain high within this group, especially in low-resource settings such 

as many regions within Southern Africa (Kimani et al., 2020; World Health Organization, 2018; 

Mbulaiteye et al., 2003).  

1.3 Non-Hodgkin lymphoma. 

Non-Hodgkin lymphoma (NHL), which constitutes a large group of cancers of lymphocytes (white 

blood cells), was ranked the 11th most common cancer globally, accounting for 544,000 new 

cases and 260,000 deaths in 2020 (Sung et al., 2021). Furthermore, NHL is responsible for 

approximately 3% of the overall cancer burden in both females and males across the globe. NHL 

exhibits a higher prevalence within the age group of 65 to 74 years and is also the fifth most 

frequently encountered diagnostic entity among pediatric malignancies affecting children under 

the age of 15 years (Sapkota and Shaikh, 2023). In South Africa, NHL ranks among the top five 

invasive cancers among both males and females (CANSA, 2019). Among all NHL subtypes, of 

which there are more than 60, diffuse large B cell lymphoma (DLBCL) is the most common, 

accounting for 20%-30% of all NHL cases diagnosed (Susanibar‐Adaniya et al., 2021). A study 

conducted at the University of Cape Town, reporting on data collected between 2004 and 2014 
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(inclusive), reveals that, among HIV-infected patients, DLBCL is the most prevalent, which is in 

line with several studies both in South Africa and elsewhere in the world (Figure 1) (Phillips and 

Opie, 2018; Dhokotera et al., 2019; Wang et al., 2021).   

   

Figure 1.1. The most common types of lymphoma diagnosed in patients who underwent bone marrow 
biopsy (BMB), at Groot Schuur Hospital, between 2004 and 2014 (Inc.), per HIV status (Phillips and Opie, 
2018). The abbreviations are DLBCL – diffuse large B cell lymphoma, FL – follicular lymphoma, SLL/CLL – 
small lymphocytic lymphoma/chronic lymphocytic leukaemia, OTHER T NHL – other T non-Hodgkin 
Lymphoma, OTHER LG B NHL – other low-grade B non-Hodgkin lymphoma, BL – Burkitt lymphoma, OTHER 
HG B NHL – Other high-grade B non-Hodgkin, LYMPHOMA NOS – lymphoma not otherwise specified, ALCL 
– anaplastic large cell lymphoma, PBL – plasmablastic lymphoma, NK -natural killer cell lymphoma, HIV-  - 
HIV negative, HIV+ - HIV positive. 

1.3.1 Diffuse large B cell lymphoma. 

DLBCL is an aggressive cancer, displaying high heterogeneity at both the molecular and genetic 

levels (Pasqualucci, 2013). It is typically classified into distinct subtypes based on molecular and 

genetic characteristics as well as cell-of-origin (Frontzek and Lenz, 2019). DLBCL not otherwise 

specified (DLBCL NOS) is the most common type of DLBCL, which constitutes two main categories 

or phenotypes, namely Activated B-cell-like Diffuse Large B-cell Lymphoma (ABC-DLBCL) and 

Germinal Centre B-cell-like Diffuse Large B-cell Lymphoma (GCB-DLBCL). These subtypes exhibit 

notable differences in terms of their cellular origins, genetic characteristics, and clinical 
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behaviour (Figure 1.2) with the ABC subtype generally associating with worse prognosis and 

poorer overall survival compared to the GCB subtype in response to standard first-line therapy 

(Frontzek and Lenz, 2019).  Although the 5-year survival rate, with first-line therapy, is 

approximately 60%, up to 50% of patients become refractory to treatment, or relapse (Watanabe 

et al., 2018). Generally, these patients are then placed on more intense therapeutic regimens, 

which are often accompanied by adverse events and poor quality of life.  

 

 

Figure 1.2. DLBCL subtypes are distinguished by their cellular origins and genetic lesions. This diagram 
depicts the germinal centre (GC) reaction and its relationship to the two molecular subtypes of DLBCL 
NOS, GCB-DLBCL, and ABC-DLBCL. The most common, functionally characterized gene mutations defined 
in this disease are shown in the bottom frames, where blue represents impairment events and red 
represents gain-of-function events; color codes on the left represent distinct groups, according to the 
infiltrated biological pathway (Pasqualucci and Dalla-Favera, 2018). 

In addition to the sub-optimal efficacy of certain chemotherapy treatments, the toxicity of anti-

cancer medications presents a significant challenge for both patients and doctors. The risk of 

adverse events increases with the patient's age, as well as the immune-compromised state. In 
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regions of South Africa where health resources are sub-optimal, the already inadequate patient 

outcomes are further aggravated by limited access to healthcare providers due to infrastructure 

and socio-economic barriers. This, in turn, leads to inconsistent ART therapy and unequal access 

to treatment in public healthcare facilities (Economist Impact, 2023). This speaks to a clear need 

to not only enhance current cancer treatment protocols but also to identify new drugs that are 

accessible and affordable for the relevant patient groups.  

Research shows that the use of complementary and alternative medicine (CAM) among cancer 

patients has increased in the last decades. CAM refers to a broad set of non-mainstream 

practices, which includes the use of mind-body therapies, entire medical systems such as 

acupuncture, as well as natural products (Wode et al., 2019).  

1.4 The healing properties of traditional medicine. 

Traditional medicine (TM) is described as diverse health practices, approaches, expertise, and 

beliefs incorporating plant/animal/mineral base medicine, spiritual therapies, and exercises 

applied singularly or in combination, to maintain well-being, as well as to treat, diagnose, or 

prevent illnesses that are not incorporated into primary healthcare systems (WHO, 2019). Herbal 

medicine includes plant parts or combinations of active ingredients in herbal materials. These 

medications are used to treat or prevent disease as well as to restore, correct, or modify 

biological functions (WHO, 2019). Most importantly, traditional medicine also has a sizable 

economic impact, with its contribution to the South African economy alone amounting to about 

R2.9 billion (Kasilo et al., 2013). A sizeable portion of the population in Sub-Saharan Africa is 

presumed to rely on TM to maintain their health or to prevent and treat both communicable and 

non-communicable diseases and has long been thought to be widespread in this region (Mander 

et al., 2007).  

1.4.1 Herbal natural compounds as anti-cancer agents. 

Plants and their derivatives have played a crucial role in the development of effective anti-cancer 

drugs. For instance, vincristine and vinblastine, which are utilized in treating various types of 

cancer such as lymphomas and leukemias, were obtained from the leaves of the Madagascar 
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periwinkle plant (Asma et al., 2022).  Another example is etoposide, derived from the mandrake 

plant, which is utilized in the treatment protocols for both Hodgkin and non-Hodgkin lymphomas 

(Reyhanoglu and Tadi, 2020). 

South Africa is home to an estimated 68,000 to 300,000 practicing Traditional Medical 

Practitioners (TMPs) (full-time and part-time), and thus, the use of Complementary and 

Alternative Medicine (CAM) is prevalent (Street et al., 2018). These traditional healers are highly 

regarded by their communities and within which they play an important role in healthcare 

provision, which cannot be overlooked (Gqaleni et al., 2007; Street et al., 2018). Many 

communities in South Africa heavily rely on TMPs for their primary healthcare needs due to their 

cultural significance, availability, and accessibility. Importantly, traditional medicine also has a 

sizable economic impact, with its contribution to the South African economy amounting to 

approximately R2.9 billion (Kasilo et al., 2013). Therefore, TMPs are an essential component of 

healthcare provision in South Africa, and efforts are being made to explore various models for 

integrating this practice into the national healthcare delivery system. These models are currently 

being considered and developed by researchers and experts in the field (Moshabela et al., 2015; 

Mothibe and Sibanda, 2016; Pinkoane et al., 2012; Street et al., 2018). 

1.4.2 Phytochemical compounds as anti-cancer agents. 

Phytochemicals are compounds that are found in plants and are commonly referred to as 

secondary metabolites. Numerous studies have provided evidence supporting the utilization of 

these phytochemical compounds in the treatment of various diseases, including cancer, through 

their ability to modulate the immune system, as well as having anti-cancer properties (Egbuna et 

al., 2019). Carotenoids, phenolics, glucosides, monoterpenes, and flavonoids are among the 

major therapeutic phytochemicals that have been derived from plants (Kerr et al., 2013). Table 

1.1 lists some of the studies reporting on anti-cancer phytochemical compounds currently used 

to treat DLBCL. Plants used by traditional healers therefore hold valuable potential for the 

discovery of novel phytochemicals that can be used in the treatment of cancer. 
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Table 1.1. Summary of selected approved phytochemical compounds used as anti-cancer agents to treat diffuse large B cell lymphoma. 

Anticancer 

agent 

Derived 

from: 

Description and Mechanism of action 

Paclitaxel 
(Taxol)  

Taxus 
brevifolia  

(Pacific Yew) 

Paclitaxel (Taxol) belongs to a group of compounds called Taxanes and is commonly used to treat a variety of tumours, 
including lung cancer, breast cancer, ovarian cancer, Kaposi sarcoma, and DLBCL (Barreca et al, 2020). 

The primary mode of action of paclitaxel is its capacity to stabilize and inhibit microtubule depolymerization, which results 
in cell cycle arrest during the G2/M phase and cell death (Barreca et al, 2020). 

Vincristine Catharanthus 
roseus 
(Madagascar 
periwinkle) 

Vincristine is a component of R-CHOP (Rituximab-cyclophosphamide, doxorubicin, vincristine, and prednisone), which is the 
first-line therapy for DLBCL (Wei et al, 2021). It belongs to a group of alkaloids called vinca alkaloids. 

Vincristine inhibits mitotic spindle structure. Vincristine also exerts immunomodulatory effects on tumour cells, increasing 
PD-L1 expression. Vincristine enhances the expression of PD-L1, which increases the immune response against cancer cells 
(Wei et al, 2021). 

Vinblastine Catharanthus 
Roseus 
(Madagascar 
periwinkle) 

Vinblastine is a vinca alkaloid and is beneficial against a variety of cancers, including monozygotic leukaemia, breast cancer, 
liver cancer, ovarian cancer, head and neck cancer, testicular cancer, solid sarcoma, malignant melanoma, and DLBCL (Vari 
et al, 2018). 

In DLBCL cell lines, it has been shown to increase the expression of PD-L1, an immune regulatory protein. Upregulation of 
PD-L1 can boost the antitumour immune response by activating effector T cells (Vari et al., 2018). 

Etoposide and 
Teniposide 

Podophyllum 
genus 

(Mayapple) 

Etoposide and Teniposide are inhibitors of topoisomerase II and have been demonstrated to target DNA topoisomerase II 
activities, resulting in DNA breaks, and influencing different aspects of DLBCL cell metabolism (Kancherla et al., 2001).  

Teniposide disrupts cell cycle progression by preventing mitosis and inducing apoptosis in DLBCL cells both in vitro and in 
vivo (Kancherla et al, 2001). 

Topotecan Camptotheca 
acuminate 

(Happy Tree) 

Topotecan is an inhibitor of topoisomerase I, and thus, through inhibition of this enzyme, it causes DNA strand breaks, 
leading to cell death. It has demonstrated therapeutic success in diffuse large B cell lymphoma (DLBCL) and other 
haematological cancers (Tomicic et al, 2005). 
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1.5 Dodonaea viscosa, a traditional herbal medicine.  

