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CHAPTER 1 

INTRODUCTION 

1.1. Background 

Cancer is a devastating disease that affects millions of people worldwide, and a major 

contributor to global mortality rates (NIH, 2022). Cancer occurs when cells in the body grow 

uncontrollably and impact neighboring organs, overall health and the well-being of patients. 

The World Health Organization (WHO) reported nearly 10 million new cases of cancer in 

2020, with breast cancer being one of the leading causes of cancer-related deaths among 

women (WHO, 2022). Unfortunately, the conventional treatment of cancer remains a daunting 

challenge due to the lack of specificity of some commonly used drugs, such as those used in 

chemotherapy. The commonly used chemotherapeutic drugs unfortunately target both 

cancerous and healthy cells, which leads to severe side effects. Hence, there exists a critical 

necessity for innovative and alternative therapeutic strategies, notably the identification of 

novel drugs and to improve treatment efficacy while mitigating the adverse effects endured by 

cancer patients. 

One promising approach for developing less toxic cancer treatment involves the investigation 

of natural compounds derived from medicinal plants. These compounds may offer novel 

mechanisms of action and reduced side effects, thereby presenting a valuable opportunity for 

advancing cancer therapeutics. Medicinal plants are increasingly recognized globally for their 

affordability, accessibility and efficacy in cancer therapy. Certain medicinal plants can even 

enhance the effectiveness of cancer treatment and reduce its toxicity (Jain et al., 2016). The 

Euphorbiaceae family, known for its numerous plant species that are 
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commonly used as traditional medicinal herbs in different parts of the world, contains plant 

species that exhibit anti-cancer properties (Hartwell, 1969; Mwine & Damme, 2011). In 

addition to these natural compounds, the impact of nanotechnology, especially in medicine, 

has been transformative, and its potential continues to be revealed (Landesman et al., 2016). 

Integrating the bioactive compounds from medicinal plants with advanced nanotechnology 

techniques offers a compelling strategy to enhance the precise drug delivery and efficacy of 

cancer treatment, thereby minimizing harm to healthy cells. 

Nanoparticles, specifically those with magnetic cores, have displayed immense potential in 

delivering drugs. The targeted magnetic drug delivery system relies on an external magnetic 

field that directs the magnetic nanoparticles such as iron-based magnetite to their intended 

destination. The system boasts remarkable multifunctional loading capability (Mody et al., 

2013; Liu et al., 2017). Furthermore, integrating the two fields mentioned above with 

Traditional Chinese Medicine presents a holistic approach that addresses multiple signaling 

pathways. 

Traditional Chinese Medicine encompasses various modalities including herbal medicine, 

massage (Tui na), dietary therapy, qigong exercises and acupuncture; all aimed at restoring 

balance and promoting health (Xu & Yang, 2009). Acupuncture, a widely recognized technique 

within Traditional Chinese Medicine, involves the insertion of thin needles into specific points 

on the body to stimulate therapeutic effects across various conditions (WHO, 2002). Extensive 

studies have shown that electro-acupuncture can enhance drug delivery, reduce drug resistance 

and minimize side effects, particularly when combined with advancement in nanotechnology, 

potentially serving as a promising drug delivery system (Yang et al., 2019; 
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Ma et al., 2019). By combining acupuncture with nanotechnology, cancer treatment can 

diversify, potentially enhancing therapy precision. 

1.2. Problem statement 

Cancer treatment is a multifaceted process that involves overcoming major challenges. The 

first challenge is the harm of chemotherapeutic drugs to normal healthy cells, due to lack of 

specificity to cancerous cells leading to severe side effects experienced by cancer patients. The 

second challenge is the non-targeted delivery of drugs to the cancerous sites specifically. The 

combination of non-targeted drug delivery and lack of specificity is the root cause of these 

adverse effects. The primary focus of this study is to address these critical issues by developing 

an affordable and effective cancer treatment strategy that mitigates harm to healthy cells while 

selectively targeting cancer cells. This will be achieved by integrating medicinal plants, 

nanotechnology and Traditional Chinese Medicine into cancer therapy. Specifically, the study 

will explore how these elements can enhance targeted drug delivery and provide a holistic, 

multifactorial approach to effectively combat the complex nature of cancer. 

1.3. Research aim and objectives 

1.3.1 Aim of the study 

The current study aims to develop a magnetic nanoparticle acupuncture delivery system that 

can be used to direct the treatment to the tumor location, by using an external magnetic field. 

The safety and effectiveness of this system will be evaluated in a breast cancer mouse model. 
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1.3.2 Objectives of the project 
 

Objective 1: To extract selected Euphorbia plant species and screen the extracts for anti- 

proliferative activity against breast cancer cells. 

Objective 2: To synthesize and characterize iron, cobalt and magnesium metal nanoparticles 

using selected plant species through green synthesis. 

Objective 3: To develop a targeted acupunctural magnetic drug delivery Nano system in vivo 

in a breast cancer mouse model, for testing the efficacy and safety of the delivery system and 

the nanoparticles. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1. Introduction 

Cancer is the second leading cause of death globally and claims around 10 million lives 

annually (Ritchie & Roser, 2023). It is predicted that cancer will soon surpass cardiovascular 

disease as the primary cause of death in high-income countries (Bray et al., 2021). Cancer 

affects both males and females, while other types of cancer, like prostate and ovarian cancer 

are gender specific (WHO, 2018). 

 

 

Cancer is a collection of ailments distinguished by uncontrolled and irregular cell division. It 

originates from a single mutated cell that multiplies into a cluster of cells known as tumor cells 

(Hanahan & Weinberg, 2000). These cells have the potential to migrate to other areas of the 

body via the lymphatic system, disrupting the regular operations of the digestive, nervous and 

circulatory systems, impacting the body's usual functions. (Hanahan & Weinberg, 2000; 

CANSA). 
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Figure 1.1 World annual number of deaths by cause reported in 2023 (Dattani et al., 2023). 

 

 

 

There exist more than 200 variations of cancer, each with their own distinct characteristics. 

They are classified based on their point of origin (Pardee et al., 2008). The majority, 

approximately 90%, stem from epithelial tissues that shield and line the surfaces of organs. The 

remaining 10% consist of sarcomas, leukemias and lymphomas (Wang et al., 2012). Among 

the most prevalent cancer types are lung, colon, prostate and breast cancers. 

2.1.1. Prevalence of cancer 

 

2.1.1.1. Global prevalence 

Cancer continues to be a major global health challenge, affecting millions of people each year. 

According to the World Health Organization (WHO), there were over 18 million new cases of 

cancer and approximately 9.5 million cancer-related deaths worldwide in 2018 
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(WHO, 2019a). These alarming numbers reflect a trend of increasing incidence and mortality 

rates, influenced by factors such as population growth, aging and lifestyle choices. 

The highest number of new cases and deaths was recorded in Asia in 2018, with an estimated 

8 million and 5 million respectively, followed by Europe, North America, Latin America and 

the Caribbean, Africa and Oceania, see Figure 1.2 (WHO, 2019a). 

 

 

 

 

Figure 1.2. Estimated incidence and mortality of all cancers for both sexes and all ages in six 

continents (WHO, 2019). 

2.1.1.2. Prevalence in Africa 

Egypt has reported the highest number of cases and deaths from Africa, followed by Nigeria, 

South Africa, Ethiopia, Algeria, Morocco, Democratic Republic of Congo, Kenya, Tanzania 

and Uganda. 
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2.1.1.3. Prevalence in South Africa 

 

In 2018, according to WHO, South Africa had approximately 107 467 new cases reported, with 

47 764 cases affecting males and 59 703 cases affecting females. Of those cases, around 28 138 

males (14.1% of all deaths) and 29 235 females (10.1% of all deaths) died, resulting in an 

estimated total of 57 373 deaths (11.7% of all deaths worldwide).  

Table 1.1. Estimated incidence, mortality and prevalence percentage (%) of cancers reported 

in South Africa in 2022, for both sexes and all ages (GLOBOCAN, 2022). 

Type of cancer Incidence rate % Mortality rate % 

Breast 14 712 13.2 5 232 8.1 

Prostate 12 903 12.1 5 411 8.4 

Cervix uteri 10 523 9.5 5 976 9.3 

Lung 9 446 8.5 8 672 13.4 

Colon 7 338 6.6 4 591 7.1 

Kaposi sarcoma 4 119 3.7 706 1.1 

Oesophagus 3 312 3.0 3 025 4.7 

Non-Hodgkin lymphoma 3 259 2.9 1 867 2.9 

Pancreas 2 779 2.5 2 360 3.7 

Liver 2 650 2.4 2 401 3.7 

Melanoma 2 31 2.0 649 1.1 

Bladder 2 148 1.9 1 002 1.6 

Leukaemia 2 022 1.8 1 719 2.7 

Stomach 1 919 1.7 1 622 2.5 

Corpus uteri 1 839 1.7 792 1.2 
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The data presented in Table 1.1 highlights the leading causes of cancer-related deaths in South 

Africa. Lung cancer is responsible for 13.4% of all cancer deaths, while cervix uteri, prostate, 

breast and colon cancers follow closely behind at 9.3%, 8.4%, 8.1%, and 7.1%, respectively. 

When it comes to incident cases reported, breast cancer is the most widespread at 13.2%, with 

cervix uteri at 12.1%, lung cancer at 8.5%, colon cancer at 6.6%, and cervix uteri at 9.5%. 

2.2. Breast cancer 

Breast cancer is a highly invasive form of cancer that primarily affects women and is the 

leading cause of death among female cancer patients worldwide, according to WHO's 2024 

report. In 2024, there were roughly 2.3 million new cases of breast cancer reported, resulting 

in roughly 670 000 deaths across the globe. In South Africa, GLOBOCAN report indicates that 

roughly 14 712 cases of breast cancer were reported in 2022, resulting in roughly 5 232 deaths. 

Inherited susceptibility, being overweight or inactive, alcohol consumption, poor dietary 

habits, smoking and exposure to chemicals are all contributing factors to the rise in mortality 

and morbidity, according to the Cancer Association of South Africa. 

 

2.2.1. Clinical features of breast cancer 

Breast cancer commonly arises in the milk ducts, glandular tissues or other breast tissues. 

Among women, it can manifest in different ways such as lumps, swelling and skin changes. 

Some women may also observe changes in the shape and size of their breasts, nipple discharge 

that is not breast milk or breast pain. 

 

 

 

 

© Central University of Technology, Free State



10 

 

 

2.2.2. Breast cancer classification based on gene expression 

 

Breast cancer is not a single disease but rather a collection of diseases with varying molecular 

and genetic characteristics. This makes a one-size-fits-all approach to treatment ineffective 

(Done, 2011; Siegel et al., 2019). 

Breast cancers are classified into four receptor subtypes: Luminal A, Luminal B, HER2- 

positive and triple-negative. Luminal A and Luminal B express the estrogen and progesterone 

receptors. Luminal B is more aggressive and grows faster than Luminal A. Examples of 

Luminal A breast cancer strains include MCF-7 and T47D, while examples of Luminal B breast 

cancer strains include BT474 and MDA-MB-361. HER2-positive expresses the human 

epithelial receptor and is genomically amplified for ERBB2, making it aggressive. Examples 

of HER2-positive breast cancer strains include SKBR3 and HCC202. Triple-negative doesn't 

express any of these markers and is the most aggressive of the four classes (Kalimutho et al., 

2015; Cardiff & Kenney, 2010). Examples of triple-negative breast cancer strains include 

BT20, MDA-MB-231 and MDA-MB-468. 

The treatment of breast cancer depends on the receptor status of the tumor, particularly estrogen 

and progesterone. Different treatments are required based on the expression of these receptors 

and the aggressiveness of the tumor. Hormonal therapy such as tamoxifen and aromatase 

inhibitors have proven effective in treating Luminal A and B. HER2-positive has been treated 

using trastuzumab, though drug resistance with this regimen is a concern (Nixon & Verma, 

2016). Triple-negative, however, remains a difficult subtype to treat due to lack of receptors. 

 

2.3. Therapy and its limitations 

 

Breast cancer treatment options primarily include surgery, radiotherapy, chemotherapy and 

hormone therapy, with surgery being most effective if the cancer is detected early (Jin & Ye, 
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2013; Palmieri et al., 2014). 

Surgery treatment involves the physical removal of tumors from the body, as well as some 

healthy tissue around them and often serves as a curative option for localized cancer (Mayo 

clinic staff, 2019). Its primary mechanism is excision, promptly eliminating the tumor mass 

(Chandraprasad et al., 2022). Nonetheless, it is important to note that surgery, though 

impactful, is an invasive procedure that can potentially lead to complications such as infection, 

discomfort, blood clots, loss of organ function and bleeding (Mayo clinic staff, 2019). 

Additionally, it may not be as effective for metastatic cancer that has spread to other parts of 

the body (Chandraprasad et al., 2022). Moreover, patients with concurrent health issues may 

encounter heightened surgical risks. 

Furthermore, radiation treatment utilizes high-energy particles or waves, like X-rays, to 

specifically target and disable cancer cells by affecting their DNA, which inhibits their ability 

to grow and divide (Zeman et al., 2020). Although it can effectively reduce tumor size and 

eliminate cancer cells in certain areas, it may also cause damage to nearby healthy tissue and 

organs, resulting in side effects such as fatigue and skin irritation (Schaue & McBride, 2015). 

Furthermore, it typically involves multiple treatment sessions over an extended period. 

Hormone therapy on the other hand, is utilized to combat cancers that depend on hormones for 

their growth, such as breast and prostate cancers (Desai et al., 2021). This treatment works by 

either halting the body's hormone production or disrupting hormone activity, effectively 

impeding the growth of cancer cells (Capper et al.,2016). While it is successful for hormone-

sensitive cancers, hormone therapy is ineffective against non-hormone-sensitive 
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cancers and may lead to side effects such as hot flushes, fatigue and bone loss (Fisher et al., 

2013). It may not result in a complete cure and is frequently used alongside other treatments. 

Similarly, chemotherapy, which operates by interfering with DNA synthesis and cell division 

to induce the death of unregulated growing cells (Senapati et al., 2018), has its own set of 

challenges. Despite significant achievements through conventional treatments, 

chemotherapy's limitations are notable. The limitations include: a large dose that leads to 

high toxicity to normal cells, limited bio-accessibility of drugs to tumor tissue, rapid 

biodegradation of drugs, lack of selectivity of cancer medication and untargeted delivery; 

these are major causes of serious side effects in cancer patients (Conte, 2013; Yuan et al., 

2016; CANSA, 2016; Senapati et al., 2018). To avoid these side effects, physicians lowered 

the chemotherapeutic dose, which resulted in unsuccessful treatment and the development of 

drug resistance and metastasis. Hence, eradication of cancer is still a major problem due to its 

heterogeneous nature and the inability of chemotherapeutics to reach the tumor site without 

damaging the normal healthy tissue. These limitations interfere with cancer treatment and the 

development of a new regimen. Hence, alternative forms of therapy, such as the use of herbs/ 

medicinal plants is considered for the treatment of cancer. 

 

2.4. Medicinal plants 

Plants are considered as a valuable source of bioactive compounds. Some medicinal plants 

have shown to possess the ability to enhance the activity or reduce toxicity in cancer treatment 

(Jain et al., 2016). Medicinal plants are being utilised by a majority of the population as they 

are affordable, can be easily accessed, have little or no side effects and most of them are 

effective towards cancer therapy. Therefore, researchers all over the world are paying a lot of 

attention to them. 
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Species of the genus Euphorbia from the Euphorbiaceae family are mostly found in Africa and 

America. They are in the form of herbs, shrubs, trees; sometimes succulent and cactus- like 

(Adedapo et al., 2004). Most plant species from the Euphorbiaceae family are widely used as 

traditional medicinal herbs in different parts of the world (Hartwell, 1969). Owing to a wide 

variety of Euphorbias chemical composition, the genus has caught the interest of many 

researchers for its remarkable therapeutic properties such as antimicrobial, antidiabetic, 

antiviral and anticancer properties (Betancur-Galvis et al., 2002; Mwine & Damme, 2011). 

However, the white sticky latex sap found in these plants is highly toxic and can cause skin 

irritation, but can also be used for medicinal purposes (Villanueva et al., 2015). Some of the 

plants from this family comprise of various constituents including: steroids, phenolic, 

cerebrosides, glycerols flavonoids, proteins such as proteases, chitinases, oxidases and lectins 

for defense against their preys, and terpenes including diterpenes and triterpenes for the 

treatment of certain cancers (Vogg et al., 1999; Shi et al., 2008; Villanueva et al., 2015). 

 

 

2.4.1. Euphorbia species used in this study 

In the current study, the focus is on 15 Euphorbia species. These were selected based on their 

historic use for the treatment of various cancers and other ailments. Euphorbia trigona (E. 

trigona), Euphorbia tirucalli (E. tirucalli), Euphorbia ammak (E. ammak), Euphorbia 

bupleurifolia (E. bupleurifolia), Euphorbia enopla (E. enopla), Euphorbia polygona (E. 

polygona), Euphorbia cooperi (E. cooperi), Euphorbia stellata (E. stellata), Euphorbia ferox 

(E. ferox), Euphorbia clavariodes (E. clavarioides), Euphorbia gorgonis (E. gorgonis), 

Euphorbia coerulescens (E. coerulescens), Euphorbia horrida (E. horrida), Euphorbia 

arabica (E. arabica) and Euphorbia ledienii (E. ledienii) - some have been traditionally used 
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in various therapeutic applications. These plants and their potential medicinal properties will 

be discussed in detail in the next chapter, providing a comprehensive understanding of their 

role in modern medicine. 

2.5. Nanotechnology and its application 

Nanotechnology is an exciting and rapidly growing scientific field that enables us to measure, 

manipulate and create objects that exist at a nanoscale, typically between one and 100 

nanometres (nm) (Bayda et al., 2019). Despite their minuscule size, these tiny objects have an 

enormous surface area volume, making them highly attractive to researchers around the globe. 

Nanotechnology has broad applications across a range of scientific fields, including 

engineering, material science, mechanics, optics, electronics, biotechnology, microbiology, 

environmental remediation and medicine. 

Due to this technology, there has been an increasing interest in the biotechnology and medical 

field to implement the use of nanomaterials for diagnostic purpose in the laboratory by 

injecting, inhaling and digesting the nanoparticles as a form of treatment (Kulkarni & Kulkarni, 

2015). It is important to note that nanoparticles can be designed in different shapes for instance 

a sphere, wire, rod, tubes, core-shell; this is to assist some functional molecules to attach to the 

targeted molecule as desired, with the aim of archiving successful drug delivery or molecular 

recognition. Nanoparticles have unique properties such as being good heat or light absorbers, 

as well as high magnetic activity. In the medical field, nanotechnology has been applied in 

medical imaging (Mantle, 2013), cancer, tumor detection and destruction in the early stages 

(Wang et al., 2008), surgery (Loizidou & Seifalian, 2010), wound healing (Mihai et al., 2019), 

cardiology (Giannouli et al., 2018), Alzheimer and Parkinson treatment (Kulkarni et al., 2010; 

Niu et al., 2017), diabetes treatment (Sharifi et al., 2014), dentistry (Kanaparthy & 

Kanaparthy, 2011), vision (Liu et al., 2012) and hearing prosthesis (Tamura et al., 2005), drug 

delivery (Kuppusamy et al., 2016) and so forth. 
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2.5.1. Application of nanoparticles 

 

2.5.1.1. Imaging 

Early detection is a vital factor for effective treatment when it comes to battling cancer. 

However, the inherent limitations of traditional cancer diagnostic techniques have hampered 

the identification of cancer in the early stage. Therefore, nanotechnology offers promising 

advancement in cancer diagnosis through its high sensitivity, specificity and multiplexed 

measurement capabilities. Traditional diagnostic techniques often struggle with early cancer 

detection due to inherent limitations. Nanotechnology addresses these challenges by enabling 

the identification of extracellular cancer biomarkers and cancer cells, as well as facilitating in 

vivo imaging. For example, immune superparamagnetic iron oxide nanoparticles (SPIONs) 

have been utilized in MRI imaging to detect lung cancer metastasis (Wan et al., 2016). 

Nanoparticles also enhance the capture of cancer biomarkers like proteins, circulating tumor 

DNA, cells and exosomes, improving assay sensitivity and specificity (Kumar et al., 2017). 

Additionally, positron emission tomography (PET) imaging, integrated with nanotechnology, 

provides ultra-high resolution and sensitivity, enabling the detection of low-glucose-uptake 

tumors that conventional methods may miss (Garrigue et al., 2018). This advancement 

highlights nanotechnology's potential in revolutionizing early cancer detection and diagnosis. 

 

 

2.5.1.2. Hyperthermia 

Hyperthermia, a conventional tumor treatment method, involves heating tumor cells to 

temperatures between 40-45 °C to induce thermally mediated metabolic changes like 
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apoptosis (Jose et al., 2020). This therapy not only addresses tissue hypoxia but also enhances 

the efficacy of radiation or anti-cancer drugs when used in combination (Colombo et al., 2003; 

Huilgol et al., 2010). However, its effectiveness is hindered by challenges in efficiently 

delivering heat to targeted tumors, resulting in non-selective tissue heating and significant side 

effects. Nanotechnology offers a promising solution by utilizing magnetic nanoparticles for 

hyperthermia, which absorb energy from external sources and intensify therapeutic effects 

(Beik et al., 2016). This approach selectively heats tumors by applying an oscillating magnetic 

field, overcoming the limitations of conventional methods and enhancing the precision of 

cancer therapy (Sohail et al., 2017; Bañobre-López et al., 2013). 

2.5.2. Nanotechnology in drug delivery of cancer therapy 

In recent years, nanotechnology has positively contributed towards diagnosis and cancer 

therapy, focusing mostly on a targeted drug delivery system (Abedin, 2008; Bagherifam, 2013). 

In a targeted drug delivery system, therapeutic drugs are incorporated into compatible 

nanoparticles, which are then functionalized with specific targeting agents, such as antibodies 

for specific antigens, or are designed to respond to external stimuli like magnetic fields or pH 

changes. This approach ensures targeted delivery to the desired cells, sustains the drug's effect 

and protects the drug from enzymatic degradation (Seidu et al., 2022; Panyam et al., 2012). 

The size and shape of the nanoparticle is crucial in targeted drug delivery and should be taken 

into consideration and optimized to prevent any errors during drug release and 

pharmacokinetics in vivo (Petros & DeSimone, 2010; Ding et al., 2017). These nanoparticles 

can be synthesized from different materials such as lipids, polymers, inorganic materials and 

metals (Rivera, 2003; Mornet et al., 2004; Kumari et al., 2010). 

From the different nanoparticles used for therapeutic deliver the magnetic nanoparticle has 

shown great potential in cancer therapy application, as carriers in targeted drug delivery 
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systems (Santhosh et al., 2013). The magnetic nanocarriers can simply be guided to the 

cancerous site by using an external magnetic field as shown on Figure 1.3. 

 

 

 

 

Figure 1.3: Magnetic drug Targeted drug delivery system (Yew et al., 2018). 

 

 

 

2.5.2.1. Magnetic delivery system 

The magnetic nanoparticles are classified into three different metals: pure metal, metal oxide 

and magnetic nanocomposite (Guo et al., 2018). The most common magnetic nanoparticles are 

gold (Au), silver (Ag), iron(Fe), cobalt (Co), nickle (Ni), titanium (Ti), iron oxide and some 

ferrites which possess a high magnetic field (Chithrani et al., 2006; Jeyaraj et al., 2013). The 

Fe2O3 and Fe3O4 magnetic nanoparticles are frequently used during diagnosis and treatment of 

all kinds of tumors due to their low toxicity (Pankhurst et al., 2003; Li et al., 2016). A lot of 

researchers have shown interest in elemental metals such as Fe, Ni and Co due to their 

distinctive characteristics such as high saturation induction, high permeability, low core loss, 

ability to concentrate and high-density magnetic storage media (Fedlheim & Foss, 2001). 
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However, these metals are very susceptible to oxidation, making the nanoparticles unstable. 

Therefore, considerable precaution has to be taken when working with these metals. Lu et al. 

(2008) were able to come up with a solution to resolve the water oxidation problem by 

producing a water-soluble magnetic Co nanoparticle. Building on this advancement, the current 

study focuses on Co, Fe and Mg nanoparticles, with particular emphasis on the properties and 

applications of Co and Fe nanoparticles; understanding their significance in targeted drug 

delivery systems. 

2.5.2.1.1 Cobalt nanoparticles 

Among these elemental metals, nanoparticles made from cobalt possess unique characteristics, 

such as high surface area, high saturation magnetization, large anisotropy field and unique 

catalytic properties (Dumestre et al., 2002). These properties make it eligible to store a large 

amount of information. Cobalt nanoparticles are commonly used in cancer therapy through a 

process called hyperthermia (use of heat to kill cancer cells) (Pankhurst et al., 2009; Thanh & 

Green, 2010; Alexiou et al., 2010). Studies by Ansari et al. (2017) also confirmed that Co 

nanoparticles revealed a mild anti-proliferative character against cancer cells and have also 

shown that they are not harmful to normal cells. 

2.5.2.1.2 Fe nanoparticles 

The Fe nanoparticle, on the other hand, possesses high magnetic properties, high surface area, 

high electrical and thermal conductivity and can maintain superparamagnetism (Fahmy et al., 

2018). The superparamagnetic property is one of the unique properties the Fe nanoparticle 

possesses and is crucial for its application in targeted drug delivery and magnetic resonance 

imaging (Pankhurst et al., 2003). The Fe nanoparticles have received a lot of attention due to 

their biocompatibility and low toxicity (Hasan, 2015). Fe nanoparticles are also used in 

different applications such as spintronics, biology and medical science 
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(Fahmy et al., 2018). It has also been found to be useful for labeling and magnetic separation 

of biological materials, MRI contrast enhancement, directed drug delivery and hyperthermia 

treatment (Pankhurst et al., 2003). 

 

Magnesium is one of the most abundant intracellular cation found in living cells and it takes 

part in most cellular activities. The blood plasma contains about 1% of the total amount of 

magnesium found in the body (Liao et al., 1998). Magnesium is well known for its role as a 

storehouse for hydrogen through its nanocomposite structure (Jeon et al., 2011). Studies by 

Heublein et al. (2003) also showed that magnesium is a promising metal in a cardiovascular 

implant due to its biocompatibility and biodegradable property (Heublein et al., 2003). Wang 

and her group introduced magnesium nanoparticles in thermal cancer therapy, demonstrating 

that targeted tissues injected with magnesium nanoparticles reached higher temperatures than 

tissues without magnesium nanoparticles, leading to the effective destruction of cancer cells 

through hyperthermia (Wang et al., 2012). 

 

2.6. Single-Pot Eco-Friendly Synthesis  
 

 

 

 

 

addition of any chemical agent for reducing and capping, no use of high pressure, 
 

 

 

The use of green chemistry for synthesis of nanoparticles has shown to be advantageous 

over chemical and physical methods. The chemical and physical methods can result in 

bioaccumulation of toxic materials and can add hazardous materials to the environment. 

Therefore, it is not advisable to utilize them in health fields due to their toxicity to living 

cells. The green approach is less expensive, produces nanoparticles at a large scale, no 

temperature and energy, eco-friendly and free of chemical contamination (Chandran et al., 

2006; Huang et al., 2007; Iravani, 2011; Mittal et al.,2013). It has previously been shown 

that bacteria, algae, fungi, as well as plants extracts can be used as an alternative to the 
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nanoparticles. Figure 1.4 below shows a quick process of green synthesis. 

 

 

Figure 1.4: Schematic diagram illustrating the one-pot green synthesis process. 

 

2.7. In vivo studies 

Extensive research has been done on in vitro screening of cancerous cells and has been 

successful (El-Abd et al., 2014). However, most drugs fail to make it to the in vivo phase due 

to a lack of appropriate facilities and the technology required for such experiments. Animals 

such as rat, mice, hamsters, rabbits, zebrafish, cats, fish, dogs and livestock are used in in vivo 

studies (Mulas & Reymundo, 2000; Yee et al., 2015; eMICE a and b). In cancer research 

physical and chemical method to reduce precursor metal salts to metal nanoparticles. 

However, the use of dried plants and plant extracts has received a lot of attention compared 

to other biological systems. Plants are known to contain secondary metabolites such as 

phenolics, alkaloids, steroids, flavonoids, tannins, amino acids, proteins and saponins which 

are known to be responsible for the reduction and stabilization of metal precursors to metal 
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mice and rats are the most commonly used animal models. The reason being that they mimic 

the human immune system better than other known models. The application of animal models 

in cancer research plays a crucial role in mechanical studies and pre-clinical research. There 

have been different traditional preclinical animal models that have been currently explored for 

cancer diagnosis and treatment. 

Cancer animal models are divided into 4 categories: (a) animals in which cancers occur 

spontaneously without any alteration of the animal’s genes or initiation of cancer by prior 

treatments; (b) animals whose genes are altered so that they develop spontaneous tumors of the 

same types and with similar properties to that of humans; (c) animals that develop spontaneous 

tumors if they are exposed to other factors, such as chemicals or radiation; and 

(d) animals whose natural, unaltered genetic makeup permits researchers to identify the genes 

that generate susceptibility to cancer development (eMICE b). The importance of these models 

differs according to the species, available research reagents and tools to support the studies, 

similarities to human tumors and the compatibility of the cells used with the selected animal 

strain (eMICE b). 

Animal models, such as genetically engineered tumor models, primary human tumor grafts, 

ectopic xenografts and orthotopic xenografts are mostly used for in vivo studies. The xenograft 

and genetically engineered tumor models have been used for anticancer drug discovery and 

testing and have also been utilised for investigating tumor initiation, growth and metastasis 

(Yee et al., 2015). In the xenograft cancer model, cancerous cells from humans or animals are 

grafted ectopically, meaning beneath the skin, or orthotopically, which is directly in the organ 

of the tumor origin e.g. mammary fat pad (El-Abd et al., 2014). Animal models used in breast 

cancer research, e.g. cell-derived xenograft and patient derived xenograft mice have limitations 

when it comes to engraftment of primary tumors (Johnstone 
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et al., 2015). However, the syngeneic BALB/c albino mouse model has shown potential to 

initiate a primary tumor when engrafted with 4T1 mouse tumor cells, which closely mimics 

the human breast cancer cell (Park et al., 2018). 

BALB/c nude mice are considered an established model among syngeneic and are used in 

cancer therapy (Johnstone et al., 2015). This strain is more reliable compared to C57BL/6, 

C3H and DBA/2 models, as it has resulted in successful engraftment of mouse tumor cells 

(Silva et al., 2015). BALB/c nude model is not only suitable for engraftment but for drug 

delivery as well (Malik et al., 2017). The utilization of BALB/c nude mice for implanting 4T1 

breast cancer cells presents numerous benefits. These mice lack a functioning thymus, resulting 

in a weakened T-cell mediated immune response, which facilitates the successful acceptance 

and growth of human and murine tumors (Panaampon et al., 2021; Rossa et al., 2019). The 

deficiency in their immune system leads to a high rate of tumor acceptance when introducing 

4T1 breast cancer cells, making it a dependable model for investigating tumor growth and 

spread (Ottewell et al., 2021). Moreover, 4T1 cells are recognized for their highly metastatic 

nature. When implanted in BALB/c nude mice, they replicate the aggressive characteristics of 

human breast cancer, making them an excellent model for studying metastasis and evaluating 

anti-metastatic therapies (Piranlioglu et al., 2019). The use of 4T1 cells in BALB/c nude mice 

has been firmly established in the field of cancer research. It comes with a wide range of 

existing literature and standardized protocols, which make it easier to conduct comparative 

studies and improve reproducibility (Rajaratinam et al., 2022). Moreover, these mice facilitate 

straightforward monitoring of tumor progression and response to treatments due to their lack 

of fur, which makes the tumors more visible and palpable. The absence of fur and pigmentation 

in nude mice also enhances the precision and effectiveness of various imaging techniques, 

such as bioluminescence or fluorescence imaging, commonly utilized to track tumor growth 

and metastasis. 
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CHAPTER 3 

PHARMACOLOGICAL SIGNIFICANCE, MEDICINAL USE 

AND TOXICITY OF EXTRACTED AND ISOLATED 

COMPOUNDS FROM EUPHORBIA SPECIES FOUND IN 

SOUTHERN AFRICA: A REVIEW 

 

 
Abstract 

 

This study aims to document plants from the Euphorbiaceae found in Southern Africa in order 

to understand their traditional medicinal uses, pharmacological properties, toxicity and their 

active secondary metabolites. Literature was gathered from multiple sources such as scientific 

journals, books, dissertations and conference papers between 1962-2023. The review was 

conducted on 15 Euphorbia species found in Southern Africa. Recent studies have revealed 

that certain compounds found in Euphorbia plants possess valuable biological and 

pharmacological properties. Despite this, the white sticky latex sap present in these plants can 

be highly toxic, though it can also be utilized for medicinal purposes. The phytochemical 

constituents of these plants have been shown to exhibit a variety of beneficial properties, 

including antibacterial, antioxidant, antiproliferative, anticancer, anti-inflammatory, antiviral, 

antifungal and anti-HIV effects. These plants owe their efficacy to a range of phytochemicals, 

such as euphol, cycloartenol, tirucallol and triterpenoids, each with its own unique biological 

and pharmacological characteristics. Additionally, several plants contain various proteins, 

including lectin, Chitobiosidase, Endochitinase, N-acetyl-b-glucosamidase and lysozyme. The 

data presented in this review sheds light on various species of Euphorbia found in Southern 

Africa. Although some Euphorbiaceae species have been screened for active compounds that 

have medicinal properties, the majority of documented plants have not been 
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thoroughly screened, which is a matter of concern. Given their historic use, it is important to 

conduct further research to scrutinize the medicinal significance of the Euphorbia species. This 

should involve in-depth examinations of isolated compounds, their pharmacokinetics, 

pharmacodynamics and pharmacotherapeutics, both in vitro and in vivo. This study will serve 

as a fundamental resource for researchers to explore the qualities and benefits of the unexplored 

Euphorbia species, and also design meaningful future studies. 
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3.1. Introduction 

 

The Euphorbiaceae is a highly varied group of flowering plants, having over 300 genera and 8 

000 species (Bijekar & Gayatri, 2014). Within this family, the Euphorbia genus stands out as 

one of the largest, with more than 2 000 species (Aleksandrov et al., 2019). These species can 

take the form of herbs, shrubs and trees, sometimes resembling succulents or cacti. They are 

mainly found in tropical and subtropical regions of Africa and America, as noted by Adedapo 

et al. in 2004. Many species in this family produce a toxic white sap, but this sap can also have 

medicinal properties (Villanueva et al., 2015). The genus contains economically significant 

species, making it a vital genus with high research potential. 

South Africa has a rich collection of Euphorbia species, with at least 188 indigenous to the 

country (SANBI). The Euphorbia genus has attracted the attention of many researchers due to 

its diverse chemical compositions, which include euphol, triterpenoids, diterpene ester and 

tirucallol. These compositions have been found to have remarkable therapeutic properties such 

as antimicrobial, antidiabetic, antiviral and anticancer properties, as noted by Betancur- Galvis 

et al. (2002) and Mwine and Damme (2011). However, there is a lack of scientific 

documentation on the anticancer properties of many Euphorbia species in Southern Africa. 

This is due to a lack of research on isolated compounds, as well as a lack of testing for discovery 

of new compounds. Furthermore, there is limited research on unexplored Euphorbia species 

that may have potential anticancer properties. Additionally, the majority of published articles 

on Euphorbia focus on already explored species, with little to no information on the unexplored 

ones (Fürstenberger & Hecker, 1985; Cataluna et al., 1999). It is worth noting that there is 

currently only one comprehensive review available on the 
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Euphorbia species found in Southern Africa. This review highlights the limited scientific 

documentation available on these plants and emphasizes the need for further research to unlock 

their full potential. The review, however, did not focus on the compounds found in the selected 

plants and anticancer properties (Mavundza et al., 2022). Therefore, the current study focuses 

on gathering more data on the use of isolated compounds as anticancer lead agents in traditional 

medicine to advance research in the field of discovery and development of anticancer agents. 

For this reason, the purpose of this review is to provide a comprehensive overview of the 

pharmacological activities of the isolated compounds from various Euphorbia species found in 

Southern Africa. This review also aims to highlight the diversity of the Euphorbiaceae family 

and its potential for further research. The study focuses on several plants, including Euphorbia 

trigona (E. trigona), Euphorbia tirucalli (E. tirucalli), Euphorbia ammak (E. ammak), 

Euphorbia bupleurifolia (E. bupleurifolia), Euphorbia enopla (E. enopla), Euphorbia 

polygona (E. polygona), Euphorbia cooperi (E. cooperi), Euphorbia stellata (E. stellata), 

Euphorbia ferox (E. ferox), Euphorbia clavariodes (E. clavarioides), Euphorbia gorgonis (E. 

gorgonis), Euphorbia coerulescens (E. coerulescens), Euphorbia horrida (E. horrida), 

Euphorbia arabica (E. arabica), and Euphorbia ledienii (E. ledienii). These plants were 

selected for their pharmacological activities and toxicological evaluation on breast cancer cells 

as part of the authors' recent research project. This review serves as a valuable resource for 

other researchers to explore the remaining Euphorbia species for their potentially active 

compounds and anticancer therapeutic properties. 
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3.2. Methodology 

 

To conduct this review, original articles from journals indexed in PubMed Central, Springer 

Link, Scopus, Science Direct, Hindawi, and Google scholars on Euphorbia species, their 

medicinal uses, toxicity and pharmacological properties, were analysed. For this review, only 

texts published in English between 1962 and 2023 were considered. The years of publication 

were selected due to the limited data available on Euphorbia plants. Throughout the search 

process, 881 reports were found across various databases. After reviewing the titles and 

abstracts, the search was refined and narrowed down to 293 articles, which were fully examined 

and are now being discussed in this study. 

The research criteria for inclusion were based on the guidelines set by Lu et al. (2020) with a 

few modifications. The criteria included: (1) studies on the isolated compounds of Euphorbia 

species conducted in vitro and in vivo; (2) evaluation of their biological activities; (3) studies 

published in peer-reviewed journals written in English; and (4) studies that provided full-text 

papers. There were no limitations on the study's location. The study excluded (1) human 

studies, (2) a combination of isolated compounds and (3) non-original articles. 

The retrieved data was carefully examined to identify possible medical applications, biological 

activities, isolated compounds, toxicity and pharmacological properties. Additional 

confirmation of the correct plant names was verified from the plantlist.org website. After 

analyzing all the data collected, conclusive results were obtained. 

The cytotoxic tendency of selected compounds on various cancer cell lines and human tumor 

types was computed using the Cell Line Cytotoxicity Predictor (CLCPred) webserver 

(https://www.way2drug.com/Cell-line/) a free online service for in silico evaluation of human 

cell line cytotoxicity tendency of bioactive compounds (refer Lagunin et al., 2018). This 
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prediction was based on Prediction of Activity Spectra for Substances (PASS) technology 

(https://www.way2drug.com/PASSonline) where the training set was generated based on 

cytotoxicity data derived from ChEMBLdb (version 23) (https://www.ebi.ac.uk/chembldb/). 

Compounds with robust anticancer potential were selected and subjected to further analyses to 

extract physicochemical and pharmacokinetics parameters using the SwissADME 

(http://www.swissadme.ch/index.php) (Daina et al., 2017) and pKCSM (http://biosig.unimelb 

.edu.au/pkcsm/) (Pires et al., 2015) webservers as demonstrated earlier (Adetunji et al., 2023; 

Ogunyemi et al., 2022). 

 

3.3. Results 

 

The current study reports on 15 Euphorbia species, their traditional and pharmacological 

properties, and isolated compounds. Euphorbia species have been used in folk medicine for 

various ailments, which is why scientists have taken an interest in investigating this genus and 

fully documenting the secondary metabolites responsible for these properties, see Table 3.1. 

Out of the 15 plant species examined, 8 have been traditionally used as medicine for treating 

7 distinct diseases. The most commonly used plants are for treating cancer (7), followed by 

warts and wounds (5), as well as other ailments, see Table 3.1. 
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Table 3.1. Euphorbia spp of Southern Africa and its neighboring countries, their toxicity and traditional use. 
 

Botanical 

name 

Synonym in 

bold 

Vernacular 

name 

(E)= 

English; 

(S)= Sotho 

Location Growi

ng 

conditi

o n 

Traditional use Bioacti

ve 

proper

ty 

Toxicity Reference 

 (Z)= Zulu; 

(X)= 

Xhosa; 

(A)=Afrika

an s 

      

 (N)= Ndebele       

 (T)= Tsonga       

 (Ts)= 

Tswana 

      

 (V)= Venda       
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Euphorbia 

trigona 

Euphorbia 

hermentian

a Lem 

African 

milk tree 

(E) 

West 

Africa, 

tropical 

Asia, India 

Dry 

tropical 

forests 

and 

semiari

d 

enviro

nm ent. 

Direc

t 

sunli

ght 

Respiratory 

infections, 

urinary tract 

infections, 

gonorrhoea, 

tumors and warts, 

intestinal 

parasites, 

rheumatoid 

arthritis, 

hepatitis, 

inflammation, 

piles, 

constipation, 

epileptic attack. 

Anticancer Skin irritation Tada & Seki, 1989 

Nashikkar et al., 2012 

Marathe et al., 2019 

Siddique et al., 2010 

Bouquet, 1969 

Lynn and Clevette- 

Radford, 1986 

Euphorbia 

cooperi 

E. cooperi var. 

cooperi 

E. cooperi var 

calidicola 

Candelabra 

Euphorbia (E), 

Umhlonhlo 

(N), 

Tshikondengal 

a (V), 

Mokhoto (T) 

Mohlohlo (S) 

South Africa 

(KwaZulu- 

Natal, 

Swaziland, 

North-West 

Province, 

Mpumalanga 

and Limpopo) 

Mozambique, 

Zimbabwe, 

Botswana 

Well- 

drained 

soil. 

Direct 

sunlight. 

