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Chapter 1 
     

1.1 Introduction 

One-in-fifteen men in South Africa has a high chance of developing prostate cancer in their lifetimes. 

Globally, prostate cancer occurrence rates differ geographically, in regions and race groups. Prostate 

cancer is projected to grow exponentially to 1.7 million new cases, with approximately 499,000 

fatalities, by 2030, owing to the rapidly increasing population of aged men who are above 65 years of 

age (Rawla, 2019).  

Prostate cancer ensues when cells of the prostate gland grow uncontrollably. It can arise from epithelial 

cells in the secretory glands that line the prostatic ducts (Sekhoacha et al., 2022). Treatments such as 

chemotherapy, surgery, hormone therapy, and radiation therapy have been successful over the years in 

treating different cancers, including prostate cancer. The significant challenge facing various prostate 

cancer treatments is the side-effects on prostate cancer patients, which include the killing of normal 

cells and causing erectile dysfunction (Abbas et al., 2020). The use of nanotechnology in the treatment 

of cancer appears to be a promising alternative, with reduced subsequent side-effects (García-Pinel et 

al., 2019). Much interest in the use of nanotechnology has been in drug delivery, where its unique 

properties lead to increased drug efficacy, selectivity, drug retention time, and reduction of cytotoxicity 

(ALMOTAIRY et al., 2023). Various types of nanoparticles are designed to improve the efficiency and 

specificity of chemo-delivery nanosystems.  Liposomal nanoparticles have added advantages as drug 

delivery systems, as they are known to increase drug delivery; protect the drug from degradation; 

stabilize therapeutic compounds; and improve drug performance in solid tumours (Guimarães et al., 

2021).  

Liposomes can be sensitive and responsive to stimuli such as pH, light, redox, matrix metalloproteinase, 

and temperature (Kansız and Elçin, 2023). The current study has explored the use of liposomes that are 

sensitive to temperature.  Lipids have a specific temperature range at which their phases change from 

the gel phase to the liquid phase. This temperature range is commonly known as the transition 

temperature (TC) (Okotrub et al., 2018). The transition temperature has an impact on the encapsulation 

efficiency and the stability of the liposomes. Phosphatidylcholine (PC) is the most crucial phospholipid 

© Central University of Technology, Free State



 

14 
 

in L-α-phosphatidylcholine, hydrogenated (soybean) (HSPC). The PC acyl chain degree of saturation 

and chain length primarily affect the phase of the liposomal membrane. When hyperthermia is applied 

above the TC, PCs change from a solid gel to a liquid phase, as the number of gauche conformations in 

the acyl chains increases from the trans-state of the solid gel phase. This change in the membrane from 

gel to liquid allows drugs which were encapsulated to be released from the liposomes. When 10% of 

DSPE-PEG2000 is added to the liposomal formulation, thermosensitive liposomes with steric stability 

can be obtained (Fahmy et al., 2022). Thermo-sensitive liposomes release the encapsulated drug when 

exposed to hyperthermia at 39-40°C (Mazzotta et al., 2018). DSPE-PEG (2000)-amine is used with 

different functional molecules, such as the DSPE-2000-maleimide, to prepare target-specific antibody-

conjugated nanoparticles for improved cellular and receptor targeting (Bi et al., 2019). In this study, an 

anti-PSMA antibody was conjugated onto heat-sensitive liposomes to achieve specific binding to 

prostate cancer cells.  Prostate-specific membrane antigen (PSMA) is highly expressed in prostate cells. 

The expression of PSMA is stimulated in malignant tissue with the highest level detected in metastatic 

androgen-independent prostate cancer (Czerwińska et al., 2020). PSMA targeting and binding to PSMA 

antigen increases the therapeutic specificity of nanoparticles charges with anti-PSMA antibody 

(Hyväkkä et al., 2021).  

Chemotherapeutic drugs are limited by the fact that they are unable to reach the cancerous site in 

sufficient quantity to be effective (Sekhoacha et al., 2022). They must be administered in high doses, 

ultimately leading to adverse side-effects such as targeting normal cells (Alqosaibi, 2022). The 

experiments in this study were initiated with doxorubicin and continued with docetaxel, as docetaxel is 

the first-line chemotherapeutic standard drug used for prostate cancer in South Africa (Liu et al., 2023). 

The study hypothesizes that the targeting and binding of nanoparticles charged with anti-PSMA 

antibody to PSMA on the prostate cells increases specificity, delivery and the therapeutic potential of 

encapsulated anti-prostate cancer agents. 

Medicinal plants were explored as sources of potential, new anti-cancer agents. Previous studies 

reported on the therapeutic uses of Euphorbia milii, and indicated that the plant has anticancer, 

antidiabetic and antimicrobial properties (Amtaghri et al., 2022). These properties are attributed to the 

different phytochemicals present in the plant (Salehi et al., 2019).  
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The current study aimed to overcome the challenges of non-specific and uncontrolled drug delivery 

facing chemotherapy by exploring the cancer cell growth inhibitory effect of a selected medicinal plant 

and the development of a controlled,  target-specific nano-delivery system for prostate cancer. The study 

was conducted with liposomes encapsulating Euphorbia milii plant extract and two prostate cancer 

standard drugs, doxorubicin and docetaxel, for delivery into selected prostate cancer cell lines. 

 

1.2 Problem statement                                                                                                                

Prostate cancer is one of the most prevalent types of cancer among men in more than half of the countries 

globally (112 of 185 countries/territories) (Bergengren et al., 2023). Chemotherapeutic drugs, surgery, 

hormonal therapy, and radiation therapy have been used to treat cancers, but have unbearable negative 

side-effects on cancer patients. Chemotherapy in particular, is further limited by low bioavailability, 

uncontrolled drug release, degradation of drugs, and non-specificity, which are the main challenges the 

current study aims to address.   

To overcome these challenges, the development of a target-specific and controlled drug-release nano-

delivery system is explored. In this research, the heat-sensitive liposomes were conjugated with anti-

PSMA antibodies through the reaction of sulfhydryl residues to ensure liposome specificity to prostate 

membrane antigen. This drug delivery system is designed to release only the encapsulated drug upon 

heat stimulus when the nanoparticles are attached to the prostate gland. In this way, both specificity and 

controlled release of the drug are addressed, ultimately limiting toxicity to normal cells. The 

encapsulation of chemo drugs or agents in liposomes serves as protection from possible degradation as 

well as a way to increase bioavailability. The current research is an in vitro study that explores a concept 

that, when applied in a clinical setting, could reduce mortality and poor treatment outcomes in patients, 

as well as the side-effects of toxicity associated with the treatment of prostate cancer. 

 1.3 Aim  

This study aimed to discover potential chemotherapeutic agents from a medicinal plant, Euphorbia milii, 

and to incorporate its active constituents into thermosensitive immuno-liposomes for selective, targeted, 

and controlled release in prostate cancer cells.   
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1.4 The general objective of the study  

Develop a drug delivery system that is specific to prostate cancer and has a drug-controlled release 

feature that is responsive to heat.  

1.4.1 The objectives of the study:  

1) Select highly cytotoxic plants with records of anti-cancer properties. Prepare extracts, and screen 

extracts for their cell growth inhibitory effects against prostate cancer DU145 and LNCap cell lines.  