Dodonaea viscosa var. angustifolia is a flowering shrub (Figure 1.3) thought to have originated in 

Australia but can be found all over the world in the tropics and subtropics including on the 

continents of Africa (including South Africa), Asia, Australasia, Northern America, and Southern 

America (USDA, 2022). Common names for this medicinal plant in South Africa include Gansies, 

bossidokter, Kankerbos (Afrikaans), and English common names (hopbush, Florida hopbush, 

gigantic hopbush, sticky hopbush, and hopshrub) (USDA, 2022). D. viscosa is commonly 

prescribed by indigenous Rastafarian healers in the Western Cape area of South Africa for a range 

of illnesses including gout, skin infections, diarrhea, hepatitis or splenic pains, vaginal colic, ulcers, 

and muscle aches. Additionally, it is also prescribed as an antipruritic agent for dermatitis and 

eczema (Rojas et al., 1992, Alanazi et al., 2023; Siddiqui et al., 2023). 

Figure 1.1. Dodonaea viscosa var. angustifolia plant, an evergreen shrub or small tree that can grow up 
to 5 meters tall. It is described as having fissured light grey bark, drooping leaves light green on the top 
side, and a lighter green on the underside. It produces small yellowish-green flowers that are followed by 
clusters of yellow or reddish fruits with papery wings (SANBI, 2023). 

1.5.1 Known therapeutic characteristics of Dodonaea 

viscosa. 
 

Scientific studies aimed at defining the therapeutic properties of extracts of D. viscosa and its derivatives, 

as well as the mechanisms of action, have revealed several useful characteristics that can be explored. A 

selected list of those characteristics is summarized in Table 1.2 below.  
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Table 1.2 Summary of selected reported therapeutic characteristics of D. viscosa. 

Therapeutic characteristic A brief description of the observed effect 

Antimicrobial Mice infected with S. aureus and treated with aqueous extracts of D. viscosa 

leaves for 30 days displayed reduced abnormal kidney histology compared to 

mice infected with S. aureus but not treated with D. viscosa extracts (Majeed 

et al., 2022). 

Methanolic extracts of D. viscosa, and purified compounds were significantly 

inhibitory towards the growth of High Vaginal Strain (HVS) streptococcus 

species (Hossain M.A and Al Bimani B.M.H, 2000). 

 

Wound healing An ointment formulated to contain ethyl acetate fractions of D. viscosa leaf 

extract was shown to have better wound healing performance (percentage of 

wound closure, tensile strength, and epithelialization) compared to a control 

ointment, in Sprague-Dawley rats (Subramanian et al., 2023).  

 

Antidiabetic Diabetic rats receiving daily oral doses of extracts of D. viscosa over four weeks 

showed a dramatic reduction in the levels of pro-inflammatory indicators in 

blood, kidney, and liver tissues, as well as blood glucose levels, compared to 

control rats. Additionally, insulin and lipid levels were restored, as well as those 

of other enzymes that are markers of hyperglycemia (Alanazi et al., 2023).  

Antioxidant Methanol and chloroform extracts of D. viscosa were found to have protective 

effects against CCL4 induced toxicity in mice. The levels of hepatic enzymes, 

haematological parameters, and liver antioxidant enzymes were restored in 

DVE-fed mice, relative to controls. Furthermore, these mice displayed improved 

histological characteristics of the liver, kidney, and spleen (Tong et al., 2021). 
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1.5.2  Anti-cancer properties of D. viscosa. 

Although there are several reports on the inhibitory effects of extracts of D. viscosa against 

cancer cells, these studies have, for the most part, only generated a limited amount of data. 

These include the use of MTT or similar viability assays to demonstrate that extracts of D. viscosa 

can negatively impact the proliferation of various cancer cell lines (derived from colon, lung, 

ovarian and breast cancers) (Al-Musawi and Al-Saadi, 2021; Cao et al., 2009; Herrera-Calderon et 

al., 2020; Jayaraman et al., 2021; Mossa and Al-Shawi, 2015; Ramkumar et al., 2021). A notable 

limitation in many of these studies is that the selectivity of the extract for cancerous cells was 

not assessed since a non-cancerous control cell line was not included in these studies. 

Nevertheless, what these reports demonstrate is that D. viscosa is potentially a source of 

phytochemicals that can be used as blueprints for the development of novel and improved anti-

cancer agents and should therefore be comprehensively investigated. Importantly, and to the 

best of our knowledge, there have been no studies to date investigating the cytotoxic effect of 

extracts of D. viscosa on the most prevalent and highly aggressive non-Hodgkin lymphoma, 

namely DLBCL.    

1.6 Preliminary data and Rationale of the proposed 

research. 

The cytotoxic effect of aqueous extracts of D. viscosa (DVE), derived from plants harvested from 

the wild in the Western Cape region of South Africa, was investigated on Burkitt lymphoma (BL) 

cell lines, in our research laboratory. Like DLBCL, BL is an aggressive non-Hodgkin B-cell 

lymphoma, but unlike DLBCL, BL is considered a rare cancer accounting for approximately 1% - 

5% of all NHLs (WebMD, 2021). However, in HIV-endemic regions, like Southern Africa, BL is 

highly over-represented, due to its association with HIV infection. As can be seen the Figure 1.1 

above, in that study, BL was 6 times more prevalent among HIV-infected individuals (Phillips and 

Opie, 2018). Our data demonstrated potent and selective toxicity against two BL cell lines, 

relative to a non-cancerous lymphoblastoid cell line; that DVE induces apoptosis, and that this is 

mediated via the PI3K pathway (Saferdien, 2023). Additionally, preclinical data using a xenograft 
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mouse model demonstrated that DVE had a superior safety profile compared to an established 

chemotherapeutic agent and that it led to retardation of tumour growth in DVE-fed mice, relative 

to control mice (Unpublished data). It is, therefore, hypothesized that DVE will exert similar 

cytotoxic effects against DLBCL cells.  

1.6.1 Aims of the study. 

The purpose of this research was to evaluate the cytotoxic activity of aqueous extracts of 

Dodonaea viscosa (DVE) on two diffuse large B cell lymphoma cell lines (one ABC- and one GCB- 

derived), relative to a non-cancerous lymphoblastoid cell line, using in vitro assays with the 

purpose to determine its potential as a source of bioactive compounds for the treatment of 

DLBCL.    

This was achieved through the following specific objectives: 

I. To assess the cytotoxic activity of D. viscosa aqueous extract in DLBCL cell lines relative 

to a non-cancerous cell line using viability assays. 

II. To evaluate the impact of D. viscosa aqueous extract on proliferation in DLBCL cell 

lines compared to a non-cancerous cell line. 

III. To evaluate the impact of D. viscosa aqueous extract on apoptosis in DLBCL cell lines 

compared to a non-cancerous cell line. 
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Chapter 2 

Materials and Methods  

2.1 Cell lines and culture conditions. 

Diffuse large B cell lymphoma cell lines SU-DHL-4 (GCB subtype) (Cellosaurus et al., 2023) and 

HBL-1 (ABC subtype) (Cellosaurus et al., 2023), as well as the non-cancerous lymphoblastoid cell 

line PB-B95-8H (Leopizzi et al., 2024) were used in this study. SU-DHL-4 and HBL-1 cells were 

kindly donated by Professor Sandeep Dave (Duke University, USA), and PB-B95-8H cells were 

kindly donated by Professor Pankaj Trivedi (La Sapienza University, Italy). The DLBCL cell lines 

(SU-DHL-4, HBL-1) were cultured in Roswell Park Memorial Institute (RPMI)-1640 medium (Sigma 

Aldrich, Missouri, USA) supplemented with 10% Fetal Bovine Serum (FBS) and 1% Penicillin-

Streptomycin solution (Sigma Aldrich, Missouri, USA) (refer to Appendix B) at a temperature of 

37℃ with 5% CO2. Similarly, the Epstein Barr Virus (EBV)-immortalized control lymphoblastoid 

cells (PB-LCL-B95.8H) were cultured in RPMI-1640 medium supplemented with 20% FBS and 1% 

Pen Strep at 37℃ with 5% CO2. All cell lines were regularly tested for mycoplasma contamination 

which involved culturing of cells in antibiotic-free media for two days followed by fixation, DNA 

staining using Hoechst (14533, Sigma-Aldrich, USA), and visualization using an inverted 

fluorescence microscope (ZEISS Axiovert, Germany). 

2.2 Cryopreservation for long-term storage of cell lines. 

For long-term storage, the cells were resuspended in freezing media that consisted of a 

cryopreservative agent, 10% dimethyl sulfoxide (DMSO), and 10-20% FBS in RPMI. The cells were 

aliquoted into cryovials, each containing 1ml, and transferred into a freezing container (Nalgene® 

Mr. Frosty, USA) for overnight freezing at -80℃ before submerging under transfer liquid nitrogen 

for long-term cryopreservation.  
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2.3 Preparation of aqueous Dodonaea viscosa extract. 

The Dodonaea viscosa plant material was harvested by collaborator Professor Nokwanda 

Makunga (Stellenbosch University) from its natural habitat (Stellenbosch area) in the Western 

Cape, South Africa. The plant material, consisting of bark and leaves, was air-dried at room 

temperature. Aqueous extracts of D. viscosa (DVE) were prepared by flash-freezing the dried 

material using liquid nitrogen and finely grinding it into a powder using a mortar and pestle. Five 

(5) grams of the plant powder was transferred to an Erlenmeyer flask, and 50 ml of distilled water 

was added. The mixture was then subjected to sonication for 30 minutes and filtered twice using 

Whatman No. 1 filter paper. The resulting extract was placed in a sonicator bath for 45 minutes. 

Aliquots of the extract were frozen at -80℃ and subsequently freeze-dried to obtain the DVE 

powder used in this study. The DVE powder was stored in a sealed, light-safe container containing 

silica beads, and was kept at room temperature. The lyophilized powder was dissolved in 1 × 

phosphate-buffered saline (1 × PBS) solution on the day of cell treatment, at a stock 

concentration of 5 mg/ml. 

2.4 Cell treatments. 

The prepared DVE extract was added directly to the cells that had been plated the day before, by 

adding appropriate amounts of the freshly prepared DVE stock solution to the cell culture 

medium to reach the desired final concentration (1 – 200 µg/ml), ensuring that the DVE was well 

dissolved and resuspended within the medium. As controls, equivalent cell cultures received 

equivalent amounts of the diluent, i.e., 1 × PBS.  

2.5 WST-1 cell viability assay. 

The WST-1 (2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium) assay 

(Roche Applied Science, Germany) was used to determine the half-maximal inhibitory 

concentration (IC50) of DVE for each cell line (SU-DHL-4, HBL-1, and PB-B95-8H). This assay is 

based on cellular mitochondrial dehydrogenases cleaving the tetrazolium salt WST-1 to 

formazan, leading to a colorimetric change (from a slightly red colour to dark red colour) that can 



14 
 

be measured using an absorbance reader (Brady et al., 2007). The principle of the assay is that 

the more viable the cells, the higher the activity of the mitochondrial enzymes, and in turn the 

greater the amount of dye formed. In a 96-well plate, 1.6 × 105 cells/ml were seeded (100 µl of 

cell suspension per well) and incubated overnight (approximately 16 hours) at 37°C with 5% CO2 

before treating with varying concentrations of DVE (0 – 200 µg/ml). After 24 hours of DVE 

treatment, 10μL of WST-1 reagent was added to each well, followed by 2 hours of incubation at 

37oC in the growth incubator (NuAire, USA). Thereafter, the colour change was measured using 

a spectrophotometer (Glo-Max®-Multi+ multi-plate reader, Promega, USA) at 450nm 

absorbance. Each treatment was performed in triplicate wells, and at least three independent 

experiments were performed. 