Sore stomach, 

bloatedness, 

paralysis, wound 

healing 

Breast 

cancer 

inhibitor 

Skin irritation, 

blindness, 

throat burning 

sensation 

Luseba & Van der 

Merwe, 2006 

Gildenhuys, 2006 

El-Sherei et al., 2015 

Hedberg & Staugård, 

1989 

Breyer-Brandwijk, 

1962 Morsi, 2015 

Gundidza & Hecker, 

1992  

Engi et al., 2007 

       El-Sherei et al., 2015 

© Central University of Technology, Free State



54 

 

 

       Morsi, 2015 

Euphorbia 

ammak 

African 

candelabra 

/Desert 

candelabra (E) 

Saudi Arabia, 

Yemen 

peninsulaα 

No data 

reported 

No data reported Anticancer 

Antileishma 

nial activity, 

(H1N1) 

influenza 

virus, 

MDCK 

cells, 

antiparasitic 

activity 

Skin and eye 

irritation. 

Normal 

melanocyte 

(HFB4). 

Carter, 1994 

Almehdar et al., 2012 

Al-Hajj et al., 2018 

Kiyohara et al., 2012 

Abdel-Satter et al., 

2010 

Euphorbia 

tirucalli 

Rubber-hedge 
Euphorbia (E), 

Eastern 

tropical 

Rock 

garden, 

Snakebites, sexual 

impotence, warts, 

Antibacteria 

l, 

Skin irritation, 

blindness, fish 

Watt & Breyer- 

Brandwijk, 1962 
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Euphorbia laro 
Drake 

umSululu (Z), 

umHlonthlo 

(X), motsetse/ 

setlharesetola 

(Ts), 

mahumbana 

(T), muṱungu 

(V) 

kraalmelkbos 

(A) 

Africa, South 

Africa, Indian 

Ocean Island 

well- 

drained 

soils, 

mild to 

warm 

climates. 

wounds, skin 

complaints, swollen 

glands, oedema, 

haemorrhoids, 

rheumatism, 

epilepsy toothache, 

earache and tumor. 

molluscicid 

e, 

antiherpetic, 

antimutagen 

ic 

antibacterial 

, 

myelomodul 

ating 

activity, 

antitumor 

effect on 

different 

cell lines. 

Tumor 

promotor 

poisoning, 

gastro- 

intestinal 

haemorrhage, 

fatality, 

Burkitt's 

lymphoma, 

Epstein-Barr 

virus 

Baslas & Gupta, 1982 

Kajikawa et al., 2005 

Shivkumar, 2015 

Hargreaves, 1991 

Van Damme, 1989 

Gupta et al., 2013 

Voigt, 2007 

Macneil et al., 2003 

Van den Bosch et 

al.,1993 Jurberg et al., 

1985 

Lirio et al., 1998 

       Betancur-Galvis et 

al.,2002 

       Tiwari et al., 2003 

       Rezende et al., 2004 

       Parekh & Chanda, 

2007  

Altamimi et al., 2019 

Valadares et al., 2006 

       de Souza et al., 2019 
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       Mwine & Damme, 

2011 

Euphorbia 

clavarioides 

Euphorbia 

basutica 

lions 

Spoor (E), 

melkpol (A), 

iSantilele/ 

isihlekehleke 

(Z), 

sehlehle/sehlo 

ko (S) 

South Africa 

(Eastern 

Cape, 

KwaZulu- 

Natal, 

Northern 

Cape, 

Western 

Cape), 

Lesotho 

Direct 

sunlight, 

mineral 

soil, 

grassland 

gardens 

Skin rash in 

children, acne, 

sores, bruises, 

burns, eczema, 

ulcer, cracked heels 

and wounds, 

cancerous sores, 

warts, swollen feet, 

leprosy remedy, 

herpes, HIV related 

infections, high 

blood pressure, 

diabetes 

No data 

reported 

Skin irritation, 

bird lime 

Moteetee et al., 2019 

Shale et al., 1999 

Maliehe, 1997 

Kose et al., 2015 

Cock et al., 2021 

Euphorbia 

gorgonis 

Nkalimasane 
(Z) melkbol 

(A) 

South Africa 

(Eastern 

Cape) 

Well- 

drained 

soil, 

Direct 

sunlight 

Wounds, swelling, 

skin problems. 

Antibacteria 

l, 

antimicrobia 

l activity, 

cancer cell 

line (HuTu), 

hepatoma 

cells 

(H411E) 

Skin irritation Johnson, 2019 

Komoreng et al., 2017 

Tiwani, 2017 

Euphorbia 

bupleurifolia 

Tithymalus 

Pine cone 

plant (E), 

melkbol (A), 

South Africa 

(Eastern Cape 

Province, 
Transkei and 

Warm 

and moist 

condition 
s,moderat 

Cancerous sores, 

for painful cracked 

feet, eczema, 
pimples, rashes and 

No data 

reported 

Skin irritation Afolayan et al., 2014 

Van Wyk,1997 
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bupleurifolius intsele (X), 

insema (Z) 

Natal) e sun 

light. 

wounds in topical 

formulation, clean 

teeth, swellings of 

the lower limbs, 

cancer, retained 

placenta. 

  Iwalewa et al., 2019 

Assefa & Bahiru, 2018 

Euphorbia 

enopla 

Euphorbia 

enopla var. 

enopla 

Milk- 

barrel/Pincushi 

on Euphorbia 

(E) 

South Africa 

(Eastern Cape 

in the 

Noorsveld, in 

arid to semi- 

arid Karoo) 

Well- 

drained 

soil, 

direct 

sunlight 

No data reported No data 

reported 

Skin irritation, 

toxic to Vero 

cell line 

Mampa et al., 2020 

Euphorbia 

coerulescens 

Euphorbia 

virosa 

Sweetnoors 

(A) 

South Africa 

(Cape 

province) 

Sunny to 

half- 

shady, 

rocky and 

gritty- 

sandy 

soils 

No data reported No data 

reported 

Inflammation 

in mice, skin 

irritation, 

blindness, 

throat irritation 

if swollen 

Evans, 1978 

Euphorbia 

polygona 

African Milk 

Barrel (E) 

South Africa 

(Eastern 

Cape) 

Well- 

drained 

soil, 

direct 

sunlight 

and high 

temperat 

No data reported No data 

reported 

Eye irritation, 

skin irritation, 

paralysis 

Mampa et al., 2020 
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   ure 

environm 

ent. 

    

Euphorbia 

horrida Var 

Euphorbia 

horrida Boiss. 

African Milk 

Barrel (E) 

South Africa 

(Wittepoort/ 

Karoo) 

Well- 

drained 

soil, 

direct 

sunlight 

and dry 

condition 

s. 

No data reported No data 

reported 

Inhibition of 

Vero cell line 

Mampa et al., 2020 

Euphorbia 

arabica 

Euphorbia 

neopolycnemoi 

des 

Klein Bont 

Euphorbia (E), 

umhlonhlo (Z) 

Botswana, 

southern 

Mozambique, 

Zimbabwe, 

Limpopo, 

Mpumalanga 

and KwaZulu- 

Natal, South 

Africa 

Stony 

grassland 

area. 

Warts, 

stomachache, 

skin infections. 

Antibacteria 

l 

Inhibition of 

Vero cell line 

Al-Harbi, 2017 

El-Shanwani, 1996 

Euphorbia 

ledienii 

Euphorbia 

ledienii A. 

Berger var. 

ledienii 

Crested 
Euphorbia (E) 

South Africa 

(Western 

Cape) 

Well- 

drained 

soil, 

sunny 

condition 

s 

No data reported No data 

reported 

Skin irritation Abdel-Fattah, 1987 
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Euphorbia 

ferox 

Euphorbia 

capitosa 

Milkweed (E) South Africa 

(Western 

Cape) 

Drained 

sandy 

soil, 

rocky 

outcrops 

and in 

sunny 

environm 

ent 

No data reported No data 

reported 

Poisonous 

latex 

 

Euphorbia 

stellata 

Euphorbiasqua 

rrosa 

Euphorbia 

radiata 

Euphorbia 

scolopendrea 

Euphorbia 

uncinata 

Spurge (E) South Africa 

(Eastern 

Cape) 

Well- 

drained 

soil and 

sunny 

environm 

ent 

No data reported No data 

reported 

Skin and eye 

irritation. 
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An investigation into the chemical composition of various Euphorbia species unveiled 

distinctive profiles of isolated compounds. E. tirucalli exhibited the highest diversity with a 

total of 30 isolated compounds, spanning triterpenoids (Lupane, Oleanane, Tirucallane, 

Phorbol-type), phenolic compounds (Gallic Acid Derivatives, Ellagic Acid Derivatives, 

Flavonoids), phytosterols (Sterols), glycosides (Triterpene Glycosides, Other Glycosides), and 

diterpene esters (Mavundza et al., 2022; Kgosiemang et al., 2020; Shivkumar, 2015). 

Following closely, E. cooperi presented 18 compounds, including triterpenoids (Lupane, 

Oleanane, Phorbol-type), phytosterols (Sterols), and glycosides (Triterpene Glycosides) 

(Hlengwa, 2018; Sherei et al., 2015). E. trigona showcased 16 compounds, including 

triterpenoids (Lupane, Oleanane, Phorbol-type), phenolic compounds (Gallic Acid Derivatives, 

Ellagic Acid Derivatives, Flavonoids), phytosterols (Sterols), and glycosides (Other 

Glycosides) (Boshara, 2014; Nashikkar et al., 2012; Anjaneyulu & Rao, 1985). E. coerulescens 

and E. ledienii exhibited 9 and 8 compounds, respectively, encompassing triterpenoids, 

phenolic compounds and phytosterols (Sytwala et al., 2015; Evans, 1978; Nielsen et al., 1979); 

see Table 3.2 and 3.3. Notably, certain plants demonstrated fewer or no isolated compounds. 
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Table 3.2. Comprehensive overview of Isolated Compounds from Individual Plants 
 

Plant Compounds Reference 

Euphorbia trigona Euphol, Cycloartenol, Cycloartanol, Lupeol, α amyrin, β –amyrin, Betulinic acid, Taraxerol 
, β-sitosterol, Taraxerol acetate, Friedelin, Friedelan 3 α - and 3 βα –ols, 24-ethylene 

cycloartanol, Epi-friedelinyl acetate, 3β, friedelinol, Rhoiptlenone 

Anjaneyulu & Rao, 1985 

Nielsen et al., 1977 

Euphorbia ledienii Isobutyric, 2-Methylbutyric acid, 12-Deoxyphorbol-13-isobutyrate-20-acetate, 12- 

Deoxyphorbol-13-(2-methylbutyrate)-20-acetate, Phorbol, 12-Deoxy phorbol, 12-Deoxy-16- 

hydroxy phorbol, Ingol-7,8,12-acetate, ditiglate 

Popplewell et al., 2010 

Redei et al., 2010 

Evans & Kinghorn, 1977 

Euphorbia Triterpenes, Euphol, Diterpene esters, Euphorbiane, 12-Deoxyphorbol esters, Ingenol ,β- Mavundza et al., 2022 

tirucalli Sitosterol, Euphorbol, hexacosonate, 12-Deoxy-4β-hydroxyphorbol-13-phenyl acetate-20- Martins et al., 2020 
 acetate, 12, 20-Dideoxyphorbol-13-isobutyrate, Glut-5-en-3-β-ol, Tirucalicine, Tri-methyl Lin et al., 2012 
 ellagic acid, Terpenic alcohol, Isoeuphorol, Taraxasterol, Tirucallol, Ketone euphorone, Yu et al., 2012 
 Resin, Ellagic acid, Taraxerol, 3,3′-Di-O-methylellagic acid, Euphorbin A, Euphorbin  B, Dutra et al., 2012 
 Tirucallin A, Tirucallin B, Euphorbol, Cycloartenol, 24-Methylenecycloartenol, Ingenol Kajikawa et al., 2005 
 triacetate,  β-amyrin,  Rhoiptlenone,  3β-friedelinol,  Epi-friedelinyl  acetate,  24-ethylene Cataluna & Rates, 1999 
 cycloartanol, Friedelan 3 α - and 3 βα –ols, Friedelin, Taraxerol acetate, Betulinic acid, β – Yoshida et al., 1991 
 amyrin, α amyrin, Lupeol, Cycloartanol, β-amyrone, glutinone, taraxerone, Glut-5-en-3-β-ol Khan & Malik, 1990 
 and cycloart-23-ene-3-β, 25-diol, Euphorcinol, Euphorginol, 12, 13,20-tri- O-acetylphorbol, Khan et al., 1988a 
 3,5,20-tri-O-acetylingenol 20-acetate Khan et al., 1988b 
  Khan et al., 1989 
  Rasool et al., 1989 
  Khan et al., 1987 
  Lynn & Clevette-Radford, 1985 
  Baslas & Gupta, 1984 
  Baslas & Gupta, 1982 
  Yamamoto et al., 1981 

© Central University of Technology, Free State



65 

 

 

  Biesboer & Mahlberg, 1979 

Nielsen et al., 1979 

Kinghorn, 1979 

Fürstenberger & Hecker, 1977 

Gupta & Mahadevan, 1967 

Euphorbia enopla Euphol, Tirucallol Ponsinet & Ourisson, 1968 

Euphorbia 

coerulescens 

Angelate acetate isobutyrate, Fatty acids, Acetate laurate, α-Methyl butyrate, Heptanoate, 

Laurate, Euphol, Tirucallol, Euphorbol 

Nielsen et al., 1979 

Evans, 1978 

Euphorbia ammak α-glutinol, Stigmasterol, Euphol, Euphorbol Abdel-Sattar et al., 2015 
Ponsinet & Ourisson, 1968 

Euphorbia 

cooperi 

16-Hydroxy-12-desoxyphorbol, Euphol, Obtusifoliol, 12-Deoxyphorbol-13-isobutyrate-16- 

angelate-20-acetate, Euphorbilactone, Norsesquiterpenoid, Arachiside A, Glutinol, 16- 

Angeloyloxy-13α-isobutanoyloxy-4β,9α,20- trihydroxytiglia-1,5-diene-3,7-dione, 20- 

Acetoxy-16-angeloyloxy13α-isobutanoyloxy-4β,9α,20-tetrahydroxytiglia-1,5-diene-3-one, 

Gallic acid, Bervifolin, carboxylic acid, Kampferol-3-O-ß-D-rutinoside, 1-O-Galloyl-3,6- 

hexahydroxydiphenyl-β-D 

glucopyranoside, 3, 3' Dimethoxy ellagic acid 3, 4, 4' Trimethoxyellagic acid, Ellagic acid, 

Kaempferol, 7-galloyl catechin, kaempferol 3-O-β-(6”- O-galloyl)-glucopyranoside, triesters-

16-hydroxy-12-desoxy-phorbol 

Mavundza et al., 2022 

Hlengwa, 2018 

El-Toumy et al., 2018 

El-Sherei et al., 2015 

Gschwendt & Hecker, 1970 

Euphorbia 

horrida 

17-Hydroxyingenol-17-benzoate-20-angelate, Diterpene esters El-Hawary et al., 2020 
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Table 3.3. Phytochemicals extracted from the selected Euphorbia s This table outlines the 

diverse array of crude phytochemicals extracted from carefully chosen Euphorbia species, 

shedding light on the rich chemical composition inherent in these selected plants. 
 

Plant Phytochemical/s Reference 

Euphorbia 

trigona 

Saponins, alkaloids, flavonoids, glycosides, 

sterols and triterpernoids, tannins 

Boshara, 2014 
Nashikkar et al., 2012 

Nielsen et al., 1977 

Euphorbia 
cooperi 

Triterpernoid Hlengwa, 2018 

Euphorbia 
ammak 

alkaloids, saponins, glycosides Al-Hajj et al., 2018 

Euphorbia 

tirucalli 

Triterpernoid, phenols, flavonoids, tannins, 

alkaloids, saponins, glycosides, and steroids. 

Kgosiemang et al., 

2020 
Shivkumar, 2015 

Euphorbia 

clavarioides 

Alkaloids, flavonoids, saponins, tannins, 
terpenoids, phytosterols, glycosides, 

triterpenoids, anthraquinone 

Mampa et al., 2020 

Kose, 2017 

Euphorbia 
gorgonis 

Phytosterols, glycosides, triterpenoids, 
flavonoids, alkaloids, saponins 

Mampa et al., 2020 
Tiwani, 2017 

Euphorbia 

bupleurifolia 

Phytosterols, tannins, glycosides, triterpernoids, 

saponins, flavonoids and alkaloids 

Mampa et al., 2020 

Van Wyk, 1997 

Euphorbia 

enopla 

Phytosterols, glycosides, triterpenoids, 

flavonoids, alkaloids, tanins, anthraquinone 

Mampa et al., 2020 

Euphorbia 
polygona 

Phytosterols, tannins, glycoside, triterpenoids, 
flavonoids, alkaloids 

Mampa et al., 2020 

Euphorbia 

horrida Var 

phytosterols, pentose, tannins, glycosides, 
triterpenoids, anthraquinones, saponins, 

flavonoids 

Mampa et al., 2020 

Euphorbia 
arabica 

Phytosterols, tannins, glycosides, triterpenoids, 
anthraquinones, flavonoids 

Mampa et al., 2020 

Euphorbia 
ledienii 

No data reported  

Euphorbia ferox No data reported  

Euphorbia 
stellata 

No data reported  

Euphorbia 
coerulescens 

No data reported  

 

The breakdown of these compounds into subclasses revealed diverse chemical categories, 

including Euphane-type Triterpenoids (Euphol, Euphorbol), Cycloartane-type Triterpenoids 

(Cycloartenol, Cycloartanol, 24-ethylene cycloartanol), Lupane-type Triterpenoids (Lupeol), 
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Oleanane-type Triterpenoids (α-amyrin, β-amyrin), Pentacyclic Triterpenes (Betulinic acid, 

Glut-5-en-3-β-ol), Taraxarane-type Triterpenoids (Taraxerol, Taraxerol acetate), Phorbol- 

type Diterpenoids (12-Deoxyphorbol-13-isobutyrate-20-acetate, Phorbol, 12-Deoxy phorbol, 

12-Deoxy-16-hydroxy   phorbol, 12-Deoxyphorbol esters, 12,  20-Dideoxyphorbol-13- 

isobutyrate), Tirucallane-type Triterpenoids (Tirucalicine, Tirucallol, Tirucallin A, Tirucallin 

B), Steroidal Triterpenoids (Terpenic alcohol), Ingenane-type Triterpenoids (Ingol-7,8,12- 

acetate, ditiglate, Ingenol, Ingenol triacetate, Angelate acetate isobutyrate), Flavonoids (Tri- 

methyl  ellagic acid, 17-Hydroxyingenol-17-benzoate-20-angelate,  Kampferol-3-O-ß-D- 

rutinoside), Sterols (β-sitosterol, Stigmasterol, Taraxasterol), Ellagic Acid Derivatives 

(Ellagic acid, 3,3′-Di-O-methylellagic acid), Medium-chain Fatty Acids (Laurate) and no 

specific subclass records (Rhoiptlenone, 2-Methylbutyric acid, Euphorbin A, Euphorbin B, 

Euphorbol hexacosonate, 12-Deoxy-4β-hydroxyphorbol-13-phenyl acetate-20-acetate, 20- 

Acetoxy-16-angeloyloxy13α-isobutanoyloxy-4β,9α,20-tetrahydroxytiglia-1,5-diene-3-one, 

Resin, Arachiside A,  3, 4,  4' Trimethoxyellagic acid, 12-Deoxyphorbol-13-(2- 

methylbutyrate)-20-acetate, 2-Methylbutyric acid) (see Table 3.4). 

E. tirucalli as well as E. ammak are among the Euphorbia species that received substantial 

research attention. These findings are in agreement with studies conducted by Mavundza et al. 

(2022), which stated that E. tirucalli was among the most studied species. 
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Table 3.4. Classification of Crude and Isolated Compounds from 15 Euphorbia Specie. This 

table delineates the categorization of both crude extracts and individually isolated compounds 

obtained from 15 distinct Euphorbia species. The compounds are organized based on their 

respective classes, providing a comprehensive overview of the chemical constituents present 

in each species. 

 

Compounds Class subclass 

Euphol (Tetracyclic Triterpene), Cycloartanol (Sterol 

Lipid), Lupeol, α-amyrin, β-amyrin, Betulinic acid, 

Taraxerol, Taraxerol acetate, Friedelin, Friedelan-3-β–ol, 

3β-Friedelinol 

Terpenoids Triterpenoids 

Cycloartenol, β-sitosterol, 24-Methylenecycloartanol, 

Tirucallol (Tetracyclic Triterpene), Obtusifoliol, Glutinol, 

Triterpene euphol (Steroidal Alcohol), 24-Methylene 

cycloartenol, Ingenol triacetate (Diterpene), Terpenic 

alcohol (Terpene), Taraxasterol (Phytosterol), Stigmasterol 

Phytosterol 

12-Deoxyphorbol-13-isobutyrate-20-acetate (Phorbol 

Ester), Phorbol (Diterpenoid), 12-Deoxyphorbol ester 

(Diterpenoid), 12-Deoxy-16-hydroxy-phorbol (Component 

of DHPB), 16-Hydroxy-12-desoxyphorbol (Diterpenoid), 

12-Deoxyphorbol-13-isobutyrate-16-angelate-20-acetate 

(Diterpene), 12-Deoxy phorbol esters (Phorbol Ester), 

Ingenol (Diterpenoid), Glut-5-en-3-β-ol (Triterpenoid) 

Other Terpenoids 

Gallic acid (Phenolic Acid), Bervifolin carboxylic acid 

(Tannin), 3, 3'-Dimethoxy ellagic acid (Tannin), Ellagic 

acid (Tannin), Kaempferol (Flavonoid), Kampferol-3-O-ß- 

D-rutinoside (Flavonoid), 1-O-Galloyl-3,6- 

hexahydroxydiphenyl-β-D-glucopyranoside/corilagin 

(Tannin), Tri-methyl ellagic acid (Tannin), 3′-Di-O- 

methylellagic acid (Phenol) 

Phenolic  

Laurate Fatty acids  

Diterpene esters Miscellaneous  

Flavonoids  Polyphenolic compounds 

Alkaloids  Organic compounds 

Saponins  glycosides 

Tannins  Polyphenols 

Glycosides  Acetal Derivatives of 

Monosaccharides 

© Central University of Technology, Free State



69 

 

 

Anthraquinones  Phenolics 

 

The investigation into the chemical composition of various Euphorbia species is presented in 

Table 3.4, and has revealed a diverse array of isolated compounds, each showcasing unique 

pharmacological and biological activities. Euphol, classified within the Euphane subclass, 

demonstrates a diverse profile, including anticancer, cytotoxicity, anti-nociceptive, anti-

inflammatory and HIV-1 reverse transcriptase inhibitor activities (Silva et al., 2019 Lin et al., 

2012 Yasukawa et al., 2000). The Cycloartenol and Cycloartanol compounds, falling under the 

Cycloartane subclass, exhibit a wide range of effects such as anti-inflammatory, antitumor, 

antioxidant, antibiosis, anti-Alzheimer's disease, apoptotic, analgesic and antifungal activities 

(Heliawati et al., 2023; Salome-Abarca et al., 2020; Sawale et al., 2019; Niu et al., 2018; Zhang 

et al., 2017; Zare et al., 2015; Zare et al., 2014; Barla et al., 2006). Lupeol, belonging to the 

Lupane subclass, displays diverse properties like anticancer, anti- inflammatory, antimicrobial, 

antiprotozoal, antiproliferative, antiangiogenic and cholesterol- lowering effects (Zhang et al., 

2015; Gupta et al., 2013; Kumari & Kakkar, 2012; Borgati et al., 2012; Siddique & Saleem, 

2011; Gallo & Sarachine, 2009; Sudhahar et al., 2007; You et al., 2003). Oleanane-type 

triterpenoids, represented by α-amyrin and β-amyrin, demonstrate activities such as 

cytotoxicity, antifungal, anti-inflammatory, nitric oxide inhibition, reactive oxygen species 

activation and anticancer effects (Wen et al., 2018; Lin et al., 2011; Jabeen et al., 2011; Shih 

et al., 2010; Singh et al., 2009; Singh et al., 2009; Abdel-Monem et al., 2008 Johann et al., 

2007; Vazquez et al., 1999). Pentacyclic triterpenes, including Betulinic acid, exhibit 

antitumor, antidiabetic, anti-inflammatory, HIV-1 reverse transcriptase inhibition, antiviral and 

hepatoprotective activities (Silva et al., 2016; Foo et al., 2015; Damle et al., 2013; Esposito et 

al., 2013; Mertens-Talcott et al., 2013; Kumar et al., 2013; Alakurtti et al., 2006; Aiken & 

Chen, 2005; Bernard et al., 2001; Selzer et al., 2000). The Taraxarane subclass, represented 
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by compounds like Taraxerol and Taraxerol acetate, showcases properties like anticancer, 

anti-inflammatory, apoptotic, antioxidative, antimicrobial, antifungal and antidiabetic effects 

(ur Rahman et al., 2016; Rehman et al., 2013; Tan et al., 2011; Biswas et al., 2009; Singh et 

al., 2002; Takasaki et al., 1999). Sterols, represented by β-sitosterol, display a spectrum of 

activities, including anti-inflammatory, anticancer, antiproliferative, analgesic and 

antimicrobial effects (Cheng et al., 2015; Nirmal et al., 2012; Loizou et al., 2010; El-Fiky et 

al., 2008; Vazquez et al., 1999). Tirucallane-type triterpenoids, such as Tirucalicine and 

Tirucallol, currently have no specific records of biological activity (Fernandez-Arche et al., 

2010; Akihisa et al., 2001). Terpenic alcohol, a steroidal triterpenoid, demonstrates antibacter 

ial and irritant effects (Mali and Panchal, 2017b; Inoue et al., 2004). Ellagic Acid 

Derivatives, including Tri-methyl ellagic acid, exhibit anticancer properties (Wardana et al., 

2022; Mali & Panchal, 2017b; Zhang et al., 2008). Ingenane-type Triterpenoids, represented 

by Ingenol and its derivatives, showcase cytotoxicity and HIV-1 reverse transcriptase 

inhibition (Silva et al., 2019; Abreu et al., 2014). Various subclasses such as Taraxarane, 

Euphane-type, Sterol, Tirucallane and Phorbol-type exhibit diverse pharmacological activities, 

including anti-inflammatory, antifungal, antibacterial, hepatoprotective, antioxidant, 

antiproliferative and anti-HIV effects, see Table 3.5. 
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Table 3.5. Bioactive compounds isolated from 15 Euphorbia species alongside their biological 

activities and subclasses. This table provides an in-depth exploration of bioactive compounds 

isolated from 15 distinct Euphorbia species, highlighting their diverse biological activities. 
 

Compounds Subclasses Pharmacological/ 

biological activity 

Reference 

Euphol Euphane Anticancer 

Cytotoxicity 

Anti-nociceptive 

Antiinflammatory 

HIV-1 reverse 

transcriptase inhibitor 

Silva et al., 2019 

Lin et al., 2012 

Yasukawa et al., 2000 

Cycloartenol Cycloartane Antiinflammatory 

Antitumor 

Antioxidant 

Antibiosis 

Anti-alzheimer's 

disease 

Apoptotic 

Analgesic 

Bactericidal 

Zare et al., 2015 

Zare et al., 2014 

Zhang et al., 2017 

Niu et al., 2018 

Sawale et al., 2019 

Cycloartanol Cycloartane Antifungal 

Vasodepressor 

Antitumor 

Salome-Abarca et al., 2020 

Barla et al., 2006 

Heliawati et al., 2023 

Lupeol Lupane Anticancer 

Antiinflammatory 

Antimicrobial 

Antiprotozoal 

Antiproliferative 

Gallo & Sarachine, 2009 

Siddique & Saleem, 2011 

You et al., 2003 

Zhang et al., 2015 

Kumari & Kakkar, 2012 
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  Antiangiogenic 

Anti-invasive 

Cholesterol lowering 

Borgati et al., 2012 

Gupta et al., 2013 

Sudhahar et al., 2007 

α amyrin Oleanane Cytotoxicity 

Antifungal 

Antiinflammatory 

Abdel-Monem et al., 2008 

Johann et al., 2007 

Singh et al., 2009 

Jabeen et al., 2011 

β -amyrin Oleanane Antiinflammatory 

Nitric oxide inhibitor 

Reactive oxygen 

species activator 

Anticancer 

National Center for 

Biotechnology Information, 

2023 

Singh et al., 2009 

Vazquez et al., 1999 

Shih et al., 2010 

Wen et al., 2018 

Lin et al., 2011 

Betulinic acid Pentacyclic 

triterpenes 

Antitumor 

Antidiabetic 

Antiinflammatory 

HIV-1 reverse 

transcriptase inhibitor 

Antiviral 

Hepatoprotective 

activity 

Damle et al., 2013 

Esposito et al., 2013 

Aiken & Chen, 2005 

Foo et al., 2015 

Selzer et al., 2000 

Mertens-Talcott et al., 2013 

Kumar et al., 2013 

Silva et al., 2016 

Bernard et al., 2001 

Alakurtti et al., 2006 
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Taraxerol Taraxarane Anticancer 

Antiinflammatory 

Apoptotic 

Anti-oxidative activity 

Antimicrobial 

Antifungal 

Antidiabetic 

Takasaki et al., 1999 

Biswas et al., 2009 

Tan et al., 2011 

Singh et al., 2002 

β-sitosterol Sterols Antiinflammatory 

Anticancer 

Antiproliferation 

Analgesic 

Antimicrobial 

Vazquez et al., 1999 

Loizou et al., 2010 

Cheng et al., 2015 

Nirmal et al., 2012 

El-Fiky et al., 2008 

Taraxerol acetate Taraxarane Antiinflammatory 

Cycloxygenases 

inhibitor 

ur Rahman et al., 2016 

Rehman et al., 2013 

Friedelin Friedelane Cytotoxicity 

Antibacterial 

Chen et al., 2015 

Abdul-Hammed et al., 2023 

Friedelan 3 α - and 

3 βα -ols 

Friedelane Anticancer Abdul-Hammed et al., 2023 

24-ethylene 

cycloartanol 

Cycloartane Antiinflammatory 

Antifungal 

Vazquez et al., 1999 

Krstić et al., 2016 

Epi-friedelinyl 

acetate 

Friedelane  Anju & Rameshkumar, 2022 

3β-friedelinol Friedelane Antibacterial 

Cytotoxicity 

Ogunnusi et al., 2010 

Anju & Rameshkumar, 2022 

Sousa et al., 2014 

Yang et al., 2017 

Rhoiptlenone No data reported No data reported Anju & Rameshkumar, 2022 

Isobutyric Carboxylic acid irritant Sosath et al., 1988 
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   Redei et al., 2010 

2-Methylbutyric 

acid 

No data reported No data reported Redei et al., 2010 

12-Deoxyphorbol- 

13-isobutyrate-20- 

acetate 

Phorbol Antifungal Ourhzif et al., 2022 

12-Deoxyphorbol- 

13-(2- 

methylbutyrate)- 

20-acetate 

Phorbol No data reported Popplewell et al., 2010 

Phorbol Phorbol Tumor promoter 

Apoptosis 

Fürstenberger & Hecker, 

1985 

Brodie & Blumberg, 2003 

12-Deoxy phorbol Phorbol Antitumor 

Apoptotic 

Zayed et al., 1984 

Shen et al., 2015 

Alotaibi et al., 2018 

Tsai et al., 2020 

12-Deoxy-16- 

hydroxy phorbol 

Phorbol Irritant 

Tumor promoter 

Hirota et al., 1988 

Ingol-7,8,12- 

acetate,ditiglate 

Ingenane No data reported Sosath et al., 1988 

Triterpenes euphol Glycosides Anticancer 

Antiinflammatory 

de Souza et al., 2019 

Dutra et al., 2011 

Biesboer & Mahlberg, 1979 

Diterpene esters Terpenoids Anticancer 

Cytotoxicity 

Tumor promoter 

Irritant 

Pro-inflammatory 

Wu et al., 1991 

Fatope et al., 1996 

Fürstenberger & Hecker, 

1985 

Khan & Malik, 1990 

Rizk et al., 1985 
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12 Deoxyphorbol 

esters 

Phorbol Irritant 

Pro-inflammatory 

Tumor promoter 

Kinghorn & Kinghorn, 1979 

Driedger & Blumberg, 1980 

Priya & Rao, 2011 

 

Adolf & Hecker, 1984 

Ingenol Ingenane Cytotoxicity 

HIV- reverse 

transcriptase Inhibitor 

Abreu et al., 2014 

Silva et al., 2019 

Euphorbol 

hexacosonate 

No data reported No data reported Mali & Panchal, 2017b 

12-Deoxy-4β- 

hydroxyphorbol- 

13-phenyl acetate- 

20-acetate 

No data reported No data reported Mali & Panchal, 2017b 

12, 20- 

Dideoxyphorbol- 

13-isobutyrate 

Phorbol No data reported Mali & Panchal, 2017b 

Glut-5-en-3-β-ol Pentacyclic 

triterpene 

Antibacterial Abdel-Monem & 

Abdelrahman, 2016 

Tirucalicine Tirucallane No data reported Khan, 2010 

Khan et al., 1988 

Mali & Panchal, 2017b 

Wal et al., 2013 

Tri-methyl ellagic 

acid 

Ellagic Acid 

Derivatives 

Anticancer Mali & Panchal, 2017b 

Wardana et al., 2022 

Zhang et al., 2008 

Terpenic alcohol Steroidal 

Triterpenoids 

Antibacterial 

Irritant 

Inoue et al., 2004 

Mali & Panchal, 2017b 

Isoeuphorol Ingenane-type 

Triterpenoids 

No data reported Mali & Panchal, 2017b 

Taraxasterol Sterol Inhibition of tumor 

promotion 

Antiproliferation 

Ovesnaâ et al., 2004 
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Tirucallol Tirucallane Antiinflammatory 

HIV-Inhibition reverse 

transcriptase 

Fernandez-Arche et al.,2010 

Akihisa et al., 2001 

Ketone euphorone Euphane-type 

Triterpenoids 

No data reported Upadhyay et al., 2010 

Resin No data reported Digestive enzyme 

Antioxidant 

Antispasmodic 

Hypotensive 

Hepatoprotective 

Antiviral 

Antifungal 

Anticancer 

Anxiolytics 

Anthelmintic 

Upadhyay, 2017 

Ellagic acid Ellagic Acid 

Derivatives 

Hepatoprotective 

activity 

Antiproliferative 

activity 

Antioxidant 

Shaimaa, 2015 

3,3′-Di-O- 

methylellagic acid 

Ellagic Acid 

Derivatives 

Antioxidant 

Moderate antibacterial 

activity 

Antimicrobial activity 

Anticancer 

Herawati & Firdaus, 2013 

Vigbedor et al., 2022 

Aljubiri et al., 2021 

Guo et al., 2011 

Euphorbin A No data reported No data reported Yoshida et al., 1988 

Euphorbin B No data reported No data reported Yoshida et al., 1988 

Tirucallin A Tirucallane No data reported Yoshida et al., 1991 

Tirucallin B Tirucallane No data reported Yoshida et al., 1991 
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Euphorbol Euphane-type 

Triterpenoids 

Antibacterial 

Antiinflammatory 

Abdel-Sattar et al., 2015 

Mazoir et al., 2011 

24- 

Methylenecycloart 

enol 

Cycloartane Anti-oxidant 

Antiinflammatory 

National Center for 

Biotechnology Information, 

2023 

Sotiroudis et al., 2010 

Ekpo and Pretorius, 2007 

Martinez-Vazquez M et al., 

1999 

Ingenol triacetate Ingenane-type 

Triterpenoids 

Antimicrobial 

Antitumor 

Sultana et al., 2022 

Tilabi and Upadhyay, 1983 

National Center for 

Biotechnology Information, 

2023 

Angelate acetate 

isobutyrate 

Ingenane-type 

Triterpenoids 

No data reported Evans, 1978 

Fatty acids No data reported No data reported Evans, 1978 

Acetate laurate No data reported No data reported Evans, 1978 

α-Methyl butyrate No data reported No data reported Evans, 1978 

Heptanoate No data reported No data reported Evans, 1978 

Laurate Medium-chain fatty 

acids 

Antibacterial Matsue et al., 2019 

Evans, 1978 

α-glutinol Pentacyclic 

triterpenes 

Ant-proliferation 

Cytotoxicity 

Chen & Li, 2021 

Abdel-Sattar et al., 2015 

Ding et al., 2010 

Stigmasterol Phytosterol Cytotoxicity 

Antioxidant 

Hypoglycemic 

Thyroid inhibitor 

Abdel-Sattar et al., 2015 

Panda et al., 2009 

16-Hydroxy-12- Phorbol Antitumor Dinala et al., 2022 
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desoxyphorbol  Tumor promoter Gschwendt & Hecker, 1970 

Obtusifoliol Lanostane Cytotoxicity Hlengwa, 2018 

El-sherei et al., 2015 

Ahmed, 2015 

Aghaei et al., 2016 

12-Deoxyphorbol- 

13-isobutyrate-16- 

angelate-20-acetate 

Phorbol-type 

diterpenoid 

Cytotoxicity Hlengwa, 2018 

El-sherei et al., 2015 

Ahmed, 2015 

Euphorbilactone Ingenane-type 

Triterpenoids 

No data reported Hlengwa, 2018 

Norsesquiterpenoid No data reported No data reported Hlengwa, 2018 

Arachiside A Ingenane-type 

Triterpenoids 

No data reported Hlengwa, 2018 

Glutinol Pentacyclic 

triterpenes 

Antiproliferation Chen & Li, 2021 

16-Angeloyloxy- 

13α- 

isobutanoyloxy- 

4β,9α,20- 

trihydroxytiglia- 

1,5-diene-3,7- 

dione 

No data reported No data reported Hlengwa, 2018 

20-Acetoxy-16- 

angeloyloxy13α- 

isobutanoyloxy- 

4β,9α,20- 

tetrahydroxytiglia- 

1,5-diene-3-one 

No data reported No data reported Hlengwa, 2018 

Gallic acid Gallic Acid 

Derivatives 

Hepatoprotective 

activity 

Antioxidant 

Ahmed et al., 2019 

Bervifolin 

carboxylic acid 

Gallic Acid 

Derivatives 

Hepatoprotective 

activity 

Ahmed et al., 2019 
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  Antioxidant  

Kampferol-3-O-ß- 

D-rutinoside 

Flavonoids Hepatoprotective 

activity 

Antioxidant 

Ahmed et al., 2019 

1-O-Galloyl-3,6- 

hexahydroxydiphe 

nyl-β-D- 

glucopyranoside 

Gallic Acid 

Derivatives 

Antitumor 

Antiinflammation 

Antioxidant 

Hepatoprotective 

activity 

Antimicrobial 

Antihypertensive 

Antidiabetic 

Anti-HIV 

Antifungal 

Lipinska et al., 2014 

Tong et al., 2018 

Zheng et al., 2016 

Ming et al., 2013 

Bai et al., 2019 

Kolodziej et al., 2005 

Tang et al., 2019 

Jin et al., 2013 

Miyasaki et al., 2013 

Cheng et al., 1995 

Ahmed, 2015 

3, 3' Dimethoxy 

ellagic acid 

Ellagic Acid 

Derivatives 

Hepatoprotective 

activity 

Antioxidant 

Ahmed et al., 2019 

3, 4, 4' Trimethoxy 

ellagic acid 

Ellagic Acid 

Derivatives 

Hepatoprotective 

activity 

Antioxidant 

Ahmed et al., 2019 

Kaempferol Flavonoids Hepatoprotective 

activity 

Antiproliferative 

activity 

Antioxidant 

Ahmed, 2015 

17- 

Hydroxyingenol- 

17-benzoate-20- 

angelate 

Flavonoids No data reported El-Hawary et al., 2020 
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E. trigona has the most isolated anticancer compounds (14), followed by E. tirucalli (13), E. 

cooperi (8), and the others have fewer or none. The Euphorbia species found in Southern Africa 

are rich sources of various types of bioactive compounds, including triterpenoids, phorbol 

esters, alkaloids, flavonoids, phytosterols, glycosides and saponins (Mavundza et al., 2022; 

Mampa et al., 2020; Tiwani et al., 2017). Furthermore, minor classes that were isolated from 

Euphorbia species from Southern Africa are: anthraquinone, polyphenols and tannins 

(Mavundza et al., 2022; Mampa et al., 2020; Tiwani et al., 2017). 

It has further been reported that most spurges contain an acidic and burning vesicant juice, as 

well as cyanoglycosides, which can be toxic (Al-Sultan &haem Hussein, 2006). Reports have 

shown that ingestion of a large quantity of the latex may cause gastro-intestinal haemorrhage 

and even result in death (Voigt, 2007). Although incidents of poisoning in children and animals 

are rare, it is important to handle these plants with great caution (Rizk, 1987). The latex from 

these plants can also cause blisters on the skin and temporary blindness (Watt & Breyer-

Brandwijk, 1962). Furthermore, they have been used as fish poison and bird-lime; see Table 

3.6. 

Table 3.6. Type of toxicity caused by some Euphorbia species 
 

Type of toxicity Euphorbia species References 

Fish poisoning Euphorbia scheffleri Pax, Euphorbia tirucalli L., 

and Euphorbia inaequilatera Sond 

Rizk, 1987 

Human 

poisoning 

Euphorbia ledienii A. Berger, Euphorbia 

heterophylla L., Euphorbia cooperi N.E.Br. ex A. 