2) Synthesize heat-responsive liposomes and conjugate them with prostate-specific antibody. 

3) Encapsulate active constituents from plant/ standard anti-cancer drugs (used as a positive control) 

into the synthesized liposomes. 

4) Verify and calculate the drug encapsulation and release.  

5) Evaluate the efficacy of the thermos-sensitive immunoliposome drug delivery system on prostate 

cancer cells, compared to free standard drug/plant extracts. 
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Chapter 2 

2. Literature review    

                                                                                                                                                                                                                                                                                     

2. 1 Cancer 

Cancer is the uncontrolled division of cells in the body, eventually forming a tissue mass known as a 

tumour (Brown et al., 2023). Tumours can either be benign and remain in their original location, or 

become malignant and move from one place to another (Patel, 2020). In normal cell division, there is 

a balance in the genes that promote cell proliferation and suppression. This balance, however, is 

distorted in cancerous cells. Several factors, such as damage to DNA and resultant mutations in genes, 

contribute to this imbalance. Genetic mutations, for example, can accelerate the rate of cell division via 

the dysregulation of growth signals that promote cell division or inhibit cell cycle control or 

programmed cell death. DNA repair mechanisms in the body can repair damaged DNA. Damaged DNA 

is not repaired in cancer cells as genetic mutations often lead to non-functional DNA repair mechanisms 

and consequently uncontrollable cell division (Alhmoud et al., 2021). Cancer can start anywhere in the 

body: uncontrollable cell division in the prostate gland can lead to prostate cancer. 

 

2.2 The prostate gland  

The anatomy of the prostate gland can be explained as a compound tubular walnut-sized gland situated 

in front of the rectum, right between the bladder and the penis. The prostate gland produces semen that 

nourishes and transports the sperm cells (Obukohwo et al., 2021). The prostate gland is the source of 

three well-known prostate conditions: benign prostatic hyperplasia (BPH), prostatitis, and prostate 

cancer (Shah et al., 2021). This study focuses on prostate cancer.       
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2.3 Prostate cancer 

2.3.1 Epidemiology  

Prostate cancer develops mainly in older men, aged 65 or older. Age-specific incidence rates (ASIRs) vary 

by 189-fold globally, with an ASIR of 68.0 per 100,000 in 2018 in SA. About 1,2 million new cases of 

prostate cancer were registered globally, showing as 7.1% of all cancers in men (Cassim et al., 2021). 

Prostate cancer is often seen in western countries, with one-in-six men diagnosed with the disease in the 

United States and 1-in-13 men in England (Lee, 2019). The incident rates of prostate cancer in Africa are 

lower than those in western countries (GLOBOCAN-WHO, 2018). Prostate tumours usually grow slowly 

and with no visible symptoms for years. About 95% of prostate cancers are adenocarcinomas (cancers that 

form and develop in the gland and spread to other parts of the body). By 2023, it is predicted that 

approximately 28,830 new prostate cancer cases will be diagnosed, and 34,700 men are likely to die from 

the disease (Oseni et al., 2023).  Delayed detection of the disease until the mature stages is one of the 

factors resulting to the increased mortality rate. The detection and diagnosis of prostate cancer comprises 

digital rectal examination, prostate-specific antigen (PSA) analysis, and ultrasound biopsies.  

 

2.3.2 Prostate cancer screening and detection  

Most men undergo prostate cancer screening when they experience signs of erectile dysfunction, blood 

in their urine or semen, or inflammation. Most prostate cancer detections start with a digital rectal 

examination (DRE). During a DRE, a medical practitioner evaluates a patient’s lower rectum, assessing 

the prostate gland size (Christie et al., 2019). If abnormalities of shape, texture and size are detected, the 

patient's blood is collected for PSA screening. PSA is a glycoprotein formed by the prostate. It is located 

mainly in semen. However, can be detected in the bloodstream. PSA is a sensitive marker to detect and 

monitor prostate cancer progression. Men diagnosed with prostate diseases and adenocarcinoma of the 

prostate have higher serum PSA protein levels (Filella et al., 2018). The PSA cut-off point is 4 ng/ml. 

Levels higher than 4ng/ml indicate that the patient requires additional tests (Sekhoacha et al., 2022). 
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After detecting high PSA levels, tests such as transrectal ultrasound (TRUS) and magnetic resonance 

imaging (MRI) are conducted to diagnose patients. 

 

2.3.3 Prostate cancer diagnosis    

The prostate gland is viewed with an imaging test such as a TRUS or MRI. During transrectal ultrasound, 

a probe is inserted into the rectum, and an ultrasound image of the prostate gland is created by sound 

waves. An MRI scan is used to generate clearer images. To verify the presence of cancer cells, an 

ultrasound biopsy is performed by collecting tissue samples from the prostate. During a biopsy, small 

prostate samples are removed with a thin hallow needle and then examined under a microscope. After a 

biopsy report that indicates that the patient is positive for prostate cancer, the cancer will be assigned 

a grade using the Gleason grading system to indicate how differentiated the cancer is (Tagai et al., 2019). 

The Gleason grading system is the histologic pattern of cancer cells in H&E-stained sections obtained 

from a biopsy sample. The grade can range from 2 to 10. An increasing Gleason grade is directly related 

to tumour size and pathologic stage. A low Gleason grade indicates a non-aggressive, slow-growing 

prostate cancer. For lower Gleason grades, active surveillance is done, where the progression of the 

cancer is monitored with rectal examinations and biopsies. If tests indicate that the prostate cancer is 

progressing, treatment of the disease will be initiated. The Gleason grade assists with predicting patients' 

response to specific therapies, such as surgery and radiotherapy (Wulczyn et al., 2021).                 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

2.4 Treatment 

There are four treatment methods that are primarily used for prostate therapy. These are surgery, 

radiation, hormonal therapy, and chemotherapy (Debela et al., 2021). The treatment options, their 

advantages, and setbacks are discussed below in detail. 
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2.4.1 Surgery 

Surgery is suggested for localized tumours that pose a high risk to the patients (Hofman et al., 2020). 

Radical prostatectomy and pelvic lymphadenectomy are known to be the most applicable surgery 

methods used for prostate cancer. Although surgery is known to significantly reduce mortality and the 

risk of metastasis, it has side-effects that include substantial sexual and urinary dysfunction 

(Guillaumier et al., 2018). 

2.4.2 Hormonal Therapy 

Hormonal therapy, which is also called hormone manipulation, endocrine therapy, or hormone 

withdrawal therapy, includes the use of drugs that affect the hormone secretion to inhibit, stop or slow 

down the growth of cancer cells that need specific hormones to grow. Recently developed drugs 

(aromatase inhibitors, LHRH analogues) are being used to treat prostate and breast cancer (Aggarwal et 

al., 2021). Hormonal therapy may be used to shrink a tumour and make it easier to remove. However, 

the use of androgen suppression therapy hormones has numerous side-effects, affecting insulin 

resistance fatigue; hypercholesterolemia; anaemia and bone mineral density leading to an increased risk 

of cardiac disorders (Edmunds et al., 2020).  