2.6 Determination of selectivity index (SI). 

The SI was calculated with the following equation:  

SI =  
𝐼𝐶50 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑐𝑒𝑙𝑙 𝑙𝑖𝑛𝑒

𝐼𝐶50 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑎𝑛𝑐𝑒𝑟 𝑐𝑒𝑙𝑙 𝑙𝑖𝑛𝑒
 

A higher SI value suggests that the biological agent is preferentially cytotoxic to cancer cells.  

2.7 CellTrace proliferation assay. 

The proliferation of DVE-treated DLBCL cells HLB-1 and SU-DHL-4 as well as the non-cancerous 

lymphoblastoid cell line PB-B95-8H were measured over time by staining live cells with a 

fluorescent dye and tracking proliferation using flow cytometry, and this was done using the Cell 

Trace™ CFSE proliferation kit (ThermoFisher Scientific, USA).   The principle of the assay is that a 

fluorescent dye is incorporated in cells at the start of the experiment, and when these cells divide, 

the daughter cells will contain half the amount of dye of the parent cell (Tario et al., 2012). The 

staining procedure was performed according to the manufacturer’s instructions. Briefly, 1.6 × 105 

cells per cell line was washed twice using 1 x PBS and then stained with 0.5 µM CellTraceTM CFSE 

dye for 20 minutes at Room Temperature (RT) with gentle continuous mixing.  

Thereafter, 5 × the original volume of complete culture media was added to the cells, after which 

the cells were incubated at RT for 5 minutes to quench any free dye remaining in the solution. 
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The samples were then centrifuged for 4 minutes at 1500 rpm before being resuspended in 2 ml 

of complete culture media, transferred into the culture dish (35 mm), and then treated with 40 

µg/ml DVE, or received equivalent amounts of diluent (controls). Dishes were incubated at 37oC 

in a humidified 5% CO2 incubator for 48 hours, in the dark. Unstained control was included, to 

assess background staining, as well as cells stained at the starting point of the experiment to set 

the baseline fluorescence. At the end of treatment, cells were fixed and processed using the 

Becton Dickson FACSymphony™ A5 flow cytometry instrument (Becton Dickson, USA), and the 

data was analysed using FlowJo v10.9. For fixation, cells were pelleted and resuspended in 1ml 1 

× PBS followed by a dropwise addition of 3 ml 70% methanol while gently vortexing to avoid 

clumping. Thereafter, cells were transferred to 5 ml Falcon round bottom tubes, incubated on ice 

for 30 minutes, pelleted and washed twice in 1 × PBS, and the pellets resuspended in 200 μl 1 × 

PBS. At least two independent experiments were performed. 

2.8 Colony forming assay using MethoCult-based semi-

solid media.  

The colony-forming assay was used to assess cell proliferation from a single progenitor cell, and 

the MATHCOUNTS™ (STEMCELL Technologies, Canada) based semi-solid medium was used as it 

contains cytokines and growth factors that support the growth of haematopoeitic-derived cells.  

The cells were seeded in 35 mm culture dishes at a density of 1.6 × 105 cells/well in 1500 µL of 

MethoCult medium containing varying concentrations of DVE (30 µg/ml and 60 µg/ml) or without 

DVE (control). The cells were then incubated for seven days at 37°C with 5% CO2 and images were 

captured on days 1, 3, 5, and 7, using the phase contrast filter, on the Axiovert Inverted 

Fluorescence Microscopy (Carl Zeiss, Germany). The images were quantified using ImageJ. At 

least two independent experiments were performed. 

2.9 Cell cycle profiling.  

The effect of DVE on the phases of the cell cycle of the cell lines (HBL-1, SU-DHL-4, PB-B95-8H) 

was evaluated by flow cytometry. Cells were plated (1.6 × 105 cells/mL) in duplicate 35 mm 

dishes, in their appropriate complete media, and treated (30 and 60 µg/ml   DVE, or equivalent 

amounts of 1 × PBS as control), followed by incubation for 24 hours. To prepare the cells for cell 



16 
 

cycle profiling, the FxCycleTM PI/RNase Staining Solution was used (Invitrogen, USA), according to 

the manufacturer’s instructions. Briefly, duplicate cell samples were pooled into 15 mL centrifuge 

tubes (FalconTM), and the cells were pelleted, resuspended in 1 × PBS, counted, and 1.0 × 106 cells 

were fixed in 70% methanol, and the tubes were incubated on ice for 30 minutes.  Following this, 

the cells were pelleted again, washed with 1 mL of 1 × PBS, and thereafter resuspended in 500 

µL of PI/RNase Staining Solution and incubated for 30 minutes. The samples were analysed using 

the Becton Dickson FACSCaliburTM Flow Cytometry equipment (Becton Dickinson, USA). Analyses 

were done with the Becton Dickson Cell Quest ProTM software (Becton Dickson, USA). At least 

two independent experiments were performed. 

2.10 Assessment of cell morphology using light microscopy. 

The cells were seeded in duplicate wells in a 6-well plate at a concentration of 1.6 × 105 cells/well 

in 2000 µL culture complete medium and incubated at 37°C with 5% CO2. The next day, cells were 

treated (30 and 60 µg/ml DVE, or equivalent amounts of 1 × PBS as control), followed by 

incubation for 24 hours. The phenotypic morphological features of the cells were observed under 

light microscopy using the phase contrast filter (Axiovert Inverted Fluorescence Microscopy, Carl 

Zeiss, Germany). To capture the images, cells were transferred onto glass microscope slides and 

covered with a glass cover slip, and snapshots were taken using the Zeiss AxioCam HRm camera 

and AxioVision software. At least three independent experiments were performed. 

2.11 Annexin V incorporation assay. 

The PE Annexin V apoptosis detection kit I (BD Biosciences, USA) was used to evaluate apoptosis 

and non-viable/necrotic cells. The components of the kit include the Annexin V protein 

conjugated to the fluorochrome Phycoerythrin (PE), which binds to phosphatidylserine residues 

on the surface of apoptotic cells, and 7-Amino-Actinomycin (7-AAD), which intercalates into DNA 

in the G-C rich regions. Single staining with Annexin V indicates early apoptotic cells, double 

staining with Annexin V and 7-AAD indicates late apoptotic cells and single staining with 7-AAD 

indicates non-viable/necrotic cells. The cells (HBL-1, SU-DHL-4, PB-B85-8H) were seeded in 

duplicate 35 mm wells (1.6 × 105 cells/well) in 2000 µL complete medium. Following incubation, 
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cells were treated with two different concentrations of DVE (30 or 60 µg/ml) and incubated for 

24 hours. The cells were processed for Annexin V assay according to the manufacturer’s 

instructions. Briefly, at the end of the experiment, duplicate wells were pooled within a 15 mL 

centrifuge tube (FalconTM), and cells were pelleted, and washed twice with cold 1 x PBS, before 

resuspension in 1 × binding buffer at a density of 1 × 106 cells per sample. These cells were stained 

as appropriate (unstained, PE Annexin only, 7-AAD only, and PE Annexin and 7-AAD) and 

processed using the Becton Dickson FACSCalibureTM Flow Cytometer (Becton Dickinson, USA). 

Compensation and analysis were done with the Becton Dickson Cell Quest ProTM software 

(Becton Dickson, USA). 

2.12 Caspase-Glo ® 3/7 assay. 

The homogenous Caspase-Glo® 3/7 Assay measures the activity of caspase-3 and -7 by using 

luminescence (Shi, 2004). The assay contains a substrate for caspase-3/7, which contains the 

DEVD tetrapeptide, which is cleaved to release a light-producing substrate (aminoluciferin). The 

reagents also allow for cell lysis and are optimized for caspase activity. When Caspase-Glo® 3/7 

Reagent is introduced in an “add-mix-measure” arrangement, it causes cell lysis, which leads to 

caspase-mediated cleavage of the substrate and the creation of a “glow-type” luminous signal 

consumed by luciferase. The quantity of luminous signal is proportional to the quantity of caspase 

3/7 (Shi, 2004). The cells (HBL-1, SU-DHL-4, PB-B85-8H) were seeded into a 96-well plate at a 

density of 1.6 × 105 cells/well in 100 µL complete medium and treated the next day with 60 µg/ml   

DVE (control cells received equivalent amounts of 1 × PBS, blank wells were also included as 

controls for this assay) and incubated for 24 hours. Thereafter, 100 µL of Caspase-Glo ® 3/7 

reagent was added to each well, gently mixed, and incubated at RT for 3 hours after which the 

luminescence was measured using the Glomax ® Multi Detection System (Promega, USA).  

2.13 Protein extraction and quantification. 

To obtain total protein for western blotting, cells (HBL-1, SU-DHL-4, PB-B85-8H) were seeded in 

duplicate wells in a 6-well plate at a density of 1.6 × 105 cells/well in 2000 µL of complete medium. 

Cells were treated the next day with DVE (30 and 60 µg/ml or untreated) and incubated for 24 
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hours. The cell respective duplicate samples were pooled into 15 mL centrifuge tubes (FalconTM), 

the cells pelleted, washed twice in 1 × PBS, and then resuspended in Radio-Immunoprecipitation 

Assay (RIPA) buffer including 1× cOmplete™, Mini, EDTA-free Protease Inhibitor Cocktail (Roche, 

Germany) (Appendix B). The extract was incubated overnight at -80°C to maximize cell lysis, and 

thereafter, centrifuged at 12000 rpm at 4°C for 20 minutes, and the supernatant was transferred 

into a fresh tube, to remove the cell debris pellet. The protein samples were stored in aliquots at 

-80°C until use.  

The Pierce™ bicinchonic acid (BCA) assay kit (ThermoFisher Scientific, USA) was used to quantify 

total protein in samples. The BCA assay method relies on the interaction between the 

bicinchoninic acid, and the cuprous ion produced during the biuret reaction, which occurs in an 

alkaline environment. Certain amino acids, such as cysteine, tryptophan, and tyrosine, as well as 

peptide bonds, can convert cupric ions (Cu2+) to cuprous ions (Cu+) (Huang et al., 2010). The 

resulting bicinchoninic acid cuprous complex exhibits a vibrant blue colour that can be measured 

at a wavelength of 562 nm. The detection range for this assay is 0.2–50 μg/ml. The protein 

samples were diluted with RIPA buffer (range of 1 in 5 to 1 in 10), and 10 µL of diluted sample 

were transferred to a 96-well plate, in duplicate, as well as a range of concentration of the Bovine 

serum albumin (BSA) standards, followed by addition of 200 µL of working reagent (WR) per well. 

The plate was wrapped with plastic wrap and incubated for 30 minutes at 37°C. The BSA 

standards had a concentration range of 2000 µg/ml, 1000 µg/ml, 500 µg/ml, 125 µg/ml, and 0 

µg/ml. The absorbance was measured at 560nm with the Glo-Max®-Multi+ multi-plate reader 

(Promega, USA). Protein sample concentrations were calculated from the BSA standard curve 

plotted on Microsoft Excel software (Microsoft Office Professional Plus 2019, version 1808). 