Berger, Euphorbia candelabrum Kotschy, 

Euphorbia virosa Willd., Euphorbia poissonii Pax, 

Euphorbia unispina N.E.Br. and Euphorbia 

venenifica Tremaux ex Kotschy; 

Rizk, 1987 
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Domestic 

animals 

poisoning 

Euphorbia caput-medusae L., Euphorbia silenifolia 

(Haworth) Sweet, Euphorbia ingens E. Mey. Ex 

Boiss; as well as irritating ones: E. tirucalli, 

Euphorbia poissonii, Euphorbia unispina and E. 

venenifica. I 

Rizk, 1987 

Carcinogen/ 

promotor of cell 

division 

E. tirucalli, Euphorbia leuconeura, J. curcas Hirota & Suttajit, 

1988 

Van Damme, 2001 

Vogg et al., 1999 

Conjunctivitis E. tirucalli and Euphorbia royleana Shlamovitz et al., 

2009 

Van Damme, 1989 

 

Taxonomic classification of all Euphorbia plants discussed in this review: 

Domain: Eukaryote; Kingdom: Plantae; Order: Malpighiales; Family: Euphorbiaceae; Genus: 

Euphorbia (https://www.mindat.org/taxon-4691.html) 

 

 

 

3.4. Discussion 

 

3.4.1. Ethnopharmacological use, phytochemistry and toxicity 

 

3.4.1.1 Euphorbia trigona 

 

E. trigona, a plant native to Central Africa, tropical Africa and India has been used in traditional 

Indian Ayurvedic medicine to treat respiratory and urinary tract infections and gonorrhea; 

Figure 3.1 (Marathe et al., 2019). Studies by Nashikkar et al. (2012) have also shown that E. 

trigona is effective in treating various ailments, such as tumors, warts, intestinal parasites, 

rheumatoid arthritis, hepatitis and inflammation. A combination of the roots and ginger can 

be consumed in the morning to alleviate piles (Siddique et al., 2010). 
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Additionally, some people take latex drops in palm wine for severe constipation or during an 

epileptic attack (Bouquet, 1969). 

 

Figure 3.1. Euphorbia trigona tree and pot plant (source: http://tropical.theferns.info/image.p 

 

hp?id=Euphorbia+trigona, https://laidbackgardener.blog/2018/12/09/when-a-red-euphorbia- 

 

turns-green/) 

 

Phytochemistry 

 

The plant E. trigona was analyzed for its phytochemical composition and was found to contain 

saponins, alkaloids, flavonoids, glycosides, sterols and triterpenoids (Boshara, 2014). 

Additional studies by Nashikkar et al. (2012) also identified the presence of sterols, alkaloids, 

flavonoids and saponins, as well as tannins that were not detected by Boshara (2014). The 

absence of tannins may be due to environmental factors. Nielsen et al. (1977) found that the 

latex of E. trigona contains a high level of sterols, with the main components being euphol 
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and cycloartenol. Anjaneyulu and Rao (1985) isolated several triterpenoids from the latex, 

including euphol, cycloartanol, cycloartenol, lupeol, α-amyrin and β-amyrin. They also 

identified five diterpenes ester skin-irritants. E. trigona is also a good source of lectin, which 

has been shown to have a potency in human erythrocyte agglutination (Lynn & Clevette- 

Radford, 1986). 

Toxicity 

 

A study, conducted by EL-Hawary et al. in 2020, tested the cytotoxic effects of a methanolic 

extract of E. trigona against HEPG2, MCF-7 and CACO2 cell lines. The findings revealed a 

pronounced cytotoxic effect on MCF-7 and Caco-2 cell lines, with IC50 values of 16.1 and 

15.6 µg/mL, respectively. In 2022, Anju and Rameshkumar evaluated a methanol extract's 

cytotoxic effect on HeLa and H9C2 cell lines but found no notable cytotoxic effect on either 

cell line. Another study evaluated the cytotoxicity effect of Hex, DCM, MeOH and EtoAc 

extract against Vero cell lines (Mampa et al., 2020). The results indicated that none of the four 

extratcs from E. trigona exhibited cytotocity, as they did not hinder 50% of the cell growth at 

concentrations of 10 µg/mL and below. 

3.4.1.2 Euphorbia ledienii 

 

E. ledienii is a plant species that is indigenous to the Western Cape, South Africa (see Figure 

3.2). The plant does not have any traditional or pharmacological data. 
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   Figure 3.2. Euphorbia ledienii plant with stem and flowers (source: https://www.agaveville.o 

 

rg/viewtopic.php?f=54andt=3571, http://www.llifle.com/Encyclopedia/SUCCULENTS/Fami 

ly/Euphorbiaceae/14292/Euphorbia_ledienii ) 

 

Phytochemistry 

 

Despite a lack of traditional or pharmacological data, several compounds have been identified 

from the plant, including 12-Deoxyphorbol-13-isobutyrate-20-acetate and 12-Deoxyphorbol- 

13-(2-methylbutyrate)-20-acetate (Popplewell et al., 2010). Evans and Kinghorn (1977) 

discovered three variations of taglines which are phorbol, 12-Deoxyphorbol, and 12-Deoxy- 

16-hydroxy phorbol. E. ledienii has been reported to contain Ingol-7,8,12-acetate and ditiglate 

(Sosath et al., 1988). Redei et al. (2010) identified Isobutyric and 2-methylbutyric acid. Other 

researchers discovered several hydrolytic proteins in E. ledienii, including N- acetyl-b-

glucosamidase, chitobiosidase, endochitinase, and lysozyme activity (Sytwala et al., 2015). 

According to Domsalla et al. (2010), the E. ledienii plant has been found to have high 

proteolytic activity. 
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Toxicity 
 

It is crucial to highlight that the plant is extremely toxic to humans, leading to potential skin 

irritation (Abdel-Fattah, 1987). It is important to note that none of the isolated compounds have 

undergone toxicity assessments to date. 

3.4.1.3 Euphorbia horrida 

 

E. horrida is a plant species that can be found in Wittepoort/Karoo, South Africa, Figure 3.3. 

 

There is currently no known traditional or pharmacological information about this plant. 

 

 
   Figure 3.3. Euphorbia horrida plant with stem and flowers (source: http://pza.sanbi.org/euphorbia-

horrida) 

 

Phytochemistry 

 

In a study by El-Hawary et al. (2020), 17-Hydroxyingenol-17-benzoate-20-angelate from the 

plant was isolated. The plant also contains diterpene esters that can cause skin irritation. In 

addition, Mampa et al. (2020) found various other classes of compounds in the plant, including 

phytosterols, pentose, tannins, glycosides, triterpenoids, anthraquinones, saponins, flavonoids 

and alkaloids. 
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Toxicity 

 

The cytotoxic effect of dichloromethane (DCM) extract derived from E. horrida var. was 

evaluated on a Vero cell line. The results demonstrated notable cytotoxicity, as evidenced by 

its achievement of an IC50 value at a concentration of 10 µg/mL, highlighting its potential 

cytotoxic effects (Mampa et al., 2020). A study conducted by El-Hawary et al. (2020) 

evaluated the cytotoxicity effect of methanol extract of E. horrida against HeLa and H9C2 cell 

lines and no significant effect was observed. 

3.4.1.4 Euphorbia enopla 

 

E. enopla, a plant that is native to the Eastern Cape and semi-arid Karoo, South Africa, has no 

documented traditional or pharmacological data (see Figure 3.4). 

 

 
Figure 3.4. Euphorbia enopla plant with stem and flowers (source: https://www.cactus- 

 

art.biz/schede/EUPHORBIA/Euphorbia_enopla/Euphorbia_enopla/Euphorbia_enopla.htm) 
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Phytochemistry 

 

The plant contains euphol and tirucallol, which were isolated by Ponsinet and Ourisson. (1968). 

Furthermore, Mampa et al. (2020) extracted phytosterols, glycosides, triterpenoids, flavonoids, 

alkaloids, tanins and anthraquinone. Sytwala et al. (2015) isolated N-acetyl-b- glucosamidase, 

chitobiosidase, endochitinase and lysozyme hydrolytic proteins. 

Toxicity 

 

A study conducted by Mampa et al. (2020) assessed the toxicity of the hexane extract of E. 

enopla on the Vero cell line. The results indicated that the extract had a substantial inhibitory 

effect on cell growth, particularly at a concentration of 10 µg/mL. Notably, the highly non- 

polar hexane fraction exhibited the most potent effects (Mampa et al., 2020). 

3.4.1.5 Euphorbia coerulescens 

 

E. coerulescens which is native to the Cape province, South Africa, has no documented 

traditional or pharmacological data (see Figure 3.5). However, it has a number of compounds 

isolated from it.  
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Figure 3.5. Euphorbia coerulescences plant with stem and flowers (source: 

https://www.ebay.com.au/itm/euphorbia-coerulescens-POT-10 CM 

/233323039902?nma=true&si=DenzQanzHzMK8eHcDW6MHzA0s9s%253D&orig_cvip=

true&nordt=true&rt=nc&_trksid=p2047675.l2557) 

Phytochemistry 

 

Studies by Evans (1978) resulted in the isolation of angelate acetate isobutyrate, acetate a- 

methyl butyrate, acetate laurate, α-Methyl butyrate, heptanoate and laurate. In other studies, 

euphol, tirucallol and euphorbol were also isolated (Nielsen et al., 1979). In addition, Sytwala 

et al. (2015) isolated several hydrolytic proteins, including N-acetyl-b-glucosamidase, 

chitobiosidase, endochitinase and lysozyme activity. Lynn and Clevette-Radford (1986) also 

isolated homogeneous lectins. 

Toxicity 

 

During an irritancy test conducted by Evans in 1978, it was observed that the latex of E. 

coerulescences induced ear inflammation in mice. Furthermore, this latex has the potential to 

cause skin irritation and, if ingested, may result in a burning sensation in the throat. Direct 

contact with the eyes can lead to severe consequences, including the risk of blindness. It is 

worth noting that none of the extracted compounds have been subjected to toxicity evaluations 

at this time. 

3.4.1.6 Euphorbia cooperi 

 

E. cooperi is a plant that grows naturally in KwaZulu Natal and Limpopo province, South 

Africa (see Figure 3.6). Research has shown that it may have potential in treating various health 

conditions. It has been reported that the liquid from the soaked roots and stem has been used as 

an enema for sore stomachs and bloatedness (Hedberg & Staugård, 1989). In South Africa, the 

Venda tribe uses this plant to cure paralysis and apply it to infected wounds (Hedberg & 
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Staugård, 1989). Farmers have historically used this plant to treat various bacterial infections 

in their livestock (Luseba & Van Der Merwe, 2006; Arnold & Gulumian, 1984). Furthermore, 

the latex is utlilized for poisoning fish in South Africa’s Limpopo province (Hargreaves, 1991; 

Watt & Breye-Brandwijk,1962). 

 

  Figure 3.6. Euphorbia cooperi tree and fruits (source: http://pza.sanbi.org/euphorbia-cooperi) 

 

Phytochemistry 

 

Phytochemical analysis of E. cooperi revealed that the latex of E. cooperi comprises of 

numerous diesters and triesters (Gschwendt & Hecker, 1970). The chloroform fraction of the 

plant's latex was found to contain three compounds that had never been isolated before. These 

were euphol, obtusifoliol and 12-Deoxyphorbol-13-isobutyrate-16-angelate-20-acetate, which 

belong to the triterpene, steroid and diterpenoid families, respectively (El-Sherei et al., 2015). 

A study by El-Toumy et al. (2018) isolated 7-galloyl catechin, kaempferol 3-O-β-(6”- O- 

galloyl)-glucopyranoside and triesters-16-hydroxy-12-desoxy-phorbol from the flower of E. 

cooperi. 

A study of the aerial part of E. cooperi has uncovered some interesting findings. Hlengwa 
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(2018) has discovered a unique norsesquiterpenoid called euphorbilactone, as well as its 

glycoside, arachiside A. The researcher further identified a triterpenoid, glutinol, a known 

phorbol ester (16-Angeloyloxy-13α-isobutanoyloxy-4β,9α,20-trihydroxytiglia-1,5-diene-3,7- 

dione) and a new phorbol esters (20-Acetoxy-16-angeloyloxy-13α-isobutanoyloxy-4β,9α,20- 

tetrahydroxytiglia-1,5-diene-3-one). Upon a thorough review of existing literature, it has 

come to light that certain compounds such as Euphol, Obtusifoliol, 12-Deoxyphorbol-13- 

isobutyrate-16-angelate-20-acetate, Euphorbilactone, Norsesquiterpenoid, Arachiside A, 

Glutinol, 16-Angeloyloxy-13α-isobutanoyloxy-4β,9α,20- trihydroxytiglia-1,5-diene-3,7- 

dione, 20-Acetoxy-16-angeloyloxy13α-isobutanoyloxy-4β,9α,20-tetrahydroxytiglia-1,5- 

diene-3-one, Bervifolin, carboxylic acid, Kampferol-3-O-ß-D-rutinoside, 1-O-Galloyl-3,6- 

hexahydroxydiphenyl-β-D glucopyranoside, 3, 3' Dimethoxy ellagic acid and 

3, 4, 4' Trimethoxyellagic acid have not been previously discussed. 

 

Toxicity 
 

 

A study conducted by El-Sherei et al. in 2015 evaluated the cytotoxic effect of the chloroform 

extract of E. Cooperi. Their findings revealed that the chloroform extract demonstrated 

significant cytotoxic effects against MCF-7, HepG2 and HeLa cell lines. The IC50 values for 

these cell lines were 4.23, 10.80 and 26.6, respectively. The results align with Mavundza et 

al.'s findings (2022), as no further research has been conducted to date. 

 

3.4.1.7 Euphorbia tirucalli 

 

E. tirucalli is a plant that is indigenous to Eastern tropical Africa, South Africa and the Indian 

Ocean Island (see Figure 3.7). It has been proven to be effective in treating various illnesses. 

Hargreaves (1991) stated that E. tirucalli is used to induce vomiting for treating snakebites. 

Other authors have reported the use of its latex for various purposes such as treating sexual 
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impotence, skin disorders, swollen glands, edema, haemorrhoids, rheumatoid arthritis, 

epilepsy, tooth and ear pain, and tumor (Waczuk et al., 2015; Van Damme, 1989; Gupta et al., 

2013). In addition, the latex has pharmacological properties that include antibacterial, 

molluscicidal, antiherpetic and antimutagenic effects (Gupta et al., 2013; Wal et al., 2013; 

Jurberg et al., 1985; Lirio et al., 1998; Betancur-Galvis et al., 2002; Tiwari et al., 2003; 

Rezende et al., 2004; Parekh & Chanda, 2007; Altamimi et al., 2019). Studies have 

demonstrated that extracts from E. tirucalli have myelomodulating activity and suppress the 

formation of colonies (Valadares et al., 2006). Additionally, the latex of the plant contains 

compounds that have antitumor effects on various cell lines (Viviane et al., 2019; de Souza et 

al., 2019). In fact, E. tirucalli has been patented as a possible medicinal treatment for prostate 

cancer (Mwine & Damme, 2011). 

 

Figure 3.7. Euphorbia tirucalli plant and flower (source: https://za.pinterest.com/pin/29878

5756510953587/; https://za.pinterest.com/pin/474426141998696380/) 

 

Phytochemistry 

 

Extensive studies have analyzed the chemical makeup of E. tirucalli and diterpenes have been 
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identified as the primary isolated compound in all parts of the plant (Mavundza et al., 2022). 

The latex of E. tirucalli contains several phytoconstituents, including triterpenes euphol, 

diterpene esters of phorbol, 12-Deoxyphorbol esters and ingenol, β-sitosterol, euphorbol 

hexacosonate, 12-Deoxy-4β-hydroxyphorbol-13-phenyl acetate-20-acetate, 12, 20- 

Dideoxyphorbol-13-isobutyrate, glut-5-en-3-β- and euphol, 12-O-2Z-4E-octadienoy1-4- 

deoxyphorbo1-13-acetate, cycloart-23-ene-3-β-, 25-diol, Euphorcinol, 4-Deoxyphorbol di- 

ester, cycloeuphordenol, cyclotirucanenol, diterpene ester, serine proteases, euphol, steroids, 

tirucalicine, tri-methyl ellagic acid, terpenic alcohol, isoeuphorol, taraxasterol, tirucallol (fresh 

latex), ketone euphorone and resin (Martins et al., 2020; Biesboer & Mahlberg, 1979; Nielsen 

et al., 1979; Kinghorn, 1979; Fürstenberger & Hecker, 1977; Yamamoto et al., 1981; Baslas 

& Gupta, 1984; Lynn & Clevette-Radford, 1985; Khan et al., 1988a; Khan et al., 1988b; Khan 

& Malik, 1990; Khan et al., 1987, Khan et al., 1989; Cataluna & Rates, 1997; Lin et al., 2012; 

Dutra et al., 2012). Researchers have identified several compounds in the stem of E. tirucalli, 

including ellagic acid, taraxerol, 3,3′-Di-O-methylellagic acid, β - sitosterol, euphorbin A (a 

type of polyphenol), euphorbin F (dimers), tirucallin A (a type of tannin) and tirucallin B. 

(Gupta & Mahadevan, 1967; Khan & Malik, 1990; Yoshida et al., 1991). Euphorbiane which 

is a triterpenoid was isolated from the stem (Yu et al., 2013). Rasool et al. (1989) isolated 

euphorginol from the stem bark of E. tirucalli. The bark, on the other hand, was found to 

contain phorbol, β-sitosterol, cycloartenol, 24-Methylene cycloartenol and ingenol triacetate 

(Baslas & Gupta, 1982). Other studies have revealed that β-amyrin is present in the leaves of 

this plant, as reported by Kajikawa et al. (2005). Additionally, Shivkumar (2015) found various 

compounds such as phenols, flavonoids, tannins, alkaloids, saponins, glycosides, triterpenes 

and steroids. However, Kgosiemang et al. (2020) isolated only tannins, glycosides, 

triterpenoids and saponins from the same plant. Upon review, it was noted that several 

compounds, such as diterpene esters, 12- Deoxyphorbol  esters,  ingenol,  hexacosonate,  
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12-Deoxy-4β-hydroxyphorbol-13- phenyl acetate-20-acetate, 12, 20-Dideoxyphorbol-13 

isobutyrate, tirucalicine, tri-methyl ellagic acid, terpenic alcohol, isoeuphorol, taraxasterol, 

tirucallol, ketone euphorone, resin, ellagic acid, 3,3′-Di-O-methylellagic acid, euphorbin A, 

euphorbin B, tirucallin A, tirucallin B, cycloartenol, 24-Methylenecycloartenol, ingenol 

triacetate, rhoiptlenone, 3β-friedelinol, epi-friedelinyl acetate, 24-ethylene cycloartanol, 

friedelan 3 α - and 3 βα –ols, taraxerol acetate, betulinic acid, α amyrin, lupeol, Cycloartanol 

and β-amyrone were not discussed in other reviews compared to the current review (Mavundza 

et al., 2022). 

 

Toxicity 

 

Oliveira et al. (2018) assessed the antitumor effect of euphol from E. tirucalli against a wide 

range of human cancer cell lines. The study demonstrated that euphol exhibits cytotoxic 

properties against various cancer cell lines, exhibiting IC50 values ranging from 1.41 to 38.89 

µM. The highest impact was observed in esophageal squamous cell lines (11.08 µM) and 

pancreatic carcinoma cells (6.84 µM), with notable effects also observed in prostate, melanoma 

and colon cancer cells. Letícia et al. (2017) evaluated the antiproliferative efficacy of E. 

tirucalli extracts against leukaemia (HL-60), lymphoma (Daudi) and melanoma (B16F10) cell 

lines using methyl thiazol tetrazolium assay (MTT) at concentrations of 62, 125, 250 and 500 

μg/mL. There was a notable regional variation in the cytotoxicity of the extracts, displaying a 

dose-dependent pattern. The extracts exhibited comparable effectiveness against the leukaemia 

cell line HL-60, resulting in a reduction of cell viability to approximately 60–70%. In a 

separate study, other researchers assessed anti-proliferation effects of highly diluted latex and 

E. tirucalli homeopathic remedies on melanoma cells In vitro. The researchers created solutions 

of 0.5% and 5% concentration in 70ºGL EtOH, which were then prepared for use. The findings 
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indicated that the 0.5% latex solution at 30cH reduced melanoma cell growth by 19.7%, while 

the 0.5% E. tirucalli solution at 30cH showed a 32.1% reduction (Macedo et al., 2021). In 

another study, Waczuk et al. (2015) conducted an evaluation of the cytotoxic effect of an 

aqueous extract obtained from E. tirucalli on human leukocytes. The results revealed that 

exposure to high concentrations of the extract induced a notable reduction in cell viability. In 

a study by Abdel-Aty et al. (2019), the cytotoxicity of phenol content from E. tirucalli was 

evaluated against various cancer cell lines (HepG2, MCF7, A549, HL-60, HCT116) and human 

normal melanocyte, HFB4. The results showed that low concentrations of the phenolic content 

exhibited significant potent cytotoxicity against HL-60, with an IC50 value of 22.76 ± 2.85 

μg/ml. Moreover, the extract   demonstrated moderate cytotoxicity against MCF-7 and A549 

cells, with IC50 values of 

31.65 ± 3.67 and 35.36 ± 3.82 μg/ml, respectively. Upon thorough evaluation of the anti- 

proliferative potential of the methanolic extract on MiaPaCa-2 cancer cell line, it was 

unequivocally observed that the extract exhibited a remarkable ability to significantly impede 

the growth of MiaPaCa-2 cancer cells (Munro et al., 2015). The presented toxicity is in line 

with what was presented by Mavundza et al. (2020). 

3.4.1.8 Euphorbia ammak 

 

E. ammak is a plant that grows in Saudi Arabia and the Yemen peninsula (see Figure 3.8) 

(Carter, 1994). 
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   Figure 3.8. Euphorbia ammak tree and flower (source: http://luirig.altervista.org/cpm/albums 

 

/bot-units07/euphorbia-ammak16454.jpg) 

 

Phytochemistry 

 

Abdel-Sattar et al. (2015) screened the leaves of E. ammak and found three compounds: euphol, 

α-glutinous and stigmasterol. Furthermore, Ponsinet and Ourisson (1968) isolated euphol and 

euphorbol. Alkaloids, saponins and glycosides were detected by Al-Hajj and colleagues in 

2018. According to Al-Hajj and co-workers, it has been found to have good anti-leishmanial 

activity against Cutaneous leishmaniasis. 

Toxicity 

 

Studies have also shown that the methanolic extract of E. ammak could potentially reduce the 

H1N1 influenza virus and exhibits considerable cytotoxic activity against MDCK cells 

(Kiyohara et al., 2012). Additionally, Abdel-Satter et al. (2010) found that the methanolic 

extract has anti-parasitic properties and that the euphol compound, which was also isolated, 

demonstrated significant cytotoxic effect against various human cancer cell lines in vitro. 

According to research conducted by Mampa et al. (2020), the effect of four distinct E. ammak 

extracts on cell proliferation was evaluated. The extracts were obtained using various solvents 
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such as Hexane, DCM, MeOH and EtOAc. The findings of the study indicated that the DCM 

extract exhibited the most significant inhibition of cell growth at concentrations as low as 1 

µg/mL. Almehdar et al. (2012) evaluated the cytotoxic effect of E. ammak latex on MCF-7 

breast cancer cells. The study found that the latex showed significant toxicity against MCF-7 

cells, with an IC50 value of 14.3. 

3.4.1.9 Euphorbia clavarioides 

 

E. clavarioides is a plant that originates from South Africa and Lesotho (see Figure 3.9). It has 

been traditionally used to treat various skin conditions, such as skin rashes in children, acne, 

sores, bruises, burns, eczema, ulcers, cracked heels and wounds (Guillarmod, 1971; Shale et 

al., 1999; Moteetee et al., 2019). According to a study by Mbhele (2021), E. 

clavarioides is effective in wound healing, confirming its traditional use. Additionally, in 

Lesotho, E. clavarioides is used for bathing swollen feet and, when mixed with Berkheya 

onopordifolia, it is used as a remedy for leprosy (Mbhele, 2021). Other reports suggest that it 

can be used to treat herpes, HIV-related infections, high blood pressure, and diabetes (Maliehe, 

1997; Kose et al., 2015; Cock et al., 2021). 

 

Figure 3.9. Euphorbia clavarioides plant with flowers and stem (source: https://www.inatura 
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list.org/observations/38217609; http://www.llifle.com/Encyclopedia/SUCCULENTS/Family/ 

 

Euphorbiaceae/32951/Euphorbia_clavarioides_var._truncata) 

 

Phytochemistry 

 

In 2019, Selete-Kose et al. conducted a phytochemical analysis of E. clavarioides and found 

that it contains alkaloids, flavonoids, saponins, terpenoids and tannins. In 2020, Mampa et al. 

conducted a study on the same plant and isolated phytosterols, glycosides, triterpenoids, 

anthraquinone, flavonoids and alkaloids. Despite these findings, there is still a lack of research 

on this plant. 

Toxicity 

 

In a study conducted by Mampa et al. in 2020, the effect of Hex, DCM, MeOH and EtOAc 

derived from E. clavariodes extracts on cell proliferation was evaluated against the Vero cell 

line. The Hex and DCM extracts exhibited the highest cell growth inhibition of Vero cells. 

3.4.1.10 Euphorbia gorgonis 

 

E. gorgonis is a plant species that can only be found in the Eastern Cape of South Africa (see 

Figure 3.10). Studies have shown that it has medicinal properties that can be used to treat 

cancer, wounds, swelling and skin problems (Johnson, 2019; Komoreng et al., 2017). The plant 

has also been found to have high antibacterial and antimicrobial activity (Tiwani, 2017). 
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Figure 3.10. Euphorbia gorgonis plant with flowers and stem (source: 

http://www.bihrmann.com/caudiciforms/SUBS/eup-gor-sub.asp) 

 

Phytochemistry 

 

Studies have identified the presence of phytosterols, glycosides, triterpenoids, flavonoids and 

alkaloids (Mampa et al., 2020). While Tiwani (2017) reported the presence of tannins, 

saponins, alkaloids and flavonoids. 

 

Toxicity 

 

When tested on human intestinal cancer cells, the aqueous extracts of E. gorgonis extract 

showed cell reduction, while the acetone and ethanol extracts showed cytotoxic and reduced 

cell viability patterns, respectively. In another study, the acetone extract was found to reduce 

cell viability in rat hepatoma cells, while the aqueous extract showed a high percentage of cell 

viability (Tiwani, 2017). Mampa et al. (2020), evaluated the cytotoxicity effect of Hex, DCM, 

MeOH and EtOAc extracts on a Vero cell line. It was observed that none of the extracts 

displayed toxicity against the cell line. 
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3.4.1.11 Euphorbia bupleurifolia 

 

E. bupleurifolia is a plant native to South Africa and is commonly found in the Eastern Cape 

Province and Natal (see Figure 3.11). The milky latex of this plant has been historically used 

to treat various ailments including cancerous sores, painful cracked feet, eczema, pimples, 

rashes and wounds (Afolayan et al., 2014). Additionally, the twigs of E. bupleurifolia have 

been utilized as a teeth-cleaning agent (Afolayan et al., 2014). It has also been used to treat 

swelling in the lower limbs and cancer (Van Wyk et al, 1997; Iwalewa et al., 2019). Some have 

even used it to help with retained placenta (Assefa & Bahiru, 2018). 

 

 
   Figure 3.11. Euphorbia bupleurifolia plant with stem and flowers (source:https://davesgarde 

 

n.com/guides/pf/showimage/238493/#b; https://planetdesert.com/products/euphorbia- 

 

bupleurifolia-large) 

 

Phytochemistry 

 

Previous studies have revealed that E. bupleurifolia contains various secondary metabolites 

such as phytosterols, tannins, glycosides, triterpernoids, saponins, flavonoids and alkaloids 

(Mampa et al., 2020). Van Wyk et al. (1997) specifically reported the presence of triterpenes 

© Central University of Technology, Free State

https://davesgarden.com/guides/pf/showimage/238493/#b
https://davesgarden.com/guides/pf/showimage/238493/#b
https://planetdesert.com/products/euphorbia-bupleurifolia-large
https://planetdesert.com/products/euphorbia-bupleurifolia-large


100 

 

 

in this plant. 

Toxicity 

 

An investigation conducted by Mampa et al. in 2020 examined the potential cytotoxicity of 

 

E. bupleurifolia extracts on the Vero cell line. The findings indicated that both the Hex and 

DCM extracts had an antiproliferative effect on the Vero cell line. It is worth noting that the 

Hex and DCM extracts showed significant efficacy at concentrations of 1 and 10 µg/mL 

respectively. 

 

3.4.1.12 Euphorbia polygona 

 

E. polygona is a plant species that originates in the Eastern Cape, South Africa (see Figure 

3.12). There is no recorded information on its traditional and pharmacological use. 

     

                          Figure 3.12. Euphorbia polygona plant with stem and flowers (source: 

http://www.biodiversityexplorer.info/plants/euphorbiaceae/euphorbia_polygona.htm) 

Phytochemistry 

 

A study conducted by Mampa et al. in 2020 discovered the presence of various compounds in 

the plant, including phytosterols, tannins, glycosides, triterpenoids, flavonoids and alkaloids. 
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Toxicity 

 

The study conducted by Mampa et al. (2020) evaluated the antiproliferative effects of the Hex, 

DCM, MeOH and EtOAc extracts of E. polygona against the Vero cell line. The results of the 

study indicated that the Hex and DCM extracts exhibited the highest antiproliferative effect 

compared to the MeOH and EtOAc extracts. 

3.4.1.13 Euphorbia arabica 

 

E. arabica can be found in various regions, including Botswana, southern Mozambique, 

Zimbabwe and South Africa (see Figure 3.12). This plant has been utilized in the past as an  

antibacterial agent, according to El-Shanwani in 1996. It has also been used to treat ailments 

such as warts and stomachaches, while the juice has been used to treat skin infections (El- 

Shanwani, 1996; Al-Harbi, 2017). 

     
                           Figure 3.13.  Euphorbia arabica plant with stem and flowers (source: http://www.biodiversit 

 

yexplorer.info/plants/euphorbiaceae/images/1362101_658w.jpg ,http://www.biodiversityexpl 

 

orer.info/plants/euphorbiaceae/images/136210-2_658w.jpg) 
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Phytochemistry 

 

A recent study by Mampa et al. in 2020 has revealed the presence of phytosterols, tannins, 

glycosides, triterpenoids, anthraquinones and flavonoids. 

Toxicity 

 

When the cytotoxic effect of Hex, DCM, MeOH and EtOAc extracts of E. arabica were 

evaluated against a Vero cell line. The findings of the study indicate that the hexane extract of 

E. arabica inhibited cell growth of the Vero cell line, achieving IC50 at all concentrations 

tested. It is worth noting that the DCM extract showed IC50 at a concentration of 10 µg/mL. 

3.4.1.14 Euphorbia ferox 

 

E. ferox is a plant species that is indigenous to the Western Cape region of South Africa (see 

Figure 3.14). Currently, there is no available information on the traditional and 

pharmacological activities and isolated compounds of E. ferox. 

 

     

                        Figure 3.14. Euphorbia ferox plant with stem and flowers (source:communities/southern- 

africa/view/observation/586073, http://gadi.agric.za/Grootfontein%20plants/Euphorbia%20ferox.html). 
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3.4.1.15 Euphorbia stellata 

 

E. stellata is a plant species that can be found in the Eastern Cape region of South Africa (see 

Figure 3.15). There is currently no recorded information on the traditional and pharmacological 

uses or the isolated compounds of E. stellata. 

 

 

 

 

                Figure 3.15. Euphorbia stellata plant with stem and flowers (source: 

https://mk0newsiteviodqfcuwv.kinstacdn.com/wp-content/uploads/2020/01/20200317-

DSC_2747.jpg, https://worldofsucculents.com/wp-content/uploads/2016/12/Euphorbia-

stellata4.jpg) 

 

3.4.2. Pharmacological activities 

 

The use of medicinal plants has gained attention due to their effectiveness in treating various 

ailments, and some of these claims have been supported by scientific evidence. Natural 

products are significant because of their diverse biological activities and drug-like properties, 

making them useful in the development of new lead compounds, natural drugs, 

pharmacological tools and herbal remedies (Shi et al., 2010). The therapeutic properties of 
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these plants are attributed to their unique bioactive chemicals. 

Many species of Euphorbia are known for their medicinal properties, with over 5% of them 

used to treat various ailments such as warts, wounds, skin complications, tumor, respiratory 

disorder, sexually transmitted diseases, urinary tract infections and intestinal parasites 

throughout the world (Hedberg & Staugård, 1989; Nashikkar et al., 2012; El-Sherei et al., 

2015; Morsi, 2015). This is likely due to the presence of unique secondary metabolites and 

isolated compounds (Shi et al., 2008). However, it is worth noting that the latex found in most 

Euphorbia species is toxic and can cause serious skin irritation and blindness. Despite the 

toxicity, latex also contains crucial biological active compounds such as terpenes, diterpenoids 

and triterpenes (Hua et al., 2017). 

Several species of Euphorbia have demonstrated medicinal properties, as their extracts have 

been patented as prescription drugs. For example, E. lathyrism extract (US 5707631) is used to 

treat arthritis, high cholesterol, Alzheimer's and blood pressure. Extracts from E. peplus, E. 

hirta and E. drummondii (US 6844013) have shown selective cytotoxicity against various 

cancer cell lines and their compounds are used to treat malignant melanomas and squamous 

cell carcinomas. E. aaron-rossii, E. tirucalli, E. tomentella and E. tomentose (US 

2003/0171334 A1) are used in treating prostate cancer. Additionally, E. tirucalli latex (US 

2009/0142421 A1) has been found to be potent in treating diseases related to cell proliferation 

or angiogenesis (Goutam et al., 2017). Extract from E. obesa (US 6923993) has been shown to 

stimulate apoptosis and inhibit the growth of cancer cells. E. hirta (US 2007/0248694 A1) is 

used to reduce inflammation and E. antiquorum (US 2003/0165579 A1) has been found to 

inhibit tumor growth (Mwine & Damme, 2011). 

This study has analyzed 15 different species of Euphorbia and found a diverse range of 

secondary metabolites, which are important in biomedical sciences. The analysis identified 
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several phytochemicals, including diterpenoids, triterpenes, sesquiterpenoids, 

phloracetophenones, cerebrosides, glycerols, flavonoids, and steroids, as well as isolated 

compounds (listed in Table 3.5). 

3.4.2.1. Flavonoids, a type of polyphenolic compound, were found in 9 species of 

Euphorbia, including E. horrida, E. trigona, E. clavarioides, E. enopla, E. gorgonis, E. 

bupleurifolia, E. polygona, E. arabica and E. tirucalli. Additionally, these have been observed 

in other species of the Euphorbiaceae family, including E. microsciadia, E. heterophylla, E. 

hirta, E. neriifolia, E. paralysis, E. lunulata and E. larica, indicating their prevalence within 

the Euphorbiacaece family. Studies have shown that flavonoids have medicinal properties that 

make them useful for treating different health conditions. These properties include 

antiinflammatory, enzyme inhibition, antimicrobial, estrogenic activity, antiallergic and 

antioxidant activity (Cowan, 1999; Tapas et al., 2008; Abdel-Hameed et al., 2013). According 

to Mai et al. (2017), E. helioscopia contains a significant amount of flavonoids and has 

shown to have a cytotoxic effect on triple-negative breast cancer cells. In addition, according 

to research by Yang et al. (2011) found that there was a decrease in the differentiation of 3T3-

L1 preadipocytes, a reduction in triglyceride accumulation in mature adipocytes and a decrease 

in nitric oxide production in RAW 264.7 cells. According to a report by Galleggiante et al. 

(2017), flavonoids can prevent the degradation of cAMP by phosphodiesterases and extend 

cAMP signaling by the enzyme. This leads to the development of antiinflammatory properties. 

According to El-Hawary et al. (2020), the methanol extracts from E. trigona were found to 

cause cell death in MCF-7 and Caco-2 cells with IC50 values of 16.1 and 15.6 µg/mL, 

respectively. Previous research has shown that the butanol extract derived from E. tirucalli 

demonstrated effective cytotoxicity against MCF-7 cells and MDA-MB231, with IC50 values 

of 15 and 30 µg/mL (Choene et al., 2016). Hence, researchers have been drawn towards using 

this secondary metabolite for pharmaceutical purposes. 
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3.4.2.2. Alkaloids are a type of organic compound that occur naturally and have at least one 

nitrogen atom (Seigler & Seigler, 1998). It was found in 9 plant species, including E. horrida, 

E. trigona, E. clavarioides, E. gorgonis, E. enopla, E. bupleurifolia, E. ammak, E. polygona 

and E. tirucalli. The fact that alkaloids were found in nearly all of the chosen plants should not 

come as a surprise since previous studies have documented the presence of alkaloids in species 

from the Euphorbiaceae family. (Kapingu et al., 2005; Boudiar et al., 2010; Ndam et al., 2016; 

Al-Saraireh et al., 2021). Prescription medicines derived from plants with alkaloids have been 

used for many years. Their potent effects are attributed to the presence of alkaloids. Morphine, 

currently used as an analgesic, was the first alkaloid from Opium poppy (Demirkapu & Yananli, 

2020). Furthermore, other alkaloids such as vinblastine, quinine, morphine, atropine, nicotine, 

caffeine, ephedrine and strychnine are also used in medicine production. Alkaloids have 

several physiological effects on humans, such as antibacterial, antimitotic, antiinflammatory, 

local anesthetic, hypnotic, antitumor activity and several others (Molyneux et al., 1996). 

3.4.2.3. Saponins, which are glycosides, were present in 7 plants, namely; E. horrida, E. 

trigona, E. clavarioides, E. gorgonis, E. bupleurifolia, E. polygona and E. ammak. According 

to a report by Bigoniya and Rana (2009), saponins have been found in E. neriifolia, E. paralias 

and E. terracina (Jannet et al., 2017). Saponins possess pharmacological and medicinal 

properties such as cell membrane permeability, hemolytic activity, antiviral, antifungal, 

antiinflammatory and antiallergic (Glauert et al., 1962; El Izzi et al., 1992; Francis et al., 2002). 

In addition, they have shown potential for cancer treatment by reducing cell invasiveness, 

induce cell cycle arrest and apoptosis, and also for suppressing angiogenesis (Fuchs et al., 

2009). Along with other antitumor medicines, saponins have been added to enhance their 

cytotoxicity in tumor treatment (Gaidi et al., 2002; Jia et al., 2004). A study conducted by Xiao 

et al. (1999) discovered that triterpene saponin found in the root bark of Aralia dasyphylla Miq. 
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had the ability to inhibit cancer cells in two types of cell lines: KB and HeLa-S3. Another study 

discovered that eight steroidal saponins found in Allium porrum L. were able to inhibit WEHI 

164 and J774 cells (Fattorusso et al., 2000). In 2001, Tran et al. conducted a study on Dracaena 

angustifolia Roxb. roots and rhizomes, testing spirostanol and furostanol-type saponins for 

their antiproliferative activity against murine colon 26-L5 carcinoma, human HT-1080 

fibrosarcoma and B-16 BL6 melanoma cells. The study found that three of the tested 

compounds were highly effective in inhibiting the growth of HT-1080 fibrosarcoma cells. 

According to a study by Yokosuka et al. (2002), two types of saponins (ruscogenin glycoside 

and 26-glycosyloxyfurostanol saponin) demonstrated cytostatic activity against HL-60 human 

leukaemia cells. Researchers have discovered two new triterpenoid saponins, namely 

glycoside A and B, in the aerial parts of Glinus oppositifolius L. These saponins were found 

to be effective against Plasmodium falciparum, a type of protozoan (Traore et al., 2000). In a 

study conducted by Iorizzi et al. (2002), three new furostanol saponins and seven previously 

known saponins were extracted from the seeds of Capsicum annuum L. var. acuminatum 

Fingerh. However, the analysis showed that these saponins had little to no effect on the growth 

of Gram-positive and Gram-negative bacteria. 

3.4.2.4. Tannins, which are polyphenols, were found in 9 plants. These plants are E. horrida, 

 

E. trigona, E. clavarioides, E. gorgonis, E. bupleurifolia, E. enopla, E. polygona, E. arabica 

and E. tirucalli. These findings are in agreement with a study by Aleksandrov et al. (2019), 

which also observed high levels of tannins in E. hirta. According to Fraga-Corral et al. (2021), 

applying tannin topically can help remove irritants from the skin, reduce inflammation and be 

beneficial in treating burns and wounds due to its antihaemorrhagic and antiseptic properties. 

Tannins have been used in various studies for treating different diseases due to their high 

antioxidant content, ability to scavenge free radicals and their antimicrobial, antiviral 

properties, and they have also been found to be effective in cancer chemotherapy (Chung et 
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al., 1998; Amarowicz et al., 2004; Ho et al., 2001; Buzzini et al., 2008; Koleckar et al., 2008). 

Tannins were also reported to inhibit various coronavirus strains (Chinsembu, 2020). 

 3.4.2.5. Glycosides, which are acetal derivatives of monosaccharides, were present in 10 

Euphorbia spp including E. horrida, E. trigona, E. enopla, E. clavarioides, E. gorgonis, E. 

bupleurifolia, E. polygona, E. arabica, E. tirucalli and E. ammak. Studies by Mshvildadze et 

al. (2007) discovered that glycosides from the bark of Betula papyrifera and they had a 

significant cytotoxic effect against lung carcinoma, colorectal adenocarcinoma and normal 

skin fibroblast. Liu et al. (2013) further reported the cytotoxic activity of glycosides from 

Antiaris toxicaria against human NIHH460 lung cancer cells. 

 

3.4.2.6. Anthraquinones, which are phenolics, were present in 4 Euphorbia s namely; E. 

horrida, E. enopla, E. clavarioides and E. arabica. Anthraquinones are potent compounds 

found in various plant-based medicines that possess numerous health benefits, including acting 

as laxatives, diuretics, estrogenic agents and immunomodulators. Additionally, they are also 

utilized in cancer treatment. Moreover, they exhibit antibacterial, antiparasitic, insecticidal, 

fungicidal and antiviral properties as well (Yadav et al., 2019). 