2.4.3 Radiation therapy 

Many radiation therapies, such as conformal proton beam therapy, stereotactic surgery, and intra-

operative radiation, are being used for cancer treatment. Radiation energy, however, usually damages 

the DNA of any cells it comes into contact with, affecting cell division and causing cell death. The main 

challenge with radiation therapy is that it does the same damage to healthy cells as it does to cancerous 

cells (Gnutzmann et al., 2018). 
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2.4.4 Chemotherapy 

Chemotherapy is a method to treat cancer in the form of drugs taken intravenously, orally, or injected into 

a muscle (Anand et al., 2022) . Chemotherapeutic drugs are limited by the fact that they are unable to 

reach the cancerous site in sufficient quantity to be effective. They must be administered in high doses, 

ultimately leading to adverse side-effects, such as targeting healthy fast-dividing cells (Mustapha et al., 

2022) . Other disadvantages are the adverse side-effects on the body’s immune system; cells becoming 

resistant to chemotherapeutic drugs; the suppression of blood cells and platelets by the bone marrow; 

neuropathy; and cardiotoxicity  (Liu et al., 2021, Ugwunnaji and Berinyuy). The most commonly used 

chemotherapeutic drug for prostate cancer is docetaxel. Other FDA-approved chemotherapy drugs, such 

as sipuleucel-T; enzalutamide; cabazitaxel; doxorubicin; and abirateroneand have shown positive results 

in prostate cancer clinical trials (Oseni et al., 2023). Doxorubicin and docetaxel are discussed further, as 

these were used in the current study as the standard drugs that served as positive controls. 

 

2.4.4.1 Doxorubicin 

Doxorubicin is a drug called cytotoxic anthracycline antibiotic, extracted from streptomyces peucetius 

var. caesius in the 1970s. Doxorubicin is often used in soft tissue sarcomas, hematological malignancies, 

and carcinoma. Doxorubicin has been proven to stop the progression of cancer cells by blocking an 

enzyme known as topo isomerase 2 and inducing DNA breaks (Rawat et al., 2021) . The conventional 

composition of doxorubicin can be obtained as a solution or freeze-dried product. Even though 

doxorubicin is administered to treat prostate cancer, there are increased risks of chemotherapeutic failure 

due to drug resistance. To hinder resistance, doxorubicin is usually used with other therapies to 

resensitize cancer cells to the drug (Shu et al., 2018). The FDA-approved doxorubicin, encapsulated as 

doxil in PEG liposomes in the early 90s, is the first FDA-approved nanodrug. The synergy between 

doxorubicin and anthracyclines was seen previously in in vitro studies. Doxorubicin was synergistic 

when combined with docetaxel at dose levels equal to their IC50 values in PC3, DU145, and LNCap 

cells (Dyshlovoy et al., 2024).  
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2.4.4.2 Docetaxel 

Docetaxel is an effective drug approved to treat different cancers, such as prostate cancer. The drug is 

also used to treat various malignancies. Docetaxel kills cells by interrupting the function of microtubules 

vital for cell survival. Docetaxel prevents the formation of new cells, causing existing cells to undergo 

apoptosis, stopping cells from maturing and replicating. As with all cytotoxic agents, docetaxel is not 

specific to cancerous cells and leads to various acute and long-term side-effects (Singh et al., 2019). 

Docetaxel is usually administered 3 - 4 times with lower concentrations.  It is reported that 0.5mg/kg is 

the lowest effective dose resulting in 87% tumour reduction in mice (Grohmann et al., 2021). 

Recently, new approaches such as target-specific nanoscale therapy and new drug combinations using 

medicinal plants are being explored to overcome multidrug resistance and side-effects caused by 

chemotherapy (More et al., 2021). 

 

2.5 Medicinal plants  

Medicinal plants are seen as an alternative to chemotherapeutic drugs as they contain a wide variety of 

bioactive compounds that possess anticancer, antibacterial, and antimicrobial properties. Secondary 

metabolites derived from medicinal plants have been the primary source of medical drug discoveries.  

Drugs such as vinblastine, paclitaxel, vincristine, etoposide, and taxel are examples of anticancer drugs 

derived from plants (Shaik et al., 2022).  

2.5.1. Euphorbia species 

The different species of euphorbia are used in folk medicine (Amtaghri et al., 2022). The plant genus is 

characterized by having milky latex which can be highly toxic in some species. According to the 

Planetary Biodiversity Inventory (2019: online), euphorbia has about 2000 plant members, ranging from 

small plants to huge trees. In this study, the euphorbia species used is the Euphorbia milii plant . 
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2.5.1.1 Euphorbia milii  

 

Figure 1: Euphorbia milii plant species 

Euphoria milii is commonly known as ‘Christ of Thorns’. It belongs to the euphorbia genus. E. milii is 

a woody, spiny succulent plant that can grow up to 1.8m high; the spines can grow up to 3cm. The plant 

has green leaves and flowers ranging through colours like red, pink, white, and yellow.  E. milii is well-

known for cancer therapy (Kaur and Kumar, 2023).   

Distribution: 

 The euphorbia genus is found in Pakistan, China, and Madagascar. Euphorbia milii, grows in bush and 

forest habitats, but usually in rocky areas. The plant is native to southern and western Madagascar and 

is found at an elevation of between 20 and 1609m above sea level. The plant is also found in other 

countries, like Brazil and Pakistan (Razanajatovo, 2020). 

Historical Medicinal uses 

Euphorbia milii is used to treat warts, hay fever, digestive problems, and breathing disorders like asthma 

and bronchitis (Rahman and Akter, 2013). In Brazil, E. milii’s latex is used to treat warts. In other 

countries, it is commonly used in cancer treatment (Chohan et al., 2020).  The bulbs are widely used to 

treat many illnesses, such as indigestion, stomach aches, constipation, diarrhea, and nausea. 
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Pharmacological activity and phytochemical composition 

Euphorbia milii is known to have anticancer, antidiabetic, and antimicrobial properties.  These 

properties are attributed to different phytochemicals present in the plant (Salehi et al., 2019). 

Phytochemical studies of Euphorbia milii show that flavonoids, triterpenes, saponins, phenols and 

tannins can be found in various parts of the plant (Kaur and Kumar, 2023). The leaves possess good 

cytotoxic activity due to the flavonoid-rich compounds. Flavonoids inhibit oxidative cell damage, 

indicating anti-inflammatory, anticancer, and antiseptic properties. The latex contains alkaloids such as 

β-sitosterol, euphol, euphorbol, and euphorbol hexacosanoa. The crude alcoholic extracts and ethyl 

acetate fractions have also shown high cytotoxic activity, suggesting that the potent cytotoxic molecules 

of the plant are more polar (Hassan et al., 2023). Medicinal plants’ anticancer activity and efficacy are 

tested in vitro against cell lines to discover new drug formulations before being tested in pre-clinical 

and clinical trials. This study tested E. milii against prostate cancer cell lines in vitro. 
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2.6 Cell lines 

2.6.1 Prostate cancer cell lines  

Cell culture models are developed to test the cytotoxic activity of potential therapeutic agents, as well 

as to study different stages of various cancers. To be classified as a prostatic cell line, the cells have to 

express specific proteins, such as intermediate filament proteins IF, cytokeratins CKs 8 and 18. There 

are three prostate cell lines commonly used in in vitro research. These are LNCap, PC3, and DU145 cell 

lines. Together with the PC3 cells, DU145 cells are androgen receptor-negative and express AR mRNA. 