2.14 SDS-PAGE and western blotting. 

Protein samples extracted using RIPA cell lysis buffer were then separated using SDS-PAGE 

(sodium dodecyl sulfate-polyacrylamide gel electrophoresis) by molecular weight, on resolving 

gel (8% or 15%, Appendix B) and a 5% stacking gel (Appendix B), using the Mini-PROTEAN 3 

casting apparatus (Bio-Rad, California, USA). All protein samples were prepared as per Table 2.1 

below and denatured at 95°C for 5 minutes. The BenchMarkTM Pre-stained 1 Kb Protein Ladder 
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(ThermoFisherTM Scientific, USA) was loaded into at least one well and 5 µl of 5 × SDS loading dye 

(Appendix B) was loaded into empty wells. The gel was electrophoresed at 100 volts for 2-2.5 

hours in 1 × running buffer (Appendix B). 

Table 2.1. Components of protein samples loaded onto SDS-PAGE gels. 

Substance Volume (µl) 

Protein sample (µg) * 

100 mM Dithiothreitol (DTT) 1 

5 X SDS loading dye 6 

RIPA buffer Up to 20 µl 

* Indicates variable volume. 

Following electrophoresis, the gel (resolving portion only) was assembled, under 1 x transfer 

buffer (Appendix B) as shown in Figure 2.1 below and placed within a gel holder cassette to 

transfer the separated proteins onto a nitrocellulose membrane (Bio-Rad, California, USA). The 

cassette was inserted into the Mini-PROTEAN 3 casting apparatus (Bio-Rad, California, US), 

covered with cold 1 x Transfer buffer (Appendix B), and connected to a power pack for transfer 

to proceed at 100 V for 75 minutes. 

 

Figure 2.1. Diagram illustrating the “Western Blot Sandwich” cassette orientation for protein transfer 
(ThermoFischerTM, USA).   
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2.14.1 Antibody incubation and protein detection. 

Nitrocellulose membrane containing transferred protein was washed in washing buffer 

(Appendix B). Before blocking, membranes were stained using Ponceau S solution (Appendix B) 

to verify successful transfer.  The membrane was blocked for 2 hours at RT in a Blocking buffer 

(Appendix B) with gentle agitation. This was followed by incubation in primary antibody diluted 

in blocking buffer at 4°C, with gentle agitation, overnight. The primary antibodies used were 

PARP-1 (F-2): sc-8007 (primary antibody dilution 1: 2000), caspase-3 (31A1067): sc-56053 

(primary antibody dilution 1: 1000), and β-Actin (C4): sc-47778 (secondary antibody dilution 1: 

10000) (Santa Cruz Biotechnology, USA). 

After the overnight incubation, the membrane was washed with TBST buffer (Appendix B) (2 

times for 5 minutes followed by 2 times for 10 minutes) with gentle agitation at RT. This was 

followed by incubation in the appropriate horseradish peroxide (HRP)-conjugated secondary 

antibody, namely horse anti-mouse IgG (Cell Signaling Technology, USA) which was diluted in 

blocking buffer (1: 5000), for 1 hour at room temperature with gentle agitation. The membrane 

was then washed as before and visualized through enhanced chemiluminescence using the 

ClarityTM Western ECL substrate as per the manufacturer’s instructions (Bio-Rad, California, USA). 

Membranes were exposed to X-ray film and the resulting chemiluminescent signal was captured 

by developing and fixing the film. The intensity of the bands was quantified using the ImageJ 

software (version 1.8.0) (National Institute of Health, Maryland, USA). 

2.14.2 Membrane stripping. 

The antibodies were stripped from the nitrocellulose membranes for re-probing by immersing 

them in a pre-heated stripping buffer (Appendix B) at a temperature of 50°C for 30 minutes, with 

brief agitation every 10 minutes. Following this, the membrane underwent three washes lasting 

10 minutes each with PBST buffer (Appendix B). The membrane could then be reused starting 
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from the blocking stage, as previously described. This procedure was implemented when the 

membranes were subjected to probing to detect a protein acting as an internal loading.   

2.15   Statistical analyses. 

Statistical evaluations were conducted by employing student t-tests and one-way analysis of 

variance (ANOVA) tests, with significance being acknowledged at a threshold of p<0.05*. The 

GraphPad Prism software v9 (USA) was used to carry out all statistical analyses. In instances 

where statistical analyses were not performed, a representative of the outcome was provided. 

This approach was adopted due to the reproducibility of the general trend observed in the data 

for each experiment, while the fold changes exhibited variability between experiments for 

various reasons such as the performance of the kit and/or antibody and so on. 

Ethics. 

No ethical considerations for the use of animal or human samples were necessary for this 

investigation. The use of established cell lines in the study was approved by the UCT Faculty of 

Health Sciences Human Research Ethics Council (Reference: 813/2023).   
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Chapter 3 

Results 

3.1  Aqueous extract of Dodonaea viscosa exhibits selective 

cytotoxicity against diffuse large B cell lymphoma cells, 

relative to non-cancerous lymphoblastoid cells. 
 

The initial step of this investigation was to establish whether aqueous extracts of Dodonaea 

viscosa (DVE) exhibited cytotoxic effects on DLBCL cells, and how these effects compared to their 

impact on non‐malignant lymphoblastoid cells. The use of the aqueous extract was preferred over 

the methanolic extract to imitate the method employed by South African traditional healers when 

preparing the D. viscosa extract for treating various ailments. The cells were then treated with 

various doses of DVE (ranging from 0 to 200 µg/ml) for 24 hours (section 2.4), after which their 

viability was assessed using the WST‐1 assay. This assay relies on the cleavage of a tetrazolium 

salt, which is accomplished by cellular components primarily located at the cell’s surface and is 

heavily dependent on NAD(P)H production by viable cells (Lutter et al., 2017). Consequently, the 

quantity of formazan dye produced, which can be measured using spectrophotometry, directly 

corresponds to the number of metabolically active cells. 

In this experiment, we evaluated the impact of DVE on two types of DLBCL cell lines, specifically 

SU‐DHL‐4 (GCB subtype) (Cellosaurus et al., 2023) and HBL‐1 (ABC subtype) (Cellosaurus et al., 

2023). The study also included PB‐B95‐8H, a lymphoblastoid cell line (LCL) that was derived from 

human peripheral blood lymphocytes and immortalized using the B95‐8 strain of EBV so that it 

could be maintained in culture for extended periods (Leopizzi et al., 2024). The objective of the 

viability assay was to determine the IC50 value, which represents the concentration of extract 

needed to inhibit half of the cell viability. This value can then be used to calculate the selectivity 

index (SI) of DVE, which indicates its cytotoxic selectivity towards cancer cells compared to non‐

cancerous cells (section 2.6). Generally, compounds with selectivity indices greater than 1 
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demonstrate higher toxicity toward tumour cells in comparison to normal cells (Krzywik et al., 

2020). 

Shown in Figure 3.1 below is a representation of multiple repetitions of the assay, revealing a 

decline in cell viability as the concentration of DVE increases. Notably, the DLBCL cell lines 

displayed a significantly higher sensitivity to DVE compared to the LCL. The IC50 values for SU‐

DHL‐4 and HBL‐1 were approximately 40 µg/ml and 30 µg/ml, respectively, whereas PB‐B95‐8H 

had an IC50 of around 90 µg/ml (Figures 3.1 a & b). Using these values, the selectivity indices (IC50 

of non‐cancerous cell line divided by IC50 of cancer cell line) were determined to be 2.25 for SU‐

DHL‐4 vs. PB‐B95‐8H and 3 for HBL‐1 vs. PB‐B95‐8H. These selectivity indices indicate that DVE 

exhibits a preference for eliminating DLBCL cells in comparison to non‐cancerous cells. 

 

Figure 3.1. Determination of IC50 and SI values for the aqueous extract of D. viscosa (DVE) using the 
WST-1 viability assay. The cell viability of diffuse large B cell lymphoma cell lines (SU-DHL-4 and HBL-1) as 
well as the non-cancerous cell line PB-B95-8H was assessed after treatment with varying concentrations 
of DVE (0-200 µg/ml) for 24 hours, using the WST-1 assay. The data represents the mean ± standard 
deviation (SD) (N=3) for each concentration. Statistical analysis was performed using a 2-way ANOVA and 
Sídák’s multiple comparisons test on GraphPad Prism 9 software. P values are indicated as *p<0.05, 
**p<0.01. The experiments were performed at least in triplicates. 
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3.2 The proliferation and viability of DLBCL cells are 

inhibited by DVE as demonstrated by proliferation-

tracking.   

 

A proliferation‐tracking assay was used to examine the rate of cell division over time in DLBCL 

cells and non-cancerous LCLs in the presence of DVE. This assay, known as CFSE CellTrace (section 

2.7), makes use of a cell-permeable dye called carboxyfluorescein diacetate succinimidyl ester 

(CFSE). CFSE is added to the cell growth medium at the beginning of the experiment and reacts 

with the amine groups of proteins within the cells, resulting in a stable and long-lasting form 

(Tario et al., 2018). When a CFSE-labeled cell undergoes cell division, the fluorescence intensity 

is halved in the daughter cells. This change in intensity can be tracked using flow cytometry 

(Figure A1 in Appendix A shows representative Flow cytometry data) and is directly related to the 

rate of cell proliferation. A representative result of duplicate experiments is displayed in Figure 

3.2 below. On the day of cell plating and staining, 97% (average of 96%, 97%, and 98%) of the 

parental cells (P1 generation for PB-B95-8H, SU-DHL-4, and HBL-1) successfully incorporated the 

dye, as determined by flow cytometry (Figure 3.2 a; T=0 hr, P1 – black bar). Immediately after 

staining, the cells were divided into two groups: treated with DVE (40 μg/ml) or untreated with 

PBS. They were then incubated for 48 hours before being assessed using flow cytometry (section 

2.7). For the LCL cells, after 48 hours, approximately 65% of the untreated cells progressed to P2, 

while 57% of the cells treated with DVE also progressed to P2. This represents a reduction of 

0.87-fold between the treated and untreated cells (Figure 3.2 a; T=48 hr, LHS panel, UT and DVE). 

Notably, there was no significant disparity in the number of cellular debris (CD) observed in both 

the treated and untreated cells, for all cell lines. With regards to the SU-DHL-4 cells, after 48 

hours, approximately 70% of untreated cells had progressed to P2, while 30% of DVE-treated 

cells progressed to P2, which represents a reduction of 2.3-fold between treated and untreated. 

(Figure 3.2 a; T=48 hr, middle panel, UT and DVE, and Figure 3.2b). Notably, within the DVE-

treated SU-DHL-4 population, 49% of cell particles, corresponding to cellular debris/death (blue 

bar), were detected.  For the second DLBCL cell line HBL-1, approximately 67% of untreated cells 
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progressed to P2 after 48 hours of treatment, while 52% of treated cells progressed to P2, which 

represents a reduction of 0.77-fold between treated and untreated. (Figure 3.2 a; T=48 hr, RHS 

panel, UT and DVE and Figure 3.2b). Among the DVE-treated HBL-1 population, 19 % of cell 

particles, corresponding to cellular debris/ death (blue bar), were detected. 