According to studies by Hanson (2003) and Berdy (2005), several plants including E. 

bupleurifolia, E. gorgonis, E. horrida, E. polygona and E. coerulescens contain alkaloids, 

saponins and terpenoids. These compounds are believed to have pharmacological effects such 

as anticancer and antibacterial properties (Kemboi et al., 2020). In addition, the report found 

that a single plant can treat multiple illnesses and many recorded plants have similar secondary 

metabolites. According to the data, seven different Euphorbia plants were used to treat cancer, 

these include E. trigona, E. tirucalli, E. clavarioides, E. gorgonis, E. bupleurifolia and E. 

cooperi. Five plants were used for wound healing and warts, which included E. trigona, E. 

tirucalli, E. clavarioides, E. arabica and E. bupleurifolia. Three plants, E. trigona, E. 
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bupleurifolia and E. gorgonis, were used for inflammation, while E. arabica and E. cooperi 

were used for stomach aches, skin infections and cracked heels. The seven plants with cancer-

fighting properties all contained common secondary metabolites, including phytosterols, 

tannins, glycosides, triterpenoids, saponins, upholds, flavonoids and alkaloids. It has been 

reported that the latex from Euphorbia species can be highly toxic if ingested and can cause 

severe skin irritation (Watt & Breyer-Brandwijk, 1962; Voigt, 2007) 

 

 

3.4.1.7. Terpenoids 

 

3.4.1.7.1. Triterpenoids 

 

Tritepenoids which are triterpenes, are present in most Euphorbia s In this study, it was 

discovered in 10 plants, including E. horrida, E. enopla, E. trigona, E. clavarioides, E. 

gorgonis, E. bupleurifolia, E. polygona, E. cooperi, E. arabica and E. tirucalli. It has been 

found that these secondary metabolites have medicinal properties, including being 

anticarcinogenic, antimalarial, antiulcer, antiinflammatory, cytotoxic, antiHIV, antiangiogenic, 

hepaticidal, antimicrobial and antiviral (Langenheim, 1994; Dudareva et al., 2004; Si et al., 

2018). According to Munro et al. (2015), the tetracyclic triterpene euphol found in E. tirucalli 

latex has been proven to have anticancer properties. According to Yasukawa et al. (2000), E. 

kansui contains lanostane-type triterpenes that can inhibit inflammation caused by TPA. The 

main triterpene in this plant, euphol, was found to effectively prevent tumor promotion induced 

by TPA. 

Euphol, a tetracyclic triterpene, is commonly found in the Euphorbiaceae family, including 

 

E. trigona, E. enopla, E. tirucalli, E. coerulescens and E. ammak. Popplewell et al. (2010) 

discovered that this compound showed moderate activity against the HepG2 cells. Ahmed et 

al. (2019) also reported remarkable cytotoxic effect of euphol from E. bothae against the MCF-
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7 cells. Silva et al. (2019) evaluated the antitumor effect of euphol on a number of human 

cancer cell lines and discovered that euphol from E. tirucalli was cytotoxic to several cancer 

cell lines, including esophageal squamous and pancreatic carcinoma cells. Meanwhile, Abdel-

Sattar et al. (2015) found that euphol from E. ammak exhibited notable cytotoxic effect against 

HeLa cells. In other studies, euphol from E. umbellata was found to exhibit noteworthy 

cytotoxic effect against HL-60, K-562 and B16F10 cells, while Yasukawa et al. 

(2000) discovered that topical application of euphol from E. kansui greatly reduced the cancer-

promoting impact of TPA in mouse skin, lowering it by 90%. Akihisa et al. (2001) reported 

that euphol was a successful inhibitor of HIV-1 reverse transcriptase. Additionally, euphol has 

shown potential in reducing inflammation and pain by blocking PGE2 and protein C kinase 

epsilon mediators (Dutra et al., 2011). However, data has yet to be documented on the euphol 

of E. trigona, E. enopla, E. tirucalli, E. coerulescens and E. ammak. 

Cycloartanol is a type of sterol lipid that has been found in various plants including E. trigona, 

E. glareosa Pall. Ex M. Bieb., E. amygdaloides L. and E. palustris L. (Salome- Abarca et al., 

2020). According to a recent report by Salome-Abarca et al. (2020), cycloartenol extracted 

from these plants was noted to have antifungal properties against B. cinerea. Barla et al. (2006) 

also discovered cycloartanol in E. helioscopia, but observed no vasodepressor activity. 

Meanwhile, Heliawati et al. (2023) conducted a study on the cytotoxicity of cycloartanol 

extracted from the bark of Cory-pha utan Lamk on leukemia cells. The research indicated that 

cycloartanol was able to restrict the growth of these cells. Nevertheless, there is currently no 

information available on the effects of cycloartanol from 

E. trigona. 

 

Lupeol, a triterpenoid, is found in many plants including E. trigona, Tamarindus indica, 

Celastrus paniculatus, Zanthoxylum riedelianum, Allanblackia monticola, Himatanthus 
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sucuuba, Leptadenia hastata, Crataeva nurvala, Bombax ceiba, Sebastiania adenophora, 

Aegle marmelos and Emblica officinalis (Siddique & Saleem, 2011; Saleem, 2009; Erazo et 

al., 2008; Imam & Iqbal Azhar, 2007; de Miranda et al., 2000). You et al. (2003) studied the 

effects of Lupeol from Bombax ceiba on various cells such as HUVEC, SK-MEL-2, A549, and 

B16-F10 melanoma cells. Their findings showed that lupeol effectively inhibited the 

formation of HUVEC tubes by over 80% at a concentration of 50 µg/mL. However, there was 

no notable cytotoxic effect observed in the three cancer cell lines. Nguemfo et al. (2009) 

conducted a study on the antiinflammatory properties of lupeol found in Allanblackia 

monticola Staner. The findings demonstrated that within just 30 minutes, lupeol effectively 

reduced paw edema by approximately 57.14%. Zhang et al. (2015) conducted a study on 

lupeol's ability to inhibit the growth of liver cancer cells called HCCLM3. It was found that 

lupeol effectively stopped liver cancer cell growth by suppressing the secretion of Brain- 

Derived Neurotrophic Factor, phosphatidyl inositol 3-kinase and Wnt pathways. Borgati. 

(2017) conducted a study on the effectiveness of lupeol from Parahancornia fasciculata 

against chloroquine-resistant W2 clones in treating malaria. The study found that the compound 

had limited activity. Other studies have explored the antidiabetic properties of lupeol found in 

Solanum xanthocarpum (Gupta et al., 2012). The findings showed that lupeol can effectively 

hinder the advancement of diabetes by decreasing glucose levels, nitric oxide, further increases 

serum insulin and antioxidant levels. Sudhakar et al. (2007) conducted a study on the impact 

of lupeol from the Crataeva nurvala plant on cholesterol levels. They discovered that this 

compound can reduce oxidative stress and inflammatory cytokines, which in turn leads to a 

decrease in nitric oxide production and ultimately results in lower cholesterol levels. However, 

data has yet to be documented on the lupeol of E. trigona. 

α-amyrin, a type of triterpenoid, can be found in several plants including E. trigona, E. 

tirucalli, E. aphylla Brouss, E. schimperi C. Presl and E. hirta (Ragasa & Cornelio, 2013; 
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Abdel-Monem et al., 2008; Vazquez et al., 1999). Abdel-Monem et al. (2008) also discovered 

that α-amyrin obtained from E. schimperi C. Presl displayed moderate cytotoxicity, resulting 

in a 40-50% reduction in u251 and MCF-7 cell lines at a concentration of 10 µg/mL. Other 

studies reported insignificant cytotoxicity against HCT 116 cell line (Ragasa & Cornelio, 

2013). Jabeen et al. (2011) conducted an analysis of the antifungal properties of α-amyrin from 

Melia azedarach L. in vitro. The results indicated that the compound was effective against 

Ascochyta rabiei, with a MIC of 0.0156 mg mL−1. However, there is currently no available data 

on the effects of α-amyrin from E. trigona and E. tirucalli. 

β-amyrin, a triterpenoid, was found in E. trigona and E. hirta and has demonstrated anticancer 

properties against Hep-G2 cancer (Wen et al., 2018). The same compound also exhibited weak 

cytotoxic effect against NTUB1, A549 and HL-60 (Lin et al., 2011). According to Ragasa and 

Cornelio (2013) insignificant cytotoxicity against HCT 116 cell line was observed. According 

to Vazquez et al. (1999), a study showed that the antiinflammatory activity in mice ears was 

effective. Another study by Shih et al. (2010) found that β-amyrin from E. hirta could treat 

arthritis inflammation by blocking the function of the nitric oxide pathways. According to Lin 

et al. (2011), the use of β-amyrin together with cisplatin caused reactive oxygen species to 

trigger cell cycle arrest and apoptosis in NTUB1 cells. However, there is currently no 

documented information on the β-amyrin found in E. trigona. 

Betulinic acid, a triterpenoid, has been discovered in various plants such as E. trigona, 

Tetracarpidium conophorum seeds, Uapaca paludosa, Manniophyton fulvum (Euphorbiacea 

e) and Agathosma betulina (Oriakhi et al., 2021; Mbeunkeu et al., 2018; Banzouzi et al., 2015; 

Sekhoacha et al., 2009). A study conducted by Zhang et al. (2015) showed that betulinic acid 

has the potential to inhibit the growth of more than 20 different cancer cells. According to 

studies conducted by Damle et al. (2013), betulinic acid was found to have cytotoxic effects 
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on MCF-7 cells with an IC50 value of 13.5 mg/mL. Additionally, the compound was found to 

reduce the level of specificity of protein transcription factors, which are known to be 

overproduced in cancer cells compared to normal cells (Mertens-Talcott et al., 2013). A study 

conducted by Mbeunkeu et al. (2018) found that betulinic acid from Manniophyton fulyum had 

a substantial impact on HeLa cells, resulting in a cell viability rate of only 4%. A study 

conducted by Foo et al. (2015) discovered that the DCM fraction of Dillenia suffruticosa can 

cause cell cycle arrest and apoptosis of MCF-7 cells through the p35/p21 pathway. The 

compound was found to inhibit the growth and ability of all human melanoma cell lines to form 

colonies (Selzer et al., 2000). According to Oriakhi et al. (2021), there was a 54% inhibition 

of HepG2 cells as well as hepatoprotective activity, whereby a binding energy of −11.2 

kcal/mol to the Hepatitis B virus DNA was observed. Other studies reported antidiabetic 

activity, where the pancreatic α-amylase is inhibited (Tamamura et al., 2018; Kumar et al., 

2013). According to Bernard et al. (2001), betulinic acid was found to have an 

antiinflammatory effect by inhibiting phospholipase A2. Additionally, Mukherjee et al. (1997) 

reported that betulinic acid reduced rat paw edema caused by carrageenan and serotonin. 

According to additional research, Hypericum hircinum L. contains betulinic acid which can 

prevent HIV-1 from replicating by stopping reverse transcriptase-associated DNA polymerase. 

This is achieved by either hindering the fusion of HIV or disrupting a certain stage of its 

maturation process (Esposito et al., 2013; Aiken & Chen, 2005). However, data has yet to be 

documented on the betulinic acid of E. trigona. 

Taraxerol, a triterpenoid, has previously been isolated from E. trigona, E. neriifolia Linn, 

Artemisia roxburghiana, Taraxacum japonicum and Fruits of Dregea volubilis (ur Rahman et 

al., 2016; Biswas et al., 2009; Bigoniya & Rana, 2008; Takasaki et al., 1999). Taraxerol 

isolated from Vepris punctate showed limited activity against the A2780 cells (Chaturvedula 

et al., 2004). Studies by Cao et al. (2008) also showed minimal inhibition of cell growth of 
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A2780 cells at the highest tested concentration. Taraxerol from Conyza canadensis was found 

to have a maximum antiproliferative effect against A431. However, taraxerol displayed no 

activity against HeLa, MCF-7 and MRC-5 (Csupor-Löffler et al., 2011). In addition, it was 

found that taraxerol effectively hindered the growth of AGS cells by causing G(2)/M arrest and 

stimulating cell apoptosis (Tan et al., 2011). According to Takasaki et al. (1999), taraxerol has 

been found to be highly effective in preventing tumors in mice during two-stage carcinogenesis 

tests. In addition, Singh et al. (2002) reported that taraxerol has antiinflammatory properties, 

reducing paw edema by 48.61%. Furthermore, it was also observed that taraxerol exhibited 

moderate antimicrobial activity against certain gram negative and gram-positive bacteria 

(Singh et al., 2002). According to a study conducted by Min et al. (2004), taraxerol found in 

Styrax japonica showed low effectiveness in scavenging free radicals based on the DPPH 

assay. Sangeetha et al. (2009) investigated the use of taraxerol from Mangifera indica as an 

antidiabetic agent. According to the findings, the compound has dual activity as a glucose 

activator and stimulator of glycogen, making it a potential treatment for type 2 diabetes. 

However, there is currently no documented information available on the taraxerol of E. trigona. 

Taraxerol acetate, a triterpenoid, was previously isolated from E. trigona, E. pubescens and 

Artemisia roxburghiana (Carréu, 2020). Studies have shown that taraxerol acetate from A. 

roxburghiana has the ability to significantly reduce edema in mice caused by carrageen (ur 

Rahman et al., 2016). In addition, Rehman et al. (2013) discovered that taraxerol acetate can 

inhibit Cycloxygenases enzymes 1 and 2. However, there is currently no documented data on 

the taraxerol acetate found in E. trigona. 

Friedelin, which is a type of triterpenoid, has been found in plants such as E. trigona, E. tortilis 

Rottler, Mangifera indica and Lentinus edodes (Anju et al., 2018; Chen et al., 2015; 

Anjaneyulu et al., 1999). Previous studies have shown that when investigated for its 
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antibacterial properties against certain gram positive and gram-negative bacteria, friedelin had 

weak activity with a minimum inhibitory concentration (MIC) value of over 250 μg/mL (Chen 

et al., 2015). However, it was discovered that friedelin from Mangifera indica had anti-

colorectal cancer activity (Abdul-Hammed et al., 2023). Although studies have yet to be 

conducted on friedelin from E. trigona, it is an area of interest for future research. 

Friedelan-3-β–ol, a triterpenoid, was also isolated from E. trigona and Mangifera indica. The 

compound exhibited significant inhibition of thymidylate synthase, thereby displaying its anti-

colorectal potential (Abdul-Hammed et al., 2023). However, data has yet to be documented on 

the friedelan-3-β-ol of E. trigona. 

3β-Friedelinol, a triterpenoid, has been found in E. trigona, E. vajravelui, E. kamerunica and 

Maytenus robusta (Sousa et al., 2014; Ogunnusi et al., 2010). Sousa et al. (2014) discovered 

that 3β-friedelinol from Maytenus robusta exhibited cytotoxicity against 4T1 cells. Meanwhile, 

Ogunnusi et al. (2010) investigated the antibacterial activity of 3β-Friedelinol from E. 

kamerunica against certain bacterias and found that the compound had inhibitory activity. 

However, there is currently no available data on the 3β-Friedelinol of E. trigona. The latex of 

E. trigona has ingenol esters that are highly irritating to the skin. Studies have shown that it 

can cause dermatitis in open patch tests and blisters in closed patch tests (Tada & Seki, 1989). 

Two compounds isolated from E. trigona, Epi-Friedelinyl acetate and Rhoiptlenone, have no 

known biological effects. 

3.4.1.8. Phytosterols 

 

Phytosterols which are sterols, were present in 9 plants, including E. horrida, E. trigona, E. 

clavarioides, E. gorgonis, E. enopla, E. bupleurifolia, E. cooperi, E. polygona and E. arabica. 

Research suggests that phytosterols possess bioactive properties that offer multiple 
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health benefits, such as reducing inflammation, preventing oxidative stress, fighting against 

cancer and lowering cholesterol levels (Vilahur et al., 2019; Vezza et al., 2020). A mixture of 

phytosterols inhibited tumor development in various cancer forms, including 

cholangiocarcinoma and breast cancer, at physiological doses (Kazłowska et al., 2013; 

Kangsamaksin et al., 2017). 

Cycloartenol is a phytosterol compound found in certain plants such as E. trigona, E. 

nicaeensis, E. broteri, E. macrosteigia, and E. boetica (NHI). It serves as a precursor to various 

sterol compounds and has several pharmacological benefits such as antiinflammatory, 

antitumor, antioxidant, antibacterial and antiAlzheimer's properties (Zare et al., 2015; Zhang 

et al., 2017). Niu et al. (2018) conducted a study on the potential anticancer properties of 

cycloartenol in relation to glioma U87 cells. The findings indicated that cycloartenol was able 

to hinder the growth and ability of the glioma U87 cells to form colonies. This was due to the 

induction of Sub-G1 cell cycle arrest and apoptosis, both of which contributed to the 

antiproliferative effects observed. According to Zare et al. (2014), cycloartenol has displayed 

anticancer, analgesic and bactericidal properties. Meanwhile, Sawale et al. (2019) discovered 

that cycloartenol from E. neriifolia, at concentrations of 10, 20, 40, 60, 80 and 100μg /mL, 

exhibited antioxidant activity ranging from 34.56% to 72.87%. However, data has yet to be 

documented on the Cycloartenol of E. trigona. 

β-sitosterol, a sterol, was previously isolated from E. trigona, E. abyssinica, Pinellia ternate 

and Nyctanthes arbortristis (Cheng et al., 2015; Nirmal et al., 2012; El-Fiky et al., 2008). β- 

sitosterol was investigated for its effect on the growth of Caski and HeLa cells; investigating 

its potential antiproliferation and anticancer effects. The results revealed that the compound 

was found to reduce the expression of antigen responsible for cell proliferation in both 
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cervical carcinoma cells (Cheng et al., 2015). In their 2015 study, Cheng et al. discovered that 

elevated levels of P53 and decreased levels of HPVE6 viral oncogenes resulted in anticancer 

activity in Caski and HeLa cells. Previous research has indicated that β-sitosterol derived from 

Nyctanthes arbortristis leaves had a considerable antiinflammatory impact on the paw edema 

of rats (Nirmal et al., 2012). β-sitosterol derived from E. abyssinica exhibits notable 

antimicrobial properties against Candida albicans (El-Fiky et al., 2008). According to reports, 

β-sitosterol found in E. hirta was able to prevent inflammation caused by TPA (Vazquez et al., 

1999). However, there is currently no documented data on the β-sitosterol of 

E. trigona. 

 

24-Methylenecycloartanol, a type of sterol, was previously isolated from E. hirta, E. 

heteradena, E. trigona, E. broteri, E. palustris, Moroccan propolis and E. aleppica (De et al., 

1987; Öksüz et al., 1996; Krstić et al., 1996; Öksüz et al., 2002). According to Krstić et al. 

(2016), it was found that 24-Methylenecycloartanol from E. palustris has a stronger antifungal 

effect against Fusarium sporotrichioides and Alternaria alternata. Previous research has 

shown that 24-Methylenecycloartanol found in E. hirta can reduce inflammation caused by 

TPA (Vazquez et al., 1999). However, there is currently no available data on the effects of 24-

Methylenecycloartanol of E. trigona. 

Tirucallol, a tetracyclic triterpene, was found in E. enopla and E. lacteal latex. This compound 

has antiinflammatory effects. Other studies have shown that mice models experienced a 

decrease in ear edema and that nitrate production in stimulated macrophages was inhibited 

(Miranda et al., 2022; Fernandez-Arche et al., 2010). Furthermore, it was discovered that it 

inhibits HIV-1 reverse transcriptase (Akihisa et al., 2001). However, there is currently no 

available data on the tirucallol of E. enopla. 
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Obtusifoliol is a type of sterol that is present in various plants, including E. cooperi, E. bothae, 

E. chamaesyce and E. sogdiana (Popplewell et al., 2010; Tanaka et al., 1999). A study by 

Aghaei et al. (2016) found that obtusifoliol from E. Sogdiana has reduced the cytotoxic effect 

against MCF-7 and MDA-231, with an IC50 value of 29.33 ± 1.52 and 41.81 

± 2.42 μM; respectively. Similarly, Ahmed (2015) reported weak cytotoxicity of obtusifoliol 

from E. cooperi against MCF-7. 

Glutinol, a triterpenoid, was isolated from E. cooperi, E. ammak, E. chamaesyce and Scoparia 

dulcis (Abdel-Sattar et al., 2015; NCBI). This compound exhibited a notable cytotoxic effect 

against HeLa cells (Abdel-Sattar et al., 2015). A study conducted by Ding et al. (2010) 

investigated the potential toxicity of glutinol from Acer mandshuricum on different types of 

cells; including leukaemia, ovary, lung and human colon. The findings showed that the cell 

lines were significantly inhibited, with GI50 values ranging from 11.6 to 16.0. Another research 

by Chen and Li (2021) also reported the antiproliferation of ovarian cells. However, there is 

currently no available data on the effects of glutinous from E. cooperi and 

E. ammak. 

 

Triterpene euphol, a steroidal alcohol, is found in plants such as E. tirucalli, E. umbellata and 

Synadenium grantii (Latansio de Oliveira et al., 2022; de Oliveira et al., 2013). Studies have 

shown that triterpene euphol, the primary compound present in E. umbellata and E. tirucalli, 

shows potential as a supplementary cancer treatment (Latansio de Oliveira et al., 2022; de 

Souza et al., 2019). According to Lin et al. (2000), triterpene euphol exhibited moderate 

cytotoxic activity against gastric adenocarcinoma cells. Additionally, Silva et al. (2019) 

reported that triterpene euphol had a cytotoxic effect on glioblastoma cells. de Oliveira et al. 

(2013) conducted a study on the antitumoral effect of triterpene euphol from 
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Synadenium grantii. The study found that the compound did not exhibit any antitumoral effect 

on B16F10 melanoma cells. A study conducted by Dutra et al. (2011) focused on the potential 

of triterpene euphol found in E. tirucalli in preventing and treating inflammation in the colons 

of mice. Their findings showed that this compound was highly effective in reducing pro-

inflammatory mediators in vitro. 

24-Methylene cycloartenol, a sterol, was previously extracted from the E. tirucalli and E. 

neriifolia. The plant was tested for its pharmacological activities, rather than the compound 

itself. Additionally, 24-Methylene which was isolated from E. hirta, has been shown to have 

significant antiinflammatory effects when used to treat ear inflammation caused by acetate anti-

inflammatory (Martinez-Vazquez et al., 1999). There is currently no information available 

regarding the anticancer properties of 24-Methylene cycloartenol from E. tirucalli. 

Ingenol triacetate, a diterpene, has shown to have an antimicrobial effect against different 

pathogens that cause infectious diseases. (Sultana et al., 2022). Ingenol triacetate was also 

found to be a non-tumor promotor (Sultana et al., 2022). However, a separate study by Tilabi 

and Upadhyay (1983) discovered that when ingenol triacetate was applied topically to female 

NMRI mice, it resulted in a high occurance of lung adenoma. There is currently no information 

available regarding the anticancer properties of Ingenol triacetate from E. tirucalli. 

Terpenic alcohol which is a terpene, from E. tirucalli, has demonstrated antibacterial 

properties against S. aureus. This is due to its ability to damage cell membrane (Mali & 

Panchal, 2017; Duong et al., 2019). However, this study was not directly done on terpenic 

alcohol (Inoue et al., 2004). More studies need to be performed on this compound, especially 

that which is isolated from E. tirucalli. 
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Taraxasterol, which is a phytosterol was extracted from E. tirucalli, Carthamus tinctorius, 

Chrysanthemum morifolium and Helianthus annuus (Ovesnaâ, et al., 2004; Akihisa et al., 

1996). Taraxasterol was effective in reducing ear inflammation caused by TPA in mice and 

also in preventing tumor growth on mouse skin. When taraxasterol was tested on the skin of 

mice, it demonstrated strong antitumor activity during two-stage carcinogenesis tests. 

Futhermore, the research showed that taraxasterol has the ability to suppress spontaneous 

mammary tumors in C3H/OuJ mice. The experiment was conducted with taraxasterol, which 

was not extracted from Euphorbia species (Ovesnaâ et al., 2004). Further pharmacological 

testing is required on Euphorbia species, especially on E. tirucalli, as suggested by Ovesnaâ et 

al. (2004). 

Stigmasterol which falls under the sterol class, was extracted from E. ammak and Butea 

monosperma (Panda et al., 2009). In a separate study by Abdel-Sattar et al. (2015), the 

cytotoxicity activity of stigmasterol from E. ammak was examined. The study showed that the 

compound was effective against HeLa cells. In 2009, Panda and colleagues conducted a study 

on the effects of stigmasterol from Butea monosperma. Their findings showed that stigmasterol 

had properties that could inhibit the thyroid and lower blood glucose levels. The study further 

showed that stigmasterol has the potential to reduce liver damage caused by oxidative stress, 

as it decreased the level of harmful lipid peroxidation and increased the activity of protective 

enzymes. Studies have shown that this compund exhibits cytotoxicity against MCF-7 breast 

cancer cells (El-Sherei et al., 2015; Morsi, 2015). Although some Euphorbia diterpenoids 

(phorbol ester) are toxic, recent research indicates that certain compounds in this plant have 

noteworthy bioactivity (Gundidza & Hecker, 1992; Engi et al., 2007). 
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3.4.1.9. Other terpenoids 

 

12-Deoxyphorbol-13-isobutyrate-20-acetate is a type of phorbol ester that can be found in 

various plants such as E. ledienii, E. coerulescens, E. tirucalli, E. triangularis, E. resinifera 

and E. bothae. Studies by Ourhzif et al. (2022) reported cytotoxicity of 12-Deoxyphorbol-13- 

isobutyrate-20-acetate from E. resinifera latex which inhibited the growth of A. carbonarius. 

However, there is currently no available data on the 12-Deoxyphorbol-13-isobutyrate-20- 

acetate found in E. ledienii, E. coerulescens and E. tirucalli. 

Phorbol, a diterpenoid, was extracted from E. ledienii and Croton tiglium, a plant belonging 

to the Euphorbiaceae family. It was also discovered in E. tirucalli by Fürstenberger and Hecker 

in 1985. While some research suggests that phorbol can irritate and promote tumor growth, 

other studies have found that it may induce apoptosis in tumor cells by activating protein kinase 

C (Brodie & Blumberg, 2003). However, there is currently no available information on the 

phorbol found in E. ledienii and E. tirucalli. 

12-Deoxyphorbol ester, a diterpenoid, was isolated from E. ledienii and E. grandicornis. 

According to a study by Zayed et al. (1984), this compound was found to activate protein 

kinase C instead of promoting tumor growth. Previous research has also shown that this 

activation can have antiproliferative effects on certain types of cancer cells. According to 

research conducted by Shen et al. (2015), 12-Deoxyphorbol ester was found to prevent the 

growth of myeloid leukemia cells. Additionally, other studies showed that 12-Deoxyphorbol 

ester increased cell death in breast cancer cells compared to normal breast epithelial cells 

(Alotaibi et al., 2018). According to a study by Tsai et al. (2020), 12-Deoxyphorbol ester has 

the capacity to stop the growth and cause cell death in human lung cancer cells by activating 

© Central University of Technology, Free State

https://pubchem.ncbi.nlm.nih.gov/taxonomy/1129976#section%3DNatural-Products
https://pubchem.ncbi.nlm.nih.gov/taxonomy/1130035#section%3DNatural-Products
https://pubchem.ncbi.nlm.nih.gov/taxonomy/1129976#section%3DNatural-Products


122 

 

 

the PKC-δ/PKD/ERK Signaling Pathway. However, there is currently no information available 

on the effects of this compound from E. ledienii. 

12-Deoxy-16-hydroxy-phorbol, is a component of DHPB which has been found in the latex 

of several plants including E. ledienii, E. poisonii Pax, E. cooperi, Jatropha curcas and 

Jatropha gossypiifolia (Schmidt & Evans, 1977; Hecker, 1977). It was found to stimulate 

ornithine decarboxylase in mouse skin, restrict the binding of [3H]-12-O- 

tetradecanoylphorbol-13-acetate to phorbol ester receptors and activate protein kinase C in 

vitro (Hirota et al., 1988). However, data has yet to be documented on the 12-Deoxy-16- 

hydroxy-phorbol of E. ledienii and E. cooperi. 

16-Hydroxy-12-desoxyphorbol, a diterpenoid, was isolated from E. cooperi, E. bothae, E. 

triangularis, E. ingens and Croton rhanmmifolius, and E. rowlandii (Dinala et al., 2022; Sakata 

et al., 1971). Dinala et al. (2022) documented that this compound showed activity against 

HCC70 and MCF-7 with EC50 values of 0.592 and 1.003µM; respectively. Contrary to this, 

Gschwendt and Hecker (1970) reported the compound as a tumor promoter. However, data has 

yet to be documented on the 16-Hydroxy-12-desoxyphorbol of E. cooperi. 

12-Deoxyphorbol-13-isobutyrate-16-angelate-20-acetate, which belongs to the diterpene 

class, was discovered in E. cooperi and E. bothae (Popplewell et al., 2010). Ahmed (2015) 

reported that 12-Deoxyphorbol-13-isobutyrate-16-angelate-20-acetate from E. cooperi 

demonstrated noteworthy cytotoxicity against MCF-7 cells. 

12-Deoxy phorbol esters, which fall under the phorbol ester class, were previously isolated 

from E. tirucalli, E. triangular, E. resinifera and Excoecaria bicolor (Karalai et al., 1995; 

Zayed et al., 1984; Gschwendt & Becker, 1970). It was reported that 12-Deoxy phorbol esters 

are carcinogenic and a tumor promotor (Priya & Rao, 2011; Adolf & Hecker, 1984). 
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Studies by Driedger and Blumberg (1980) reported inflammation in mice ears after exposure 

to 12-Deoxy phorbol esters. 

Ingenol, a diterpenoid, was discovered in E. tirucalli and E. sikkimensis by Yang et al. (2013). 

In 2019, Silva and colleagues conducted research on the impact of ingenol, derived from E. 

tirucalli, on multiple human cancer cell lines. The findings showed that the compound had 

varying degrees of effectiveness, ranging from weak to potent, against the different cell lines. 

In other studies, ingenol effectively prevented the replication of HIV-1 subtype B and C in both 

MT-4 cells and human PBMCs (Abreu et al., 2014). 

Glut-5-en-3-β-ol, a triterpenoid, was discovered in E. tirucalli, E. pseudocactus Berger 

(Abdel-Monem & Abdelrahman, 2016). Abdel-Monem and Abdelrahman (2016) conducted a 

study on Glut-5-en-3-β-ol's ability to fight against various microorganisms. However, the 

results showed that Glut-5-en-3-β-ol did not exhibit any activity against any of the tested 

bacteria. 

3.4.1.10. phenolic compounds 

 

Gallic acid, a phenolic acid from E. cooperi, is effective in protecting the liver and preventing 

liver damage caused by paracetamol. It also has antioxidant properties that can improve the 

levels of serum alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase and 

bilirubin antioxidant (Ahmed et al., 2019). 

Bervifolin carboxylic acid, a tannin from E. cooperi, has a strong hepatoprotective effect. It 

also acts as an antioxidant, reducing the levels of serum alanine aminotransferase, aspartate 

aminotransferase, alkaline phosphatase and bilirubin in rats with paracetamol-induced 

hepatotoxicity (Ahmed et al., 2019). 
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3, 3'-Dimethoxy ellagic acid a tannin, from E. cooperi displayed significant hepatoprotective 

effect as well as antioxidant effect. In particular, it was able to lower levels of serum alanine 

aminotransferase, aspartate aminotransferase, alkaline phosphatase and bilirubin in rats with 

paracetamol-induced hepatotoxicity. In addition, the compound showed moderate activity 

against HepG2 cells (Ahmed, 2019). 

Ellagic acid, a tannin from E. cooperi, has been shown to have many benefits for liver health 

in rats. In the same study, it has been found to protect the liver, prevent the growth of cells and 

act as an antioxidant (Ahmed et al., 2019; Ahmed, 2015). It also reduces the levels of certain 

enzymes and bilirubin in the blood, which are commonly elevated in cases of liver damage 

caused by paracetamol antioxidant (Ahmed, 2015; Ahmed et al., 2019). 

Kaempferol and Kampferol-3-O-ß-D-rutinoside, which are a class of flavonoids from E. 

cooperi. They were found to be effective in protecting the liver, preventing excessive cell 

growth and reducing the levels of certain enzymes and bilirubin in the blood, all of which are 

associated with liver damage caused by paracetamol antioxidant (Ahmed, 2015; Ahmed et al., 

2019). 

1-O-Galloyl-3,6-hexahydroxydiphenyl-β-D-glucopyranoside/corilagin a tannin, was 

extracted from various plants including E. cooperi, E. prostrata, Phyllanthus amarus L, 

Phyllanthus niruri L and Euphoria longana Lam (Euphorbiaceace) (Yang et al., 2022; Zheng 

et al., 2016; Kolodziej et al., 2005; Cheng et al., 1995; Chen et al., 1992). In 2013, Ming and 

colleagues conducted a study on the potential antitumor effects of corilagin from Phyllanthus 

niruri L. on three types of cells - Chang-liver, SMMC7721 and Bel7402. The findings 

showed that the compound had a moderate level of effectiveness against SMMC7721 and 

Bel7402 cells. However, it only exhibited weak activity against Chang-liver cells. In a study 
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by Bai et al. (2019), corilagin extracted from Dimocarpus longan Lour was found to have a 

cytotoxic effect on A549 cells. Another research by Tong et al. (2018) discovered that corilagin 

from Phyllanthus urinaria induced apoptosis through reactive oxygen species and autophagy. 

During autophagy mediation, the Akt/mTOR/p70S6K pathway was suppressed and there was 

an increase in the formation of autophagic vacuoles and conversion of LC3-I to LC3-II. 

According to a report by Ahmed (2015), corilagin showed notable toxicity against MCF-7 cells. 

Kolodziej et al. (2005) studied the effects of corilagin from the Phyllanthus amarus L. plant 

on various genes related to inflammation including iNOS. Their findings showed that corilagin 

increased the mRNA levels of iNOS and cytokines in parasitized cells. In 2013, Jin and 

colleagues conducted a study on animals to explore the effects of corilagin on liver protection 

and inflammation reduction. The findings indicated that corilagin was able to inhibit the NF-

κB pathway, leading to an increase in the level of superoxide dismutase, a key defense 

mechanism against superoxide radical toxicity and nitric oxide, which plays an important role 

in liver metabolism. Previous research has shown that corilagin, derived from 

E. longana Lam, can decrease blood pressure by reducing the release of plasma noradrenaline 

and inducing direct vasorelaxation (Cheng et al., 1995). Yang et al. (2013) studied the impact 

of corilagin from Terminalia bellerica Roxb on HepG2 cellss; specifically its potential to treat 

diabetes. Their findings showed that corilagin increased PPARγ signaling, which led to an 

increase in adipogenesis. According to studies by Latté and Kolodziej (2000), from the 

Zeitschrift für Naturforschung, corilagin has a strong antifungal effect against Candida 

glabrata. Notka et al. (2003) reported HIV-1 replication inhibition from corilagan of 

Phyllanthus amarus. 

Tri-methyl ellagic acid is a tannin which was previously isolated from E. tirucalli and E. 

sorori. In 2008, Zhang et al. conducted a study to assess the antibacterial effect of tri-methyl 
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ellagic acid on various types of bacteria. The results indicated that the compound had a 

moderate effect on B. subtilis and S. aureus, but did not show any inhibitory activity against 

E. coli. There is currently no information available regarding the anticancer properties of tri- 

methyl ellagic acid from E. tirucalli. 

3′-Di-O-methylellagic acid, which is a phenol, has been isolated from E. tirucalli, E. lunulata 

and E. schimperiana (Aljiburi et al., 2023). Researchers have tested the cytotoxicity of this 

compound from E. schimperiana extract on four human cancer cell lines. The results showed 

that 3,3′-Di-O-methylellagic acid had promising cytotoxicity against PC3 cells (Aljubiri et al., 

2021; Lan et al., 2020), with an IC50 of 5.5 μg/mL. This depicts the likely anticancer activity 

of the compound (Aljubiri et al., 2021). Research has found that 3′-di-O- methylellagic acid, 

which was extracted from E. schimperiana, has exhibited promising antibacterial properties. 

This is reported by the same author. Aljubiri et al. (2021) confirmed the antiinflammatory 

activity of 3′-Di-O-methylellagic acid from the E. lunulate isolate. Guo et al. (2011) discovered 

that E. hylonoma contains 3'-Di-O-methylellagic acid, which has a strong antioxidant effect. A 

great efficacy of a potential antimicrobial agent by the compound was observed from the isolate 

of E. thymifolia. 

3.4.1.11. Fatty Acids 

 

Laurate, a fatty acid, has been found in E. coerulescens and has limited antimicrobial activity 

against beneficial lactic acid bacteria but strong antimicrobial activity against harmful 

Bacteroides and Clostridium bacteria (Wu et al., 2021; Matsue et al., 2019). However, there is 

currently no available data on the effect of laurate of E. coerulescens. 
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3.4.1.12. Miscellaneous 

 

Diterpene esters, a terpene, were extracted from the latex of E. horrida, E. periplus, E. tirucalli 

and E. cauducifolia (Baloch & Baloch, 2010; Fürstenberger et al., 1985). It is a skin irritant 

and tumor promoter (Baloch & Baloch, 2010; Fürstenberger et al., 1985). Contrary, studies by 

Kedei et al. (2004) reported that diterpene ester is an anticancer agent as it activates the protein 

kinase C, which has previously been proven to induce an anticancer effect on cells. According 

to research conducted by Ogbourne et al. (2004), applying high doses of diterpene ester 

topically cured skin cancer in mice through protein kinase C. Another study by Hampson et al. 

(2005) found that applying a much lower dose of diterpene ester resulted in cell death through 

a protein kinase C mechanism in leukemia cells. Nothias- Scaglia et al. (2015) reported that 

diterpene ester could also inhibit HIV replication at the nanomolar level. However, there is 

currently no available data on the effects of diterpene esters from E. horrida and E. tirucalli. 

Out of the 15 Euphorbia plants that were studied, some of the compounds were left unexplored. 

These include Ingol-7,8,12-acetate and ditiglate from E. ledienii, as well as 12- Deoxyphorbol-

13-(2-methyl butyrate)-20-acetate. One compound from E. horrida was identified as 17-

Hydroxyingenol-17-benzoate-20-angelate. Additionally, five compounds were identified from 

E. coerulescens: Angelate acetate isobutyrate, Fatty acids, Acetate laurate, α-Methyl butyrate 

and Heptanoate. E. cooperi had five compounds identified: Euphorbilactone, Norsesquiterpen 

oid, Arachiside A, 16-Angeloyloxy-13α-isobutanoyloxy-4β,9α,20-trihydroxytiglia-1,5-diene- 

3,7-dione and 20-Acetoxy-16-angeloyloxy13α-isobutanoyloxy-4β,9α,20-tetrahydroxytiglia- 

1,5-diene-3-one. Lastly, E. tirucalli had ten compounds identified: Euphorbol hexacosonate, 

12-Deoxy-4β-hydroxyphorbol-13-phenyl acetate-20-acetate, 12, 20-Dideoxyphorbol-13- 
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isobutyrate, tirucalicine, isoeuphorol, ketone euphorone, euphorbin A, euphorbin B, tirucallin 

A and tirucallin B. 

3.4.2. In silico evaluation of selected phytochemicals 

 

Euphorbia species are well reported for various biological activities and pharmacological 

potential indicating their potential as anticancer agents. Some extracts and isolates of the plants 

are well reported to show cytotoxic effects, as reviewed in this study. However, the 

phytochemical constituents that may account for the cytotoxic effects and other biological 

activities are largely unexplored. In silico techniques, which are valuable for resource 

maximization and search space minimization, may help to provide insightful information on 

the biological activities, pharmacokinetics, pharmacodynamics and pharmacotherapeutics of 

phytochemicals reported from Euphorbia species; and thereby serve as a fundamental resource 

for researchers to design more targeted experiments and manage future studies into the 

medicinal benefits of the unexplored and underutilized Euphorbia species. 