(Kaur and Kumar, 2023). Only the DU145 and LNCap prostate cancer cell lines were used in this study.  

2.6.2 The DU145 cell line  

DU145 cell line was the first prostate cancer cell line produced from a brain metastatic tumour in 1975. 

DU145 cells are haplotriploid human cells that do not secrete PSA and are hormone insensitive. In 

xenografts mice models, DU145 cells have a moderate potential to metastasize, especially to bone 

(Namekawa et al., 2019). The DU145 cell line is androgen-independent and can express mutated forms 

of androgen receptors and cytokeratins (Capone et al., 2020). 

2.6.3 The LNCap cell line  

LNCaP (lymph node carcinoma of the prostate) are androgen-sensitive prostate cancer cells,  derived 

from the left supraclavicular lymph node metastasis of a 50-year-old Caucasian male (Saranyutanon et 

al., 2020). The malignant properties of LNCaP cells are sustained in nude mice which grow tumours at 

the inoculation site. Different cell lines have been derived from LNCaP cells to investigate various 

aspects of prostate cancer progression. When inoculated subcutaneously into male athymic nude mice, 

LNCaP cells do not metastasize ( Abate-Shen and Nunes de Almeida, 2022). Prostate-specific antigen 

(PSA) is expressed by the LNCaP cell line. This is a clinically useful human prostate serum that can be 

used as a prostate cancer marker. The LNCaP cell line was used as the primary cell line for this study 

because it is the only prostate cancer cell line that is androgen-sensitive and secretes prostate-specific 
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antigen (PSA). Studies have indicated that the LNCaP cell line progression model is similar to human 

prostate cancer (Saranyutanon et al., 2020).  

 

2.7 Nanotechnology  

Nanomedicine uses nanotechnology and knowledge of the human body for medical diagnosis and 

treatment.  In cancer treatment, nanomedicine is being explored for possible new targeted drug delivery 

systems to improve the pharmacodynamic and pharmacokinetic profiles of conventional therapeutics, 

therefore optimizing the efficacy of existing anti-cancer compounds and reducing their toxicity (Hafeez 

et al., 2021). With current cancer treatment, it is challenging to reach therapeutic levels of drugs at the 

tumour site without damaging and killing healthy cells. Nanotechnology offers a wide variety of 

solutions, including improved specificity and targeted delivery of chemo drugs to cancer sites (Alrushaid 

et al., 2023). Target-specific drug therapy is a priority research area in which nanotechnology plays a 

vital part in advancing cancer therapy. However, most efforts to improve cancer treatment through 

nanotechnology are still in the research or development stage. 

2.7.1 Nanotechnology in drug delivery 

Nanotechnology has attracted much interest in drug delivery over the years because of its unique 

properties that increase drug efficacy, selectivity, and retention time. Nanoparticles are drug-delivery 

vehicles ranging from 1 - 100nm in size. The size of the nanoparticles allows easy penetration into the 

tumour and enhances the therapeutic potential of the administered drug (Sahu et al., 2021). 

Nanoparticles composed of different biological compounds have been thoroughly studied for drug and 

gene delivery in nanomedicine. Nanoparticles used in nanotechnology include ceramic, metal, 

polymeric, lipid-based and semiconductor nanoparticles (Khan et al., 2019). The application of 

nanotechnology in drug delivery includes binding nanoparticles to the targeted cancer cells, allowing 

effective targeted drug delivery, and thereby reducing the destruction of healthy cells.  
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2.7.1.1 Advantages of nano particles 

❖ Nanoparticles that are surface modified by hydrophilic polymers, such as polyethylene glycol (PEG), 

can avoid renal clearance and rapid uptake by cells of the reticuloendothelial system (RES); thereby 

maximizing blood circulation time.  

❖ Nanoparticles have improved bioavailability by enhancing aqueous solubility. 

❖ Nanoparticles can be modified to increase specificity for targeted receptors.  

❖ Nanoparticles have controlled release of entrapped active substances when exposed to stimuli. 

❖ Minimal doses of chemotherapeutic agents are administered during the targeted therapy (doses are 

smaller than those in standard chemotherapy). 

❖ Nanoparticles reduce toxicity and increase efficacy.  

 

The current study explores the use of lipid-based nanoparticles, known as liposomes. Between various 

gene and drug delivery systems, liposomes provide some advantages, such as low toxicity, 

biocompatibility, and the ability to change the pharmacokinetic outline of therapeutic agents (Rommasi 

and Esfandiari, 2021). 

2.7.2 liposomes  

Liposomes are small, closed lipid vesicles comprising a phospholipid bilayer containing the aqueous 

centre (Pande, 2023) . The stability and integrity of liposomes rely on their chemical composition. The 

ability of liposomes to entrap hydrophilic and lipophilic elements allows the encapsulation of a wide 

range of drugs. The hydrophilic molecules are entrapped in the aqueous centre, and hydrophobic 

molecules are in the lipid bilayer. Liposomes are delivery vehicles that can transport drugs to the  

cancerous site. Liposomes have many advantages as drug carriers, mainly since they are noncovalent 

aggregates. Their electric charge, lipid composition and sized can easily be modulated. The 

concentration of the drugs encapsulated in liposomes can be determined by using various techniques, 

such as UV–vis detection and HPLC, depending on the active compound inside liposomes (Giordani et 

© Central University of Technology, Free State



 

28 
 

al., 2023). Liposomes are easily metabolized and biodegradable in vivo. They can entrap various solutes 

with different characteristics and molecular weights (Sheikholeslami et al., 2022)  

 

 

 

Figure 2: Different types of liposomal drug delivery systems (conventional, Theranostic, 

PEGylated and Ligand-targeted liposomes) 

https://www.researchgate.net/figure/Schematic-representation-of-the-different-types-of-lip2014 

In Figure 2 (A) shows the conventional liposome. Liposomes consist of a lipid bilayer and an aqueous 

core. Both the aqueous space and the lipid bilayer can incorporate hydrophilic and hydrophobic 

compounds respectively. Figure 2 (B) shows the PEGylated liposome. This is a hydrophilic polymer 

coating that modifies the behaviour and characteristics of the liposome surface in vivo to grant steric 

stabilization, Figure 2 (C) shows the ligand-targeted liposome that are utilized for specific targeting by 

attaching ligands such a antibodies and peptides to the surface or terminal end of the PEG chains. Figure 
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2 (D) shows the theranostic liposome. A single system of theranostic liposomes consists of a targeting 

element, a therapeutic component , and a functionalized imaging agent (Mundargi et al., 2022).  