 

 P2 (UT) % P2 (T) % Fold 
decrease 

CD (UT) % CD (T) % 

PB-B95-8H 65 57 0.87 3.80 1 
SU-DHL-4 70 30 2.3 0.82 49 
HBL-1 67 52 0.77 2 19 
      

Figure 3.2. DVE slows down the proliferation of DLBCL cells in comparison to LCLs and induces cell death. 
DLBCL cell lines SU-DHL-4 and HBL-1 as well as a non-cancerous cell line PB-B95-8H were stained with 0.5 
μM CFSE Cell Trace dye, seeded and treated with either 1x PBS (vehicle control-untreated (UT)) or DVE 
(40 μg/ml). After 48 hours of treatment with DVE or vehicle, cells were fixed in 70% methanol and samples 
were examined using flow cytometry. A T = 0 sample was included to track P1 (parental cell) generation 
and P2 (daughter cell generation). Analysis was performed using the FlowJo v10.9 software. The 
experiment was carried out in duplicate.  
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3.3 DVE inhibits the proliferation of DLBCL cells in a semi-

solid medium. 
 

To further investigate the anti-proliferative effects of DVE, cell growth was assessed in a semi‐

solid matrix. Traditional liquid cell culture media is designed to ensure the continuous 

proliferation of cancer cells and does not replicate the microenvironment of tumours. In cancer 

research, a semi-solid matrix is commonly used to mimic the 3D microenvironment found in vivo. 

This allows for the assessment of the ability of cancer cells to form colonies from single cells and 

propagate. While the agar-based medium is widely used in these assays, it was not suitable for 

the growth of lymphocyte cell lines. Therefore, the methylcellulose-based semi-solid medium, 

MethoCult, is used. MethoCult contains specific supplements and growth factors that support 

the growth of hematopoietic-derived cells (Abuwatfa et al., 2024). In this experiment, cells were 

seeded in MethoCult with or without the addition of DVE (30 µg/ml and 60 µg/ml), and 

proliferation was monitored over seven days (section 2.8).  

Data was captured on Days 1, 3, 5, and 7. Representative images, captured on Day 1 and Day 7 

are shown in Figure 3a below. In culture dishes that did not contain DVE, there is visual evidence 

of colony formation for all 3 cell lines, on Day 7. In contrast, in the presence of DVE, colony 

formation appeared to have been significantly inhibited. Using multiple images, the data was 

quantified using appropriate software (ImageJ, Version 1.8.0), and is shown in Figure 3b.   Overall, 

the impact of DVE on colony formation was significantly more pronounced than in both DLBCL 

cell lines compared to the non-cancerous lymphoblastoid cell line (PB-B95-8H), from Day 3, 

through to Day 7, at both concentrations of DVE used. Interestingly, at both DVE concentrations, 

the percentage of HBL-1 colonies was slightly higher on Day 7, compared to Day 5, indicating an 

increase in proliferation from Day 5 to Day 7 in this ABC-DLBCL cell line, despite the presence of 

DVE. The same effect was not observed for SU-DHL-4, the GCB-DLBCL cell line. Overall, the results 

indicate that DVE preferentially retards the proliferation of SU-DHL-4 and HBL-1 cells compared 

to PB-B95-8H (Figure 3.3). 
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Figure 3.3. DVE inhibits the proliferation of DLBCL cells in a semi-solid medium. (a) Phase contrast 
images, at Day1 and Day 7, of DLBCL cells HBL‐1 and SU‐DHL‐4, as well as the non‐cancerous 
lymphoblastoid cells PB‐B95‐8H, cultured in MethoCult semi‐solid medium, with (30 ug/ml and 60 ug/ml) 
or without (Untreated ‐UT) DVE. (b) Evaluation of colony formation using ImageJ (Version 1.8.0). The 
software calculates the proportion of space (% area) occupied by the colonies in the captured images.  
Statistical analysis was performed using a 2‐way ANOVA and Sídák's multiple comparisons test on 
GraphPad Prism 9 software. The data represents the mean ± standard deviation (SD) (N =3). P values are 
indicated as *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. The experiments were conducted at least in 
triplicate. 
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3.4 DVE does not modify the cell cycle profile of DLBCL 

cells and induces cell death. 
 

The impact of DVE on the various phases of the cell cycle was investigated. The phases of the cell 

cycle include G0/G1, S, G2, and M. The process of mitosis contains several cell cycle checkpoints 

that play vital roles in maintaining the genome integrity of the cell and ensuring that a cell is only 

allowed to divide when the conditions are appropriate. In this way, cells harbouring genetic 

errors, and/or other abnormalities are prevented from propagating (Sherr and Bartek, 2017). 

When a checkpoint is triggered, for instance, due to DNA damage by a chemotherapeutic drug, 

the cell cycle is halted, and cells may accumulate within that phase, or undergo apoptosis, 

depending on the severity of the damage (Panagopoulos and Altmeyer, 2021).  Certain anti-

cancer drugs specifically target cell cycle mechanisms to induce cell death using various 

strategies. These strategies include inhibiting the activity of cell cycle regulators and proliferation 

factors, such as cyclins, cyclin-dependent kinases (CDKs), and cyclin-dependent kinase inhibitors 

(CDKIs) (Sherr and Bartek, 2017). Another mechanism via which cancer drugs may work is by 

activating TP53, a major trigger of the apoptotic cell death pathway. Overall, these approaches 

aim to disrupt the cell cycle and facilitate cell death as a therapeutic strategy against cancer. 

In this experiment, following treatment (DVE and control), cells were fixed, and the DNA was 

stained using propidium iodide, followed by analysis by flow cytometry (section 2.9) (Figure A2 

in Appendix A shows representative Flow cytometry data). A representation of the findings from 

three repeats of the experiment is presented in Figure 3.4 below. For all three cell lines, the 

untreated cells exhibited a typical cell cycle profile with most cells in the G1 phase of the cell 

cycle, the second largest cell population being in the G2/M phase, and a small population 

undergoing DNA replication (S phase) (Figure 3.4a, LHS panels). The sub-G1 population, which is 

indicative of dead or damaged cells, is consistent throughout all treatments for PB-B95-8H cells 

(Figure 3.4b, upper panel). In contrast, there is a significant increase in the sub-G1 population in 

SU-DHL-4 DVE-treated cells by ~10% (~2-fold) in cells treated with 60 µg/ml of DVE (Figure 3.4b, 

middle panel). For HBL-1 cells, there was a significant increase in the sub-G1 population, by ~6% 

(~3-fold), at both 30 µg/ml and 60 µg/ml of DVE treatment (Figure 3.4b, lower panel). Overall, 
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these findings suggest that DVE does not alter the cell cycle profile of DLBCL cells but does induce 

cell death. 

 

Figure 3.4. DVE does not modify the cell cycle profile of DLBCL cells and induces cell death. (a) DLBCL 
cell lines SU-DHL-4 and HBL-1, as well as a non-cancerous cell line PB-B95-8H, were treated with DVE (30 
and 60 µg/ml) or treated with 1 x PBS (vehicle control- Untreated (UT)) for 24 hours. Post-treatment, the 
cells were fixed using 70% methanol and stained with FxCycleTM PI/RNase. Subsequently, the samples 
were analysed using BD Flow Cytometry (FACSCaliburTM, Becton Dickinson, USA). (b) Comparison of sub-
G1 populations, for each cell line, under each treatment condition. Statistical analysis was performed using 
a one‐way ANOVA test on GraphPad Prism 10 software. The data represents the mean ± standard deviation 
(SD) (N =3). P values are indicated as *p<0.05, **p<0.01; ns – not significant. The experiments were 
conducted in at least in triplicates. 
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3.5 DLBCL cells exposed to DVE display typical apoptotic 

morphological features. 
 

Having established that DVE induces cell death in the DLBCL cells, the mode of cell death was 

investigated. Apoptosis, which is a programmed mode of cell death, is a form of “cellular suicide” 

used by cells to eliminate damaged or abnormal cells. This mechanism is typically inhibited in 

cancer cells through diverse mechanisms, but most commonly through the overexpression of 

anti‐apoptotic proteins, and the upregulation of pro‐apoptotic proteins (Hanahan and Weinberg, 

2011).  

As a cell undergoes apoptosis, it is characterized by a series of typical morphological features such 

as cell shrinkage, membrane blebbing, chromatin condensation, nuclear fragmentation, and 

others (Banfalvi, 2017; Tixeira et al., 2017). These typical features were assessed in cells treated 

with DVE for 24 hours and compared to untreated cells (section 2.10). The data was captured 

using phase‐contrast microscopy and representative images are shown in Figure 3.5 below.  In 

the non-cancerous LCLs (PB-B95-8H), it appeared that exposure to DVE led to some cell swelling, 

but most cells displayed the same morphology as seen for cells that received no DVE (Figure 3.5 

a). In contrast, both DLBCL cell lines exposed to DVE displayed typical features of apoptosis in 

most cells (Figure 3.5 b and c). Some of the typical features observed were shrinkage (S), clumping 

(C), membrane blebbing (MB), nuclear fragmentation (NF), and the appearance of apoptotic 

bodies (AB). The corresponding controls (cells not exposed to DVE) maintained their regular 

round shapes.     
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Figure 3.5. Morphological analysis of cells treated with DVE. Cells (PB-B95-8H, SUDHL-4, and HBL-1) were 
treated with either 1 x PBS (untreated (UT)) or 60 µg/ml of DVE (treated (T)) for 24 hours. The analysis of 
cell morphology was performed using phase-contrast microscopy at a magnification of x100. The observed 
changes included cell swelling (CS), shrinkage (S), clumping (C), membrane blebbing (MB), nuclear 
fragmentation (NF), and apoptotic bodies (AB). The experiment was performed in triplicate. 
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3.6 Annexin V assay shows widespread cell death of DVE-

treated DLBCL cells, relative to LCLs. 

 

To validate the apoptotic effects of DVE on DLBCL cells, the Annexin V assay was utilized. The use 

of a cytofluorimetric technique allows for precise quantification of apoptosis by identifying 

cellular shrinkage, loss of membrane permeability, translocation of phosphatidylserine, and 

fragmentation of DNA. Additionally, the Annexin V/7-amino-actinomycin D staining method 

allows for differentiation between early apoptosis, late apoptosis, and non-viable/necrosis 

(Zimmermann and Meyer, 2011). Early apoptotic cells are identified by the presence of 

phosphatidylserines on the outer leaflet of the plasma membrane, which is visualized through 

labeled annexin V staining. Late apoptotic cells and necrotic cells, on the other hand, exhibit loss 

of cell membrane integrity, becoming permeable to vital dyes such as 7-AAD (DNA intercalator) 

(Zimmermann and Meyer, 2011).  In this investigation, cells positive for 7-AAD were exclusively 

found in the upper left quadrants (UL) (non-viable/necrotic cells). Cells that were negative for 

both stains were found in the lower left quadrants (LL) and are viable cells. Cells positive for just 

Annexin V were in the lower right quadrants (LR) and were in the early stages of apoptosis. 

Finally, cells positive for both Annexin-V and 7-ADD were seen in the top right quadrants (UR) 

and were late apoptotic cells. 