3.4.2.1. Cell Line Cytotoxicity tendency of selected compounds 

 

Promising Euphorbia-derived compounds as shown in Table 3.7 were evaluated in silico for 

cytotoxicity and anticancer tendency using the Cell Line Cytotoxicity Predictor (CLCPred) 

webserver (Lagunin et al., 2018). Among 74 compounds subjected to prediction, 40 

compounds were prioritized based on the availability of information and high cytotoxic 

activity. The compounds predicted to have high cytotoxic activity exhibited high anticancer 

potential activity when the probability cut-off was set as both P(a)ctive > P(i)nactive and Pa > 

0.50. These compounds exhibit sufficient cytotoxic tendencies against multiple cancer cell 

lines and tumor types in human. Among these are the several Euphorbia- derived 

top compounds (EDCs) viz: 
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Euphol, cycloartenol, lupeol, α-amyrin, betulinic acid, 24-Methylene-cycloartanol, 12 Deoxy 

phorbol 13 tiglate 20 acetate, Ingol 7,8,12 acetate, diterpene glycoside, Tirucallol, Isobutyl 

angelate, Kaempferol-3-O-rutinoside exhibit high cytotoxic probability against 3 or more cell 

lines (Table 3.7). Considering the huge potential of plant-based natural products in drug 

discovery programs and the contribution of terpenoids in the production of anti-cancer 

compounds, terpenoids from Euphorbia species can be exploited for more reliable 

economical and environmentally safe bioactive molecules. Collectively, the terpenoids 

feature cytoxicity tendencies against the various cell lines of stomach carcinoma, kidney 

carcinoma, skin melanoma, liver hepatoblastoma, lung carcinoma, brain glioma, colon 

adenocarcinoma and thyroid carcinoma (see Table 3.7). 
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Table 3.7: Compounds with high cytotoxic probability against 3 or more cancer cell lines 

 

Compounds Pa Pi Cancer cell line Cell line full name Tissue Tumor type 

 

 

Euphol (C1) 

0.591 0.002 MKN- 7 Gastric carcinoma Stomach Carcinoma 

0.555 0.014 UO-31 Renal carcinoma Kidney Carcinoma 

0.554 0.014 SK-MEL-2 Melanoma Skin Melanoma 

 

 

 

 

 

Cycloartenol (C2) 

0.783 0.001 MKN-7 Gastric carcinoma Stomach Carcinoma 

0.577 0.015 HepG2 Hepatoblastoma Liver Hepatoblastoma 

0.523 0.029 DMS-114 Lung carcinoma Lung Carcinoma 

0.501 0.017 U-251 Glioma Brain Glioma 

 

Lupeol (C3) 

 

0.785 

 

0.003 

 

8505C 

Thyroid-gland- 
 

undifferentiated 

 

Thyroid 

 

Carcinoma 
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    carcinoma   

 

 

 

0.62 

 

 

 

0.001 

 

 

 

FaDu 

Hypopharyngeal 

squamous 

carcinoma 

 

Upper aerodigestive 

tract 

 

 

 

Carcinoma 

0.563 0.013 SK-MEL- 2 Melanoma Skin Melanoma 

 

0.539 

 

0.004 

 

DLD-1 

Colon 

adenocarcinoma 

 

Colon 

 

Adenocarcinoma 

 

0.526 

 

0.005 

 

SW480 

Colon 

adenocarcinoma 

 

Colon 

 

Adenocarcinoma 

Alpha-amyrin 

(C4) 

 

0.52 

 

0.005 

 

PANC-1 

Pancreatic 

carcinoma 

 

Pancreas 

 

Carcinoma 

0.632 0.004 8505C 
Thyroid-gland- 

Thyroid Carcinoma 
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    undifferentiated 

(anaplastic) 

carcinoma 

  

0.523 0.003 MKN-7 Gastric carcinoma Stomach Carcinoma 

 

 

 

 

 

 

 

 

 

 

Betulinic acid 

(C5) 

 

 

 

 

 

0.695 

 

 

 

 

 

0.003 

 

 

 

 

 

8505C 

Thyroid-gland- 

undifferentiated 

(anaplastic) 

carcinoma 

 

 

 

 

 

Thyroid 

 

 

 

 

 

Carcinoma 

 

 

 

0.667 

 

 

 

0.001 

 

 

 

FaDu 

Hypopharyngeal- 

squamous 

carcinoma 

 

Upper aerodigestive 

tract 

 

 

 

Carcinoma 

0.562 0.013 SK-MEL-2 Melanoma Skin Melanoma 

24-Methylene- 
0.555 0.003 MKN-7 Gastric carcinoma Stomach Carcinoma 
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cycloartanol (C6) 
 

0.539 

 

0.023 

 

HL-60 

Promyeloblast 

leukemia 

Haematopoietic and 

lymphoid tissue 

 

Leukemia 

0.52 0.031 DMS-114 Lung carcinoma Lung Carcinoma 

 

0.505 

 

0.026 

 

HL-60 

Promyeloblast 

leukemia 

Haematopoietic and 

lymphoid tissue 

 

Leukemia 

12- 

 

Deoxyphorbol- 

13-tiglate-20- 

acetate (C7) 

0.638 0.033 A549 Lung carcinoma Lung Carcinoma 

 

0.568 

 

0.024 

 

NCI-H838 

Non-small cell lung 

cancer. 3 stage 

 

Lung 

 

Carcinoma 

 

0.556 

 

0.021 

 

HL-60 

Promyeloblast 

leukemia 

Haematopoietic and 

lymphoid tissue 

 

Leukemia 

Ingol-7,8,12- 

 

acetate,ditiglate 

 

0.663 

 

0.012 

 

NCI-H838 

Non-small cell lung 

cancer. 3 stage 

 

Lung 

 

Carcinoma 
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(C8) 
 

0.592 

 

0.005 

 

SK-MEL-1 

Metastatic 

melanoma 

 

Skin 

 

Melanoma 

0.513 0.033 DMS-114 Lung carcinoma Lung Carcinoma 

 

 

 

 

Diterpene 

glycoside (C9) 

0.682 0.008 SK-MEL-2 Melanoma Skin Melanoma 

 

0.614 

 

0.015 

 

HL-60 

Promyeloblast 

leukemia 

Haematopoietic and 

lymphoid tissue 

 

Leukemia 

 

0.534 

 

0.034 

 

NCI-H838 

Non-small cell lung 

cancer. 3 stage 

 

Lung 

 

Carcinoma 

 

 

Tirucallol (C10) 

0.591 0.002 MKN-7 Gastric carcinoma Stomach Carcinoma 

0.555 0.014 UO-31 Renal carcinoma Kidney Carcinoma 

0.554 0.014 SK-MEL-2 Melanoma Skin Melanoma 

Isobutyl angelate 
0.616 0.012 HepG2 Hepatoblastoma Liver Hepatoblastoma 
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(C11) 
 

0.545 

 

0.03 

 

NCI-H838 

Non-small cell lung 

cancer. 3 stage 

 

Lung 

 

Carcinoma 

0.544 0.052 A549 Lung carcinoma Lung Carcinoma 

 

 

 

 

 

 

 

 

 

 

 

Kaempferol-3-O- 

rutinoside (C12) 

 

0.546 

 

0.004 

 

Caco-2 

Colon 

adenocarcinoma 

 

Colon 

 

Adenocarcinoma 

 

0.548 

 

0.016 

 

SK-MEL-1 

Metastatic 

melanoma 

 

Skin 

 

Melanoma 

 

0.55 

 

0.022 

 

HL-60 

Promyeloblast 

leukemia 

Haematopoietic and 

lymphoid tissue 

 

Leukemia 

 

0.542 

 

0.031 

 

NCI-H838 

Non-small cell lung 

cancer. 3 stage 

 

Lung 

 

Carcinoma 

*Pa - Probability to be Active, Pi - Probability to be Inactive 
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3.4.2.2. Physicochemical and drug-like properties 

 

The physicochemical parameters and drug-likeness of the EDCs were computed based on their 

chemical structures using the SwissADME platform as presented in Table 3.8 

(physicochemical properties; drug-like properties). Table 3.7 and Table 3.8 show that most of 

the compounds show good and desirable physicochemical properties. All the EDCs except C8, 

C9 and C12 have molecular weight less than 500. Other desirable physicochemical properties 

exhibited by several compounds are lipophilicity (LogP), solubility, Polar Surface Area (PSA), 

Hydrogen Bond Donors and Acceptors. Moderate molecular weight is preferred for drug-

likeness. Extremely large or small molecules might have issues with absorption, distribution, 

metabolism and excretion (ADME) properties. Balanced lipophilicity is desirable. Too 

hydrophilic or too hydrophobic molecules might face issues with absorption or distribution in 

the body. Good solubility in physiological fluids is essential for a drug candidate to be effective. 

Poorly soluble compounds might have bioavailability issues. Smaller polar surface area often 

correlates with better oral absorption. Fewer hydrogen bond donors and acceptors often 

indicate better drug-like properties. 

Drug-likeness refers to the set of characteristics that make a molecule more likely to become 

an effective and safe drug candidate. Understanding physicochemical properties helps in 

predicting a molecule's behavior in biological systems and its potential as a drug. Many of these 

properties are essential for drug development and violation of any of these properties may result 

in delay or failure of the drug candidate to reach market operation. All the compounds except 

C9 and C12 exhibit desirable Lipinski and Veber features. They also feature Synthetic 

accessibility. The Lipinski's Rule-of-Five (RO5) is a guideline used to assess drug-likeness 

based on physicochemical properties. It suggests that for a compound to 
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have good oral bioavailability, it should have: Molecular weight <500 Daltons, LogP <5, 

Hydrogen bond donors <5, Hydrogen bond acceptors <10 (Gyebi et al., 2022; Lipinski, 2004). 

While adherence to the RO5 is not a strict requirement for a compound to become a drug, it 

serves as a useful guideline in early-stage drug discovery to prioritize compounds likely to have 

favorable properties. 

3.4.2.3. ADMET properties of top compounds 

 

The fate and behavior of a drug or chemical compound within the human body are significantly 

influenced by Absorption, Distribution, Metabolism, Excretion and Toxicity (ADMET) 

factors. Understanding these properties is crucial in drug development to ensure both efficacy 

and safety. Computational tools play a pivotal role in predicting these properties and in this 

study we utilized the pKCSM webserver (Pires et al., 2015) to predict the ADMET properties 

of the top compounds, as detailed in Table 3.8. 
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Table 3.8: Physicochemical parameters and solubility tendency 

 

Descriptors Euphol Cycloartenol Lupeol α-amyrin Betulinic acid 24-Methylene- 

cycloartanol 

Physiochemical characteristic 

Molecular weight 

(g/mol) 

426.72 426.72 426.7 2 426.72 456.70 440.74 

Num.rotatable 

bonds 

4 4 1 0 2 5 

H-bond acceptors 1 1 1 1 1 1 

H-bond donors 1 1 1 1 2 1 

Molar 

Refractivity 

137.04 135.14 135.1 4 135.14 136.91 139.95 

TPS 20.23 20.23 20.23 20.23 57.53 20.23 

Solubility (Log 

Po/w) 

5.09 5.17 4.68 4.77 3.79 5.20 
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Solubility class Poorly soluble Poorly soluble Poorly soluble Poorly soluble Poorly soluble Poorly soluble 

Drug-likeness 

Lipinski Yes Yes Yes Yes Yes Yes 

Bioavailabilitv 0.55 0.55 0.55 0.55 0.85 0.55 

PAINS 0 alert 0 alert 0 alert 0 alert 0 alert 0 alert 

Brenk 1 alert 1 alert 1 alert 1 alert 1 alert 1 alert 

Synthetic 

accessibility 

Yes Yes Yes Yes Yes Yes 

Absorption 

Caco2 permeabilit 

y(log Papp in 10- 

6 cm/s) 

1.203 1.194 1.226 1.227-J 1.175 1.221 

Human intestinal 

absorption (% 

Absorbed) 

93.119 95.248 95.782 94.062 99.763 95.309 
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P-glycoprotein 

SUbstrate 

Neg. Neg. Neg. Neg. Neg. Neg. 

P-glycoprotein 

Iinhibitor 

Pos. Pos. Pos. Pos. Neg. Neg. 

P-glycoprotein II 

inhibitor 

Pos. Pos. Pos. Pos. Neg. Pos. 

Distribution 

VDss (human) 

(log L/kg) 

0.661 -0.075 0 0.266 -1.18 -0.072 

BBB permeability 

(Log BB) 

0.683 0.794 0.726 0.674, -0.322 0.845 

CNS permeability 

(Log PS) 

-2.254 -1.714 -1.714 -1.773 -1.343 -1.462 

Metabolism 

CYP2D6 
substrate 

Neg. Neg. Neg. Neg. Neg. Neg. 

CYP3A4 
substrate 

Pos. Pos. Pos. Pos. Pos. Pos. 

CYP1A2 
inhibition 

Neg. Neg. Neg. Neg. Neg. Neg. 
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CYP2C19 
inhibitior 

Neg. Neg. Neg. Neg. Neg. Neg. 

CYP2C9 
inhibitior 

Neg. Neg. Neg. Neg. Neg. Neg. 

CYP2D6 
inhibitior 

Neg. Neg. Neg. Neg. Neg. Neg. 

CYP3A4 
inhibitior 

Neg. Neg. Neg. Neg. Neg. Neg. 

Excretion 

Total Clearance (l 

og ml/min/kg) 

0.403 0.262 0.153 0.119 0.116 0.255 

Renal OCT2 

substrate 

Neg. Neg. Neg. Neg. Neg. Neg. 

Toxicity 

Max. tolerated dose 

(human) (log 

mg/kg/day) 

-0.568 -0.46 0.502 -0.571 0.144 0.303 

hERG Iinhibitor Neg. Neg. Neg. Neg. Neg. Neg. 

Oral Rat 
Acute _ 

1.906 2.627 2.563 2.4 2.256 2.542 
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Toxicity (LOSO)( 

mol/ka) 

      

Oral Rat Chronic T 

oxicity 

(LOAEL)( (log mg/ 

ka bw/day) 

0.788 0.806 0.8 0.856 2.206 0.802 

Hepatotoxicity Neg. Neg. Neg. Neg. Pos. Neg. 

[Neg. – Negative; Pos. – Positive] 
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The predictions regarding the intestinal absorption of Euphorbia-derived terpenoids in humans, 

based on computed molecular descriptors, indicate that all the compounds exhibit good human 

intestinal absorption (%Absorbed). Additionally, most of these compounds are predicted as P-

glycoprotein inhibitors (PGIs). PGIs interfere with glycoprotein activity, preventing the 

pumping of drug compounds out of cells. This inhibition can lead to the maintenance of high 

intracellular drug concentration, potentially improving therapeutic efficacy. Notably, several 

FDA-approved drugs and natural compounds are recognized as PGIs (Amin, 2013). 

Human volume of distribution (VDss) is a pivotal parameter for determining the human dose. 

While some Euphorbia-derived compounds feature low VDss, the majority exhibit a low 

plasma binding tendency. A drug with strong plasma protein binding may struggle to dissociate 

from plasma proteins and bind to target receptors, even if present in the bloodstream. Thus, a 

candidate with very high plasma levels due to very low VDss may appear promising, but it is 

essential to examine the magnitude of the pharmacological effect to avoid potential 

misinterpretations (White, 2017). 

The computed interactions of the compounds with liver phase I drug metabolism, using various 

cytochrome P450 descriptors, reveal that most of the top compounds do not exhibit inhibitory 

tendencies against various cytochrome P450s. This suggests that these compounds may not 

adversely affect phase I drug metabolism in the liver. 

Organic cation transporter 2 (OCT2) mediates the initial step in the renal secretion of organic 

cations. While several compounds exhibit a high clearance rate tendency, all are predicted to 

be non-substrates of OCT2. 

© Central University of Technology, Free State



144 

 

 

Computed molecular descriptors assessing the toxicity tendency of the compounds indicate 

that the majority may not be toxic, as indicated by AMES toxicity and maximum dose (human) 

predictions. hERG I, which blocks the hERG channel, may cause cardiotoxicity and oral rat 

acute toxicity. However, none of the six phytocompounds in this study exhibit the potential to 

be hERG channel blockers, suggesting that they may not cause hERG channel- related 

cardiotoxicity (Gyebi et al., 2022; Kratz et al., 2017). 

3.4.3. Biosynthesis of tepernoid class 

 

The Euphorbia species contains a diverse array of compounds, including terpenoids, steroids, 

fatty acids and phenolic compounds. Each compound has its own specific biosynthetic 

pathway. However, the current study will only focus on the biosynthesis pathway of terpenoid, 

as it is the main class of compounds isolated from Euphorbia species. A schematic diagram of 

the biosynthesis is presented in Figure 3.16. 
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Figure 3.16. Terpene biosynthesis in the cytosol through the mevalonate pathway. Starting 

with acetyl-CoA, this process produces terpene precursors (isopentenyl pyrophosphate and 
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dimethylallyl pyrophosphate), serving as building blocks for various terpenes with diverse 

biological functions. The diagram was adopted from Qiao et al. (2018). 

3.5. Conclusion and future perspective 

 

This review focuses on the medicinal properties of 15 species of Euphorbia, particularly their 

potential as alternative treatments for cancer. These plants contain unique compounds such as 

triterpenoids, tannins, diterpene esters and sterols. Several studies have reported that the 

Euphorbiacea family contains phytochemicals that lead to the isolation of various classes of 

triterpenoids. Some of these triterpenoids include euphol (found in E. trigona, E. tirucalli, E. 

enopla, E. coerulescens, E. ammak, E. cooperi), cycloartenol, lupeol, amyrins, taraxerols, 

friedelin and tirucallol (found in E. trigona). Tannins classes include ellagic acid, 1-O- 

Galloyl-3,6-hexahydroxydiphenyl-β-D-, tri methyl ellagic acid and unknown structures 

Tirucallin A and Tirucallin B. Sterols classes such as β-sitosterol, Stigmasterol and 

Obtusifoliol are also present. Diterpernoid classes such as diterpene esters, 12-Deoxy 

phorbol, phorbol, ingenol, ingenol triacetate, 16-Hydroxy-12-desoxyphorbol, 12- 

Deoxyphorbol-13-isobutyrate-16-angelate-20-acetate are also found. These compounds have 

shown cytotoxic effects through various mechanisms of action, including cell proliferation 

and differentiation, and also apoptosis. Out of all the Euphorbia species studied, E. trigona 

had the most anti-cancer isolated compounds with a total of 14. E. tirucalli followed closely 

behind with 13, while E. cooperi had 8 and the others had fewer or none at all. While some 

studies have reported promising results, others have found no significant inhibitory activity 

against certain cell lines. The insilico results further revealed that several Euphorbia-derived 

top compounds show good cytotoxic potential against multiple cancer cell lines indicating 

anticancer tendency against stomach carcinoma, kidney carcinoma, skin melanoma, liver 

© Central University of Technology, Free State



147 

 

 

hepatoblastoma, lung carcinoma, brain glioma, colon adenocarcinoma and thyroid carcinoma, 

etc. Most of these compounds are drug-like as indicated by Lipinski screening and Veber 

parameters which were derived from good physicochemical properties. Most of the EDCs were 

predicted to possess good pharmacokinetic tendencies as indited by the ADMET properties. 

Therefore, building upon the diverse compounds identified, such as triterpenoids, tannins, dit 

erpene esters and sterols, requires further indepth pharmacological studies to unravel the 

precise mechanisms of action and potential synergies among these compounds. Subsequent 

clinical trials would be pivotal in assessing the safety and efficacy of these compounds in 

human subjects. Additionally, exploring combination therapies with existing cancer 

treatments, investigating the bioavailability of isolated compounds and identifying new, yet- 

to-be-evaluated compounds like Euphorbin A, Euphorbin B and Tirucallin A are crucial areas 

of focus. Development of optimized formulations, understanding the factors contributing to 

variability in study results and fostering collaboration between diverse research fields are 

imperative for advancing the potential of Euphorbia species in cancer therapeutics. 

Furthermore, public awareness initiatives and the integration of ethnobotanical knowledge 

can contribute to a holistic understanding of the historical and contemporary significance of 

these plants in medicinal contexts. This comprehensive and multidisciplinary approach 

underscores the need for ongoing research to harness the full therapeutic potential of 

Euphorbia species for cancer treatment. Overall, this report aims to provide scientific 

credibility to the traditional use of Euphorbia species for medicinal purposes. 
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CHAPTER 4 

 

IN VITRO ANTIPROLIFERATIVE AND SELECTIVE 

CYTOTOXIC EFFECTS OF SIXTEEN SOUTH AFRICAN 

EUPHORBIA SPECIES AGAINST BREAST CANCER CELL 

LINES 

 

 
Abstract 

 

This study explored medicinal plants used in South Africa, especially in areas with limited access 

to primary healthcare and where traditional knowledge has been orally passed down for 

generations. The present study investigated the growth inhibitory effects of sixteen unexplored 

Euphorbia species against breast cancer cells. The methodology involved a systematic approach, 

including plant selection, sequential extraction with organic solvents, assessment of secondary 

metabolites and in vitro testing using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 

bromide (MTT) assay. High-performance liquid chromatography (HPLC) was employed to profile 

the secondary metabolites within the extracts. All sixteen plants contained glycosides and 

triterpenoids. The ethyl acetate (EtOAc) extract from Euphorbia ledienii, dichloromethane (DCM) 

extract from Euphorbia cooperi and DCM extract from Euphorbia clavarioides demonstrated the 

highest inhibitory effect on cell proliferation. Specifically, the EtOAc extract from Euphorbia 

ledienii showed a CC50 value of 0.06 μg/mL against the MCF-7 cell line, the DCM extract from 

Euphorbia cooperi showed a CC50 value of 0.006 μg/mL against the MDA- MB231 cell line and 

the DCM extract from Euphorbia clavarioides showed a CC50 value of 1.18 μg/mL against the 

Vero cell line. Among the extracts tested, the Euphorbia tirucalli DCM extract and the Euphorbia 

cooperi Hex extract displayed significant selectivity for MDA-MB231 cells, with selectivity index 

(SI) values of 49.40 and 84.03; respectively. Euphorbia trigona, Euphorbia 
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gorgonis, Euphorbia ledienii and Euphorbia arabica shared similar major peaks in the HPLC 

analysis. This study suggests that these selective Euphorbia species can be considered for further 

investigation, as they have shown inhibitory effects on cancer cells while sparing non-cancerous 

cells. 
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4.1. Introduction 

 

Chemotherapy is a widely employed cancer treatment that has limitations such as non-specific drug 

delivery and lack of selectivity, resulting in high toxicity to healthy cells (Conte, 2013; Yuan et 

al., 2016; Senapati et al., 2018). These limitations hinder effective disease control. To address this, 

complementary therapeutic strategies like the use of herbs and medicinal plants have gained 

attention. Many plants possess compounds that can enhance cancer treatment efficacy and mitigate 

toxicity (Choudhari et al., 2020). The medicinal advantages of plants include their affordability, 

accessibility and proven success in cancer treatment, prompting global research interest. 

Most ethnobotanical assertions, however, have not yet been scientifically examined. Therefore, 

evaluating these plants for their potential as chemotherapeutic agents becomes crucial. For 

instance, some researchers have isolated and screened some of these medicinal plants for biological 

active compounds (Ugboko et al., 2020). In fact, a few approved anticancer agents (vincristine, 

irinotecan, etoposide and paclitaxel) have been derived from plants and have played a crucial role 

in chemotherapy (Huang et al., 2012). 

Numerous plants within the Euphorbiaceae family are commonly used in various parts of the world 

as traditional medicinal herbs and some of these plants have shown anticancer properties (Mwine 

et al., 2011; Hartwell, 1969). It is against this background that the antiproliferative activity and 

selectivity of the sisxteen Euphorbia species: Euphorbia bupleurifolia (E. bupleurifolia), 

Euphorbia trigona (E. trigona), Euphorbia gorgonis (E. gorgonis), Euphorbia cooperi (E. 

cooperi), Euphorbia horrida Var (E. horrida Var) and Euphorbia horrida Indigenous (E. horrida 

Indigenous), Euphorbia polygona (E. polygona), Euphorbia enopla (E. enopla), 

Euphorbia Arabica (E. arabica), Euphorbia ammak (E. ammak), Euphorbia stellate (E. stellata), 192 
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Euphorbia ferox (E. ferox), Euphorbia clavarioides (E. clavarioides), Euphorbia coerulescens (E. 

coerulescens), Euphorbia tirucalli (E. tirucalli) and Euphorbia ledienii (E. ledienii) were 

investigated against MCF-7, MDA-MB231 and Vero cell lines, to evaluate their potential as 

anticancer agents. 

 

 

 

4.2. Materials and Methods 

 

4.2.1. Plant collection and processing 

 

In March of 2017, 16 species of Euphorbia plants were procured from Griep Nursery, located in 

Pretoria, South Africa (GPS coordinates: 25°47'3″S, 28°18'58″E), to be utilized in the current 

research. Due to the small size of most of the plants, it was not feasible to isolate their roots, stems 

and leaves, thus the entire plant was utilized for the study. For further details regarding the 

commercially acquired Euphorbia plant species, see Table 4.1. 

Table 4.1. List of 16 selected Euphorbia plant species used in this study. 

 

Plant species Abbreviation  

Euphorbia ferox E. ferox 

Euphorbia bupleurifolia E. bupleurifolia 

Euphorbia tirucalli E. tirucalli 

Euphorbia clavariodes E. clavariodes 

Euphorbia polygona E. polygona 

Euphorbia gorgonis E. gorgonis 

Euphorbia enopla E. enopla 

Euphorbia cooperi E. cooperi 

Euphorbia ammak E. ammak 
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Euphorbia caerulescens E. caerulescens 

Euphorbia trigona E. trigona 

Euphorbia ledienii E. ledienii 

Euphorbia horrida Var E. horrida Var 

Euphorbia horrida Indigenous E. horrida Ind 

Euphorbia stellata E. stellata 

Euphorbia arabica E. arabica 

 

The plants were rinsed with tap water upon arrival, cut into smaller pieces, air-dried for 14 days 

and then ground into fine powder. To isolate the different components from the various Euphorbia 

species, 10g of their powdered material was sequentially extracted with hexane, dichloromethane, 

ethyl acetate, methanol and acetone in increasing order of polarity. The extracts were subjected to 

a 48-hour shake at 37°C on an OrbiShake shaker (Labotec) before being filtered through Whatman 

filter paper. This process was repeated twice for each solvent and the resulting filtrates were 

concentrated under reduced pressure at 45°C using a rotary vacuum evaporator (Buchi Labotech, 

Switzerland). The percentage yield of each extract was calculated based on the weight of dried 

extract and ground plant materials. 

% yield= Dried extract (g)- Empty Vial (g) × 100/ Dried powder (g) 

 

The extract concentrates were then dried under the LabAire fume hood and stored at 4°C for future 

use. 
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4.2.2. Phytochemical analysis 

 

A standard qualitative screening of the sixteen Euphorbia plant species for the presence of secondary 

metabolites such as alkaloids, glycosides, flavonoids, phenols, saponins, terpenoids and tannins was 

carried out following previously described protocols by Yadav and Agarwala (2011) with slight 

modifications. The tests were based on the visual observation of a change in colour or formation of 

precipitate after the addition of specific reagents. 

4.3.1. Antiproliferation and Cytotoxic screening of Euphorbia extracts 

 

4.3.1.1.Cell culture 

 

Two cell lines belonging to human breast cancer, namely MCF-7 and MDA-MB231, along with a 

green monkey kidney cell line named Vero, were procured from Cellonex in South Africa. These 

cells were cultured in flasks and maintained in Dulbecco's modified Eagle's medium (DMEM) 

supplemented with 10% fetal bovine serum (FBS) and placed in a humidified 5% CO2 incubator 

at a temperature of 37°C. The cells were sub-cultured once they attained a confluency level of 90%. 

4.3.1.2.MTT assay 

 

After the cells in the flask had reached the desired confluency of 90% as observed under a 

microscope, they were rinsed with 10 mL of PBS and harvested using trypsin. The concentration 

of the live cells was evaluated using typhan blue dye under a cell counter; countess FI life 

technology. A total of 1 x 105 cells/mL were seeded into each well in a 96-well microtiter plate and 

incubated under the same condition for 24 hours to allow attachment. 

All cells were treated with 100 μL of a series of dilutions (100-0.1 µg/mL) of the extracts, and were 

replicated five/six times in triplicates for 48 hours. Wells with untreated cells served as negative 

control. Doxorubicin drug was used as positive control. Cell viability was conducted 
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based on the tetrazolium dye (MTT assay) method with slight modification (Munro et al., 2015). 

 
4.3.1.3.CC50 determination 

 

Graph Prism 9 software was utilized to analyze the data, with CC50 values being determined 

through non-linear regression plotting. To improve data visualization, stabilize variances and 

normalize data distributions, Prism graphs were generated using log-transformed values. The 

toxicity of the extracts was catergorized using the CC50 standard criteria established by Indrayanto 

et al. (2021) (see Table 4.2). 

Table 4.2. CC50 criteria for cytotoxicity. 
 

CC50 (µg/mL) Status 

>100 µg/mL Inactive  

<100≥ 50 µg/mL Low activity 

< 50 µg/mL ≥10 µg/mL Moderate activity 

< 10 µg/mL ≥ 5 µg/mL Good activity 

<5 µg/mL Potent activity 

 

 

4.3.1.4.Selectivity index 

 

The potential of an extract to inhibit growth of cancerous cells without harming normal cells was 

evaluated by calculating the selectivity index (SI) of the potent extracts. This was determined by 

comparing the antiproliferative activity (CC50) of the plant extract against two breast cancer cells 

(MCF-7 and MDA-MB231) with that from the kidney of an African green monkey cell line (Vero). 

An SI value greater than 3 indicates potential of safer therapy (Mahavorasirikul et al., 2010). For 

the purpose of calculating SI, extracts that had a growth inhibition of less than 50% and which had 

an CC50 greater than 100 were taken as 100. 
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4.3. High-Performance Liquid Chromatography (HPLC) 

 

The HPLC-diode array detection analysis was performed on the extracts using an Agilent 1100 

series (Agilent, Waldbronn, Germany) instrument equipped with photo diode array, autosampler, 

column thermostat and degasser. A Phenomenex: Luna 5 µm C18 (2) (150 × 4.6 mm; 5 μm particle 

size) column was used as the stationary phase. Water containing 0.1% of formic acid (A) and 

acetonitrile (B) served as mobile phases at a flow rate of 1 ml/min. Gradient elution was applied as 

shown on Table 4.3: 

Table 4.3. HPLC gradient elution. 

 

Time (min) 
% Solvent A 
(0.1% formic acid in H2O) 

% Solvent B 

(Acetonitrile) 

0 95 5 

10 90 10 

20 70 30 

30 50 50 

40 95 5 

41 STOP 
 

 

Temperature was set to 30 °C for column. Extracts were dissolved in HPLC grade methanol (2 

mg/mL) and the injection volume was 20.0 μL. Chromatograms were recorded at 254 nm. The 

elucidation of the chemical structures of the compounds depicted by peaks on the chromatograms 

falls outside of the scope of this study.

Selectivity index= IC50 calculated for normal cells/ CC50 calculated for cancer cells 
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4.3.1. Statistical analysis 

The results are presented as mean ± SD of three independent experimental measurements that are 

used to calculate the inhibitory concentrations. Graph Pad prism 9 software was used to calculate 

the IC50/CC50 values. 

4.4. Results 

 

4.4.1. Percentage yield 

 

The results obtained from the extraction method revealed that all solvents (water, hexane, 

dichloromethane, methanol and ethyl acetate) used in this process were able to extract some 

constituents from all 16 Euphorbia plants. However, the % yields differed from plant to plant. The 

% yield of Euphorbia plants extracted by different solvents is presented in Table 4.4 and 4.5. The 

yield is based on the weight of dried extract and ground plant materials. The highest yield was 

extracted from E. ferox hexane extract with 59.83% and the lowest yield was from E. enopla ethyl 

acetate extract with 0.09% as seen in Table 4.3. Most hexane (non-polar) and methanol (polar 

solvent) extracts had higher yields compared to dichloromethane and ethyl acetate. 

 

 

 

Table 4.4. Percentage yields of organic extract 

 

Plant Sample Dried powder (g) Solvent Dried extract 

(g) 

% Yield 

E. ferox 2.35 Hex 1.41 59.83 

  DCM 0.03 1.28 

  MeOH 0.19 8.34 

  EtOAc 0.40 17.02 

E. bupleurifolia 4.41 Hex 1.83 41.49 

  DCM 0.03 0.68 

  MeOH 0.55 12.47 

  EtOAc 0.05 1.13 
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E. clavariodes 10 Hex 0.41 4.10 

  DCM 0.20 2.00 

  MeOH 0.91 9.10 

  EtOAc 0.03 0.30 

E. ammak 10 Hex 0.56 5.60 

  DCM 0.17 1.70 

  MeOH 0.63 6.30 

  EtOAc 0.01 0.10 

E. Enopla 10.1 Hex 0.39 3.86 

  DCM 0.12 1.19 

  MeOH 0.27 2.67 

  EtOAc 0.01 0.09 

E. cooperi 10 Hex 0.38 3.8 

  DCM 0.26 2.6 

  MeOH 0.66 6.6 

  EtOAc 0.01 0.10 

E. gorgonis 7.71 Hex 0.56 7.26 

  DCM 0.51 6.61 

  MeOH 0.05 0.65 

  EtOAc 0.06 0.78 

E. arabica 6.28 Hex 0.07 1.11 

  DCM 0.06 0.96 

  MeOH 0.92 14.65 

  EtOAc 0.11 1.75 

E. trigona 10.01 Hex 0.20 1.99 

  DCM 0.15 1.49 

  MeOH 1.23 12.29 

  EtOAc 0.09 0.89 

E. horrida Var 7.63 Hex 0.66 8.65 

  DCM 0.03 0.39 

  MeOH 0.24 3.15 

 

 

 EtOAc 0.01 0.13 
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E. horrida 

Indigenous 

6.24 Hex 0.34 5.45 

  DCM 0.07 1.12 

  MeOH 0.24 3.85 

  EtOAc 0.01 0.16 

E. polygona 9.8 Hex 0.21 2.14 

  DCM 0.43 4.39 

  MeOH 0.27 2.76 

  EtOAc 0.06 0.61 

E. 

caerulenscence 

10.00 Hex 0.24 2.40 

  DCM 0.30 3.00 

  MeOH 0.76 7.60 

  EtOAc 0.08 0.80 

E. ledienii 8.00 Hex 0.38 4.75 

  DCM 0.25 3.13 

  MeOH 1.54 19.32 

  EtOAc 0.27 3.38 

E. stellata 6.76 Hex 0.38 5.62 

  DCM 0.16 2.37 

  MeOH 0.53 7.84 

  EtOAc 0.07 1.04 

Abbreviations: Hexane, Hex; dichloromethane, DCM; methanol, MeOH; ethyl acetate, EtOAc. 

 

Furthermore, the percentage yield of E. Ferox DCM, MeOH, EtOAc extracts ranged from 1.28 to 

17.02%; E. Bupleurifolia DCM, MeOH, EtOAc extracts yields ranged from 0.68 to 12.47%. The 

MeOH extract of E. Clavariodes had the highest yield of 9.10%, and the other extracts (DCM, 

hexane, EtOAc) yields ranged from 0.30 to 4.10%; respectively. The MeOH extract of E. Ammak 

had the highest yield of 6.30% and the other extracts (DCM, hexane, EtOAc) ranged from 0.10 to 

5.60%. The Hex extract of E. Enopla had the highest yield of 3.86% and for the other extracts 

(DCM, MeOH, EtOAc) yield ranged from 0.09 to 2.67%. The MeOH extract of E. cooperi had 
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the highest yield of 6.60%, while the other extracts (Hex, DCM, EtOAc) resulted in yields ranging 

from 0.10 to 3.80%. The Hex extract of E. gorgonis had the highest yield of 7.26%, whereas other 

extracts (DCM, MeOH, EtOAc) yields ranged from 0.78 to 6.61%. The MeOH extract of E. 

Arabica had the highest yield of 14.64%, while the other extracts (DCM, hexane, EtOAc) ranged 

from 0.96 to 1.75%. The MeOH extract of E. Trigona had the highest yield of 12.29%, whereas 

the other extracts (DCM, hexane, EtOAc) yields ranged from 0.89 to 1.99%. The Hex extract of E. 

Horrida Var had the highest yield of 8.65%, while other (DCM, MeOH, EtOAc) extracts yields 

ranged from 0.13 to 3.15%. The Hex extract of E. Horrida Indigenous had the highest yield of 

5.45%, and the other extracts yields (DCM, MeOH, EtOAc) ranged from 0.16 to 3.85%. The DCM 

extract of E. Polygona had the highest yield of 4.39%, and other extracts (Hexane, MeOH, EtOAc) 

yield ranged from 0.61 to 2.76%. The yield of E. Caerulenscens with MeOH was 7.60%, while 

other extracts (DCM, hexane, EtOAc) provided a yield ranging from 

0.80 to 3.00%. The MeOH extract of E. Ledienii has the highest yield of 19.32%, while other 

extracts (DCM, hexane, EtOAc) yields ranged from 3.13 and 4.75%. Lastly, the highest yield of 

E. Stellata was found to be 7.84% with MeOH extract, while the other extracts (DCM, hexane, 

EtOAc) resulted in yields ranging from 1.04 to 5.62% (see Table 4.4). 

Table 4.5. Percentage yields of inorganic extracts 

 

Plant Sample Dried powder (g) Dried extract (g) % Yield 

E. clavariodes 10.01 2.06 20.40 

E. ammak 10.04 1.46 14.54 

E. horrida Var 6.77 1.36 20.09 

E. polygona 5.50 0.43 7.82 
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E. trigona 10.00 0.81 8.10 

E. caerulenscence 10.00 0.17 1.7 

 

 

For water extracts, only six species were evaluated due to the limited sample size. Among these, 

 

E. clavariodes was found to have the highest yield of 20.40%, followed by E. horrida Var with 

20.09%, E. ammak with 14.54%, E. polygona 7.82%, E. trigona with 8.10% and E. coerulenscence 

with the lowest yield of 1.70% (see Table 4.5). 

4.4.2. Phytochemical investigation 

 

Phytochemical analysis of the sixteen Euphorbia plant species is summarized in Table 4.6. The 

results revealed the presence of glycosides and triterpenoids in all sixteen plants. Flavonoids and 

phytosterols were found in all the plants except E. tirucalli. Furthermore, E. horrida Var showed 

the presence all 9 secondary metabolites. Alkaloids were present in 11 plants species namely; E. 

ammak, E. ferox, E. bupleurifolia, E. cooperi, E. gorgonis, E. trigona, E. horrida Var, E. polygona, 

E. coerulescens, E. ledienii and E. clavaroides. Tannins were present in 12 plants namely; E. 

bupleurifolia, E. tirucalli, E. enopla, E. cooperi, E. arabica, E. horrida Var, E. horrida  

indigenous,  E.  polygona,  E.  coerulescens,  E.  ledienii  and  E.  clavaroides. 
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Table 4.6. Qualitative phytochemical analysis of sixteen selected Euphorbia plant species. Legend: (+) presence of phytochemical compounds; (-) absence of 

phytochemical compound. 

 

Phytoconstituents  Euphorbia sp. 
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Phytosterols + + - + + + + + + + + + + + + + 

Pentose + + - - + + + - + + + - + - - - 

Tannins - + + - + + - + - + + + + + - + 

Glycosides + + + + + + + + + + + + + + + + 

Triterpenoids + + + + + + + + + + + + + + + + 
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Anthraquinones + - - + + + - + + + + - - - - + 

Saponins - + + - + - + - - + + + + - - - 

Flavonoids + + - + + + + + + + + + + + + + 

Alkaloids + + - + - + + - + + - + + + - + 
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Saponins were present in 8 plants namely; E. polygona, E. tirucalli, E. coerulescens, E. bupleurifolia, E. 

enopla, E. gorgonis, E. horrida Var and E. horrida indigenous. Alkaloids, saponins and terpernoids which 

were present in E. bupleurifolia, E. gorgonis, E. horrida Var, E. polygona and E. coerulescens are all believed 

to have similar pharmacological effects, such as anticancer and antibacterial properties (Berdy, 2005; Hanson, 

2003). 

4.4.3. Cell growth inhibition 

 

The cytotoxic effect of Euphorbia extracts was determined using the MTT assay. All 16 plant species were 

tested for their ability to inhibit cell growth against MCF-7, MDA-MB231 and Vero cell lines. Each cell was 

treated with 100 μl of a series of dilutions, ranging from 100-0.1 µg/mL, and were replicated five/six times. 

The results showed that some extracts inhibited the growth of the tested cell lines while others induced cell 

proliferation. This may be due to the lack of activity of some extracts against the cell lines. Others showed 

both proliferation at lower concentrations and inhibition at higher concentrations. This is known as a hormetic 

dose-response, where the extract or treatment substance has a stimulating effect at a low dose but becomes 

inhibitory at a higher dose (Iavicoli et al., 2014). The CC50 values were determined by non-linear regression 

of MTT assay dose-response data. The CC50 value is essential for evaluating the substance's cytotoxicity. 

Lower CC50 values suggest higher potency, while higher CC50 values indicate lower toxicity. CC50 > 100 

μg/mL was considered as 100 μg/mL. 

To calculate the SI value, the study compared the CC50 (concentration causing cytotoxicity in 50% of cells) 

values of the plant extract against two breast cancer cell lines, namely MCF-7 and MDA-MB231, with that 
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of Vero cells (likely normal, non-cancerous cells). An SI value greater than 3 suggests that the plant extract 

has a significantly higher toxicity to the breast cancer cells compared to the normal Vero cells, indicating its 

potential selectivity for cancer cells. 

Table 4.7. Cytotoxicity (IC50 in μg/mL, n=5/6) of doxorubicin against MCF-7, MDA-MB231 and Vero cell 

lines. The dilutions were in triplicates. 
 

Anti-proliferative activity of doxorubicin 

 

IC50 (µg/ml) 

 MCF-7 MDA-MB231 Vero 

IC50 4.40 20.80 100.9 

 

 
Figure 4.1. Anti-proliferative effect of doxorubicin against MCF-7 (A), MDA-MB231 (B) and Vero (C) cell lines was assessed using MTT assay 

(µg/mL) and IC50 values were evaluated. The IC50 values of doxorubicin against each cell line were calculated using nonlinear regression analysis. 

The MTT assay results showed a concentration-dependent inhibitory effect (A and B) and hormetic-dose response (C) of doxorubicin. Values are 

presented as means ± standard deviation (SD) from three independent experiments; n = 5 for (A), and n= 6 (B and C). Doxorubicin (DOX). 
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Figure 4.1 presents the IC50 values for doxorubicin against MCF-7, MDA-MB231 and Vero 

cell lines. MCF-7 cells were highly sensitive to doxorubicin, with a IC50 value of 4.40 µg/mL, 

indicating potent toxicity against this cell line. Doxorubicin displayed moderate cytotoxicity 

against MDA-MB231 cells, with a IC50 value of 20.80 µg/mL (see Table 4.7). In the case of 

Vero cells, it required a higher doxorubicin concentration of 100.9 µg/mL compared to MCF- 

7 and MDA-MB231 cells to achieve a 50% inhibition. These IC50 values offer valuable insights 

into the cytotoxic effects of doxorubicin on these cell lines, highlighting variations in its 

potency and selectivity. 

The Hex and DCM extracts from E. bupleurifolia were found to inhibit the growth of MCF-7 

and Vero cells, with CC50 values of 7.74, >100, and 4.67, 1.18 µg/mL (see Table 4.8 and Figure 

4.2); respectively. This indicates that the extracts have varying degrees of activity against the 

cell lines, ranging from no activity to potent activity. However, the cytotoxic selectivity of E. 

bupleurifolia extracts showed that none of the active extracts had selectivity for the breast 

cancer cell line, as the SI value was lower than 3 (see Table 4.8). 

Table 4.8. Cytotoxicity (CC50 in μg/mL, n=5/6) of E. bupleurifolia against MCF-7, MDA-MB231 and Vero cell lines. The 

table illustrates the CC50 values (μg/mL, n=5/6) representing half-maximal cytotoxic concentrations of varying degrees of 

cytotoxicity, which were in triplicate. Selectivity index (SI) are also presented, highlighting potential candidates for further 

investigation. Species names and organic solvents are provided. Hexane (Hex), dichloromethane (DCM), methanol (MeOH), 

ethyl acetate (EtOAc), not determined (ND). 
 