 

2.7.3 Classification of liposomes 

The morphology of a liposome can be classified according to the compartments of the aqueous regions 

between bilayer shells. The size of vesicles is a crucial aspect in determining the circulation half-life of 

liposomes, and the total number of bilayers and the size affect the amount of drug encapsulation in the 

liposomes (Guimarães et al., 2021). Three groups of liposomes exist, classified by their structural 

morphology, using conventional classification: Multilamellar vesicle (MLV) liposomes have more than 

one bilayer around every aqueous compartment. If the aqueous regions are each separated by one 

bilayer, the liposomes are called unilamellar vesicles. There are large unilamellar vesicles (LUV) and 

small unilamellar vesicles (SUV) with sizes ranging from 25nm to 100nm. These various vesicular 

morphologies can be achieved through the self-assembly of a specific amphiphilic. Effective liposomes 

used for bioconjugates are the small spherical unilamellar vesicles with layers of hydrophilic head on 

their inner and outer surface. The membrane structure is essential for drug encapsulation to protect the 

drug from degradation (Sathe and Bangar, 2021).  
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Figure 3: A schematic illustration of liposomes of different sizes and with different numbers of 

lamellae 

https://www.researchgate.net/figure/02-Schematic-illustration-of-liposomes-of-different-size-and-

number-of-lamellae-Small_fig8_278654572 

Figure 3 is a schematic illustration of liposomes of different sizes and with different numbers of 

lamellae. SUV: small unilamellar vesicles; LUV: large unilamellar vesicles; MLV: multilamellar 

vesicles; and multivesicular vesicles (Nsairat et al., 2022). 

There have been numerous attempts to develop liposomes that can regulate the release of drugs in 

response to stimuli, such as light, temperature and pH. Temperature-sensitive liposomes are the subject 

of this research. Conventional liposomes can enhance the effectiveness of drugs and treatment outcomes 

through temperature-controlled drug release at the cancer site. To achieve this, the carrier/drug 

relationship must be changed from a stable phase to gross instability at the target site (Chaudhry et al., 

2022) 
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2.7.4 Temperature-sensitive liposomes 

All lipids have a temperature at which their fluidity changes. This temperature is called the transition 

temperature (TC). The transition temperature can affect the stability of the liposome, the encapsulation 

efficiency, and the interaction between the liposomes and other lipids (Maritim et al., 2021). When the 

environmental temperature is higher than the phospholipid transition temperature, phospholipids present 

in a liquid state. The leaky lipid bilayer will then result in early drug release. It is thus, always safe to 

use phospholipids with a transition temperature higher than the body temperature when preparing 

liposomes (Bi et al., 2019). Thermo-sensitive liposomes can release drugs when exposed to heat at 39- 

to-42℃, due to thermosensitive polymers added to their formulation (Hossen et al., 2019, Maritim et 

al., 2021, Bi et al., 2019). 

Heat-sensitive liposomes enable effective drug delivery to a targeted site because hyperthermia 

increases vascular permeability, interstitial transport, and the precision of the time the drug is released 

from the liposome into the tumour. Temperature-sensitive liposomes have an extended circulation time, 

enabling them to passively release the drug to accumulate at the desired site (Amin et al., 2020). Tumour 

cells usually have highly compact and disorganized vascular structures. Heat dissipation in these cells 

is often more complex than in normal cells, which provides a possible avenue for selectively targeting 

cells that contain heat (Raj et al., 2021). Temperature-sensitive liposomes have been triggered with 

different heating techniques, but there is no specification for ideal timing or duration when applying 

heat.  A water bath can be used as a heat source in preclinical studies, such as animal studies. 
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Figure 4: Thermosensitive liposomes passed through the tumour via enhanced permeability and 

retention where the external heating locates promoting drug release. 

https://www.sciencedirect.com/science/article/pii/S1818087617307419 

Temperature-sensitive liposomes are more dependent on the preparation method. Preparation includes 

using thermos-sensitive polymers such as poly (N_ isopropylacrylamide) PNIPA with a critical solution 

temperature near 31℃ for coating liposomes (Yang et al., 2020). Adding either hydrogenated soy 

phosphocholine (HSPC) or distearoyl phosphocholine (DSPC)  to the temperature-sensitive liposomes 

increases load incompatibility, bilayer permeability, and the amount and rate of drug released (Heidarli 

et al., 2017). DSPE-PEG2000 1,2-distearoyl-sn-glycero-3-phosphoethnolamine-N-

[amino(polyethyleneglycol)-2000] (ammonium salt) chloroform is a compound lipid with a PEG chain 

in the terminal end on the hydrophobic tail. Pegylated liposomes, also known as stealth liposomes, have 

an extended circulation half-life that can last days because of the PEG-lipid technology which enhances 

circulation at the tumour site. DSPE-PEG2000 is used as a PEGylated preparation for polymer micelles, 

liposomes, and microemulsions (Takayama et al., 2020). DSPE-PEG (2000)-amine has been used to 

synthesize solid lipid and thermosensitive liposomes, mainly for the delivery of anticancer drugs and 

the synthesis of fluorescein isothiocyanate-loaded mesoporous silica nanoparticles for imaging 

applications. DSPE-PEG (2000)-amine is used with different functional molecules, such as the DSPE-

2000-maleimide, to prepare target-specific, antibody-conjugated nanoparticles for improved cellular 

and receptor targeting (Bi et al., 2019). 
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2.8 Targeted therapy  

2.8.1 Enhanced permeability and retention effect  

The inter-endothelial gap enhances the tumour’s permeability, enabling nanoparticles to leak passively 

into the tumours (Duan et al., 2020). The use of targeted nanoparticles can improve the enhanced 

permeability and retention effect (EPR) for better delivery of anticancer drugs to the tumour site. Adding 

a polyethylene glycol (PEG) coating on the outer layer of liposomes aids localization of the liposomes 

at the desired target tissue through the EPR and increases blood circulation (Gawali et al., 2023). 

 

Figure 5: The chemistry of bioconjugation in a nanoparticles-based drug delivery system.  

https://www.hindawi.com/journals/acmp/2015/198175/ 

Figure 5 illustrates the chemistry of bioconjugation in a nanoparticles-based drug delivery system: (A), 

passive drug targeting by EPR effect; (B), active drug targeting. Long-circulating liposomes that rely 

passively on the EPR effect have poor clinical efficacy. Active targeting relies on modifying the surface 

of liposomes with targeting ligands that bind to specific receptors at their target site (Sharifi et al., 2022). 

 

© Central University of Technology, Free State



 

34 
 

2.8.2 Targeted thermosensitive liposomes 

The overexpression of cell receptors on the outer surface of cancer cells in tumours facilitates cancer 

cell recognition by targeting moieties conjugated on drug delivery systems. Anticancer therapy targeting 

ligands can recognize tumours, such as antibody nucleic acids; peptides; oligosaccharides; 

carbohydrates; and vitamins, which can be conjugated on the surface of liposomes (Tiwari et al., 2023). 

After targeted liposomes off-load into the tumour interstitial space, ligand-receptor interactions increase 

cellular internalization (For example, interaction between antigens and antibodies). Compared to other 

ligands, antibody-conjugated liposomes, also termed immunoliposomes, have attracted considerable 

attention as a targeted therapy (Eroğlu and İbrahim, 2020). 

2.8.3 Immunoliposomes 

Immunoliposomes aim to increase the accumulation of the drugs in the diseased tissue using antibodies 

on the surface of liposomes. Scientific research conducted on antibody-conjugated liposomes was first 

reported by Sullivan and Huang in 1985. They used antiH2KK antibodies to make heat-sensitive 

immunoliposomes (Motamarry et al., 2017). Antibodies targeting specific receptors found on cancer 

cells are usually conjugated onto liposomes for targeted drug delivery. Once these antibodies are 

attached to antigens on tumour cells, temperature sensitive liposomes can then release their content upon 

heat stimulus. Conjugating antibodies to the liposome outer surfaces mainly involves covalent antibody 

bonding to the liposome surface. Temperature-sensitive immunoliposomes combine the advantages of 

triggered and controlled release. A study by Al-Ahmady et al. indicated that heat-sensitive liposomes 

conjugated with an IgG antibody resulted in a higher liposome accumulation on the tumour, compared 

to heat-sensitive liposomes not conjugated with an antibody. Successful targeting and long blood 

circulation times of immunoliposomes in vivo were demonstrated with PEG-coated liposomes. 