Cells were exposed to DVE for 24 hours, while controls did not receive DVE (section 2.11), after 

which they were processed and analysed using a flow cytometer. A typical Annexin V/PI plot is 

shown in Figure A3 (Appendix A).  As shown in Figure 3.6 below, which is representative of at 

least three repeats of the experiment, there was a negligible and not significant change in the 

distribution of cells in the various quadrants for the non-cancerous PB-B95-8H cells from 

untreated to treated (Figure 3.6 a and b). In both treated and untreated PB-B95-8H cells, around 

3% were in early apoptosis and 6% were in late apoptosis, while, in the DVE-treated PB-B95-8H, 

5% of the cell population was non-viable/necrotic, compared to 1% of the cell population in the 

untreated cells.  
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In the GCB-DLBCL cell line SU-DHL-4, there were significant changes for all groups, i.e., viable (LL), 

early apoptotic (LR), late apoptotic (UR), and non-viable/necrotic cells (UL), upon exposure to 

DVE. Significant increases by ~2.5-fold, ~33-fold, and ~4-fold for early apoptotic, late apoptotic, 

and non-viable/necrotic cells respectively (Figure 3.6 c and d).  In the ABC-DLBCL cell line HBL-1, 

the was a significant change observed in the LL quadrant, indicating that the cells were 

susceptible to DVE, however, in contrast to SU-DHL-4, most affected cells were located in the LR 

quadrant (~50-fold), which is indicative of cells in the early apoptotic phase (Figure 3.6 e and F).  
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Figure 3.6.  DVE induces apoptosis in DLBCL cells. Cells (PB-B95-8H, SUDHL-4, and HBL-1) were treated 
with either 1 x PBS (untreated (UT)) or 60 µg/ml of DVE (treated (T)) for 24 hours. Following treatment; 
the cells were stained with 7-Aminoactinomycin D (7-AAD) and Annexin V and fixed with 70% methanol. 
The samples were analysed using BD Flow Cytometry (FACSCaliburTM, Becton Dickinson, USA) within 1 
hour of staining (A, C, E) and the data was plotted using GraphPad Prism 10 (B, D, F). The quadrant 
abbreviations are LL – lower left, LR – lower right, UR – upper right, and UL – upper left. The experiments 
were conducted in at least triplicates. Statistical analysis was performed using a Two‐way ANOVA test on 
GraphPad Prism 10 software. The data represents the mean ± standard deviation (SD) (N =3). P values are 
indicated as *p<0.05, **p<0.01, ***p<0.001; ns – not significant. 

3.7 DVE potently induces the activity of early-stage 

executioner caspase-3/7.  

 

Caspases are a class of proteases that contain cysteine aspartyl and are known to have a critical 

role in apoptosis. During apoptosis, they undergo activation and subsequently cleave a multitude 

of cellular proteins, which eventually results in the orderly disassembly of the dying cells (Shim et 

al., 2017). Initiator caspases (2, 8, 9) have long N‐terminal prodomains (100‐200 amino acids) and 

are activated through extrinsic and intrinsic apoptosis, while executioner caspases have short N‐

terminal prodomains (20 amino acids) and are cleaved by initiator caspases to become active and 

target specific substrates, resulting in cell death (Cade and Clark, 2015). Executioner caspase‐3 

and caspase‐7 are recognized as the primary executioner caspases that participate in the initial 

stages of apoptosis in viable cells and are accountable for cleaving different cellular substrates, 

leading to the disintegration of the cell and its ultimate death (Shim et al., 2017).  
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The Caspase‐Glo® 3/7 Assay was used to evaluate the impact of DVE on the initiation of early‐

stage apoptosis in both DLBCL cells and non‐cancerous cells. This assay uses luminescence to 

measure the activity of caspase‐3 and ‐7 (Shi, 2004). The Caspase‐Glo® 3/7 assay kit includes a 

caspase‐3/7 DEVD‐aminoluciferin substrate and a thermostable luciferase in a reagent optimized 

for caspase‐3/7 activity, luciferase activity, and cell lysis. By adding the Caspase‐Glo 3/7 Reagent 

in an add‐mix‐measure format, cell lysis occurs, followed by caspase cleavage of the substrate. 

This releases free aminoluciferin, which is then consumed by the luciferase, resulting in a 

luminescent signal. The intensity of the signal corresponds to caspase 3/7 activity (Fink and 

Cookson,2005).  

DLBCL cells (SU-DHL-4 and HBL-1) as well as non-cancerous lymphoblastoid cells (PB-B95-8H) 

were exposed to DVE for 24 hours while control cells were treated with corresponding amounts 

of 1 x PBS (section 2.12). As is shown in Figure 3.7 below, there was an unexpected but significant 

increase in caspase 3/7 activity, of ~2.5-fold, in the PB-B95-8H cells. Similarly, an increase was 

observed for the HBL-1 cells, albeit to a smaller extent (1.5-fold), and not statistically significant. 

In the SU-DHL-4 cells, there appears to be a decrease in caspase 3/7 activity (~3.2-fold), but once 

again, not statistically significant.   

 

Figure 3.7. DVE potently induces the activity of early-stage executioner caspase-3/7. Cells were treated 
with 60 µg/ml DVE (treated (T)) or with the vehicle control 1x PBS (untreated (UT)) for 24 hours and 
caspase 3/7 activity was measured using Caspase-Glo® 3/7 luminescent assay. Caspase activity was 
significantly enhanced in the PB-B95-8H cells (~2.5-fold; LHS panel). An increase was also observed for 
DVE-treated HBL-1 (1.5-fold), while a decrease was observed for DVE-treated SU-DHL-4 cells (3.2-fold), 
both non-statistically significant. Statistical analysis was performed using a One‐way ANOVA and Sídák's 



37 
 

multiple comparisons test on GraphPad Prism 9 software. The data represents the mean ± standard 
deviation (SD) (N =3). P values are indicated as **p<0.01.  

3.8 DVE modulates the expression of apoptotic markers 

caspase-3 and PARP-1. 

 

The impact of DVE on the expression of two markers of apoptosis, namely executioner caspase-

3, and its target poly (ADP-ribose) polymerase (PARP) was investigated using the western blot 

analysis. Upon induction of apoptosis, caspase-3 (executioner) gets cleaved by caspase-8/9 

(initiator) to yield two subunits, namely p11 and p17 (Jan 2019).  PARP-1 is a major target of 

caspases, including caspase-3, and gets cleaved into two main fragments, namely an 89 kDa and 

a 24 kDa fragment. Therefore, the presence of the cleaved products of caspase-3 and PARP-1 are 

considered hallmarks of apoptosis. Of note however, is that PARP-1 is also processed during 

necrosis, but is cleaved differently to apoptosis, whereby, in addition to the 89 kDa band, it also 

produces smaller products ranging from 74 to 42 kDa (Gobeil et al., 2001).  

DLBCL cells (SU-DHL-4 and HBL-1), as well as non-cancerous lymphoblastoid cells (PB-B95-8H), 

were exposed to 30 and 60 µg/ml DVE for 24 hours while control cells were treated with 

corresponding amounts of 1 x PBS. Thereafter, total proteins were extracted and subjected to 

western blot analyses (section 2.14), probing for caspase 3, using an antibody able to detect all 

three bands, namely the uncleaved 32 kDa procaspase protein, as well as the cleaved products.  

The uncleaved 32 kDa protein was detectable in all samples (Figure 3.8a). Cleaved caspase-3 

products were visible for HBL-1 DVE-treated cells, the 17 kDa band being dominant in the 30 

µg/ml DVE-treated sample, and the 11 kDa band being dominant in the 60 µg/ml DVE-treated 

sample. In contrast, there were no prominent cleaved caspase-3 bands observable within the 

DVE-treated SU-DHL-4 lanes, however, upon close inspection, the 17 kDa band can be faintly 

detected in the 30 µg/ml DVE-treated SU-DHL-4 sample (indicated by blue arrow).  

The results of our assays thus far indicate that the SU-DHL-4 cell line is more sensitive to DVE, 

compared to HBL-1 (for instance, in Figures 3.2, 3.4, and 3.6), and we therefore hypothesized 

that, if SU-DHL-4 was exposed to lower doses of DVE, cleaved caspase-3 products would be more 



38 
 

readily detected. To investigate this, a dose-response assay was performed, whereby SU-DHL-4 

cells were treated with a range of DVE (0, 5, 10, 20, 30, and 60 µg/ml) for 24 hours, and the 

protein samples were subjected to western blot analysis as before. Besides a faint 17 kDa band 

in some lanes, it did not appear that the cleavage of procaspase-3 occurred when these cells 

were exposed to DVE (Figure 3.8b). Despite longer exposures, no bands representing the cleaved 

caspase-3 proteins were observed (data not shown). 

The major cleaved product of PARP-1, namely the 89 kDa protein is present in DVE-treated PB-

B95-8H, as well as HBL-1 cells, with the band being more prominent in the HBL-1 cells, especially 

in cells treated with 60 µg/ml of DVE (Figures 3.8 c and d). The dose-response samples were used 

to detect cleaved PARP-1 in the SU-DHL-4 cells. The cleaved 89 kDa PARP-1 protein was visible in 

all DVE-treated samples, with the highest expression observed in the 60 µg/ml DVE-treated 

sample (Figure 3.8 e). Interestingly, additional cleaved PARP-1 products were also detected, 

especially in the 60 µg/ml DVE-treated sample. For all blots, the β-actin protein was detected to 

serve as an internal loading control, and images of the blots are depicted directly underneath the 

relevant experimental blots (Figures 3.8 a, b, c, d, and e).  
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Figure 3.8. DVE modulates the expression of apoptotic markers caspase-3 and PARP-1. Cells were 
treated with the indicated concentrations of DVE for 24 hours, total protein was extracted and subjected 
to western blotting using antibodies against full-length and cleaved products of caspase-3 and PARP-1. 
The loading control was determined using an anti-β-actin antibody. The experiments were conducted in 
duplicate. 
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Chapter 4 

Discussion  

Complementary and alternative medicine (CAM) refers to a broad range of healthcare practices 

that are not integrated into the primary healthcare system. One of the most prevalent types of 

alternative medicine is called “traditional medicine” which includes the use of animal, plant, or 

mineral-based substances to treat a variety of ailments (Jermini et al., 2019). Medicinal plants 

have a long history of usage in traditional medicine, particularly in South Africa. Approximately 

80% of South Africans rely on traditional healers, who mostly use plants to treat various ailments 

including cancer (Boum et al, 2021). The importance of traditional medicinal plants extends 

beyond traditional applications since a significant number of approved anti-cancer therapeutic 

drugs are derived from plants. This illustrates that the study of the medicinal properties of plants 

is of importance to the pharmaceutical industry (Voicu et al., 2023; Greenwell and Rahman, 

2015).  

Dodonaea viscosa var. angustifolia is a medicinal plant that is widely used by the Rastafarian 

traditional healers in the Western Cape of South Africa, to treat a variety of ailments. Previous 

studies have indicated that D. viscosa extract displays cytotoxic effects in breast, colon, cervical, 

ovarian, and colorectal cancer cells, signifying its potential as a source of bioactive compounds 

for the development of anti-cancer agents (Al-Musawi and Al-Saadi, 2021; Herrera-Calderon et 

al., 2020; Jayaraman et al., 2021; Mossa and Al Shawi, 2015; Palanisamy et al., 2021; Ramkumar 

et al., 2021).  Our previous study demonstrated that aqueous extracts of D. viscosa (DVE) were 

selectively toxic against Burkitt lymphoma (BL) cells relative to non-cancerous cells (Unpublished 

data). BL is an aggressive B cell-derived cancer that is overrepresented among HIV-infected 

individuals.   