Anti-proliferative activity of E. bupleurifolia 
CC50 (µg/ml) 

 Hexane Dichloromethane Methanol Ethyl acetate 

MCF-7 7.74 >100 >100 >100 

SI 0.60 >100 >100 >100 

MDA-MB231 >100 >100 >100 >100 

SI >100 >100 >100 >100 

Cytotoxic activity of E. bupleurifolia 
CC50 (µg/ml) 

Vero 4.67 1.18 >100 >100 
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Figure 4.2. Anti-proliferative effect of E. bupleurifolia extracts against MCF-7 (A) and Vero (B) cell lines was assessed using 

MTT assay (µg/mL) and CC50 values were evaluated. The CC50 values of E. bupleurifolia extract against each cell line were 

calculated using nonlinear regression analysis. The percentage concentration of the extracts is plotted on the X-axes in log 

format. The MTT assay results showed a concentration-dependent inhibitory effect (A) and hormetic dose-response (B) of E. 

bupleurifolia extracts. Values are presented as means ± SD from three independent experiments; n = 6. E. bupleurifolia hexane 

(E. BPF); E. bupleurifolia dichloromethane (E.BPF DCM). 

 

 

The Hex and DCM extracts of E. trigona showed cell growth inhibition on MCF-7 cells with 

CC50 values of 7.55 and 10.58 µg/mL (Table 4.9 and Figure 4.3), indicating good to moderate 

activity against MCF-7. The Hex extract showed cell growth inhibition of Vero cells with CC50 

value of 12.11 µg/mL (Table 4.9 and Figure 4.3), indicating moderate activity against the 

normal cell line. The DCM extract of E. trigona showed selectivity for the MCF-7 cell line 

with an SI value of 9.45 (Table 4.9). 

Table 4.9. Cytotoxicity assessment of extracts from E. trigona on MCF-7, MDA-MB231 and Vero cell lines. The table 

illustrates the CC50 values (μg/mL, n=5/6) representing half-maximal cytotoxic concentrations of varying degrees of 

cytotoxicity, which were in triplicate. Selectivity index (SI) are also presented, highlighting potential candidates for further 

investigation. Species names and organic solvents are provided. Hexane (Hex), dichloromethane (DCM), methanol (MeOH), 

ethyl acetate (EtOAc), not determined (ND). 
 

Anti-proliferative activity of E. trigona 
CC50 (µg/ml) 

 Hexane Dichloromethane Methanol Ethyl acetate 

MCF-7 7.55 10.58 >100 >100 

SI 1.60 9.45 >100 >100 

MDA-MB231 >100 >100 >100 >100 

SI >100 >100 >100 >100 

Cytotoxic activity of E. trigona 
CC50 (µg/ml) 

Vero 12.11 >100 >100 >100 
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Figure 4.3. Anti-proliferative effect of E. trigona extracts against MCF-7 (A) and Vero (B) cell lines was assessed using MTT 

assay (µg/mL) and CC50 values were evaluated. The CC50 values of E. trigona extract against each cell line were calculated 

using nonlinear regression analysis. The percentage concentration of the extracts is plotted on the X-axes in log format. The 

MTT assay results showed a concentration-dependent inhibitory effect of E. trigona extracts. Values are means 
± SD from three independent experiments; n = 6. E. trigona hexane (E. TRG Hex); E. trigona dichloromethane (E. TRG 

DCM). 

 

 

 

 

The Hex extract of E. gorgonis displayed the highest cell growth inhibition against MCF-7 and 

MDA-MB231 with CC50 values of 1.16 and 2.34 µg/mL (see Table 4.10 and Figure 4.4), 

demonstrating its potent activity against both cell lines. Moreover, the Hex extract of E. 

gorgonis exhibited selectivity for MCF-7 and MDA-MB231 cells with an SI values of 85.98 

and 42.73 (see Table 4.10); respectively, affirming its efficacy and specificity. 

Table 4.10. Cytotoxicity assessment of extracts from E. gorgonis on MCF-7, MDA-MB231, and Vero cell lines. The table 

illustrates the CC50 values (μg/mL, n=5/6) representing half-maximal cytotoxic concentrations of varying degrees of 

cytotoxicity, which were in triplicate. Selectivity index (SI) are also presented, highlighting potential candidates for further 

investigation. Species names and organic solvents are provided. Hexane (Hex), dichloromethane (DCM), methanol (MeOH), 

ethyl acetate (EtOAc), not determined (ND). 
 

Anti-proliferative activity of E. gorgonis 
CC50 (µg/ml) 

 Hexane Dichloromethane Methanol Ethyl acetate 

MCF-7 1.16 >100 >100 >100 

SI 85.98 >100 >100 >100 

MDA-MB231 2.34 >100 >100 >100 

SI 42.73 >100 >100 >100 

Cytotoxic activity of E. gorgonis 
CC50 (µg/ml) 

Vero >100 >100 >100 >100 
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Figure 4.4. Anti-proliferative effect of E. gorgonis extracts against MCF-7 (A) and MDA-MB231 (B) cell lines was assessed 

using MTT assay (µg/mL) and CC50 values were evaluated. The CC50 values of E. gorgonis extract against each cell line were 

calculated using nonlinear regression analysis. The percentage concentration of the extracts is plotted on the X-axes in log 

format. The MTT assay results showed a concentration-dependent inhibitory effect of E. gorgonis extracts. Values are means 

± SD from three independent experiments; n = 6. E. gorgonis hexane (E. TRG Hex). 

 

 

The Hex and DCM extracts of E. polygona demonstrated increased cell growth inhibition of 

MDA-MB231 cells with CC50 value 17.84 and 3.93 µg/mL (see Table 4.11 and Figure 4.5), 

indicating moderate to potent activity against the cell line; respectively. The Hex extract from 

E. polygona showed selectivity for MDA-MB231 cells, with an SI value of 5.60 and 25.44 (see 

Table 4.11). 

Table 4.11. Cytotoxicity assessment of extracts from E. polygona on MCF-7, MDA-MB231, and Vero cell lines. The table 

illustrates the CC50 values (μg/mL, n=5/6) representing half-maximal cytotoxic concentrations of varying degrees of 

cytotoxicity, which were in triplicate. Selectivity index (SI) are also presented, highlighting potential candidates for further 

investigation. Species names and organic solvents are provided. Hexane (Hex), dichloromethane (DCM), methanol (MeOH), 

ethyl acetate (EtOAc), not determined (ND). 
 

Anti-proliferative activity of E. polygona CC50 (µg/ml) 
 Hexane Dichloromethane Methanol Ethyl acetate 

MCF-7 >100 >100 >100 >100 

SI >100 >100 >100 >100 

MDA-MB231 17.84 3.93 >100 >100 

SI 5.60 25.44 >100 >100 

Cytotoxic activity of E. polygona CC50 (µg/ml) 

Vero >100 >100 >100 >100 
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Figure 4.5. Anti-proliferative effect of E. polygona extracts against MDA-MB231 cell line was assessed using MTT assay 

(µg/mL) and CC50 values were evaluated. The CC50 values of E. polygona extract against MDA-MB231 cell line was 

calculated using nonlinear regression analysis. The percentage concentration of the extracts is plotted on the X-axes in log 

format. The MTT assay results showed a concentration-dependent inhibitory effect of E. polygona extracts. Values are means 

± SD from three independent experiments; n = 6. E. polygona hexane (E. PLGN Hex); E. polygona dichloromethane (E. PLGN 

DCM). 

 

 

 

 

All extracts from E. horrida Var showed low cell growth inhibition against MCF-7 and MDA-

MB231. However, the DCM extract showed cell growth inhibition of Vero with CC50 value of 

6.89 µg/mL (see Table 4.12), indicating its cytotoxic activity towards the normal healthy cells 

(see Table 4.12). 

Table 4.12. Cytotoxicity assessment of extracts from E. horrida Var on MCF-7, MDA-MB231 and Vero cell lines. The table 
illustrates the CC50 values (μg/mL, n=5/6) representing half-maximal cytotoxic concentrations of varying degrees of 

cytotoxicity, which were in triplicate. Selectivity index (SI) are also presented, highlighting potential candidates for further 
investigation. Species names and organic solvents are provided. Hexane (Hex), dichloromethane (DCM), methanol (MeOH), 
ethyl acetate (EtOAc), not determined (ND). 

 

Anti-proliferative activity of E. horrida Var 

CC50 (µg/ml) 
 Hexane Dichloromethane Methanol Ethyl acetate 

MCF-7 >100 >100 >100 >100 

SI >100 >100 >100 >100 

MDA-MB231 >100 >100 >100 >100 

SI >100 >100 >100 >100 

Cytotoxic activity of E. horrida Var 
CC50 (µg/ml) 

Vero >100 6.89 >100 >100 
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Furthermore, extracts from E. horrida Indigenous showed low inhibitory activity against MCF-

7 cells and MDA-231 as well. The Hex and DCM extracts demonstrated cell growth inhibition 

against Vero cells with CC50 values of 4.24 and 5.42 µg/mL, indicating its cytotoxic activity 

against the normal cell line; respectively (see Table 4.13). 

Table 4.13. Cytotoxicity assessment of extracts from E. horrida Indigenous on MCF-7, MDA-MB231 and Vero cell lines. 

The table illustrates the CC50 values (μg/mL, n=5/6) representing half-maximal cytotoxic concentrations of varying degrees of 

cytotoxicity, which were in triplicate. Selectivity index (SI) are also presented, highlighting potential candidates for further 

investigation. Species names and organic solvents are provided. Hexane (Hex), dichloromethane (DCM), methanol (MeOH), 

ethyl acetate (EtOAc), not determined (ND). 
 

Anti-proliferative activity of E. horrida Indiginous 

CC50 (µg/ml) 
 Hexane Dichloromethane Methanol Ethyl acetate 

MCF-7 >100 >100 >100 >100 

SI >100 >100 >100 >100 

MDA-MB231 >100 >100 >100 >100 

SI >100 >100 >100 >100 

Cytotoxic activity of E. horrida Indiginous 

CC50 (µg/ml) 

Vero 4.24 5.42 >100 >100 
 

 

 

The Hex and MeOH extracts of E. ferox showed cell growth inhibition of MDA-MB231 with 

CC50 value of 16.79 and 6.37 µg/mL, indicating good to moderate activity against the cell line 

(see Table 4.14 and Figure 4.6). Both the Hex and MeOH of E. ferox extracts showed selectivity 

for MDA-MB231 cell line, with an SI values of 5.95 and 15.69; respectively (see Table 4.14). 

Table 4.14. Cytotoxicity assessment of extracts from E. ferox on MCF-7, MDA-MB231 and Vero cell lines. The table 

illustrates the CC50 values (μg/mL, n=5/6) representing half-maximal cytotoxic concentrations of varying degrees of 

cytotoxicity, which were in triplicate. Selectivity index (SI) are also presented, highlighting potential candidates for further 

investigation. Species names and organic solvents are provided. Hexane (Hex), dichloromethane (DCM), methanol (MeOH), 

ethyl acetate (EtOAc), not determined (ND). 
 

Anti-proliferative activity of E. ferox 
CC50 (µg/ml) 

 Hexane Dichloromethane Methanol Ethyl acetate 

MCF-7 >100 >100 >100 >100 

SI >100 >100 >100 >100 

MDA-MB231 >100 16.79 6.37 >100 

SI >100 5.95 15.69 >100 
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Cytotoxic activity of E. ferox 
CC50 (µg/ml) 

Vero >100 >100 >100 >100 
 

 

 

 

Figure 4.6. Anti-proliferative effect of E. ferox extract against MDA-MB231 cell line was assessed using MTT assay (µg/mL) 

and CC50 values were evaluated. The CC50 values of E. ferox extract against MDA-MB231 cell line was calculated using 

nonlinear regression analysis. The percentage concentration of the extracts is plotted on the X-axes in log format. The MTT 

assay results showed a concentration-dependent inhibitory effect/ hormetic dose-response of E. ferox extracts. Values are 

means ± SD from three independent experiments; n = 6. E. ferox dichloromethane (E. FRX DCM; E. ferox methanol (E. FRX 

MeOH). 

 

 

The Hex and DCM extract of E. clavarioides exhibited increased cell growth inhibition of 

MCF-7 and MDA-MB231 with CC50 value of 0.85, 0.23 and 1.26 µg/mL (see Table 4.15 and 

Figure 4.7), indicating its potent activity against the two breast cancer cell lines; respectively. 

Furthermore, the DCM extract exhibited inhibitory activity of Vero cells, with CC50 values of 

1.82 µg/mL (see Table 4.15 and Figure 4.7), indicating cytotoxic activity against the normal 

cell line; respectively. The Hex and DCM extracts of E. clavarioides displayed higher 

selectivity for MCF-7 with an SI values of 7.91 and >100; respectively (see Table 4.15). 

Table 4.15. Cytotoxicity assessment of extracts from E. clavarioides on MCF-7, MDA-MB231 and Vero cell lines. The table 

illustrates the CC50 values (μg/mL, n=5/6) representing half-maximal cytotoxic concentrations of varying degrees of 

cytotoxicity, which were in triplicate. Selectivity index (SI) are also presented, highlighting potential candidates for further 

investigation. Species names and organic solvents are provided. Hexane (Hex), dichloromethane (DCM), methanol (MeOH), 

ethyl acetate (EtOAc), not determined (ND). 
 

Anti-proliferative activity of E. clavarioides 
CC50 (µg/ml) 

 Hexane Dichloromethane Methanol Ethyl acetate 

MCF-7 0.85 0.23 >100 >100 
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SI 117.64 7.91 >100 >100 

MDA-MB231 >100 >100 >100 >100 

SI >100 >100 >100 >100 

Cytotoxic activity of E. clavarioides 
CC50 (µg/ml) 

Vero >100 1.82 >100 >100 
 

 

 

 

 

Figure 4.7. Anti-proliferative effect of E. clavarioides extracts against MCF-7 (A), MDA-MB231 (B) and Vero (C) cell lines 

was assessed using MTT assay (µg/mL) and CC50 values were evaluated. The CC50 values of E. clavarioides extract against 

each cell line were calculated using nonlinear regression analysis. The percentage concentration of the extracts is plotted on 

the X-axes in log format. The MTT assay results showed a hormetic dose-reponse (A) and concentration- dependent inhibitory 

effect (B and C) of E. clavarioides extracts. Values are presented as means ± SD from three independent experiments; n = 6. 

E. clavarioides hexane (E. CLV Hex); E. clavarioides dichloromethane (E. CLV DCM). 

 

 

The Hex and DCM extracts of E. ammak exhibited increased cell growth inhibition of MCF-7 

and MDA-MB231 with CC50 values of 1.17, 0.27 and 4.32 µg/mL (see Table 4.16 and Figure 

4.8), indicating potent activity against the two breast cancer cell lines. Furthermore, the Hex 

and DCM extract showed cell growth inhibition of Vero with CC50 value of 6.49 and >100 

µg/mL (see Table 4.16 and Figure 4.8), indicating no cytotoxicity to cytotoxicity activity 

against the cell line; respectively. Based on the SI values, the Hex and DCM extracts of E. 
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ammak showed selectivity for MCF-7 cells, with an SI values of 5.54 and > 100; respectively 

(see Table 4.16). 

Table 4.16. Cytotoxicity assessment of extracts from E. ammak on MCF-7, MDA-MB231 and Vero cell lines. The table 

illustrates the CC50 values (μg/mL, n=5/6) representing half-maximal cytotoxic concentrations of varying degrees of 

cytotoxicity, which were in triplicate. Selectivity index (SI) are also presented, highlighting potential candidates for further 

investigation. Species names and organic solvents are provided. Hexane (Hex), dichloromethane (DCM), methanol (MeOH), 

ethyl acetate (EtOAc), not determined (ND). 
 

Anti-proliferative activity of E. ammak 
CC50 (µg/ml) 

 Hexane Dichloromethane Methanol Ethyl acetate 

MCF-7 1.17 0.27 >100 >100 

SI 5.54 >100 >100 >100 

MDA-MB231 4.32 >100 >100 >100 

SI 1.50 >100 >100 >100 

Cytotoxic activity of E. ammak 
CC50 (µg/ml) 

Vero 6.49 >100 >100 >100 
 

 

 

 

Figure 4.8. Anti-proliferative effect of E. ammak extracts against MCF-7 (A), MDA-MB231 (B) and Vero (C) cell lines was 

assessed using MTT assay (µg/mL) and CC50 values were evaluated. The CC50 values of E. ammak extract against each cell 

line were calculated using nonlinear regression analysis. The percentage concentration of the extracts is plotted on the X- axes 

in log format. The MTT assay results showed a hormetic dose-response effect (A) and concentration-dependent inhibitory 

effect (B and C) of E. ammak extracts. Values are presented as means ± SD from three independent experiments; n 
= 6. E. ammak hexane (E. AMK Hex); E. ammak dichloromethane (E. AMK DCM). 
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The Hex and DCM extracts from E. enopla exhibited cell growth inhibition of MCF-7 and 

MDA-MB231 with CC50 values of 2.14, 0.07, 1.12 and 3.21 µg/mL (see Table 4.17 and Figure 

4.9), indicating potent activity towards both cells; respectively. The Hex and DCM extract 

exhibited cell growth inhibition of Vero with CC50 value of 8.65 and >100 µg/mL (see Table 

4.17 and Figure 4.9), indicating non-toxicity to toxicity activity against Vero; respectively. The 

Hex and DCM extracts of E. enopla showed selectivity for MCF-7 and MDA-MB231 cells, 

with high SI values of 4.04, > 100, 7.72 and 31.15; respectively (see Table 4.17). 

Table 4.17. Cytotoxicity assessment of extracts from E. enopla on MCF-7, MDA-MB231 and Vero cell lines. The table 

illustrates the CC50 values (μg/mL, n=5/6) representing half-maximal cytotoxic concentrations of varying degrees of 

cytotoxicity, which were in triplicate. Selectivity index (SI) are also presented, highlighting potential candidates for further 

investigation. Species names and organic solvents are provided. Hexane (Hex), dichloromethane (DCM), methanol (MeOH), 

ethyl acetate (EtOAc), not determined (ND). 

 

 

Anti-proliferative activity of E. enopla 
CC50 (µg/ml) 

 Hexane Dichloromethane Methanol Ethyl acetate 

MCF-7 2.14 0.70 >100 >100 

SI 4.04 >100 >100 >100 

MDA-MB231 1.12 3.21 >100 >100 

SI 7.72 31.15 >100 >100 

Cytotoxic activity of E. enopla 
CC50 (µg/ml) 

Vero 8.65 >100 >100 >100 
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Figure 4.9. Anti-proliferative effect of E. enopla extracts against MCF-7 (A), MDA-MB231 (B) and Vero (C) cell lines was 

assessed using MTT assay (µg/mL) and CC50 values were evaluated. The CC50 values of E. enopla extract against each cell 

line were calculated using nonlinear regression analysis. The percentage concentration of the extracts is plotted on the X- axes 

in log format. The MTT assay results showed a hormetic dose-response effect (A and B) and concentration-dependent 

inhibitory effect (C) of E. enopla extracts. In order to improve the normality of data distribution, the outliers for Graph B were 

removed. Values are presented as means ± SD from three independent experiments; n = 6. E. enopla hexane (E. ENP Hex); E. 

enopla dichloromethane (E. ENP DCM). 

 

 

 

 

The DCM extract of E. stellata displayed cell growth inhibition of MCF-7 and MDA-MB231 

with CC50 values of 9.06 and 3.92 µg/mL (see Table 4.18 and Figure 4.10), indicating good to 

potent activity against the breast cancer cell lines; respectively. Even though DCM extract 

displayed considerable inhibitory activity of MCF-7 and MDA-MB231, this extract did not 

demonstrate any selectivity for any of the breast cancer cell lines. 

 
Table 4.18. Cytotoxicity assessment of extracts from E. stellata on MCF-7, MDA-MB231, and Vero cell lines. The table 

illustrates the CC50 values (μg/mL, n=5/6) representing half-maximal cytotoxic concentrations of varying degrees of 

cytotoxicity, which were in triplicate. Selectivity index (SI) are also presented, highlighting potential candidates for further 

investigation. Species names and organic solvents are provided. Hexane (Hex), dichloromethane (DCM), methanol (MeOH), 

ethyl acetate (EtOAc), not determined (ND). 
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Anti-proliferative activity of E. stellata 
CC50 (µg/ml) 

 Hexane Dichloromethane Methanol Ethyl acetate 

MCF-7 >100 9.06 >100 >100 

SI >100 0.91 >100 >100 

MDA-MB231 >100 3.92 >100 >100 

SI >100 2.10 >100 >100 

Cytotoxic activity of E. stellata 
CC50 (µg/ml) 

Vero >100 8.26 >100 >100 
 

 

 

 

Figure 4.10. Anti-proliferative effect of E. stellata extracts against MCF-7 (A), MDA-MB231 (B) and Vero (C) cell lines was 

assessed using MTT assay (µg/mL) and CC50 values were evaluated. The CC50 values of E. stellata extract against each cell 

line were calculated using nonlinear regression analysis. The percentage concentration of the extracts is plotted on the X-axes 

in log format. The MTT assay results showed a concentration-dependent inhibitory effect of E. stellata extracts. Values are 

presented as means ± SD from three independent experiments; n = 6. E. stellata dichloromethane (E. STL DCM). 

 

 

 

 

The Hex and EtOAc extracts of E. ledienii showed cell growth inhibition of MCF-7 with CC50 

values of 0.90 and 0.07 µg/mL (see Table 4.19 and Figure 4.11), indicating potent activity 

towards MCF-7; respectively. The Hex and EtOAc extracts demonstrated cell growth 

inhibition of Vero cells with CC50 value of 4.23 and >100 µg/mL (see Table 4.19 and Figure 
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4.11); respectively. The Hex and EtOAc extracts of E. ledienii showed selectivity for MCF-7, 

with an SI value of 4.7 and > 100; respectively (see Table 4.19). 

Table 4.19. Cytotoxicity assessment of extracts from E. ledienii on MCF-7, MDA-MB231 and Vero cell lines. The table 

illustrates the CC50 values (μg/mL, n=5/6) representing half-maximal cytotoxic concentrations of varying degrees of 

cytotoxicity, which were in triplicate. Selectivity index (SI) are also presented, highlighting potential candidates for further 

investigation. Species names and organic solvents are provided. Hexane (Hex), dichloromethane (DCM), methanol (MeOH), 

ethyl acetate (EtOAc), not determined (ND). 
 

Anti-proliferative activity of E. ledienii 
CC50 (µg/ml) 

 Hexane Dichloromethane Methanol Ethyl acetate 

MCF-7 0.90 >100 >100 0.068 

SI 4.70 >100 >100 >100 

MDA-MB231 >100 >100 >100 >100 

SI >100 >100 >100 >100 

Cytotoxic activity of E. ledienii 
CC50 (µg/ml) 

Vero 4.23 >100 >100 >100 
 

 

 

 

 

Figure 4.11. Anti-proliferative effect of E. ledienii extracts against MCF-7 (A) and Vero (B) cell lines was assessed using 

MTT assay (µg/mL) and CC50 values were evaluated. The CC50 values of E. ledienii extract against each cell line were 

calculated using nonlinear regression analysis. The percentage concentration of the extracts is plotted on the X-axes in log 

format. The MTT assay results showed a hormetic dose-reponse effect (A) and concentration-dependent inhibitory effect (B) 

of E. ledienii extracts. Values are means ± SD from three independent experiments; n = 5 for (A), and n= 6 (B). E. ledienii 

hexane (E. LDN Hex); E. ledienii dichloromethane (E. LDN DCM). 

 

 

All tested extracts of E. coerulescenes exhibited low cell growth inhibition of MCF-7 and 

MDA-MB231, while the DCM extract inhibited the cell growth of Vero cells (see Table 4.20). 

None of the extracts from E. coerulescenes demonstrated selectivity for MCF-7 and MDA-

MB231. 
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Table 4.20. Cytotoxicity assessment of extracts from E. coerulescenes on MCF-7, MDA-MB231 and Vero cell lines. The 

table illustrates the CC50 values (μg/mL, n=5/6) representing half-maximal cytotoxic concentrations of varying degrees of 

cytotoxicity, which were in triplicate. Selectivity index (SI) are also presented, highlighting potential candidates for further 

investigation. Species names and organic solvents are provided. Hexane (Hex), dichloromethane (DCM), methanol (MeOH), 

ethyl acetate (EtOAc), not determined (ND). 
 

Anti-proliferative activity of E. coerulescenes 
CC50 (µg/ml) 

 Hexane Dichloromethane Methanol Ethyl acetate 

MCF-7 >100 >100 >100 >100 

SI >100 >100 >100 >100 

MDA-MB231 >100 >100 >100 >100 

SI >100 >100 >100 >100 

Cytotoxic activity of E. caerulescenes 
CC50 (µg/ml) 

Vero >100 >100 >100 >100 
 

 

 

The DCM extract of E. arabica demonstrated cell growth inhibition of MCF-7 with a CC50 

value of 2.70 µg/mL (see Table 4.21 and Figure 4.12), indicating potent activity against MCF-

7 cells. Furthermore, the Hex and DCM extracts exhibited cell growth inhibition of Vero with 

CC50 values of 51.34 and 13.01, indicating moderate to low cytotoxic activity against the 

normal healthy cells (see Table 4.21 and Figure 4.12); respectively. The DCM extract of E. 

arabica showed selectivity for MCF-7 cells with an SI value of 4.81 (see Table 4.21). 

Table 4.21. Cytotoxicity assessment of extracts from E. arabica on MCF-7, MDA-MB231 and Vero cell lines. The table 

illustrates the CC50 values (μg/mL, n=5/6) representing half-maximal cytotoxic concentrations of varying degrees of 

cytotoxicity, which were in triplicate. Selectivity index (SI) are also presented, highlighting potential candidates for further 

investigation. Species names and organic solvents are provided. Hexane (Hex), dichloromethane (DCM), methanol (MeOH), 

ethyl acetate (EtOAc), not determined (ND). 
 

Anti-proliferative activity of E. arabica 
CC50 (µg/ml) 

 Hexane Dichloromethane Methanol Ethyl acetate 

MCF-7 >100 2.70 >100 >100 

SI >100 4.81 >100 >100 

MDA-MB231 >100 ND >100 >100 

SI >100 ND >100 >100 

Cytotoxic activity of E. arabica 
CC50 (µg/ml) 

Vero 51.34 13.01 >100 >100 
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Figure 4.12. Anti-proliferative effect of E. arabica extracts against MCF-7 (A) and Vero (B) cell lines was assessed using 

MTT assay (µg/mL) and CC50 values were evaluated. The CC50 values of E. arabica extract against each cell line were 

calculated using nonlinear regression analysis. The percentage concentration of the extracts is plotted on the X-axes in log 

format. The MTT assay results showed a concentration-dependent inhibitory effect of E. arabica extracts. Values are means 

± SD from three independent experiments; n = 6. E. arabica hexane (E. ARB Hex); E. arabica dichloromethane (E. ARB 

DCM). 

 

 

The Hex and DCM extract of E. cooperi showed cell growth inhibition of MCF-7 and MDA- 

MB231 cells with CC50 values of 4.80, 15.57, 2.02 and 0.006 µg/mL (see Table 4.22 and Figure 

4.13), indicating moderate to potent activity against the breast cancer cell lines; respectively. 

Moreover, the Hex and DCM extracts of E. cooperi was selectivity for MCF-7 and MDA-

MB231 with SI values of 20.83, 6.42, 49,40 and >100 (see Table 4.22 and Figure 4.13); 

respectively. These SI values show considerable selectivity. 

Table 4.22. Cytotoxicity assessment of extracts from E. cooperi on MCF-7, MDA-MB231 and Vero cell lines. The table 

illustrates the CC50 values (μg/mL, n=5/6) representing half-maximal cytotoxic concentrations of varying degrees of 

cytotoxicity, which were in triplicate. Selectivity index (SI) are also presented, highlighting potential candidates for further 

investigation. Species names and organic solvents are provided. Hexane (Hex), dichloromethane (DCM), methanol (MeOH), 

ethyl acetate (EtOAc), not determined (ND). 
 

Anti-proliferative activity of E. cooperi 
CC50 (µg/ml) 

 Hexane Dichloromethane Methanol Ethyl acetate 

MCF-7 4.80 15.57 >100 >100 

SI 20.83 6.42 >100 >100 

MDA-MB231 2.02 0.006 >100 >100 

SI 49.40 >100 >100 >100 

Cytotoxic activity of E. cooperi 
CC50 (µg/ml) 

Vero >100 >100 >100 >100 
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Figure 4.13. Anti-proliferative effect of E. cooperi extracts against MCF-7 (A) and MDA-MB231 (B) cell lines was assessed 

using MTT assay (µg/mL) and CC50 values were evaluated. The CC50 values of E. cooperi extract against each cell line were 

calculated using nonlinear regression analysis. The percentage concentration of the extracts is plotted on the X- axes in log 

format. The MTT assay results showed a hormetic dose-response effect (A) and concentration-dependent inhibitory effect (B) 

of E. cooperi extracts. In order to improve the normality of data distribution, the outliers for Graph A were removed. Values 

are means ± SD from three independent experiments; n = 6. E. cooperi hexane (E. CPR Hex); E. cooperi dichloromethane (E. 

CPR DCM). 

 

 

The Hex and DCM extracts of E. tirucalli exhibited cell growth inhibition against MCF-7 and 

MDA-MB231 cells with CC50 values of 9.77, 7.19, 0.94 and 1,19 µg/mL (see Table 4.23 and 

Figure 4.14), demonstrating potent to good activity against the breast cancer cell lines; 

respectively. The Hex and DCM extract of E. tirucalli displayed significantly higher selectivity 

for MCF-7 and MDA-MB231 with SI values of 10.23, 13.90, 84.03 and >100; respectively 

(see Table 4.23). 

Table 4.23. Cytotoxicity assessment of extracts from E. tirucalli on MCF-7, MDA-MB231 and Vero cell lines. The table 

illustrates the CC50 values (μg/mL, n=5/6) representing half-maximal cytotoxic concentrations of varying degrees of 

cytotoxicity, which were in triplicate. Selectivity index (SI) are also presented, highlighting potential candidates for further 

investigation. Species names and organic solvents are provided. Hexane (Hex), dichloromethane (DCM), methanol (MeOH), 

ethyl acetate (EtOAc), not determined (ND). 
 

Anti-proliferative activity of E. tirucalli 
CC50 (µg/ml) 

 Hexane Dichloromethane Methanol Ethyl acetate 

MCF-7 9.77 7.19 >100 >100 

SI 10.23 13.90 >100 >100 

MDA-MB231 0.94 1.19 >100 >100 

SI >100 84.03 >100 >100 

Cytotoxic activity of E. tirucalli 
CC50 (µg/ml) 

Vero >100 >100 >100 >100 
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Figure 4.14. Anti-proliferative effect of E. tirucalli extracts against MCF-7 (A) and MDA-MB231 (B) cell lines was assessed 

using MTT assay (µg/mL) and CC50 values were evaluated. The CC50 values of E. tirucalli extract against each cell line were 

calculated using nonlinear regression analysis. The percentage concentration of the extracts is plotted on the X- axes in log 

format. The MTT assay results showed a concentration-dependent inhibitory effect of E. tirucalli extracts. Values are means 

± SD from three independent experiments; n = 5 for (A), and n= 6 (B). E. tirucalli hexane (E. TRL Hex); E. tirucalli 

dichloromethane (E. TRL DCM). 

 

 

4.3.4. Chromatographic profiling of key metabolites from eleven selective Euphorbia 

 

extracts 

 

The utilization of HPLC has proven to be instrumental in the identification of secondary 

metabolites. The eleven plant extracts that demonstrated selectivity for MCF-7 and MDA- 

MB231 were run on HPLC. The chromatograms were derived from the dissolution of 2 mg/ml 

of each active extract in MeOH and run using the method described in section 4.2.3. These are 

depicted in Figures 4.15 through 4.24. Within each active plant extract, distinctive 

characteristic peaks of significance were readily visible. It is worth noting, however, that no 

standards were used in this study because the focus was not on isolating individual compounds 

but rather on identifying classes of phytochemicals. Additionally, resource constraints hindered 

the isolation of observed peaks for structural elucidation. 

The outcome of the analysis revealed that the two extracts from E. clavarioides exhibited 

dissimilar constituents across varying retention times (ranging from 1.51 to 17.52 minutes). 

© Central University of Technology, Free State



224 

 

 

 

 
Figure 4.15. HPLC chromatograms of selective extracts of E. clavariodes (A) Hex and (B) 

DCM for MCF-7. 

Notably, major peaks surfaced at 8.86, 11.10 and 11.90 minutes (Figure 4.15). Similarly, E. 

trigona DCM, E. gorgonis Hex, E. ledienii Hex and E. arabica DCM exhibited parallel peaks 

spanning a retention time of 1.50 to 22.76 minutes, with prominent peaks at 1.58, 9.83, 10.45 

and 22.76 minutes for all four extracts (Figure 4.16 - 4.19). This shared profile highlights the 

presence of common phytochemicals such as phytosterols, glycosides, triterpenoids and 

flavonoids among these Euphorbia species. 

 

 

Figure 4.16. HPLC chromatograms of selective extract of E. trigona DCM for MCF-7. 
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Figure 4.17. HPLC chromatograms of selective extract of E. gorgonis Hex for MCF-7 and 

MDA-MB231. 

 

Figure 4.18. HPLC chromatograms of selective extracts of E. ledienii (A) Hex and (B) 

EtoAC for MCF-7 and MDA-MB231. 
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Figure 4.19. HPLC chromatograms of selective extract E. arabica DCM for MFC-7 and MDA-

MB231. 

Noteworthy observations were made in the extracts from E. cooperi, with peaks manifesting 

across a range of 1.80 to 32.90 minutes. Specifically, significant peaks were evident at 20.70, 

26.54, 28.6, 29.04 and 32.90 minutes, with a more noticeable presence in the E. cooperi DCM 

extract (Figure 4.20). Similarly, E. ammak Hex exhibited peaks within a retention time of 1.55 

to 17.89 minutes, with major peaks recorded at 1.55, 2.40, 3.66, 7.73 and 14.88 minutes. 

Conversely, E. ammak DCM featured peaks from 0.99 to 31.43 minutes, with major peaks at 

0.99, 21.30, 23.36 and 29.50 minutes (Figure 4.21). 
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Figure 4.20. HPLC chromatograms of selective extracts of E. cooperi (A) Hex and (B) DCM 

for MCF-7 and MDA-MB231. 

 

Figure 4.21. HPLC chromatograms of selective extracts of E. ammak (A) Hex and (B) DCM 

for MCF-7. 

Further investigation unveiled that E. ferox displayed peaks over a retention time range of 

0.92 to 28.88 minutes, with major peaks at 0.92, 20.51, 25.47, 28.45 and 28.88 minutes (Figure 

4.22). E. polygona Hex displayed peaks from 0.93 to 32.60 minutes, prominently at 0.93, 21.91, 

22.78, 25.58 and 31.95 minutes. In contrast, the DCM extract of E. polygona displayed peaks 

spanning 1.53 to 17.28 minutes, with major peaks observed at 1.53, 4.03, 7.74, 9.15, 11.46 and 

13.54 minutes (Figure 4.23). 
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Figure 4.22. HPLC chromatograms of selective extract E. ferox DCM. 
 

 

 

Figure 4.23. HPLC chromatograms of selective extract of E. polygona (A) Hex and (B) DCM 

for MDA-MB231. 

Remarkably similar profiles occurred for E. enopla Hex and E. enopla DCM extracts. The 

former displayed peaks from 0.91 to 32.66 minutes, featuring major peaks at 0.91, 18.43, 22.58, 

24.40 and 29.03 minutes. Similarly, the DCM extract of E. enopla displayed peaks within a 

retention time of 0.95 to 30.41 minutes, notably at 0.95, 21.10, 22.54, 23.88, 26.71 

and 30.41 minutes (Figure 4.24). 
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Figure 4.24. HPLC chromatograms of selective extract E. enopla (A) Hex and (B) DCM for 

MFC-7 and MDA-MB231. 

 

 

Figure 4.25. HPLC chromatograms of selective extract E. tirucalli (A) and Hex (B) DCM for 

MFC-7 and MDA-MB231. 

In the context of E. tirucalli Hex, peaks emerged between 20.62 and 31.83 minutes, with major 

peaks at 20.62, 25.52 and 30.02 minutes. E. tirucalli DCM, on the other hand, exhibited peaks 

over a retention time span of 0.89 to 29.64 minutes, featuring major peaks at 0.89, 22.88 and 

29.64 minutes (Figure 4.25). 
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4.5. Discussion 

 

The study presented focused on evaluating the phytochemical profiles, cytotoxic activity and 

selectivity of sixteen Euphorbia plant species against breast cancer cell lines MCF-7 and MDA-

MB231. The results offer valuable insights into the potential anticancer properties of these 

plant extracts. The phytochemical analysis revealed the presence of various secondary 

metabolites across these Euphorbia species. 

Glycosides and triterpenoids were found ubiquitously, indicating their wide distribution within 

the Euphorbia family. The presence of these phytochemicals aligns with studies by Shi et al. 

(2008), which noted the common secondary metabolites found in the Euphorbiaceae family 

that were also present in all the selected plants in this study. It has also been shown that these 

two phytochemicals also possess anticancer properties (Liu et al., 2013). Furthermore, 

triterpenoid has proven to possess medicinal properties such as anticarcinogenic, antimalarial, 

anti-ulcer, hepaticidal, antimicrobial activity, antimalarial and anti-viral (Sema & Waktola, 

2022; Si et al., 2018; Dudareva et al., 2004; Langenheim, 1994). Munro et al. (2015) 

demonstrated that the tetracyclic triterpene euphol derived from E. tirucalli latex has anticancer 

properties. Arnidiol is a compound that belongs to the class of pentacyclic triterpenoid diols. It 

is a natural substance that has been the subject of several studies in the field of cancer research. 

A study conducted by Hu et al. (2020) to investigate the effects of arnidiol on human breast 

cancer cells known as MDA-MB-231 cells. The study found that arnidiol was able to induce 

apoptosis in these cells. The researchers also observed a correlation between the induction 

of apoptosis and the reduction of PARP expression, 
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which is a protein involved in DNA repair, and the increase in caspase-3 cleavage, which is a 

marker of apoptosis. 

Stevioside is a naturally occurring diterpenoid glycoside that is commonly found in the leaves 

of the Stevia rebaudiana (Bertoni) Bertoni plant. It has gained significant attention in recent 

years due to its potential health benefits (Paul et al., 2012). 

Flavonoids and phytosterols were almost universally present, except in E. tirucalli. This 

suggests that these compounds play a significant role in the biological activity of these plants. 

Flavonoids were used to treat various ailments as they possess medicinal properties such as 

anti-inflammatory activity, enzyme inhibition, antimicrobial activity, estrogenic activity, 

antiallergic activity and antioxidant activity (Munro et al., 2015; Abdel-Hameed et al., 2013; 

Tapas et al., 2008; Cowan, 1999). Mai et al. (2017) reported that E. helioscopia which had a 

high concentration of flavonoids exhibited cytotoxic activity against a triple negative breast 

cancer cell line. Zhu and Xue (2019) conducted a study where they investigated the effect of 

kaempferol, a flavonoid, on MDA-MB-231 cells. They found that kaempferol induces 

apoptosis in these cells through a mechanism that involves increasing the expression of cleaved 

caspase-9/3 and p-ATM. Moreover, in a study conducted by Zhang et al. (2018), three 

flavonoids were isolated from Tephroseris kirilowii (Turcz. ex DC.): Holub- isorhamnetin, 

genkwanin and acacetin. These flavonoids were found to have a significant impact on MDA-

MB-231 cells. They suppressed cell growth, induced apoptosis and downregulated the 

PI3K/AKT/mTOR/p70S6K/ULK signaling pathway. They did this by stimulating the apoptotic 

pathways, leading to the programmed death of the MDA-MB-231 cancer cells. The 

downregulation of the PI3K/AKT/mTOR/p70S6K/ULK signaling pathway by these 

flavonoids is also significant (Zhang et al. 2018). This pathway is known to play a crucial 

role in cell 
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survival and growth. The flavonoids were able to suppress this pathway, leading to decreased 

cell growth and increased sensitivity to apoptosis. 

Additionally, phytosterols are considered to have a number of bioactive properties that have a 

variety of health benefits, including anti-inflammatory, antioxidative and anticarcinogenic 

properties, as well as the ability to reduce cholesterol (Vezza et al., 2020; Vilahur et al., 2019). 

A mixture of phytosterols were able to inhibit tumor development in various cancer forms, 

including cholangiocarcinoma and breast cancer, at physiological doses (Kangsamaksin et al., 

2017; Kazłowska et al., 2013). Alkaloids were detected in a considerable number of species, 

further emphasizing the chemical diversity within the Euphorbia genus. It is not surprising that 

alkaloids were found in almost all selected plants, because the presence of alkaloids in 

Euphorbiaceae species has been documented in many studies (Al-Saraireh et al., 2021; Ndam 

et al., 2016; Tarek et al., 2010; Kapingu et al., 2005). Extracts from plants containing alkaloids 

have been used as prescription medicines for many years and due to the presence of alkaloids 

they owe their potent effects. Morphine which is currently used as an analgesic was the first 

alkaloid to be obtained from opium poppy (Demirkapu & Yananli, 2020). Furthermore, other 

alkaloids such as vinblastine, quinine, morphine, atropine, nicotine, caffeine, ephedrine and 

strychnine are also used in production of medicine (Mfengwana, 2019). Alkaloids have a 

number of physiological effects on humans, such as antibacterial, antimitotic, anti-

inflammatory, local anesthetic, hypnotic, antitumor activity and several others (Molyneux et 

al., 1996). Furthermore, they are also of great interest to organic chemists, biologists, 

biochemists, pharmacologists and pharmacists, typically from plants rather than animals 

(Kurek, 2019). Berberine is a naturally occurring isoquinoline alkaloid isolated from Cotridis 

rhizoma. Zhao et al. (2017) investigated the effect of berberine on triple-negative breast cancer 

(TNBC) cells. Their findings revealed that 
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berberine activated caspase-9/CytoC-mediated apoptosis in TNBC cells, leading to a 

significant suppression of cell proliferation both in vitro and in vivo. Tetrandrine is a naturally 

occurring alkaloid that has shown great potential as an anticancer agent. A study conducted by 

Chandrashekar et al. (2019) found that tetrandrine, which was extracted from Cyclea peltata 

(Lam.) Hook. f. and Thomson, demonstrated cytotoxic and apoptotic effects on MDA-MB-

231 cells. The mechanism of action was attributed to an increase in the levels of reactive 

oxygen species (ROS) and caspase-8/9/3. 