Liposome conjugation can be achieved through the N or C terminus. DSPE-PEG-Maleimide (DSPE-

PEG-MAL) is a PEGylation reagent containing DSPE hydrophobic saturated phospholipids as well as 

maleimide, which has good reactivity to sulfhydryl (thiol, -SH) groups. DSPE-PEG(2000) maleimide is 

used to prepare conjugated polymer nanoparticles. DSPE-PEG(2000) maleimide provides a self-
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assembling reagent to prepare PEGylated nanoparticles while supplying a thiol maleimide group. 

Maleimide PEG DSPE can bind antibodies and other ligands to the surface of lipid PEG nanoparticles 

(Zhang and Zhang, 2020). 

 

Figure 6: Different types of immunoliposomes 

Figure 6 provides a diagrammatical representation of different kinds of immunoliposome:  Type A: 

liposomes show the direct conjugation of antibodies to the head group of the lipid, to generate 

immunoliposomes with binding specificity, but having reduced blood circulation time; Type B: 

liposomes with constituents that consist of antibodies and PEGylated lipids (lipids conjugated to 

polyethylene glycol [PEG]); Type C: liposomes containing cell-targeting antibodies attached to the 

PEGylated lipids free termini. 
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Chapter 3 

 3. Research techniques 

3.1 Plant extraction 

Generally, plant extraction is the process of obtaining the constituents of the plant materials. In 

preparation for the plant material extraction, the plant materials are usually washed to remove debris, 

cut into small pieces, and dried. It is crucial to ensure that the grinder used is not too hot, to avoid the 

degradation of compounds. The powdered plant material measurement, depending on the amount 

needed for the extraction, is then weighed and the process of extraction is carried out using organic 

solvents (such as ethyl acetate, hexane, DCM, and methanol), or water, depending on the compounds of 

interest, in relation to polarity. Before filtering using filter paper, the plant-solvent mixtures are usually 

placed on a shaker or a stirrer for about 48 hours, for the purpose of extracting the pharmacological 

content of the plant material. The filtrates of organic extracts are concentrated under decreased pressure 

at a temperature of 45 °C, with 150 rotations per minute, using a rotatory evaporator, while the water 

extracts are concentrated with the help of a freeze dryer. Finally, the extracts are transferred into a pre-

weighed vial and dried in a dark room at room temperature (Direko et al., 2019).  

3.2 Phytochemistry screening  

Phytochemicals are secondary metabolites detected in plants. Phytochemical screening is an easy, 

inexpensive experiment that provides answers to the phytochemical constituents in any phytochemical-

containing mixture, and it remains a vital tool in the analysis of bioactive compounds. Some of these 

bioactive substances obtained from parts of a plant include flavonoids; alkaloids; carotenoids; tannins; 

antioxidants; proteins; amino acids and phenolic compounds. Usually, the powdered material of the 

plant is subjected to diverse phytochemical evaluation methods, to establish the presence of these 

bioactive compounds, such as saponins; flavonoids; pentose; glycosides; triterpenoids; tannins;  

anthraquinones; alkaloids, and phytosterols (Inayat et al., 2020). 
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3.3 Cell viability test  

A cell viability test is conducted, based on the ratio of dead and live cells. This assay is based on 

analysing the viability of cells in a cell culture when testing in vitro drug effects in cell-mediated 

cytotoxicity assays to monitor cell proliferation. Cell viability and assays relies on different cell 

functions, such as cell adherence; enzyme activity; cell membrane permeability; nucleotide uptake 

activity; ATP production; and co-enzyme production (Zhang et al., 2023). Various assay methods can 

be utilized to assess the number of viable cells, such as the MTT assay. 

The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay is a quantitative 

colorimetric assay commonly used for the measurement of metabolic activity and the cytotoxicity of 

cells tested in various culture conditions. The MTT substrate is developed in a physiologically balanced 

mixture which is added to cells.  The viable cells then reduce the yellow colored water-soluble 

tetrazolium salt to purple water-insoluble formazan (Nwabuife et al., 2023). The absorbance at 540 nm 

using a plate reading spectrophotometer is used to detect the amount of formazan.  

3.4 Thin film method 

The thin film method is based on mixing the liposome formulation with a solvent, such as chloroform, 

to make a thin lipid film at the bottom of a round flask by removing an organic solvent, usually through 

a rotary evaporator at 60°C for ~20 minutes to form a solid film. After evaporation, the flask is placed 

in a vacuum desiccator overnight to remove organic solvent residue. It is vital to cover the flask's 

opening with stretched parafilm with small holes to prevent the entry of contaminants. When the solvent 

is successfully evaporated, PBS is added to hydrate the dry lipid (Nwabuife et al., 2023). 

3.5 Characterization techniques 

3.5.1 Transmission electron microscopy (TEM)  

Transmission electron microscopy is a technique in which a beam of electrons in a microscope is 

transmitted through a specimen to create an image. The image is created when the sample interacts with 

electrons as the beam is transmitted through the specimen. The imaging system comprises the specimen 
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stage; the projector; intermediate lenses; the objective lens, and the image recorder mainly responsible 

for converting the electron image to one visible to the human eye (Dhale, 2023). 

Transmission electron microscopes can produce images at higher resolution than light microscopes. 

This allows the microscope to capture detail as small as nanoparticles and a single column of atoms (Lin 

et al., 2021). 

3.5.2 Scanning electron microscopy (SEM) 

A scanning electron microscopy generates images by scanning the surface with a focused beam of 

electrons interacting with atoms in the sample. This produces a variety of signals with details of the 

sample’s surface composition and topography. The microscope has an electron column; detectors; a 

scanning system; a vacuum system; and electronic controls. The electron column has electromagnetic 

lenses running in a vacuum as well as an electron gun. This electron gun produces electrons that 

accelerate to energies in the range 1-40 KeV in the SEM. Images are created when the electron beam is 

focused into a thin probe. When the accelerated electrons strike areas of the specimen, electromagnetic 

radiation signals are emitted. The detector collects a specific portion of radiation, and the image 

produced is easy to analyse (usually topographic imaging of objects at low modifications) (Chen et al., 

2020).  

3.5.3 Fourier transform infrared (FTIR) spectroscopy. 

Fourier transform infrared spectroscopy is a common form of infrared spectroscopy. This technique is 

used to detect various functional groups and chemical bonds by generating an infrared range absorption 

spectrum. FTIR works on the vibrations of the atoms in molecules. It can be used to virtually analyse 

organic, inorganic, and polymeric samples in all states (liquids; gases; powders; solutions; pastes; 

powders; fibres; gases). The spectrometer comprises of a laser; mirrors; a source; a beam splitter; and a 

detector. The instrument transmits infrared radiation ranging from approximately 10,000 to 100cm-

1(Eid, 2022).  