The current study provides strong evidence to show that DVE is selectively cytotoxic towards 

Diffuse large B cell lymphoma (DLBCL), a highly aggressive B-cell derived cancer, which is the most 

prevalent type of non-Hodgkin lymphoma worldwide, but also the most prevalent HIV-associated 
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lymphoma (Pasqualucci, 2013; Berhan et al., 2022). DLBCL can be broadly categorized into two 

main subtypes, namely germinal-centre B cell type (GBC) and activated-B cell type (ABC), with 

the latter having a more aggressive clinical course, and poorer outcome in patients. 

Aqueous extracts of DVE demonstrated favourable selectivity indices for both the GCB-DLBCL cell 

line SU-DHL-4 (SI of 2.25) and the ABC-DLBCL cell line HBL-1 (SI of 3) which indicates good 

therapeutic potential with potentially minimal side effects. In the current study, the aqueous 

extract was tested over the methanolic extract to align with how the plant more closely is used 

by South African traditional healers, which is most often infused in water (as a tea). In future 

studies, extracts derived from organic solvents will also be investigated since it is well established 

that the phytochemical composition is different depending on the solvent used.  To date, most 

studies have tested ethanolic extracts of DVE. For instance, Shafek and colleagues demonstrated 

that an 80% ethanolic extract of Dodonaea viscosa achieved higher cytotoxic activity against 

breast cancer cells compared to the approved drug cisplatin (Shafek et al., 2015). In a previous 

study, it was reported that Dodonaea viscosa compounds, dodoneasides A and B, as well as the 

CH2Cl2 fraction of the extract, exhibited significant antiproliferative activity against the A2780 

ovarian cancer cell line, with IC50 values ranging from 0.70 to 6.0 mg/mL (Cao, 2009). The IC50 

dosages of both DLBCL cell lines (SU-DHL-4 and HBL-1) are significantly lower than the previously 

reported IC50 doses of DVE for other malignancies. It is worth mentioning, however, that the D. 

viscosa plants originated from different geographical areas, which may lead to variations in the 

relative amounts of phytochemicals, aside from the fact that the D. viscosa extracts were 

prepared differently.  

Proliferation is a key characteristic of cancer, whereby cancer cells grow uncontrollably and 

excessively (Hanahan, 2022). Within DLBCL, the survival and growth of the malignant B-cells are 

supported by a signalling pathway called B-cell receptor (BCR) signalling (Young et al., 2015). The 

activation of this pathway can occur due to activating mutations within the BCR complex or 

downstream signalling components. Additionally, even in the absence of external signals, the BCR 

pathway can still be activated through a phenomenon known as ligand independent tonic BCR 

signalling (Young et al., 2015). Previous studies have identified two kinases, SYK and BTK, which 

are associated with the BCR complex and have emerged as potential therapeutic targets for 
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DLBCL (Profitós-Pelejà et al., 2022; Wang et al., 2021).  Thus, targeting the BCR signalling pathway 

holds significant potential for the treatment of DLBCL.  

DVE preferentially retards the proliferation of the DLBCL cells (SU-DHL-4 and HBL-1) relative to 

the proliferation of the non-cancerous LCL cells (PB-B95-8H). This was demonstrated using an 

assay that tracks cell proliferation over time, as well as a colony-forming assay. Additionally, DVE 

induced cell death in the DLBCL cells. Our findings indicated that, at the same concentration of 

DVE, SU-DHL-4 cells were more sensitive than HBL-1 in both the proliferation tracking assay (2.3-

fold reduction in cell progression to P2 in SU-DHL-4 cells, while HBL-1 cells exhibited a 0.78-fold 

reduction in cell progression to P2) as well as in the colony forming assay, where less area was 

covered by SU-DHL-4 cells, compared to HBL-1 cells, in medium containing DVE, at days 5 and 7.   

Interestingly, in the HBL-1 cell line, the percentage of colonies was slightly higher on Day 7 

compared to Day 5, indicating that the cells may have started recovering from Day 5, or that a 

small percentage of resistant HBL-1 cells may have taken over the population and started 

expanding. The same was not observed for the SU-DHL-4 cell line. It is quite well documented 

that ABC-DLBCL is a more aggressive disease than GCB-DLBCL, with a higher proliferation index, 

and that ABC-DLBCL is associated with poorer outcomes when treated with standard therapy, 

compared to GCB-DLBCL (Cheng et al., 2022). Our data therefore confirms what is reported in 

the literature.  

Cell cycle profiling in cancer involves analyzing the effects of factors on the ability of cells to 

progress through the various phases of the cell cycle, namely G1, S, G2 and M. A block in a specific 

phase of the cell cycle could indicate inhibition of cell cycle regulators such as cyclins and cyclin-

dependent kinases. The result of the cell cycle profiling suggests that DVE does not significantly 

alter the cell cycle profile of DLBCL cells, but rather it induces cell death, as evidenced by the 

presence of a sub-G1 peak. As was observed in the assays measuring proliferation, the SU-DHL-4 

cells were found to be more sensitive to DVE, compared to the HBL-1 cells. For instance, at 60 

μg/ml of DVE, 15% of the SU-DHL-4 population had cleaved DNA, represented by the sub-G1 

peak, compared to only 5% for HBL-1.  Similar observations were also made in a comprehensive 

study that evaluated a bioactive compound extracted from seaweed, fucoidan. The results 
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exhibited a dose- and time-dependent inhibition of DLBCL cell growth like the observation made 

in our study (Yang et al., 2015). This inhibition was accompanied by sub-G1 cell cycle arrest, a 

phenomenon associated with the prevention of cell proliferation as well as sub-G0 cell cycle 

arrest associated with cell death. Additionally, fucoidan downregulated the expression of cyclin 

D1, Cdk4, and Cdk6, which are key regulators of the cell cycle (Yang et al., 2015). 

It should be mentioned that there was no notable increase in the non-cancerous lymphoblastoid 

(PB-B95-8H) cell sub-G1 population across treatments (untreated (UT) as well as 30 and 60 μg/ml 

DVE). The noticeably high percentages of the sub-G1 cell population of PB-B95-8H cells may be 

due to their non-cancerous nature, making them more fragile than cancer cells. It could be that 

during the preparation of the cells for flow cytometry, they were damaged. Another possibility is 

that a small population of cells is constantly undergoing apoptosis, which is a feature of this cell 

line and can be observed under the microscope during routine culturing. 

Morphological analyses revealed that DLBCL cell lines developed typical features of the 

programmed cell death mechanism of apoptosis, upon exposure to DVE. These features included 

cell shrinkage, clumping, membrane blebbing, nuclear fragmentation, and the appearance of 

apoptotic bodies. The same was not observed for the non-cancerous LCLs.  Apoptosis is the 

desirable mode of cell death by chemotherapeutic agents as it does not induce a severe 

inflammatory response. The two main pathways inducing apoptosis are the intrinsic (mediated 

by the mitochondria) and extrinsic (mediated by trans-membrane receptors) pathways, with 

both ultimately culminating towards the activation of initiator and executioner caspases (Beigl et 

al., 2023; O’Connor et al., 2023; Liao, 2021). Although the DVE-treated PB-B95-8H cells did not 

display features of apoptosis, some cells did appear to swell, which is not a typical feature of 

apoptosis, but rather an early feature of necrosis. Necrosis is uncontrolled cell death, and not 

desirable, due to the uncontrolled and sudden release of inflammatory factors, causing a domino 

effect of cell damage.  However, the doses of DVE used in the study appear to be below the 

threshold needed to induce advanced necrosis in the PB-B95-8H cells.   

The morphological analysis results were further validated with Annexin V assays, for assessment 

of early and late apoptotic populations, as well as populations that have reached an advanced 
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stage of cell death (which could include necrosis). The distribution of PB-B95-8H cells in different 

categories (quadrants) did not show a significant change between the untreated and DVE-treated 

cells. In the GCB-DLBCL cell line (SU-DHL-4), all three categories - early apoptosis, late apoptosis, 

and non-viable/necrotic cells - showed an increase upon exposure to DVE. The most significant 

increase was observed in the percentage of late apoptotic cells, which increased from 2% to 66% 

of the total cell population. Additionally, the percentage of non-viable/necrotic cells also 

noticeably increased from 5% to 20% of the total cell population. In the ABC-DLBCL cell line, a 

major increase was observed in the percentage of early apoptotic cells -from 1% to 50%. There 

was a less pronounced increase in the percentage of non-viable/necrotic cells, which increased 

from 3% to 6%. This contrasts with the GCB-DLBCL cell line, where the major increase was 

observed in late apoptotic cells suggesting that the GCB-DLBCL cell line (SU-DHL-4) is more 

sensitive to treatment with DVE relative to the ABC-DLBCL cell line. Once again, a distinct 

difference in response can be observed between the two cell lines, with the GCB-DLBCL cell line 

being more sensitive than the ABC-DLBCL cell line, at the same concentration of DVE. Thus, while 

using a variety of different assays, the same trend was consistently observed and confirmed.  

The Annexin V assay result was further supported by the caspase 3/7 activity assay along with 

the western blot analyses. The caspase-3/7 activity was significantly increased in the non-

cancerous lymphoblastoid cells (PB-B95-8H) treated with DVE relative to the untreated cells.  The 

changes in caspase 3/7 activity in HBL-1 and SU-DHL-4 cells were not statistically significant, 

indicating that the observed changes were variable and inconsistent. The caspase 3/7 activity 

assay measures the early stage of apoptosis, likely before any obvious changes in cell 

morphology. This may explain the result observed in the non-cancerous lymphoblastoid cells, 

which is, a significant increase in caspase 3/7 activity in DVE-treated cells – we hypothesize that 

DVE induces stress in these cells and primes them for apoptosis by activating the caspases, but 

other combinatorial factors required for progression in advanced stage apoptosis are not 

induced, and thus the cells do not proceed into apoptosis. In the DLBCL cells, more advanced 

stages of apoptosis have been attained, where caspase 3/7 have themselves begun to be 

degraded/inactivated. This hypothesis can be supported by the western blot result, where 
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copious amounts of cleaved PARP-1, which gets processed by caspase-3, can be seen in the DVE-

treated DLBCL cells.  

Unexpectedly, no clear bands indicating the presence of cleaved caspase-3 could be detected in 

the SU-DHL-4 cells treated with DVE, even when exposed to lower concentrations of DVE. This 

suggests that, in the SU-DHL-4 cells, caspase-3 may not be the protein of choice in driving 

apoptosis. Caspase-3, while being the dominant executioner caspase, is not the only one, with 

caspase-6 and 7 able to perform the same function (Mcllwain et al., 2013). Due to time 

constraints, this could not be verified but is planned as a future experiment.  

Another interesting finding was the presence of the 74 KDa PARP-1 fragment as well as other 

smaller cleaved products of PARP-1. The detection of the 74 KDa PARP-1 fragment has been 

previously reported to be a feature of necrotic cells (Gobell et al., 2001). This, together with the 

Annexin V result showing an increase in non-viable/necrotic cells, suggests that DVE may be 

inducing both necrosis and apoptosis in the SU-DHL-4 cells. Future studies are being planned to 

verify this by using western blotting to detect specific and validated markers of necrosis, such as 

RIPK1 and RIPK2, as well as others (Wu et al., 2020).  