Tannins, known for their antioxidant properties, were also detected in several species. The 

presence of these diverse compounds aligns with the potential bioactivity of Euphorbia plants 

against cancer cells. The presence of these phytochemicals is in agreement with Aleksandrov 

et al. (2019), who reported larger number of tannins in E. hirta. Fraga-Corral et al. (2021) 

reported that topical tannin treatments help to flush all the irritants out of the skin, can also be 

used as an anti-inflammatory agent and their antihemorrhagic and antiseptic ability is used in 

the treatment of burns and other wounds. In other studies, tannins were utilized in the treatment 

of different diseases, as they have been reported to possess high antioxidants, free radical 

scavenging activity, antimicrobial, antivirals and also in cancer chemotherapy (Koleckar et al., 

2008; Buzzini et al., 2008; Amarowicz et al., 2004; Ho, 2000; Chung et al., 1998). Saponins 

were also detected in some plants investigated. Bigoniya and Rana (2009) reported the presence 

of saponins in E. neriifolia. Furthermore, saponins were also reported in E. paralias and E. 

terracina (Jannet et al., 2017). The presence of saponins in the above plants is unsurprising, as 

most of the Euphorbiaceae have them. Saponins possess pharmacological and medicinal 

properties such as cell membrane permeability, hemolytic activity, antiviral, antifungal, anti-

inflammatory and antiallergic (Francis et al., 2002; El Izzi et al., 1992; Glauert et al., 1962). 

Furthermore, they have promising uses in the 
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treatment of cancer based on their ability to suppress angiogenesis, decreased invasiveness of 

cells, cell cycles arrest and apoptosis induction (Fuchs et al., 2009). Moreover, saponins can 

be added to other antitumor medicines to enhance their cytotoxicity in tumor treatment (Jia et 

al., 2004; Gaidi et al., 2002). 

The cytotoxicity assays, performed using the MTT assay, yielded intriguing findings. The 

extracts from various Euphorbia species displayed a spectrum of effects on the tested cell lines. 

Some extracts exhibited potent cell growth inhibition, while others demonstrated little or no 

activity. This variability could be attributed to differences in chemical composition, 

concentrations of active compounds, and their underlying mechanisms of action. Extracts from 

E. clavarioides, E. gorgonis and E. tirucalli showed notably low CC50 values, indicating strong 

inhibition of cancer cell growth. The current findings are in agreement with those of a study 

conducted by Choene and Motadi (2016), who reported significant antiproliferative activity of 

E. tirucalli butanol extract against MCF-7 and MDA-MB231. These findings highlight the 

potential of these extracts as promising candidates for further investigation and potential 

development into therapeutic agents. This similarity supports the reliability of the current 

findings, implying that these extracts possess potent antiproliferative potential against the 

specific cancer cell lines. The co-occurrence between the two studies strengthens the notion 

that these extracts could serve as promising candidates for further exploration and potential 

development into therapeutic agents for breast cancer treatment. However, the differences 

between the current study and the research of El-Hawary et al. (2020) regarding the activity of 

E. tirucalli extracts against MCF-7 cells raise questions about potential contributing factors. 

Variability in aspects such as plant sourcing, extraction techniques, sample preparation, cell 

culture conditions and experimental methodologies can all introduce variability into 

cytotoxicity assay outcomes. Furthermore, the study also assessed the 
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potential toxicity of E. tirucalli on HEPG2 and CACO2 cell lines. The findings indicated that 

there was no noteworthy impact observed on these two cell lines (El-Hawary et al., 2020). The 

current study's observation of moderate antiproliferative activity of E. trigona extracts against 

MCF-7 cells, which aligns with the mild cytotoxic effect noted by El-Hawary et al. (2020), 

presents consistency regarding the cytotoxic potential of E. trigona extracts against breast 

cancer cells. This consistency supports the theory that E. trigona extracts may indeed have 

biologically relevant activities against breast cancer cells. Moreover, it was observed that E. 

trigona exhibited a cytotoxic effect on the CACO2 cell line (El-Hawary et al., 2020). 

Additionally, the absence of antiproliferative effects in E. horrida extracts against all tested 

cell lines in the current study is consistent with the findings reported by El-Hawary et al. 

(2020), indicating that E. horrida extracts might lack significant cytotoxic effects against the 

selected breast cancer cell lines. Additionally, E. horrida did not demonstrate any notable 

cytotoxic effects on HEPG2 and CACO2 cells (El-Hawary et al., 2020). This uniformity in 

results, despite the differences between the studies, highlights the strength of the conclusions. 

Furthermore, several extracts demonstrated a high SI, indicating a degree of selectivity for 

cancer cells. Notably, E. gorgonis extracts exhibited remarkable selectivity for both MCF-7 

and MDA-MB231 cells, while extracts from E. tirucalli and E. cooperi were particularly 

selective for MDA-MB231 cells, which represent triple negative breast cancer cells. These 

findings suggest that the complex mixtures of various compounds within these extracts may 

possess distinct mechanisms of action that specifically target breast cancer cells. The observed 

selectivity in these extracts provides further evidence that Euphorbia species could be a 

valuable source for developing anticancer agents with reduced side effects. 
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The HPLC analysis further revealed the complexity of the phytochemical profiles within the 

tested Euphorbia extracts. Common peaks observed across multiple species indicate the 

presence of shared compounds. Although specific compounds cannot be conclusively 

identified as representing entire classes, the analysis suggests the presence of compounds such 

as phytosterols, glycosides, triterpenoids and flavonoids. This suggests a certain level of 

structural similarity in these phytochemicals, which may contribute to their observed 

bioactivities. However, the presence of distinct peaks in specific species indicates individuality 

in their chemical composition. This variation might explain the differential activities observed 

in the cytotoxicity assays. 

4.6. Conclusions 

 

This is the first study to report on antiproliferative and selectivity of Euphorbia species 

investigated against MCF-7, MDA-MB231 and Vero cell lines. The findings of this study 

contribute to the understanding of Euphorbia plant species as potential sources of anticancer 

agents. The presence of various bioactive compounds suggests their pharmacological 

relevance. Further research could involve isolating and characterizing these compounds to 

identify key bioactive constituents responsible for the observed effects. Mechanistic studies 

could elucidate how these compounds interact with cancer cells and potentially modulate 

critical pathways involved in cell growth and proliferation. Correlating the identified 

metabolites with their observed cytotoxic and selective effects could pave the way for targeted 

drug development. This information might also guide the selection of appropriate extraction 

methods, yielding higher concentrations of active compounds. 

This study highlights the diverse chemical composition and potential anticancer activities of 

Euphorbia plant species. The combination of phytochemical analysis and cytotoxicity assays 
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provides a valuable foundation for further research aimed at connecting the therapeutic 

potential of these plants in breast cancer treatment. 
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CHAPTER 5 

 

GREEN SYNTHESIS OF MAGNESIUM, COBALT, IRON OXIDE AND 

IRON DIOXIDE NANOPARTICLES USING EUPHORBIA TIRUCALLI: 

CHARACTERIZATION AND ANTIPROLIFERATIVE EVALUATION 

AGAINST BREAST CANCER CELL LINES 

 
Abstract 

 

In this study, magnesium oxide (MgONPs), cobalt oxide (CoONPs), iron oxide (FeO) and iron 

dioxide (FeO2) nanoparticles were synthesized simultaneously using the aerial parts of 

Euphorbia tirucalli as a reducing agent. The nanoparticles were characterized using multiple 

techniques, including Ultraviolet-visible spectrophotometry (UV-Vis), Fourier-transform 

infrared spectroscopy (FTIR), X-ray diffraction (XRD), energy-dispersive spectroscopy 

(EDS), X-ray photoelectron spectroscopy (XPS), scanning electron microscopy (SEM), and 

transmission electron microscopy (TEM). UV-Vis analysis confirmed the formation of FeO, 

FeO2, MgONPs and CoONPs, with absorbance peaks observed between 220–390 nm for Fe- 

based nanoparticles and at 305 and 508 cm^-1 for CoONPs. A colour change from brown to 

black confirmed MgONPs formation, while pink indicated CoONPs and a light brown color to 

black for FeONPs. EDS analysis revealed the presence of magnesium, cobalt, iron and oxygen 

in their respective nanoparticles, and TEM confirmed nanoparticle sizes ranging from 1 mm to 

100 nm. The antiproliferative effects of these nanoparticles were evaluated against MCF-7, 

SK-BR-3, MDA-MB231 and Vero cell lines using the MTT assay. The hexane (Hex) and 

dichloromethane (DCM) extracts of E. tirucalli exhibited growth inhibition of MCF-7 cells, 

with IC50 values of 10 mg/mL. CoONPs demonstrated enhanced cell growth inhibition, with 

IC50 values <10 mg/mL. FeO nanoparticles showed over 80% antiproliferative activity against 

MCF-7 cells at 10 μg/mL. Fe-based nanoparticles exhibited similar activity against the MDA- 
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MB231 cell line at 10 and 1 μg/mL concentrations. However, decreased antiproliferative 

effects were observed against Vero and SK-BR-3 cell lines. 

This study highlights the environmentally friendly synthesis of MgONPs, CoONPs and Fe- 

based nanoparticles using E. tirucalli, and their potential applications in cancer therapy, 

particularly against MCF-7 and MDA-MB231 cell lines. The results emphasize the significant 

antiproliferative properties of the nanoparticles, contributing to the development of plant-based 

nanomedicine for cancer treatment. 
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5.1. Introduction 

 

Breast cancer, characterized by its heterogeneity, presents a diverse range of characteristics and clinical 

features, necessitating tailored treatment approaches (Siegel et al., 2021; Polyak, 2007). Current treatments, 

though effective to some extent, exhibit adverse side effects, lack selectivity and suffer from poor 

pharmacokinetics (Nurgali et al., 2022; Pucci et al.,2019; Zugazagoitia et al., 2016). In light of these 

limitations, there is a pressing need for innovative therapeutic strategies in cancer treatment. 

Nanoparticles (NPs) have emerged as a promising avenue in cancer research, offering versatility and unique 

properties. Researchers globally have explored their applications in tumor imaging, cancer biomarker 

profiling and targeted drug delivery (Rocha et al., 2017). Notably, the use of green chemistry for NP 

synthesis, particularly utilizing plant extracts, has gained attention for its eco-friendly, economical and 

sustainable approach (Mittal et al., 2013; Iravani, 2011; Huang et al., 2007; Chandran et al., 2006). 

Euphorbia tirucalli, a shrubby succulent belonging to the Euphorbiaceae family, has been utilized in 

traditional medicine for various purposes, including the treatment of asthma, cough and rheumatism (Ernst 

et al., 2015). The plant's latex, rich in bioactive compounds, catalyzes the reduction of metal precursors 

into metal oxide nanoparticles, providing a unique avenue for green synthesis (Saravanakumar et al., 2019; 

Singh et al., 2018; Chandrasekhar et al., 2014). 

Metal and metal oxide nanoparticles are multifunctional and crucial in research due to their physio-chemical 

and optoelectronic properties (Thema et al., 2016; Hao et al., 2010). Recently, the synthesis of CoONPs, 

FeONPs and MgONPs has attracted interest in the biomedical field due to their application as antibacterial 

treatments, antacids for heartburn, bone regeneration, drug delivery systems and cancer therapy (Gupta et 

al., 2005; Huang et al., 2005; Khan et al., 2015; Ezhilarasi et al., 2016; Kavitha et al., 2017; Cai et al., 

2018; Cai et al., 2018; Dailey et al., 1999). 
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Among the various metal oxides, iron oxide NPs have garnered significant attention due to their low 
 

toxicity, superparamagnetic properties, surface area and volume ratio, protein immobilization, potential use 

 

in diagnostic magnetic resonance imaging (MRI), thermal therapy and drug delivery (Kulpa-Koterwa et al., 

 

2021). In addition, they have demonstrated effectiveness in inhibiting MCF-7 cell lines in prior research 

 

(Sulaiman et al., 2017). Furthermore, inorganic metal oxides such as MgONPs and CoONPs have also 

shown some advantages: they are stable under extreme conditions, possess a higher adsorption ability, 

contain a large surface area and exhibit interesting physical and chemical properties (Raman et al., 2016). 

CoONPs, for instance, have size-dependent structures and demonstrate energy storage, magnetic properties 

and catalytic activities (Rasheed et al., 2019; Lutsev et al., 2009). MgONPs, on the other hand, are less 

toxic, relatively easy to obtain and have been reported to induce apoptosis in cancer cells, making them 

potential candidates for cancer therapy (Behzadi et al., 2019; Krishnamoorthy et al., 2012; Martinez- 

Boubeta et al., 2010). 

Despite the extensive research on MgONPs, CoONPs, and FeONPs, no comparative study has been 

conducted to assess the anti-proliferative effects of these metal oxides against MCF-7 and MDA-MB231 

cell lines, and their selectivity for these cell lines. 

Therefore, this study aims to synthesize MgONPs, CoONPs and FeONPs using the aerial plant extract of 

 

E. tirucalli as a reducing agent, characterize the NPs and compare their anti-proliferative effect against two 

different subtypes of breast cancer cell lines. Our research focuses on investigating the potential anti-cancer 

properties of E. tirucalli against breast carcinoma. 

 

 

5.2. Materials and Methods 

 

In March 2017, the E. tirucalli plant species was commercially acquired from Gariep Nursery in Pretoria, 

South Africa (GPS coordinates 25°47′3″S, 28°18′58″E). Dr. Nolubabalo Matinise of iTHEMBA LABS, 
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South Africa generously donated ferric nitrate nonahydrate salts. The extraction solvents, namely Hex, 

DCM and methanol (MeOH), were purchased from Merck in South Africa. MCF-7, MDA-MB231 and 

Vero cells were purchased from Cellonex in South Africa. Reagents including DMEM, trypan blue dye and 

MTT salt were purchased from Sigma Aldrich in South Africa. 

5.2.1. Plant extraction and preparation 

 

Upon arrival at the laboratory, the aerial parts of the plant were washed with tap water and chopped into 

smaller pieces. The pieces were then air-dried and ground into a fine powder and stored at 4°C until further 

use. 

5.2.2. Phytochemical Screening 

 

A phytochemical analysis, as detailed in Chapter 4, was conducted on the aerial part of E. tirucalli using 

Yadav and Agarwala's (2011) protocol with slight modifications. Various tests were carried out to 

determine the presence or absence of alkaloids, glycosides, flavonoids, phenols, saponins, terpenoids and 

tannins. 

5.2.3. Preparation of MgONPs, CoONPs and FeONPs 

In order to synthesize NPs, the E. tirucalli finely ground powder weighing 30g was boiled in distilled water 

at 80℃ for a duration of 2 hours. Following this, the extract was divided into three beakers and mixed with 

5g of magnesium nitrate hexahydrate, cobalt (III) sulfate heptahydrate and ferric nitrate nonahydrate. These 

solutions were then placed on a magnetic stirrer, maintained at 60℃ for a period of 12 hours and closely 

observed for any changes in colour which would indicate the formation of NPs. The resulting NP pellets 

were obtained by subjecting the solutions to centrifugation at 5000rpm for 20 minutes; after which they 

were washed with double distilled water to remove any excess plant extract. These pellets were then dried 

in an oven at 80oC for 2 hours. Once dried, the NPs were annealed at 500℃ for a duration of 2 hours to 

eliminate impurities and were subsequently stored at room temperature for characterization. 
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5.2.3.1. Preparation of Euphorbia tirucalli aerial extracts for cell culture 

 

To extract compounds from the plant, a 10g fine powder was sequentially extracted using various organic 

solvents (hexane, dichloromethane, methanol, and ethyl acetate) in 150 mL portions. The extraction process 

was carried out for 48 hours on a shaker at room temperature. The resulting extracts were filtered and 

concentrated under reduced pressure at 45°C using a rotary vacuum evaporator from Buchi labotech, 

Switzerland. Finally, the extracts were dried under a fume hood and stored at 4°C for future use. 

5.2.4. Characterization of synthesized nanoparticles 

 

Characterization of MgONPs, CoONPs and FeONPs was conducted using the established protocol by 

Shunmugadevi and Palanisamyb (2016), with slight modifications. UV spectroscopy was utilized to 

investigate the absorption patterns, employing the Multiskan Go 1.01.10 spectrophotometer. Fourier 

Transform Infrared Spectroscopy (FTIR) was used to identify the functional groups involved in the capping 

process, with the Thermo Nicolet Nexus 670 spectrometer measuring the spectrum. The structural 

properties of the NPs were examined using the Bruker D8 X-ray diffractometer. The chemical state of the 

NPs was determined by using XPS with the Versa Probe XPS V1.4. The morphology and size of the 

particles were determined using SEM and TEM; respectively. The JEOL JEM 2010 UHR and Philips 100 

transmission electron microscope were used for this purpose. Lastly, EDS was used to detect the nano 

constituents present in MgO, CoO and FeO NPs. The Philips 100 transmission electron microscope was 

used for this process. 

5.2.5. Anti-proliferation screening of Euphorbia extracts 

 

5.2.5.1. Cell culture 

 

The MCF-7, SK-BR-3 and MDA-MB231 cell lines were cultured using Dulbecco's modified eagle medium 

(DMEM), DMEM: HAMS F12 (1:1) and Mc-Coy media; respectively. Each medium was supplemented 
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with 10% fetal bovine serum (FBS) and the cells were kept in an environment at 37°C temperature and 5% 

CO2 humidity in an incubator. When the cells reached 80% confluency, they were sub-cultured. 

5.2.5.2. Anti-proliferative assay 

 

To facilitate easy harvesting, the cells were treated with Trypsin. An automated cell counter (Countess FI, 

life technology) was used to count the viable cells with trypan blue dye. 1 x 105 cells/ml were then seeded 

into each well of a 96-well microtiter plate and incubated under the same conditions for 24 hours. The cells 

were treated with unannealed and annealed NPs along with crude E. tirucalli at concentrations of 100, 10 

and 1 μg/mL in triplicate for 48 hours. Wells containing untreated cells were used as a negative control, 

while Doxorubicin drug was used as a positive control. Cell growth activity was measured using the 

tetrazolium dye (MTT assay) (Munro et al., 2017). Cell viability and growth inhibition percentage were 

calculated and graphs were plotted using Microsoft Excel 2008. 

 

 

 

5.3. Results 

 

5.3.1. Phytochemical analysis 

 

The findings of the study are briefly presented in Table 1. Phytochemical analysis of E. tirucalli 

 

demonstrated the presence of tannins, glycosides, triterpenoids and saponins. 
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Table 5.1. Phytochemical profiling of E. tirucalli. Presence of phytochemical (+), absence of phytochemicals 

(-). 

E. tirucalli sp 

Phytochemic

al 

Presence/absence 

Phytosterols - 

Pentose - 

Tannins + 

Glycosides + 

Triterpenoids + 

Anthroquines - 

Saponins + 

Flavonoids - 

Alkaloids - 

 

 

5.3.2. Synthesis of Iron, magnesium and cobalt Oxide NPs 

 

The utilization of the aerial part of E. tirucalli as a reducing agent resulted in a discernible colour shift from 

light brown to black when Ferric nitrate nonahydrate salt was introduced to the E. tirucalli extract. This 

alteration in color signifies the stimulation of electrons and the subsequent formation of FeONPs. The 

involvement of plant secondary metabolites, particularly polyphenols, played a crucial role in reducing 

metal ions and stabilizing both FeONPs. Notably, these nanoparticles exhibited the attachment of 

phytochemicals to their surface, featuring hydrophilic hydroxyl groups that facilitate their uniform 

dispersion in aqueous solutions (Kiwumulo et al., 2022). 

During the agitation process, the E. tirucalli extract exhibited a colour change from light brown to black, 

indicating the phytochemical reduction of the magnesium nitrate precursors to MgONPs. Additionally, the 

introduction of cobalt sulfate to the E. tirucalli extract resulted in a colour change from light brown to pink, 
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revealing the reduction process facilitated by the secondary metabolites present in the aerial parts of the 

plant. 

5.3.3. Characterization of synthesized NPs 

 

5.3.3.1. UV-VIS 

 

To analyze the formation of iron, magnesium and cobalt NPs, a UV-vis spectrophotometer was employed 

to measure absorbance in the range of 200-1000 nm. The results, illustrated in Fig 5.1, reveal two absorption 

peaks at 220 and 390 nm for FeONPs. These absorption peaks are indicative of the formation of iron 

nanoparticles. 

An absorption peak at 220 nm was observed in the MgONPs sample. However, this peak did not align with 

the absorption spectrum peak of MgO, which typically ranges between 260 and 280 nm (see Figure 5.2a). 

The observed peak at 220 nm may be attributed to the presence of different compounds interacting with 

magnesium oxide ions and surface oxide ions during the reduction of metal ions (Sharma et al., 2017). 

For CoONPs, a robust peak was observed at 508 nm, accompanied by a weaker peak at 305 nm (Figure 

5.2b). These peaks are indicative of the formation of CoONPs. The two peaks correspond to the charge 

transfers of O2- to Co2+ and O2- to Co3+; respectively. This observation aligns with the findings reported 

by Bibi et al. (2017). 
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Figure 5.1. Ultraviolet-visible spectroscopy of FeO from E. tirucalli. 
 

 

 

 

 

 

Figure 5.2. Ultraviolet-visible spectroscopy of MgO (a) and CoO (b). 
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5.3.3.2. FTIR analysis 

 

FTIR spectroscopy was employed to investigate the functional groups within E. tirucalli and the 

synthesized iron, magnesium and cobalt NPs. The FTIR spectra of the iron NPs is shown in Figure 5.3. The 

figure displayed peaks in the 500-4000 cm^-1 range, specifically at 3350 cm^-1, 1650 cm^-1, 1150-1050 

cm^-1, 750 cm^-1, and 514 cm^-1. The 3350 cm^-1 peak signifies the presence of O-H groups, potentially 

originating from phenols or water in the E. tirucalli plant. At 1650 cm^-1, the peak suggests hydrogen 

bonding between oxygen molecules in the FeONP and hydrogen molecules in E. tirucalli, representing 

C=O stretching vibrations of amide-I. The absorption peaks at 1150-1050 cm^-1 are attributed to C-O 

groups, aligning with previous research confirming the formation of iron oxide nanoparticles. The 750 cm^- 

1 peak is due to CH groups present in aromatic compounds within E. tirucalli. Furthermore, the presence 

of a peak at 514 cm^-1 confirms the formation of both iron oxide and dioxide nanoparticles, corroborating 

findings from earlier studies (Sulaiman et al., 2017; Pal, 2014; Kumar et al., 2014). 

 

 

 

 

Figure 5.3. FTIR spectrum analysis of iron oxide (FeO) NPs reduced using E. tirucalli. Black line (B:FeO- 

RT) represents NPs at room temperature and red (D:FeO-500oC)represent the annealed NPs at 500℃. 
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The magnesium and cobalt oxide nanoparticles displayed FTIR spectra within the wavenumber range of 

500 to 4000 cm^-1; respectively. In the spectrum of CoO (Figure 5.4a), a broad peak at 3300 cm^-1 

indicated the presence of the O-H group from water. Additionally, peaks were observed at 2211 cm^-1 

(indicating a cyanide group), 1560 cm^-1 (indicating alkenes) and 1441 cm^-1 (assigned to the carboxylate 

group). Peaks at 1150 cm^-1, 1050 cm^-1 and 1000 cm^-1 were assigned to the aromatic group, while IR 

spectra at 650 cm^-1 and 559 cm^-1 suggested Co–O vibrations. 

The FTIR spectrum of magnesium oxide nanoparticles (Figure 5.4b) revealed a broad peak at 3441 cm^-1, 

indicating the stretching vibration of the hydroxyl group from water. Absorption peaks at 2249 cm^-1 and 

1661 cm^-1 were observed on the unannealed sample (MgO-RT), representing the amine group, which 

were absent in the annealed sample (MgO-500°C). The peak at 1441 cm^-1 was attributed to symmetric 

stretching of carboxylic groups, while peaks at 1150 cm^-1 suggested the presence of ester bonds. 

Absorption peaks between 754 cm^-1 and 801 cm^-1 were associated with the formation of MgO, 

consistent with prior research findings. 

 

Figure 5.4. FTIR spectrum analysis of MgONPs and CoONPs reduced through the E. tirucalli plant at 

different temperatures. (a) CoONPs (b) MgONPs. Black lines represent NPs at room temperature and red 

represent the NPs annealed at 500°C, respectively. 
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5.3.3.3. XRD analysis 

 

The XRD spectra analysis of FeONPs synthesized using a green method, illustrated in Figure 5.5, revealed 

distinct diffraction peaks at 2θ values of 30.91°, 35.70°, 43.14°, 57.46° and 62.90°, corresponding to the 

planar reflections of (220), (311), (222), (400), (511) and (440) of a cubic phase for both types of 

nanoparticles; respectively. These peaks were attributed to the magnetite structure of iron oxide as 

corroborated by previous studies and data from the JCPDS card (77-1545). However, additional peaks were 

detected in both samples, indicating the presence of impurities. The XRD analysis of CoO and MgO 

nanoparticles also displayed various peaks confirming the formation of metal-ion crystals. The XRD 

patterns for MgO nanoparticles (Figure 5.6a) exhibited peaks at 2θ values of 36.8°, 42.9°, 62.0°, 74.0° and 

78.1°, corresponding to metal crystalline indices (111), (200), (220), (311) and (222); respectively, with the 

calculated particle size found to be <10 nm. The presence of other peaks in the samples indicated the 

presence of impurities (Manigandan et al., 2013; Howli et al., 2019). 

The XRD analysis of cobalt oxide nanoparticles (Figure 5.6b) revealed numerous weak peaks positioned at 

2θ values of 21.16, 30.93, 34.24, 36.45, 44.57, 51.76 and 59.12 nm, corresponding with the plane metallic 

cobalt indices of (111), (220), (311), (222), (400), (422) and (511), respectively. However, the peak at 77.50 

nm could not be detected, possibly due to impurities in the sample. 
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Figure 5.5. X-ray diffraction analysis of reduced FeO NPs from E. tirucalli aerial parts after annealing. 
 

 

 

 

 

 

Figure 5.6 X-ray diffraction analysis of reduced (a) MgO and (b) CoONPs from E. tirucalli aerial parts 

after annealing. 
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5.3.3.4. XPS analysis 

 

The XPS technique was employed to analyze the elemental composition and electron surface state of 

various components in FeO, MgO and CoO nanoparticles (NPs). The resulting analysis, as shown in Figure 

5.7 - 5.9, revealed the presence of iron (Fe), magnesium (Mg), oxygen (O), carbon (C) and calcium (Ca) in 

FeO NPs, thereby providing valuable insights into the chemical composition of the material. These findings 

were further affirmed through EDS analysis, which corroborated the presence of these elements in FeO 

NPs. The peaks observed at 712.3 eV, 710.3 eV and 708.5 eV were attributed to Fe 2p1, Fe 2p and Fe p3; 

respectively, providing evidence of the presence of Fe3+ octahedral species in the NP. Additionally, the 

peaks observed at 530.5 eV and 532 eV were attributed to O 1s in the NPs and the presence of hydroxyl 

groups; respectively. Moreover, the peak observed at 529.2 eV indicated the presence of O on the surface 

of E. tirucalli FeO NP, associated with O–H, O–C and O=C compounds. These findings suggest that the 

electronic properties of FeO NPs are heavily influenced by the presence of O on the surface of the plant. 

Overall, the valence states of Fe and O in FeO NPs were found to be +3 and -2; respectively, as observed 

in the attributes of Fe 2p and O 1s core levels.  
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Figure 5.7. XPS analysis of FeO NPs: high resolution FeO2 scan (a), FeO-2p1 scan (b), and FeO-O1s scan 

(c). 

The XPS technique was further utilized to observe the chemical and surface state of different constituents 

found in MgO and CoO nanoparticles. The spectrum scan revealed the presence of magnesium (Mg), carbon 

(C), oxygen (O) and argon (Ar) in MgO nanoparticles. The Mg (1s) spectrum confirmed the binding energy 

reported in previous studies, and the O (1s) spectrum indicated the presence of MgO both before and after 

calcination. Additionally, peaks corresponding to hydroxide groups were observed, confirming the 

successful reduction of magnesium nitrate to MgO. 

In the case of CoO nanoparticles, peaks corresponding to cobalt (Co), carbon (C), oxygen (O) and sulfur 

 

(S) were observed. The C (1s) peak illustrated sp2 carbon, while the O (1s) spectrum exhibited a shift in 

peaks after calcination, indicating changes in the chemical environment. Peaks corresponding to cobalt 
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bound to oxygen (CoO) were observed, with characteristics of 2p3/2, further supporting the presence of 

CoO in the nanoparticles. However, peaks in the range of 785.4eV to 788.8eV were challenging to 

characterize, suggesting non-uniform oxidation processes occurring at the shell of the nanoparticles. These 

findings provide valuable insights into the chemical composition and surface state of MgO and CoO 

nanoparticles, highlighting their potential applications in various fields. 
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Figure 5.8. XPS analysis of MgONPs: high resolution MgO scan (a); MgO2p scan before (b) and after 

(c), MgOO1s scan before annealing (d) and after annealing (e). 

 

 

 

Figure 5.9. XPS analysis of CoONPs high resolution CoO scan (a); CoO2p scan before (b) and after 

annealing (c), CoO O1s scan before (d) and after (e) annealing. 
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5.3.3.5. SEM analysis 

 

The morphology and size of iron oxide, magnesium oxide and cobalt oxide nanoparticles were examined 

using scanning electron microscopy (SEM). The nanoparticles, measuring approximately 100 nm in size, 

were depicted. In Figure 5.10, the FeONPs exhibited a mesoporous and matrix-like arrangement, with a flat 

plate shape that could bend into a rod shape. Figure 5.11 displayed the distribution of MgO nanoparticles 

in a uniform network-like agglomerated form. The observed agglomeration in MgO nanoparticles could 

potentially be attributed to factors such as poor dispersion of nanoparticles, strong magnetic fields, or the 

presence of impurities within the nanoparticle samples. 

Conversely, Figure 5.12 illustrated CoO nanoparticles with a smooth, agglomerated, irregular and spherical 

shape. The particle size observed in both types of nanoparticles ranged between 1 μm to 100 nm; 

respectively. Notably, the presence of larger particles in cobalt nanoparticles under SEM analysis may be 

due to the aggregation or overlapping of smaller particles during sample preparation. 

 

 

Figure 5.10. SEM imaging of FeO observed at 100nm. 
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Figure 5.11. SEM imaging of MgONPs at different magnifications (a) 1 000 X; (b) 5 000 X; (c)15 000 X; 

 

(d) 30 000 X. 
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Figure 5.12. SEM imaging of CoONPs at different magnifications (a) 1 000 X; (b) 5 000 X; (c) 15 000 

 

X; (d) 30 000 X. 

 

 

5.3.3.6. TEM and EDS analysis 

 

The TEM images presented in Figures 5.13a-b showcase the synthesized iron nanoparticles (NPs), revealing 

hexagonal agglomerated NPs with a size of 100 nm. EDS profiling of all nanocomposites obtained after 

calcination indicated peaks, with a high characteristic peak of oxygen followed by carbon, iron, calcium, 

chloride, magnesium, potassium, sodium, sulfur and phosphorus. The presence of iron and oxygen confirmed 

the formation of iron oxide NPs. The high oxygen and carbon peaks detected suggest that polyphenols were 

involved in the synthesis of iron nanoparticles. Furthermore, the oxygen and carbon peaks may represent the 

polyphenols present in the plant. Additional weak composite peaks observed of calcium, sodium and 

magnesium may arise from the glass that holds the sample during synthesis. The phosphorus, 

potassium, sulfur and chloride peaks observed were due to improper washing of the sample. The 

composition analysis revealed that the iron oxide NPs comprised 53.4% iron, 22.1% carbon, 17.0% oxygen 

and all other composites were less than 5% (Figure 5.13). The presence of oxygen and carbon is crucial as 

they stabilize and reduce the two metal oxides. Although there were impurities present in the samples, they 

were in low concentrations, as shown in the results. 

 

 

Figure 5.13. EDS analysis of (a) FeONPs and TEM imaging of (b) FeONPs synthesized using aerial parts 
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of E. tirucalli. 

 

The morphological and structural characteristics of MgO and CoO nanoparticles showcase the MgO 

nanoparticles with a size of 200 nm and pores in Figure 5.14a-b. EDS profiling revealed peaks of all 

nanocomposites obtained after calcination, with a high characteristic peak of magnesium followed by 

oxygen, calcium, carbon, potassium, sulfur, phosphorus and chloride. The elemental percentages of 

composites present in the nanoparticles were 39.7% oxygen, 36.4% magnesium and all other composites 

were less than 9%. Conversely, Figures 5.15a-b present the CoO nanoparticles with a size of 200 nm. EDS 

profiling demonstrated peaks of nanocomposites obtained after calcination, revealing characteristic peaks 

of cobalt followed by carbon, oxygen, sulfur, calcium, potassium and magnesium. The atomic percentages 

of composites present in the nanoparticles were 41.2% cobalt, 27.1% carbon, 20.2% oxygen and all other 

composites were less than 9%. The carbon detected in both nanoparticles might be from the carbon coating 

of the TEM grid. These findings provide valuable insights into the composition and structural 

characteristics of MgO and CoO nanoparticles, which are essential for understanding their properties and 

potential applications in various fields. 

 

 

 

Figure 5.14. EDS analysis of (a) MgONPs and TEM imaging of (b) MgONPs synthesized using aerial parts 

of E. tirucalli. 
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Figure 5.15. EDS analysis of (a) CoONPs and TEM imaging of (b) CoONPs synthesized using aerial parts 

of E. tirucalli. 

5.3.4. MTT Assay 

 

The present investigation utilised the MTT assay to evaluate the effectiveness of Euphorbia tirucalli crude 

extracts, magnesium oxide nanoparticles (MgONPs) and cobalt oxide nanoparticles (CoONPs) in inhibiting 

the proliferation of MCF-7 breast cancer cells as seen in Figure 5.16. Initially, MCF-7 cells were seeded at 

a density of 1x105 cells/ml and exposed to varying concentrations of the tested substances (100, 10, and 1 

μg/ml; respectively). IC50 values, indicative of the concentration required for a 50% reduction in cell 

proliferation, were calculated using Microsoft Excel 2008. The potency of the test samples was classified 

based on the IC50 values obtained, following the cytotoxicity guidelines outlined by The Council for 

Scientific and Industrial Research (CSIR), with concentrations above 100 µg/ml deemed inactive, those 

between 100 µg/ml and 30 µg/ml classified as weak, between 30 µg/ml and 5 µg/ml as moderate and below 

5 µg/ml as potent (Mariri et al., 2017). 

Additionally, the study investigated the antiproliferative effects of crude extracts, annealed and unannealed 

iron oxide and iron dioxide across multiple cell lines—MCF-7, SKBR-3, MDA-231 and Vero—using 

concentrations of 1, 10 and 100 μg/mL in triplicate experiments. These experiments, which included 

doxorubicin as a standard drug, revealed a concentration-dependent toxicity trend, with the highest toxicity 

© Central University of Technology, Free State



271 

 

 

observed at the highest concentration tested. Comprehensive details of our findings are presented in Figures 

5.17a-d. 

 

 

Figure 5.16. Cell growth inhibitory activity of MgONPs, CoONPs and four Euphorbia crude extracts: E. 

tirucalli Hex, DCM, DCM:MeOH and MeOH extracts against MCF-7 cells. Doxorubicin (standard drug) 

served as positive control.  
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Figure 5.17. Cell growth inhibition % of four Euphorbia crude extracts, FeO-RT and FeO-500 NPs against 

MCF-7 (A), SK-BR-3 (B), MDA-MB231 (C) and Vero (D). E. tirucalli hexane (ETRC Hex) extract, E. 

tirucalli Dichloromethane (ETRC DCM), E. tirucalli Dichloromethane: Methanol (ETRC DCM: MeOH), 

E. tirucalli methanol (ETRC MeOH), Iron oxide unannealed NPs (FeO-RT), Iron oxide annealed NPs (FeO- 

500). Doxorubicin (standard drug). 

5.4. Discussion 

 

The detected phytochemicals in E. tirucalli, including tannins, glycosides, triterpenoids, saponins, 

flavonoids and steroids align with the plant's known pharmacological activities reported in various studies 

(Jyothi et al., 2008). The presence of these compounds suggests potential bioactive properties, such as anti- 

cancer and antioxidant effects. The variation in phytochemical profiles between studies emphasizes the 
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importance of considering geographical and environmental factors in phytochemical investigations 

(Borokini & Ayodele, 2012). This discrepancy could also be attributed to different extraction methods and 

the plant parts analyzed. Further studies should explore the impact of these variables on the therapeutic 

potential of E. tirucalli. 

The observed colour changes suggest successful reduction processes leading to the formation of iron oxide 

nanoparticles (FeONPs), magnesium oxide nanoparticles (MgONPs) and cobalt nanoparticles (CoONPs). 

The distinct colour alterations serve as visual indicators of the involvement of plant secondary metabolites 

in the reduction of metal ions (Anjitha et al., 2021). The observed colour alteration aligns with the findings 

of Katata-Seru et al. (2018), who reported a similar change from reddish-brown to black, indicative of the 

presence of Fe NPs. This consistency in results strengthens the credibility of the study's outcomes. The role 

of polyphenols in reducing metal ions and stabilizing nanoparticles underscores the potential of E. tirucalli 

as a valuable source for the green synthesis of metal oxide nanoparticles (Latif et al., 2019). The even 

dispersion of these nanoparticles in aqueous solutions further enhances their applicability in various fields, 

including medicine and industry (Mabrouk et al., 2021). Future research should delve into optimizing the 

synthesis process and exploring the specific bioactive properties of the synthesized FeONPs. 

The UV-vis spectrophotometric analysis provides strong evidence for the successful synthesis of iron 

nanoparticles and offers insights into their characteristics. The observed absorption peaks at 220 and 390 

nm align with previous studies. The peak at 220 nm is attributed to the presence of tannins and triterpenoids 

in the E. tirucalli extract (Kiwumulo et al., 2022). This finding is consistent with Pattanayak and Nayak 

(2013), which suggests the presence of surface plasmon vibrations in metallic iron nanoparticle solutions, 

corresponding to the peaks at 220 and 230 nm. Furthermore, the peak at 390 nm is in agreement with the 

study by Kumar and Prem (2018), which identified the formation of iron oxide nanoparticles. The 

distinctive absorption peaks in the ultraviolet spectrum provide valuable insights into the characteristics 
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and formation of MgONPs and CoONPs. The differences in peak positions for MgONPs suggest unique 

interactions during the reduction process, while the specific peaks for CoONPs correspond with charge 

transfers, as reported in the literature. 

The FTIR analysis provided valuable insights into the chemical composition and interactions present within 

 

E. tirucalli and the synthesized iron nanoparticles. The detected functional groups, including O-H, C=O 

and C-O, indicate potential chemical bonding between the plant extract and the FeONPs (Jubb et al., 2018; 

Wang et al., 2016; Elumalai & Velmurugan, 2015; Pal, 2014). The presence of aromatic compounds and 

phenols in E. tirucalli suggests their involvement in the synthesis process, possibly acting as reducing 

agents or stabilizers for the nanoparticle formation (Kgosiemang et al., 2023). The observed peaks at 

specific wavenumbers further validate the successful synthesis of FeONPs and highlight the structural 

characteristics of the nanoparticles (Sulaiman et al., 2017; Kumar et al., 2014; Pal, 2014). 

The observed peaks corresponding to various functional groups such as hydroxyl, cyanide, alkenes, 

carboxylate and aromatic groups indicating the complexity of the organic molecules within the plant extract 

(Kuthirummal et al., 2016). These organic compounds likely play a crucial role in the reduction and 

stabilization of metal ions during nanoparticle formation (Abdelmigid et al., 2022). The absence of specific 

peaks in the annealed samples suggests structural changes induced by the annealing process, highlighting 

the sensitivity of FTIR spectroscopy in detecting subtle chemical alterations (Vijayarangamuthu & Rath, 

2014). Furthermore, the presence of specific characteristic peaks further validates the successful synthesis 

of FeO, CoO and MgO NP (Ai, 2012). 

The XRD spectra analysis provided crucial insights into the crystallographic structures and compositions 

of the synthesized nanoparticles. The observed diffraction peaks corresponding to specific crystal planes 

confirmed the presence of the iron oxide phase, consistent with previous studies, affirming the success of 

the green synthesis approach (Perumal et al., 2022). However, the presence of additional peaks in the 
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spectra suggested the possible incorporation of impurities during the synthesis process, emphasizing the 

importance of stringent purification methods (Kgosiemang et al., 2019). The XRD analysis of CoO and 

MgO nanoparticles further validated the formation of metal-ion crystals, although the absence of certain 

peaks indicated deviations from the ideal crystal structure, possibly due to impurities (Rao et al., 2014; He 

et al., 2015). These findings underscored the necessity for comprehensive characterization techniques to 

ensure the purity and integrity of synthesized nanoparticles. Additionally, the determination of particle size 

for MgO nanoparticles <10 nm highlighted the potential for fine-tuning synthesis conditions to achieve 

desired nanoparticle properties. 

The XPS technique offers a powerful tool for observing the chemical composition and surface state of 

various constituents in nanoparticles. In the analysis of FeO nanoparticles, the presence of iron, magnesium, 

oxygen, carbon and calcium was confirmed, providing valuable information about the composition of the 

material. The detected peaks corresponding to Fe 2p, O 1s, and hydroxyl groups shed light on the electronic 

properties of FeO nanoparticles, indicating the involvement of Fe3+ octahedral species and surface oxygen 

compounds (Sridevi et al., 2023). These findings align with previous studies and underscore the 

significance of Fe and O in influencing the properties of FeO nanoparticles (Ba-Abbad et al., 2022; Miri et 

al., 2021). Similarly, in the analysis of MgO and CoO nanoparticles, the presence of magnesium, carbon, 

oxygen and sulfur was observed, with peaks corresponding to specific chemical bonds providing insights 

into the surface state of the nanoparticles. The shifts in peaks after calcination suggest changes in the 

chemical environment, highlighting the dynamic nature of nanoparticle synthesis processes (Alayoglu et 

al., 2016). The presence of metallic magnesium and cobalt bound to oxygen in MgO and CoO nanoparticles 

further adds to the understanding of their chemical properties. 