3.5.4 High-performance liquid chromatography (HPLC) 
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High-performance liquid chromatography (or pressure) liquid chromatography (HPLC) is a 

chromatographic technique in analytical chemistry, utilized for the separation of compounds in a 

solution, as well as to quantify, purify, and detect different compositions within a chemical mixture 

(Reuhs, 2017). HPLC depends on pumps to drive pressurized liquid solvent containing the sample 

mixture through a column packed with stationary phase. The mobile phase moves the sample through 

the column to the detector. Compounds then separate due to different degrees of interaction with the 

stationary phase or absorbent material (Malhotra, 2023).  

3.5.5 Liquid chromatography–mass spectrometry (LCMS) 

Liquid chromatography–mass spectrometry is a technique that merges the physical separation 

capabilities of HPLC, or liquid chromatography with the mass analysis abilities of mass 

spectrometry (MS). Coupled chromatography-mass spectrometry is often used in chemical analysis 

because the individual abilities of each technique to work synergistically. While HPLC separates 

mixtures with various components, mass spectrometry gives detailed spectral information identifying 

or confirming the separated component’s composition. LCMS has an interface responsible for 

transferring the maximum amount of the separated analyte from the LC column into the MS ion source. 

MS is sensitive and provides selective detection. MS analysers perform in a high vacuum, making it 

impossible to directly pump the eluate from the LC column into the MS source (Beccaria and Cabooter, 

2020) 

 

 

© Central University of Technology, Free State

https://en.wikipedia.org/wiki/Analytical_chemistry
https://en.wikipedia.org/wiki/Solvent
https://en.wikipedia.org/wiki/Mass_spectrometry
https://en.wikipedia.org/wiki/Mass_spectrometry


 

40 
 

Chapter 4 

4. Methodology 

4.1 Study location  

Plant extraction was carried out at the Central University of Technology, the Faculty of Health Sciences, 

in the Department of Biomedical Sciences. All cell culture experiments, synthesis of heat-responsive 

liposomes, preparation and conjugation of Euphorbia milii encapsulated heat-sensitive liposomes, were 

conducted by the researcher at the University of the Free State’s Pharmacology Department, Health 

Sciences. Scientific ethics clearance was obtained from the University of the Free State, ethics number 

UFS-AED2020/0065/191.  

4.2 Plant collection and extraction  

The plant was collected from the Gariep nursery, situated at 309 Cliffendale Drive, Faerie Glen, Pretoria, 

South Africa, on 11 November 2020, at 11:00 (SAST), and identified by a taxonomist, Dr. Pienaar, of 

the Department of Botany, the University of the Free State, in Bloemfontein, South Africa. As the plant 

was obtained from a nursery, and not from the wild, the co-ordinates were deemed sufficient, and no 

specimen number was issued.  

 

The plant was washed to remove debris, cut into pieces, and left to dry at room temperature; then ground 

to a fine powder. Nine grams (9 g) of the powder was suspended in 150 mL of hexane, dichloromethane, 

and methanol sequentially. The mixtures were placed in a rotary shaker for 48 h at 25°C at the 

solid:solvent ratio of 1:16. Each mixture was filtered using filter paper (whatman® Maidstone). Filtrates 

were concentrated under decreased pressure at 45°C and 150 rpm using a rotary vacuum evaporator; 

transferred into a pre-weighed, clean vial; shade dried (without direct exposure to sunlight) at room 

temperature; and stored at 4°C until required for use. 
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4.3 Phytochemical analysis  

Standard qualitative screening of the E. milii plant specimen was conducted to detect the presence of 

secondary metabolites. The plant materials were ground and subjected to various phytochemical 

analysis methods to evaluate the presence of phytosterols, saponins, flavonoids, pentose, tannins, 

glycosides, alkaloids triterpenoids, and anthraquinones, based on previously published protocols (Inayat 

et al., 2020). 

Determination of phytosterols 

Chloroform (10 mL) was added to the powdered material (0.05 g), followed by the careful addition of 

concentrated H2SO4 (1 mL), down the walls of the test tube. The presence of a reddish-brown colour in 

the layer of the chloroform was taken to be an indication that phytosterols were present.  

 

Determination of pentose 

Distilled water (40 mL) was added to the powdered plant material (2 g), after which the filtration of the 

mixture was carried out. To a portion of 2 mL of the filtrate, 2 mL of a mixture of hydrochloric acid and 

phloroglucinol was added. Thereafter, the solution was warmed for a period of five minutes. The 

formation of red coloration indicated the presence of pentose.  

Determination of tannins 

Distilled water (20 mL) was added to the powdered plant material (0.5 g). Thereafter, the mixture was 

subjected to a high temperature by boiling, and the mixture was filtered before cooling. The treatment 

of the filtrate was carried out by the addition of three drops of ferric chloride (0.1%). The presence of 

tannins was confirmed by the formation of blue-black precipitates.  

Determination of glycosides 

Acetic acid (2 mL) was added to the powdered plant material (0.5 g). This was followed by the treatment 

of the mixture with one drop of ferric chloride (0.1%), and the gentle addition of concentrated sulphuric 

acid (1 mL). The observation of a brown ring indicated that deoxy sugars were present. 

Determination of triterpenoids 
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To 2 mg of powdered plant material, 1mL of chloroform was added, then 3 mL of concentrated sulphuric 

acid was added to the solution. A reddish-brown coloration interface indicated that triterpenoids were 

present.  

 

Determination of anthraquinones 

A solution of 10% HCl (12 mL) was added to the powdered plant material (1 g). Thereafter, the solution 

was boiled for a period of five minutes. It was filtered, and allowed to cool down, before the addition of 

chloroform (10 mL) to the filtrate. A clean test tube was used to collect the chloroform layer and, 

thereafter, a solution of 10% ammonia (10 mL) was added to the chloroform mixture. The formation of 

a top layered rose-pink coloration while shaking the mixture was taken to be an indication of the 

presence of anthraquinones.  

 

Determination of saponins 

Distilled water (5 mL) was added to the powdered plant material (0.5 g), boiled, and then filtered. 

Distilled water (3 mL) was then poured into the resulting filtrate, and the solution was vortexed for a 

period of five minutes. An indication of frosting confirmed the detection of saponins. 

Determination of flavonoids 

Ethyl acetate (10 mL) was added to the powdered plant material (0.5 g) and heat was applied to the 

resultant mixture for about three minutes; and was thereafter cooled. The cooled mixture was filtered; 

and to the filtrate (5 mL), a diluted solution of ammonia (1 mL) was added. The presence of flavonoids 

was confirmed by the observation of a yellow precipitate when the mixture was shaken.  

Determination of alkaloids 

A solution of 1% HCl (2 mL) was added to the powdered plant material (0.2 g), and this was followed 

by the addition of 1 mL to both the Meyer’s reagent and the Drangendorff’s reagent. The 

greenish/creamy precipitate (for Meyer’s reagent) and reddish-brown appearance (for Drangendorff’s 

reagent) observed were taken as indications of alkaloids being present.  

© Central University of Technology, Free State



 

43 
 

 

 4.4 Cell culture 

4.4.1 Cell culture conditions 

The humidified culture environment was kept constant at 37°C, with 5% atmospheric CO2. DMEM 

media was used to grow the cells, and was supplemented using 10% serum (FBS), and incubated in the 

culture environment until 90% confluence was reached. 