Conclusion 

In summary, these findings suggest that DVE induces selective cytotoxicity against DLBCL cells 

(SU-DHL-4 and HBL-1), while the non-cancerous cells remain largely unaffected. In addition, our 

data show that the ABC-DLBCL cell line is less sensitive to DVE, compared to the GCB-DLBCL cell 

line. This therefore suggests that a dose-adjusted approach should be taken during treatment, 

depending on the subtype.  Similarly, DVE more potently affected the colony formation of DLBCL 

cells as observed over a 7-day period. While cell cycle phases remained unaffected, DVE induced 

cell death as evidenced by a sub-G1 peak in DLBCL cell populations. Typical morphological 

features of apoptosis were identified in the DVE-treated DLBCL cells, which was corroborated 

with Annexin V assays, caspase-3/7 activity assays, as well as expressions of cleaved caspase-3 

and cleaved PARP-1. The results also revealed different modes of cell death between the two 

subtypes of DLBCL, which requires further investigation.  
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Future studies will focus on further characterizing the mode, as well as the mechanism of cell 

death induced by DVE in DLBCL. Moreover, efforts are being made to identify potential bioactive 

compounds in DVE by fractionation assays. Currently, at least 4 flavonoids have been isolated 

from DVE, and their cytotoxicity will be assessed. Additionally, pre-clinical assays, using DLBCL 

xenograft mouse models are being developed to test the effect of DVE on the progression of 

tumour growth in vivo. 

The selective cytotoxicity of the DVE against DLBCL cells, while sparing non-cancerous cells, 

underscores its potential as a promising source of anticancer bio-active compounds for therapy. 

This comprehensive investigation of Dodonaea viscosa cytotoxic effects on DLBCL cells fills a 

crucial research gap and sets the stage for further exploration of novel phytochemicals with 

potential anticancer properties. 

The study demonstrates that our natural flora holds medicinal potential and highlights the 

benefits of exploring this resource. However, it is crucial that these investigations be conducted 

in a considered and sustainable manner, being mindful of the communities who make use of 

these traditional remedies. Engaging in efforts to document, protect, and commercialize these 

plants can improve the economic status of these communities and help conserve important plant 

species for healthcare, new drug development, and sustainable management of biomes. By 

integrating traditional healing methods with modern scientific research, and identifying plant 

species with medicinal properties, we can fully unlock the benefits of natural flora for human 

health and environmental protection. 
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Appendix A 

 

Figure A1. DVE slows down the proliferation of DLBCL cells in comparison to LCLs and induces cell death. 
DLBCL cell lines SU-DHL-4 and HBL-1 as well as a non-cancerous cell line PB-B95-8H were stained with 0.5 
μM CFSE Cell Trace dye, seeded and treated with either vehicle (PBS) (untreated – UT) or DVE (40 μg/ml) 
(Treated -T). After 48 hours of treatment cells were fixed in 70% methanol and samples were examined 
using BD flow cytometry (FACSCaliburTM, Becton Dickinson, USA). A T = 0 sample was included to track P1 
(parental cell) generation and P2 (daughter cell generation). Analysis was performed using the FlowJo 
v10.9 software. The experiment was carried out twice. 

 

Figure A2. DVE does not modify the cell cycle profile of DLBCL cells and induces cell death. DLBCL cell 
lines SU‐DHL‐4 and HBL‐1, as well as a non‐cancerous cell line PB‐B95‐8H, were seeded, and treated with 
DVE (30 and 60 µg/ml) or with 1x PBS (vehicle control‐untreated (UT)) for 24 hours. Post‐treatment, the 
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cells were stained with FxCycleTM PI/RNase and fixed using 70% methanol. Subsequently, the samples 
were analysed using BD Flow Cytometry (FACSCaliburTM, Becton Dickinson, USA). The experiment was 
conducted at least three times. 

 

Figure A3.  Schematic of the expected staining illustration of cell populations in Annexin V/PI assay 
experiment. (LL – lower left, LR – lower right, UL – upper left, UR – upper right). 
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Appendix B 

Reagents  

10% Ammonium persulfate (APS) 

0.1 g of stock APS 

1 ml of ddH2O, store at 4°C 

5% Bovine Serum Albumin (BSA) in phosphate-buffered Saline + 0.1% Tween 

(PBST) 

5 g BSA 

Up to 100 mL of PBS 

Complete media for DLBCL cell lines (50 ml) 

10% Foetal Bovine Serum (FBS) – 5 ml of FBS  

1% Pen/Strep – 0.5 mL 

Roswell Park Memorial Institute (RPMI) 1640 Medium – 44.5 ml 

Complete media for the Lymphoblastoid Cell line (50 ml) 

20% Foetal Bovine Serum (FBS) – 10 ml of FBS  

1% Pen/Strep – 0.5 mL 

Roswell Park Memorial Institute (RPMI) 1640 Medium – 39.5 ml 

5% Fat-free milk in Tris-Buffered Saline + 0.1% Tween (TBST) 

5 g Fat‐free milk 

Up to 100 mL of TSBT 

Fixing solution (50 ml) 

Glacial acetic acid: Methanol 1:3 (Keep at 4°C) 

17 ml Glacial acetic acid 

33 ml Methanol 

Freezing medium (50 ml) 
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10% Foetal Bovine Serum (FBS) – 5 ml of FBS  

10% Dimethyl sulfoxide (DMSO) – 5 ml of DMSO  

Roswell Park Memorial Institute (RPMI) 1640 Medium – 40 ml  

Mounting Fluid 

Citric acid – disodium phosphate buffer  

0.1 M Citric acid  

0.2 M Na2HPO4.2H2o 

pH 5.5, 4°C 

1 X PBS-Tween 

100 ml 10X PBS 

0.5 ml Tween‐20 

Make up to 1 L with ddH2O 

10 X PBS 

40 g NaCl 

1 g KCl  

1 g KH2PO4  

5.75 g Na2HPO4.2H2O 

2.1 g KH2PO4  

Up to 500 ml with ddH2O 

pH of 7.4, autoclave  

Ponceau S stain 

0.1 g of Ponceau powder 

95 ml of ddH2O 

5 ml of glacial acetic acid  

7X Protease inhibitor  

1 protease inhibitor tablet  
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 2.5 ml 1X PBS  

Store at ‐20°C  

RIPA buffer  

0.5 g (1%) deoxycholate powder in 40 ml ddH2O 

1.5 ml 5M NaCl (150 mM) 

0.5 ml Triton X100 (1%) 

 0.25 ml 20% SDS (0.1%) 

 0.5 ml 1M Tris (pH 7.5) (10 mM)  

Top up to 50 ml with ddH2O 

Store at 4°C  

RIPA cell lysis buffer solution 

423 μl RIPA buffer  

71 μl 7X protease inhibitor  

Store on ice until use 

10 % SDS 

10 g SDS 

80 ml ddH2O  

Dissolve and make up to 100 ml ddH2O 

Gentle heat until the crystals disappear 

5 X SDS Protein loading dye.  

10% sodium dodecyl‐sulphate (SDS) – 1 g 

0.04% bromophenol blue – 0.004 g  

4.83 ml of ddH2O  

1.5 M Tris (pH 6.8) ‐ 1.67 ml 

100% glycerol – 3 ml 

0.5 ml β‐mercaptoethanol 

10X SDS-PAGE running buffer.  

10 g SDS  
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30.3 g Tris  

144.1 g glycine  

800 ml ddH2O  

Adjust to 1 L of ddH2O and store at room temperature.  

1X SDS-PAGE running buffer.  

100 ml of 10X SDS‐PAGE running buffer stock  

900 ml ddH2O 

Store at room temperature. 

10X SDS-PAGE transfer buffer  

38 g Tris  

144 g glycine  

800 ml ddH2O. 

Adjust volume to 1 L with ddH2O and store at room temperature.  

1X SDS-PAGE transfer buffer  

100 ml 10X SDS-PAGE transfer buffer stock  

700 ml ddH2O 

200 ml Isopropanol 

Make in advance and store at 4°C. 

30% acryl-bisacrylamide 

29 g acrylamide 

1 g N.N’-methylenbisacrylamide 

60 ml ddH2O 

Heat the solution to 37°C. 

Adjust volume to 100 ml and cover with foil to protect from light Store at 4°C. 

8% Resolving gel (10 ml) 

3.3 ml ddH2O 

30% acryl‐bisacrylamide – 2.7 ml 

1 M Tris pH 6.8 – 3.9 ml 
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10% SDS – 0.1 ml 

10% APS – 0.1 ml  

TEMED – 0.004 ml 

15% Resolving gel (7.5 ml) 

0.67 ml ddH2O 

30% acryl‐bisacrylamide – 3.75 ml 

1 M Tris pH 6.8 – 2.93 ml  

10% SDS – 0.075 ml  

10% APS – 0.075 ml 

TEMED – 0.003 ml  

5% Stacking gel (3 ml) 

1.87 ml ddH2O 

30% acryl‐bisacrylamide – 0.5 ml 

1 M Tris pH 6.8 – 0.57 ml  

10% SDS – 0.03 ml  

10% APS – 0.03 ml 

TEMED – 0/003 ml 

Stripping buffer (100 ml) 

0.5 M Tris HCL – 12.5 ml 

10% SDS – 20 ml  

2‐mercaptoethanol – 0.8 ml  

ddH2O – 67.5 ml  

Make in a fume hood 

10 X TBS 

12 g Tris 

44 g NaCl 

pH 7.6 
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Up to 500 ml ddH2O, stock at 4°C 

1 X TBS-Tween 

100 ml 10X TBS 

900 ml ddH2O 

0.5 ml Tween‐20 

Makeup to 1 L with ddH2O 

1 M Tris 

121 g Tris base  

800 ml ddH2O 

pH to 6.8, 7.5 or 8.8. 

Make up to 1 L with ddH2O, then autoclave. 
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Appendix C 

Research Output by the MSc candidate during the research 

period. 

1. Yekelo, B., and Mowla, S. Aqueous extracts of Dodonaea viscosa var. angustifolia induce 

potent and selective cytotoxicity against Diffuse large B cell lymphoma. Postgraduate 

Academic Training program, University of Cape Town, Faculty of Health Sciences. 7 July 2022. 

Oral presentation. 

2. Yekelo, B., and Mowla, S. Aqueous extracts of Dodonaea viscosa var. angustifolia induce 

potent and selective cytotoxicity against Diffuse large B cell lymphoma. Annual Cell Biology 

Seminar, University of Cape Town, Faculty of Health Sciences. 14 September 2023. Oral 

presentation. 

3. Yekelo, B., and Mowla, S. Aqueous extracts of Dodonaea viscosa var. angustifolia induce 

potent and selective cytotoxicity against Diffuse large B cell lymphoma. 15th Annual 

Haematology Symposium, Cape Town, South Africa. 16 September 2023. Oral presentation: 

Won best oral presentation. 

4. Yekelo, B., and Mowla, S. Aqueous extracts of Dodonaea viscosa var. angustifolia induce 

potent and selective cytotoxicity against Diffuse large B cell lymphoma. 2023 

Interdepartmental HUB/IBMS/Pathology (HIP) research day, University of Cape Town, Faculty 

of Health Sciences. Oral presentation: Won second‐best oral presentation prize. 
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