The morphological analysis through SEM imaging provides valuable insights into the structural 

characteristics and size distribution of the synthesized nanoparticles. The mesoporous and matrix-like 
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arrangement observed in FeONPs indicate the morphology achievable through the green synthesis approach 

employed. Moreover, the agglomerated form of MgO nanoparticles suggests potential challenges in 

achieving uniform dispersion, which could impact their applications. Conversely, the smooth and spherical 

morphology of CoO nanoparticles underscores their potential suitability for various applications requiring 

well-defined shapes (Khan et al., 2021). The observed particle sizes ranging from 1 μm to 100 nm highlight 

the nanoscale dimensions of the synthesized nanoparticles, essential for their enhanced properties and 

applications in fields such as catalysis, sensing and biomedical applications. 

The characterization results obtained through TEM imaging and EDS profiling provide valuable insights 

into the composition and structural properties of the synthesized iron nanoparticles. The observed 

hexagonal agglomerated morphology and the elemental composition analysis confirm the successful 

synthesis of FeONPs (Alayoglu et al., 2016). The significant presence of oxygen and carbon peaks in both 

nanoparticles suggests the involvement of polyphenols from the plant extract in the synthesis process, 

highlighting the green and eco-friendly nature of the fabrication method. 

The observed size and porous structures of the MgO nanoparticles suggest their potential applications in 

various fields such as catalysis and biomedical engineering, where large surface areas are desirable. The 

EDS profiling results revealed the elemental composition of the nanoparticles, with magnesium and oxygen 

being the predominant components in MgO nanoparticles. Similarly, CoO nanoparticles exhibited 

characteristic peaks of cobalt, indicating their successful synthesis. The elemental percentages further 

confirmed the composition of the nanoparticles, with carbon likely originating from the TEM grid coating. 

In this study, doxorubicin served as a benchmark drug, demonstrating expected anti-proliferative effects 

against MCF-7 with an IC50 value of <1 µg/ml. Extracts obtained from the aerial parts of E. tirucalli in 

DCM: MeOH and MeOH did not exhibit any anti-proliferative effects across the tested concentrations. 

However, the Hexane and DCM extracts displayed a 50% inhibition of MCF-7 cell growth at concentrations 
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of 10 µg/ml. These results imply that compounds causing cell growth inhibition possess low polarity. 

CoONPs displayed heightened cell growth inhibition of MCF-7 cells with an IC50 of <10 µg/ml >1 µg/ml, 

consistent with previous studies by Akhtar et al. (2017) and Sawant et al. (2014). Conversely, MgONPs 

showed inhibition only at the highest concentration of 100 µg/ml, aligning with literature suggesting their 

minimal toxicity, particularly at lower concentrations (Krishnamoorthy et al., 2012; Sharma et al., 2017; 

Ge et al., 2011). The IC50 values of E. tirucalli Hex and DCM extracts and CoONPs were below 30 µg/ml, 

indicating moderate activity against MCF-7 cells. 

Additionally, E. tirucalli extracts, particularly Hex and DCM, demonstrated moderate antiproliferative 

effects against MCF-7 and MDA-MB231 cells. These extracts inhibited cell growth by over 50% and 40%; 

respectively, at concentrations of 100 and 10 μg/mL. However, their activity against SK-BR-3 and Vero 

cells was weaker, with inhibition rates of less than 40%, suggesting differing susceptibility among cell 

lines. Previous research has highlighted higher cytotoxicity of certain compounds against MDA-MB231 

and MCF-7 compared to SK-BR-3, potentially due to variations in receptor expression. Moreover, 

Fe3O4NPs, Fe2O3NPs and IONPs have shown significant cytotoxicity against various cancer cell lines, 

including breast cancer, with minimal impact on normal cells, indicating their potential as therapeutic 

agents. 

Furthermore, unannealed FeO-RT NPs exhibited potent activity against MCF-7 cells, attributed to 

impurities and compounds present before calcination, with activity decreasing post-calcination due to 

phytochemical degradation (Thakur & Arora, 2023). Both annealed and unannealed FeO NPs displayed 

higher inhibitory activity against MCF-7 than Hex and DCM extracts, comparable to the standard drug 

doxorubicin. Conflicting findings regarding mesoporous silica NPs and pure iron oxide NPs suggest 

differences in cytotoxicity among various nanoparticles. 

 

 

© Central University of Technology, Free State



278 

 

 

5.5. Conclusion 

 

The development of magnesium, cobalt, iron oxide and iron dioxide nanoparticles using Euphorbia tirucalli 

offers a promising path for constructing nanostructures with potential medical applications. This study 

employs a comprehensive methodology involving plant extraction, nanoparticle synthesis and detailed 

characterization techniques to illustrate the creation of stable nanoparticles with unique physical and 

chemical characteristics. The utilization of E. tirucalli as a reducing agent streamlines the nanoparticle 

synthesis, with observable colour changes indicating the reduction processes. 

A variety of characterization techniques, such as UV-vis spectroscopy, FTIR spectroscopy, XRD analysis, 

XPS analysis, SEM imaging and TEM imaging, provide valuable insights into the structural, chemical and 

morphological attributes of the synthesized nanoparticles. These analyses validate the successful synthesis 

of iron, magnesium and cobalt nanoparticles, highlighting the contribution of phytochemicals from E. 

tirucalli to both the formation and stabilization of these nanoparticles. The nanoparticles showcase distinct 

absorption spectra, chemical bonds, crystallographic structures and elemental compositions, which are 

essential for comprehending their properties and potential applications. 

Furthermore, the assessment of E. tirucalli extracts and synthesized nanoparticles against breast cancer cell 

lines reveals promising cytotoxic effects, especially for cobalt nanoparticles. The notable activity exhibited 

by these nanoparticles suggests their potential as therapeutic agents for cancer treatment, offering a more 

environmentally sustainable option compared to conventional chemotherapeutic drugs. In summary, this 

study adds to the expanding field of environmentally friendly nanoparticle synthesis and their medical uses. 

Future research could focus on further optimizing synthesis parameters, investigating the specific 

mechanisms underlying nanoparticle-induced cytotoxicity and exploring additional therapeutic 

applications in cancer treatment and beyond. 
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CHAPTER 6 

 

SYNERGISTIC POTENTIAL OF ELECTROACUPUNCTURE 

AND SUPERPARAMAGNETIC IRON OXIDE 

NANOPARTICLES IN INHIBITING PROLIFERATION OF A 

TRIPLE-NEGATIVE BREAST CANCER TUMOR IN A 

MOUSE XENOGRAFT MODEL 

 

 
Abstract 

 

This study investigates the anti-proliferative efficacy of the superparamagnetic iron oxide 

nanoparticles (SPIONs-EA) technique in BALB/c nude mice bearing 4T1 tumors. The mice 

were divided into four groups; control group receiving PBS and three treatment groups 

receiving iron oxide nanoparticles-electroacupuncture (IONP-EA), Euphorbia tirucalli extract 

and doxorubicin. They were subjected to alternate-day treatments. The mice were inoculated 

with half a million 4T1 cells on day 0 and the tumor was allowed 10-14 days to grow. Initial 

uniformity in tumor sizes shifted, with distinct trends observed by day 12, revealing larger 

tumors in doxorubicin and PBS groups. On day 15, treatment commenced; PBS, doxorubicin 

and the extract were administered interperitoneally, while the IONPs-EA was delivered using 

electroacupuncture. By day 17, IONPs-EA, extract and doxorubicin exhibited comparable 

tumor growth, differing from the PBS group. On day 19, IONPs-EA and extract groups showed 

slower tumor growth compared to PBS and doxorubicin. Notably, by day 23, IONPs-EA-

treated mice exhibited reduced tumors than all other groups, emphasizing its effectiveness in 

slowing 4T1 cell proliferation in vivo compared to the extract and doxorubicin. Body weight 

stability in the IONPs-EA and extract groups, contrasting with significant changes in the PBS 

and doxorubicin groups, underscored the lower toxicity of the 
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SPIONs-EA technique. Histopathological examinations indicated tumor metastasis in the liver 

and lungs, with a higher incidence observed in the liver at the end of the study. This 

comprehensive assessment suggests the promising anti-proliferative potential of the IONPs- 

EA technique, offering insights into its efficacy and safety compared to standard treatments. 
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6.1. Introduction 

 

Cancer is the second leading cause of death globally, making it a major public health concern 

(Siegel et al., 2022). Approximately 19.3 million people were diagnosed with cancer in 2020, 

and 10 million people died from the disease (Sung et al., 2021). Lung cancer is the leading 

cause of cancer death among males, while breast cancer is the most common cause of cancer 

deaths among females (WHO, 2022). 

Cancer treatment has evolved significantly over the years, offering various approaches to target 

and manage cancer cells. These approaches include surgery, chemotherapy, radiation therapy, 

immunotherapy, hormone therapy and stem cell transplantation (Hashemzadeh et al., 2021; 

Miller et al., 2019). However, each treatment method comes with its own benefits and 

drawbacks. One major drawback is that the drugs used in chemotherapy can damage healthy 

cells in the body, just as they harm cancer cells. This is because the drugs are not aimed at a 

specific target and thus enter the body without any particular destination. Additionally, these 

drugs face the challenge of lacking selectivity, meaning they cannot differentiate between 

cancer cells and normal body cells (Senapati et al., 2018). Therefore, these limitations hinder 

the success of cancer treatment and highlight the need for the development of new treatment 

strategies. 

In recent years, the quest for innovative and effective therapeutic strategies against aggressive 

forms of cancer has driven researchers to explore synergistic approaches that combine 

conventional treatments with novel interventions (Zhang et al., 2019). Triple-negative breast 

cancer (TNBC), characterized by its aggressive behaviour and the lack of therapeutic targets, 

requires innovative therapeutic interventions that can effectively inhibit tumor progression 
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(Newton et al., 2022). In this context, the combination of acupuncture, an ancient medical 

practice rooted in traditional Chinese medicine (TCM), with modern nanotechnology involving 

superparamagnetic iron oxide nanoparticles (SPIONs), offers a unique way for tackling TNBC 

(Zeng et al., 2022). 

Acupuncture is a component of TCM and has been used for thousands of years to treat a wide 

range of health conditions (Zeng et al., 2022). It involves inserting thin, sterile needles into 

specific points on the body. These needles are typically made of stainless steel and are very 

fine, which minimizes discomfort during insertion. During acupuncture treatment, the needles 

can be stimulated either by the practitioner's gentle manual manipulation or by the use of 

electrical stimulation (Zeng et al., 2022). The manual technique involves the practitioner 

applying gentle pressure and movement to the needles to create a therapeutic effect (Xu et al., 

2020). In contrast, electrical stimulation involves attaching electrodes to the needles and 

delivering a low electric current to enhance the therapeutic effect of the treatment 

(Dharmananda, 2002). This approach is relatively new and is used in specific cases where 

manual manipulation is not sufficient. Electroacupuncture (EA) has gained recognition for its 

potential to modulate various physiological processes, including chronic pain management, 

neural regulation, muscle relaxation, immune responses and cancer-related pain (Yu et al., 

2020; Duanmu et al.,2020; Zhang et al., 2014a). This approach can provide more consistent 

and controlled stimulation to the acupuncture points compared to manual manipulation, which 

may lead to more effective treatment for certain conditions (Yang et al., 2022). Additionally, 

recent investigations have suggested that EA holds promise in cancer therapy by exerting 

inhibitory effects on tumor growth and metastasis. The inherent ability of EA to engage 

complex signalling pathways makes it a compelling candidate for combination therapies 

targeting aggressive cancer subtypes such as TNBC (Jiang et al., 2019). 
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The use of nanoparticles (NPs) in cancer therapy is an active area of research and offers great 

promise for improving the precision and effectiveness of cancer treatment (Mundekkad & Cho, 

2022). However, one major challenge in their use is the accumulation of NPs at the target site 

(Wang et al., 2018). To enhance the accumulation within tumors for effective cancer therapy, 

a range of strategies have been employed. These strategies include surface functionalization, 

which involves the addition of ligands or antibodies that target tumor- specific receptors. This 

form of strategy functions by specifically binding the receptor or antigen to the overexpressed 

tumor cells and is the most commonly used strategy (Bajracharya et al., 2022; Xu et al., 2023). 

The tailored size and shape of the NPs, as well as leveraging the Enhanced Permeability and 

Retention (EPR) effect have been utilized to improve accumulation. In this context, smaller 

NPs may pass through leaky tumor blood vessels more effectively, while specific shapes 

facilitate cellular uptake (Xu et al., 2023). Furthermore, the NPs will normally accumulate in 

the tumors due to their leaky vasculature and poor lymphatic draining (Xu et al., 2023; Fan et 

al., 2023). The use of active transport mechanisms and responsive NPs, such as mediated 

endocytosis, target NPs specifically to cancer cells. The strategy often involves attaching 

ligands that bind to receptors on the cell surface (Bajracharya et al., 2022; Xu et al., 2023). 

Tailored treatment with NPs and their surface modification to the specific characteristics of a 

patient's tumor, such as genetic mutations or antigen expression, have also been considered for 

more precise targeting (Bajracharya et al., 2022). The interaction of nanoparticles with the 

immune system has been considered by developing NPs that are able to suppress the immune 

response in the tumor microenvironment (Perez-Potti et al., 2023). More clinical trials are 

conducted to validate the preclinical studies on the effectiveness of the NP-based therapies 

(Yao et al., 2020; Nirmala et al., 2023). Combinatorial therapies, utilizing NPs in 

conjunction with other treatment 
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modalities such as chemotherapy and radiation, are another avenue that have been explored in 

order to improve accumulation (Chehelgerdi et al., 2023). Additionally, administering NPs 

directly to the tumor site using techniques such as intratumoral injection also enhances 

accumulation (Yun et al., 2023; Yakubova et al., 2023). Another recent strategy involves the 

use of magnetic NPs and an external magnet to guide the NPs to the tumor site to provide better 

tumor selectivity (Stanicki et al., 2022). This strategy has shown to be more effective compared 

to the other strategies mentioned. The external magnetic field gradient has the ability to attract 

magnetic NP complexes to desired locations, thereby boosting drug accumulation within 

tumors (Stanicki et al., 2022). This magnetic targeting method eliminates the need for carriers 

to bind to receptors found on tumor cells, making it a promising option for a wide range of 

solid tumors, unlike traditional targeting methods (Wang et al., 2018). 

Complementing the unique attributes of EA, SPIONs have emerged as versatile tools in cancer 

research and treatment (Yan et al., 2023). These nanoparticles possess inherent magnetic 

properties that enable targeted delivery and accumulation within tumor sites using external 

magnetic fields (Kong et al., 2023). When combined with conventional therapeutic agents or 

physical interventions, SPIONs have demonstrated the potential to enhance treatment efficacy 

while minimizing off-target effects (Rahman, 2023). In the context of TNBC, the synergistic 

interplay between EA and SPIONs holds the promise of not only restraining tumor proliferation 

but also offering insights into novel mechanisms underlying TNBC inhibition (Jiang et al., 

2019). 

This research aims to develop a novel technique that combines EA with SPIONs to effectively 

inhibit tumor growth and assess the safety of NPs. The integration of these 
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methods seeks to introduce an innovative approach with the potential to advance cancer 

treatment significantly. 

 

 

6.2. Materials and Methods 

 

An EA Treatment Device (SDZ-II, Hwato Brand) was obtained from Suzhou Medical 

Appliance Factory in China, while sterile acupuncture needles with dimensions of 0.18 mm in 

diameter and 15 mm in length were sourced from Suzhou Dong Bang Medical Co., Ltd., also 

based in Suzhou, China. Doxorubicin was procured from Teva Pharmaceuticals in South 

Africa. The 4T1 TNBC cells from mice tumor were obtained from Separation Scientific South 

Africa (Pty) Ltd. and Roswell Park Memorial Institute (RPMI) 1640 medium was purchased 

from Cellonex South Africa. Fetal bovine serum (FBS), amino acids and antibiotics were 

procured from Sigma-aldrich, South Africa. It's important to note that all of these items, 

including equipment and reagents, were acquired from well-established and reputable 

suppliers, ensuring the quality and reliability of the products. 

6.2.1. Breast cancer cell preparation 

 

These cells were maintained in RPMI 1640 medium, supplemented with 10% heat- inactivated 

fetal bovine serum, 0.1% nonessential amino acids, 100 μg/mL penicillin and 100 unit/mL 

streptomycin; incubated in a humidified incubator at 37 °C with 5% CO2. After reaching 80% 

confluency, the cells were stained with trypan blue and counted using an automated 

hemocytometer to assess their viability. 

6.2.2. In vivo model 

 

Female BALB/c nude mice (6-8 weeks old; 17-24 g) were purchased from the University of 

the North West (South Africa). The experiments were conducted in compliance with the 
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protocols approved by the University of the Free State and University of the North West 

Animal Research Ethics Committees (UFS-AED2019/0135 and NWU-00791-22-A5; 

respectively). The experiments were conducted at two animal facilities (first at the University 

of the Free State, then at the North West University). The mice were housed under pathogen-

free conditions in the animal facility in the University of the Free State/ University of the North 

West, South Africa. The holding room were kept at temperatures ranging between 22-24°C and 

40-60% humidity. 

6.2.3. In vivo TNBC xenograft mouse model 

 

The experiment adhered to the methodology of Krause et al. (2013), with minor adjustments. 

All animals, except for the normal positive controls, were inoculated with 4T1 cells (5 x 105 

cells/mice in 150 μL ice-cold PBS) on their left 4th nipple, Figure 1. Following the emergence 

of tumors, the animals were randomly allocated into four groups, with five animals in each 

group. The size of the tumors was measured with a digital caliper and when the tumor volume 

reached between 80 and 100 mm3 the animals received treatment. 
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Figure 6.1. Mouse under anaesthesia with nose cone during 4T1 Cell Inoculation. 

 

6.2.4. Treatment grouping 

 

Administration of 4 distinct therapeutic agents: doxorubicin, Euphorbia tirucalli 

dichloromethane (DCM) crude extract and Iron oxide NPs was carried out. Additionally 

phosphate-buffered saline (PBS) was also administered. Our recent research publication 

(Kgosiemang et al., 2023) contains detailed findings on the characterization and in vitro 

activity of the extract and iron oxide NPs. 

The current study consisted of five groups of mice, each group comprising of five mice. The 

first group, Group A, served as the control group and received neither cancer cells nor any form 

of treatment. The second group, Group B, also served as a control group but consisted of tumor-

bearing mice treated with 0.9% PBS. The third group, Group C, was the positive control group 

of tumor-bearing mice treated with 0.04mg/kg of doxorubicin (2mg/mL). The fourth group, 

Group D, was the experimental group of tumor-bearing mice treated with 

5.26mg/kg of the active Euphorbia crude DCM extract (0.1mg/mL). Finally, the fifth group, 

Group E, was also an experimental group of tumor-bearing mice treated with 5.26mg/kg of 
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magnetic nanoparticles. Unlike the other groups that received treatment interperitoneally, 

Group E mice received electroacupunctural therapy and were anaesthetized during treatment. 

The treatment was guided by an external magnetic field, for three minutes, to the breast cancer. 

6.2.5. Electroacupuncture intervention 

 

The EA procure was conducted following an established protocol by Yang et al. (2019) with 

minor changes. In the study, sterile acupuncture needles of size 0.18 × 15 mm were used for 

electro-acupuncture interventions. Before inserting the needles, the acupunctural site was 

disinfected using 70% ethanol, following aseptic techniques. Under anaesthesia, four 

acupuncture needles were inserted towards the tumor, precisely targeting the 4th mammary 

gland fat pad (see Figure 2). The acupuncture site was marked approximately 5 mm from the 

boundary of the tumor on the mammary fat pad, with an acupuncture depth of around 5 mm 

horizontally. The EA interventions were conducted using the SDZ-II electronic acupuncture 

treatment device. The longitudinal wave settings were configured at 15Hz for 5 seconds and 

then transitioned to 20Hz for a duration of 3 minutes, all at a current intensity of 1mA. During 

the procedure, a magnet was strategically positioned at the tumor site. After each treatment 

session, each mouse was promptly transferred to its respective cage and placed on a heat pad 

to prevent hypothermia. Vigilant monitoring ensued, with close observation intervals at 30 

minutes, 1 hour and subsequently at least twice more until each mouse had fully recuperated 

from the intervention. Furthermore, after each treatment each mouse was subcutaneously 

administered with 0.05-0.1 mg/mL of analgesic injection to alleviate any pain resulting from 

the procedures. After the two-week (14 days) treatment period, all mice were 
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euthanized once tumors in group B reached 2cm in diameter (Wang et al., 2018). Their organs 

were harvested for histopathological analysis. 

 

 

Figure 6.2. Electroacupuncture intervention on the xenograft model. 

 

 

 

 

6.2.6. Histological studies 

 

After the two-week (14 days) treatment period, the animals were euthanized with CO2. The 

tumor, liver and lung organs were harvested, washed with PBS, sectioned into pieces, and then 

placed in a 10% buffered formaldehyde solution. To check for any metastasis, the sectioned 

pieces were stained using hematoxylin and eosin solution. 
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6.2.7. Statistical analysis 

 

The results are presented as the mean ± standard deviation (SD). To perform statistical analysis, 

a one-way analysis of variance (ANOVA) was utilized, followed by Kruskal-Wallis 

comparison tests. The statistical significance level was set at p < 0.05. 

6.3. Results 

 

In this investigation, the anti-proliferative efficacy of the SPIONs-EA technique using BALB/c 

nude mice bearing 4T1 tumors was assessed. The mice were categorized into four groups: those 

treated with PBS, extract (Euphorbia tirucalli), doxorubicin and a group subjected to IONP-

EA needle stimulation. Tumor-bearing mice with comparable average tumor sizes were 

randomly distributed across these groups. Despite maintaining uniform conditions for the 

tumor model, housing and feeding, there were slight variations in tumor sizes owing to 

individual differences among the mice. Once the tumors reached a size of 80 to 100 mm3, 

treatments were administered on alternate days and these therapeutic regimens were repeated 

six times to optimize the desired outcomes. Tumor sizes were measured a day prior to each 

treatment and the mice's body weights were recorded on the day of the treatment. The efficacy 

of the treatment was evaluated by comparing the control groups with the therapeutic groups 

and the results presented in Figures 3, 4 and 5. 

The results revealed that on the ninth day (day 9), a successful 4T1 breast tumor mouse model 

was established through the injection of 4T1 cells, as depicted in Figure 3. However, out of 

the 20 mice that were inoculated with 4T1 cells, four mice did not develop any tumors. 

6.3.1 Tumor size 

 

Treatment was initiated on day 12 for mice whose tumors had reached the desired size by that 

day. For the remaining mice, treatment began later, once their tumors had also reached the 
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target size. Although trends in tumor growth became apparent on day 12, with mice treated 

with doxorubicin and PBS showing larger tumors than those treated with IONPs-EA and 

extract, all mice had begun treatment by day 15. By day 17, IONPs-EA, extract and doxorubicin 

continued to demonstrate reduced tumor growth compared to the PBS-treated group (p < 0.05), 

affirming their effectiveness. However, no significant differences (p ≥ 0.05), indicating 

comparable results between IONPs-EA, extract and doxorubicin in their tumor- reducing 

capabilities by Day 17 was observed. On Day 19, the IONPs-EA and extract treatment groups 

exhibited almost similar tumor sizes, growing at a slower pace compared to the PBS and 

doxorubicin-treated groups. Significant reductions in tumor size were observed in all 

treatments (IONPs-EA, extract and doxorubicin) compared to the control (PBS) (p < 0.05), 

indicating that all treatments remained effective at this stage. However, on day 21, the same 

trend persisted whereby tumors in the PBS group were significantly larger than those treated 

with IONPs-EA, extract and doxorubicin (p < 0.05), indicating the continued effectiveness of 

these treatments while maintaining a steady tumor growth. However, on the same day, no 

significant differences were observed between the treatments (p ≥ 0.05), suggesting similar 

performance across the treatments at this point, as seen in Figure 6.3. On Day 23, the IONPs-

EA-treated group exhibited reduced tumor growth compared to the PBS- treated group. 

However, the tumor sizes of the IONPs-EA-treated group were almost similar to those in the 

extract and doxorubicin-treated groups. As a result, no statistically significant differences 

between the treatment groups were observed (p ≥ 0.05). After four days of observation (Day 

27) post-treatment, the IONPs-EA tumors continued to remain steady, showing significantly 

reduced growth compared to the PBS group, indicating a promising therapeutic potential. This 

trend was further supported by the harvested tumor weight. The average tumor weight in the 

IONPs-EA-treated group was 0.56667g, while the PBS group had a significantly higher 

average weight of 1.16667g (p < 0.05). Additionally, the extract-treated 
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group had an average tumor weight of 0.83333g and the doxorubicin-treated group had a 

weight of 0.60000g, both of which were lower than the PBS group but showed no significant 

difference from the IONPs-EA group (p ≥ 0.05), as demonstrated in Figure 4. These results 

suggest that the IONPs-EA treatment significantly slowed down proliferation of 4T1 cells in 

vivo compared to the extract and doxorubicin. 

 

 

 

 

Figure 6.3. Anti-proliferative effect of the EA IONPs, E. tirucalli, doxorubicin and PBS 

treatment groups. 
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Figure 6.4. Differential Tumor Size Variation Across Treatment Modalities. (A) Tumor weight 

(g) of the PBS-treated group, E. TRL-treated group, Doxorubicin-treated group and EA IONPs-

treated group. (B)Tumor images harvested from the PBS-treated group, E. TRL- treated group, 

Doxorubicin-treated group and EA IONPs-treated group. (The deviation in tumor color was 

due to prolonged immersion in formaldehyde solution). 

6.3.2 Body weight 

 

During the 8-day treatment and subsequent 4-day physical observation, the body weight of the 

IONPs-EA group, extract group and positive control group remained relatively stable, 

suggesting low toxicity of the EA technique (Figure 6.5). However, the PBS group and 

doxorubicin-treated group experienced significant changes in body weight, reflecting the 

known toxicity of the standard drug. While body weight is an important indicator, it was not 

the only parameter used to assess toxicity. Additional health signs including posture, alertness, 

food consumption, grooming behaviour and the presence of residues around the eyes. Necrosis 

or skin lesions were observed in the PBS, IONPs and doxorubicin-treated groups (Figure 6.6). 

However, other severe clinical signs, such as poor posture, paralysis or decreased alertness, 

were not observed in the IONPs-EA group. 
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Figure 6.5. Body weights of mice before treatment (D0) and during treatment (D9-D24) with 

phosphate buffer solution (PBS), Electroacupuncture iron oxide nanoparticles (EA IONPs), 

Euphorbia tirucalli (E. TRL) extract and doxorubicin (DOXO) from day 0 to day 24. Body 

weights are presented as mean ± SD in grams from 9 independent experiments, n=5 mice per 

group. 

 

Figure 6.6. Image of mice with skin necrosis on the tumor. 
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6.3.3 Histopathology 

 

To evaluate the efficacy of the treatment, tumor tissues from various groups of mice were 

collected and subjected to hematoxylin and eosin staining assays. Furthermore, 

histopathological examinations were conducted on the liver and lungs following the in vivo 

experiments. The staining of lung and liver tissues using hematoxylin and eosin revealed the 

presence of tumor metastasis in both organs, with a higher incidence of metastasis observed in 

the liver of most mice. 

The experimental results reveal distinct patterns in the effectiveness of various treatments on 

cancer metastasis in both the lung and liver as shown in Table 1. Doxorubicin treatment 

demonstrates inhibition of lung metastasis, as evidenced by the absence of metastasis in all 

treated lung samples, but its effectiveness in the liver is limited, with only one out of three 

samples showing inhibition. Nanoparticles exhibit some efficacy in preventing lung metastasis 

but are ineffective in the liver, where all treated samples show metastasis. Plant extract 

treatment yields mixed results, with all treated lung samples showing metastasis and two out 

of three liver samples exhibiting metastatic growth. The negative control consistently leads to 

metastasis in both organs. These findings underscore the need for tailored treatment approaches 

targeting specific metastatic sites and highlight the potential of certain treatments, such as 

doxorubicin, in inhibiting lung metastasis. 
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Table 6.1. Summary of cancer metastasis results in lung and liver samples following different 

treatments. 

 

Treatment Lung liver 
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PBS + - 

PBS + - 

PBS + + 
   

Nanoparticles - + 

Nanoparticles - + 

Nanoparticles + + 
   

Doxorubicin - + 

Doxorubicin - - 

Doxorubicin - - 
   

Plant extract + + 

Plant extract + + 

Plant extract - - 

 

 

6.4. Discussion 

 

Electroacupuncture, an evolved form of traditional acupuncture, has emerged as a potential 

tool in cancer therapy (Jiang et al., 2019). This non-invasive technique employs low- frequency 

electrical currents to stimulate specific acupuncture points, offering benefits in pain 

management, stress reduction, digestive health, immune system support and overall well-being 

(Luo et al., 2020). When integrated with SPIONs, EA takes on a new dimension in cancer 

treatment (Yang et al, 2019). SPIONs enhance targeted drug delivery and localized 

hyperthermia therapy by leveraging their magnetic properties and controlled heat generation. 

The current study sheds light on the synergistic effects of EA and SPIONs in effectively 

slowing down the proliferation of TNBC within a mouse xenograft model. The analysis and 

interpretation of these results unveil the promising implications of this innovative therapeutic 

approach for one of the most aggressive forms of breast cancer, by slowing down the growth 

of tumors in xenograft models offering new avenues for potential advancements in cancer 

treatment. A prior study documented a significant decrease in bone tumor growth following 

electroacupuncture treatment (Smeester et al., 2013). Similarly, Jiang et al. (2019) illustrated 

the capability of electroacupuncture to reduce TNBC tumor size and impede tumor progression. 

© Central University of Technology, Free State



307 

 

 

In other studies, the finding implies that electroacupuncture may enhance the accumulation of 

chemotherapeutic agents within the tumor vicinity (Yang et al., 2019). Moreover, previous 

research by Zhang et al. (2009) demonstrated acupuncture's influence on the targeting and 

distribution of Dox, and further indicated elevated paclitaxel concentrations in organs post-

acupuncture, with the multi-needle method showing superior targeting efficacy compared to 

the single-needle approach (Zhang et al., 2014b). 

According to research, acupuncture has the potential to improve blood circulation in specific 

parts of the body (Gagliardi et al., 2023). However, the irregular distribution of blood flow 

within tumors can hinder the efficient delivery of the drug, particularly to areas that are not 

well-perfused (Jain et al., 2011). Therefore, it is possible that the increased concentration of 

chemotherapeutic drugs within tumors after acupuncture treatment is due to changes in the 

microvasculature induced by acupuncture. 

The combination of EA and SPIONs explored in the current study holds promise for more 

precise and effective cancer treatment while minimizing side effects. The experimental results 

reveal distinct trends in the effectiveness of treatments on cancer metastasis between the lung 

and liver. Notably, doxorubicin exhibits greater efficacy in preventing lung metastasis 

compared to the liver, with all lung samples showing presence of tumors while only one liver 

sample displays similar results. Nanoparticles showed limited efficacy, being effective in 

preventing lung metastasis but ineffective in the liver. This is in agreement with the study by 

Park et al. (2019), who reported significant lung metastases reduction after treatment with 

SPIONs. In another study, SPIONs delayed lung metastasis by 45 days after treatment (Mu et 

al., 2021). Plant extract treatment yields mixed outcomes in both organs, 
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with some samples showing inhibition of metastasis while others do not. Furthermore, the PBS-

treated group consistently leads to more metastasis in the lung compared to the liver; this is in 

agreement with the study by Yang et al. (2020) who revealed that 4T1 mostly metastases to 

the lungs, indicating the reliability of the experimental setup. 

Breast cancer metastasis, particularly to the lung and liver, is a well-documented phenomenon 

in the literature (Rashid et al., 2021). The experimental results align with existing knowledge 

regarding the organ-specific patterns of breast cancer metastasis. Studies have shown that 

breast cancer commonly metastasizes to distant organs, with the lung and liver being among 

the most frequent sites of metastatic spread. This aligns with the observed trend in the 

experimental results, where the liver consistently showed a higher incidence of metastasis 

compared to the lung across all treated samples. Furthermore, the differential response to 

treatments between the lung and liver mirrors the heterogeneous nature of breast cancer 

metastasis and highlights the importance of considering organ-specific responses when 

developing treatment strategies. 

 

 

6.5. Conclusion 

 

This investigation assessed the efficacy of the SPIONs-EA technique in inhibiting tumor 

proliferation and metastasis in a 4T1 breast tumor mouse model. Despite minor variations in 

tumor sizes, the successful establishment of the tumor model was confirmed. Distinct trends in 

tumor growth were observed among treatment groups, with the IONPs-EA-treated group 

showing promising results in slowing tumor proliferation while maintaining low toxicity. 

Histopathological examinations revealed tumor metastasis in lung and liver tissues, with varied 

responses to treatments in these organs. Overall, this study highlights the potential of 
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the SPIONs-EA technique as a promising therapeutic approach for breast cancer, emphasizing 

the need for further research to optimize treatment strategies and to improve patient outcomes. 
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Summary 
 

 

7.1. Introduction 

Cancer is a complex global health challenge and traditional treatments such as chemotherapy 

have been instrumental in managing cancer. However, they are not without limitations. It is, 

therefore, crucial to explore innovative and effective treatment strategies. In this regard, 

medicinal plants, particularly those belonging to the Euphorbiaceae family, have shown 

promising anti-cancer properties. Additionally, the application of magnetic nanoparticles in 

nanotechnology has made targeted drug delivery possible, thereby minimizing adverse effects 

on healthy cells. When combined with Traditional Chinese Medicine (TCM), such as 

acupuncture, these approaches offer a comprehensive and well-rounded approach to cancer 

treatment. This study aimed to develop a system that leverages magnetic nanoparticles and 

acupuncture to treat breast cancer while addressing the limitations of conventional treatments. 

The study's objectives included screening plant extracts for anti-cancer activity, synthesizing 

metal nanoparticles and developing a targeted delivery system for in vivo testing. 

 

 

7.2. Results summary 

The comprehensive evaluation of sixteen Euphorbia plant species in Chapters 4, 5 and 6 

illuminates their multifaceted potential in cancer therapy. In Chapter 4 a comprehensive 

evaluation of sixteen Euphorbia plant species sheds light on their phytochemical profiles, 

cytotoxic activity and selectivity against breast cancer cell lines MCF-7 and MDA-MB231. 

The presence of secondary metabolites such as glycosides, triterpenoids, flavonoids, alkaloids, 

tannins and saponins across the species suggests their potential significance in cancer therapy. 

Cytotoxicity assays reveal varying degrees of inhibition among extracts, with 
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notable efficacy observed in certain species like E. clavarioides, E. gorgonis and E. tirucalli 

extracts. Additionally, certain extracts including those from E. gorgonis, E. tirucalli and E. 

cooperi demonstrate selectivity for the MDA-MB231 cell line, known for its aggressiveness as 

triple-negative breast cancer cells. The findings underscore the potential of Euphorbia plants 

as sources of bioactive compounds for breast cancer treatment. 

The exploration of Euphorbia tirucalli's potential in cancer therapy, detailed in Chapter 5, 

extends beyond its phytochemical composition to encompass its role in synthesizing metal 

nanoparticles with medicinal applications. Notably, successful synthesis of iron oxide 

(FeONPs), magnesium oxide (MgONPs) and cobalt nanoparticles (CoONPs) was achieved 

using E. tirucalli extracts. The involvement of plant secondary metabolites, particularly 

polyphenols, in the reduction of metal ions highlights E. tirucalli's potential as a green synthesis 

agent. These nanoparticles exhibit distinct colour changes and characteristic absorption peaks, 

indicative of their formation and properties. Further characterization through techniques like 

FTIR, XRD, XPS, SEM, TEM and EDS provides insight into their composition, structure and 

morphology, highlighting their potential applications in various fields, including medicine and 

industry. Additionally, antiproliferative assays demonstrate moderate activity of E. tirucalli 

extracts against breast cancer cell lines MCF-7 and MDA- MB231, with selectivity for cancer 

cells. 

Antiproliferative assays demonstrated moderate activity of E. tirucalli extracts against breast 

cancer cell lines MCF-7 and MDA-MB231, with selectivity for cancer cells. CoONPs exhibited 

heightened cell growth inhibition, while MgONPs showed minimal toxicity at lower 

concentrations. Unannealed FeO nanoparticles displayed potent activity against MCF-7 cells, 

highlighting their potential as therapeutic agents. Furthermore, the unannealed FeO 

nanoparticles and doxorubicin also showed similar activity against MDA-MB231 cell lines. 
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This comprehensive analysis underscores the multifaceted potential of E. tirucalli as both a 

source of bioactive compounds and a green synthesis agent for metal nanoparticles with 

biomedical applications. Further research should focus on optimizing synthesis processes and 

exploring the specific bioactive properties of synthesized nanoparticles for targeted cancer 

therapy. 

In Chapter 6, the exploration expands to innovative treatment modalities like 

electroacupuncture combined with superparamagnetic iron oxide nanoparticles (SPIONs) for 

cancer therapy, particularly targeting triple-negative breast cancer (TNBC). The synergistic 

effects of electroacupuncture and SPIONs in slowing down TNBC proliferation within a mouse 

xenograft model offer promising results. Notably, acupuncture's potential to improve blood 

circulation within specific body parts complements enhanced drug delivery facilitated by 

SPIONs, showcasing a more precise and effective cancer treatment approach. 

Experimental findings on cancer metastasis between the lung and liver reveal distinct treatment 

efficacy trends, with doxorubicin exhibiting greater effectiveness in preventing lung metastasis 

compared to the liver. The observed organ-specific patterns of breast cancer metastasis 

underscore the importance of considering organ-specific responses in treatment strategies. 

 

7.3. Conclusion 

This thesis delves into a multifaceted approach to cancer treatment by combining traditional 

acupuncture techniques with innovative nanoparticle-based drug delivery systems synthesized 

from Euphorbia tirucalli. The comprehensive review of medicinal properties of the Euphorbia 

species reveals the presence of diverse bioactive compounds with significant anti-cancer 

properties. Compounds such as triterpenoids, tannins, diterpene esters and sterols 
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show cytotoxic effects, offering potential avenues for cancer therapy. In this study, acupuncture 

techniques are integrated with synthesized iron nanoparticles to enhance drug delivery 

mechanisms. Acupuncture, known for its holistic benefits in pain management and overall 

well-being, complements the pharmacological approach, providing a holistic framework for 

cancer treatment. Additionally, the synthesis of iron nanoparticles from E. tirucalli offers 

environmentally sustainable therapeutic options, demonstrating promising cytotoxic effects 

against breast cancer cell lines. Furthermore, the evaluation of the SPIONs- EA technique 

demonstrates its efficacy in inhibiting tumor proliferation and metastasis in breast tumor mouse 

models. This integrated approach, combining acupuncture, nanoparticle- based drug delivery 

and traditional medicinal knowledge, represents a promising direction in cancer therapy. 

However, further optimization and research are needed to enhance efficacy and elucidate 

underlying mechanisms. Overall, this thesis highlights the importance of a multidisciplinary 

approach that combines traditional practices with modern innovations to address the complex 

challenges of cancer treatment. By integrating acupuncture techniques and nanoparticle-based 

drug delivery systems, this study offers new insights into potential synergies for enhancing 

therapeutic outcomes in cancer patients. 

 

7.4. Limitations and recommended further research 

(i) In the evaluation of the Euphorbia plant species in Chapter 4, limitations were 

observed where selectivity for cancer cells was demonstrated by certain extracts. 

The mechanisms underlying this selectivity were not fully elucidated, suggesting a 

need for further investigation into the specific compounds responsible for this 

effect. 
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(ii) In Chapter 5, limitations included the specific mechanisms driving the potent 

activity of FeO nanoparticles against MDA-MB231 cells, comparable to 

doxorubicin - this was not fully understood, highlighting the complexity of 

nanoparticle-cell interactions and the need for further mechanistic studies. 

(iii) Limitations were observed in the HPLC analysis of Euphorbia extracts. The 

complexity of phytochemical profiles across different plant species and within the 

same species poses challenges in accurately identifying and quantifying individual 

compounds. 

(iv) Additionally, the lack of comprehensive standards for all phytochemicals hinders 

identification and quantification. This was due to the fact that the standards were 

costly to obtain and even to synthesize, especially for the wide range of compounds 

present in complex plant extracts. Therefore, it was important to prioritize research 

objectives and budget constraints. Complementary techniques like MS or NMR 

spectroscopy may be necessary for definitive compound characterization. 

(v) Furthermore, the elucidation of compounds identified could not be analyzed due to 

a lack of funds to carry out the experiments. 

(vi) In Chapter 6, limitations were observed in the experimental results regarding the 

efficacy of treatments on cancer metastasis between different organs, particularly 

in the liver and lung. While doxorubicin exhibited greater efficacy in preventing 

lung metastasis compared to the liver, nanoparticles showed limited efficacy in both 

organs. This discrepancy in treatment outcomes highlights the complexity of organ-

specific responses to therapeutic interventions and suggests the need for further 

research to elucidate the underlying mechanisms. 
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(vii) The combination of electroacupuncture (EA) and superparamagnetic iron oxide 

nanoparticles (SPIONs) showed promising results in slowing down triple-negative 

breast cancer (TNBC) proliferation within a mouse xenograft model, however, the 

specific mechanisms driving this synergistic effect were not fully understood. 

Further studies are needed to elucidate the molecular pathways involved in the 

interaction between EA, SPIONs and cancer cells, as well as their effects on tumor 

growth and metastasis. 

(viii) Acupuncture's potential to improve blood circulation within specific body parts may 

contribute to increased drug concentration within tumors, however, the exact impact 

of acupuncture on drug delivery and distribution needs to be fully characterized. 

Addressing these limitations will be crucial for optimizing the therapeutic potential 

of EA and SPIONs in cancer treatment and improving their clinical applicability. 
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