4.4.2. Cell sub-culturing 

When the cells attained an approximately 90% confluence, as confirmed with the use of microscope 

analysis equipment, trypsinization was performed. Aliquots of 2ml of 37°C warmed trypsin-EDTA 

solution were added for about 2 minutes to detach the cells. Then trypsin-EDTA was neutralized by 

adding equal amounts of the complete medium (Direko et al., 2019).  

The cell suspensions were then centrifuged for 5 minutes at 700 rpm to obtain the cell pellets. The cell 

pellets were then re-suspended in a fresh growing medium (5 mL). A 20 µl aliquot was then removed 

and counted with the help of cell-counting equipment to evaluate the viability of the cells. The volume 

of suspended cell solution required to obtain cell suspension of 1×105 per mL was calculated, and 10 ml 

of complete medium was added to it. Thereafter, cell plating was carried out using a 96-well plate, 

followed by an incubation in a humidified atmospheric CO2 (5%), at 37°C. 

4.4.3 Cell viability count 

The viability of the cells was evaluated with the use of a dye-stating solution called trypan blue. Aliquots 

of cell suspension and the staining solution of trypan (20 µl each) were mixed inside an Eppendorf tube. 

Thereafter, a portion of the suspended cell (20 µl) was measured using a pipette and transferred into a 

sealed hemocytometer to obtain the concentrations of both dead and viable cells. 
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4.4.4 Cell plating 

From the above cell concentrations, dilutions to obtain the desired cell concentrations (1x105 cells/ml) 

were made using supplemented media. A 100 µl aliquot of cell suspensions with concentrations of 1 x 

105 cells per ml was then plated in different wells of a 96-well plate, and 100µl of the growth media was 

also added to each well. Thereafter, the plate was incubated to allow attachment of the cells, in an 

incubator, for a period of 24 hours. 

4.4.5 Culturing of the assay       

After the 24-hour incubation, the medium was removed. The cells were exposed to the drugs at different 

concentrations (1 μg/ml, 10 μg/ml, 100 μg/ml) for 72 hours. Complete medium (100 µl) was added up 

to a volume of 200 µl. These plates were incubated for a period of 48 hours. The first column of the 96-

well plate only contained 200ul of complete media, without cells, and served as a blank; while the second 

column contained cells not exposed to any test sample, which served as the positive control. 

4.4.6 Measuring cell viability 

The cell growth measurement was carried out using the MTT assay method. On completion of the 48- 

hour incubation, the addition of 25 μL of sterile MTT (5 mg/ml in PBS) to the individual wells was 

carried out; and thereafter the plates were incubated at 37℃ for 4 hours. Thereafter, supernatant 

aspiration from the wells was carried out, and 100 μL of dimethylsulphoxide (DMSO) was pipetted into 

the individual wells to help in the dissolution of the formazan crystals. This was followed by gently 

shaking the plates for 2 minutes, using a microtitre plate shaker. Then the plates were read immediately, 

with the help of a microtitre plate reader, at a wavelength of 540 nm. To calculate the values for cell 

viability, a dose-response curve was plotted using nonlinear dose-response curve fitting analyses from 

Microsoft excel (Ghasemi et al., 2021). 
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4.5 Cytotoxic activity of docetaxel-loaded liposomes and Euphorbia milii 

liposomes. 

To evaluate the cytotoxic activity of temperature-sensitive immunoliposomes encapsulation, the E. milii 

DCM root extracts, as well as the prostate cancer standard drug’s (docetaxel), cytotoxicity was evaluated 

using the MTT assay in the LNCap cell line. This was done with, and without, exposure to hyperthermia. 

To ensure that the drugs were intracellularly bioavailable, mild hyperthermia was used to induce the 

release from liposomes, following cellular uptake. A specific heating strategy was followed to evaluate 

the effect of the drug release on cell viability above the liposomal transition temperature. The incubation 

of cells along with liposomal formulations at 39 - 40°C was carried out for about 15 minutes, followed 

by a 48-hour incubation period at 37°C. The control experiment included no application of 

hyperthermia. Thereafter, the cells were treated for 4 hours using MTT solution. The formazan crystals 

that were formed were then solubilized with DMSO, and their absorbance were measured using a 

multimode plate reader at 540 nm (Ghasemi et al., 2021). 

 

4.6 Synthesis of heat-responsive liposomes 

Liposomes were prepared and modified using the thin film method. Briefly, in a round-bottom flask, 

liposomes consisting of HSPC: DSPE-PEG-2000: DSPE-PEG2000-maleimide in the molar ratio of 

4:1:0.2 (2mg:0.5mg:0.1mg) were dissolved in 5 ml chloroform, and 2 mg of E milii extract/docetaxel 

dissolution in methanol (concentration of 1 mg/mL) was prepared. The solution was mixed out and the 

organic solvents were evaporated at 60°C for ~20 minutes with the help of a rotary evaporator to form 

the liposome film, which was then covered with a parafilm, and left overnight. This process encapsulated 

the drugs inside the liposomes. The dry heat-sensitive nanoparticles were hydrated with 2 mL of PBS 

and vortexed three times for 10 seconds at a maximum speed to suspend the lipid materials in the solution. 

The solution was left to stand at 4°C overnight to efficiently hydrate the lipid formulation (Ghasemi et 

al., 2021). 
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Figure 7: Weighed HSPC, DSPE-PEG-2000, and doxorubicin liposomes 

 

4.7 Liposome conjugation  

Heat-sensitive liposomes, consisting of HSPC: DSPE-PEG2000 and DSPE- PEG2000-maleimide 

(DSPEPEG2000-Mal), 4:1:0.2 ratio, were prepared. The combination of the anti-PSMA antibody and 

liposomes through stirring constantly for 4 hours at a temperature of 4°C, with a 1:10 molar ratio 

(antibody/DSPE-PEG2000-Mal liposomes), was carried out, and the anti-PSMA antibody conjugation 

to liposomes was carried out by sulfhydryl residues reacting on the antibodies with the PEG chains C-

terminal maleimide groups (Mofolo et al., 2020). The removal of the unconjugated antibody from the 

solution was carried out using an ultracentrifuge for 2h at a temperature of 4°C and 30,000 rpm. The 

amount of residual anti-PSMA antibody in the collected supernatant was determined with the use of a 

BCA protein assay kit. 
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Figure 8: Antibody-conjugated heat-sensitive liposomes 

 

4.8 Weighing of liposomes 

Heat-sensitive liposomes encapsulating E. milii extract and liposomes encapsulating docetaxel were 

measured after they were successfully synthesized and conjugated by centrifuging the PBS-hydrated 

liposomes for 30 min at 90,000 g using an ultracentrifuge at 4°C. Following centrifugation, the 

supernatant and pellets were separated. The pellets were weighed in milligrams. 

4.9 Protein analysis 

The BCA protein assay (Pierce) was used to quantify the amount of anti-PSMA antibody conjugation 

on the liposomes. The unconjugated antibody removal from the liposomes was made possible by using 

an ultracentrifuge for 1 hour. After removing the unconjugated antibody, the supernatant was collected 

to evaluate the quantity of anti-PSMA. The dilution scheme for the microplate procedure of the BCA 

kit was used. One ampule of 2 mg/mL albumin standard was used to produce a set of diluted standards. 

BSA standards were diluted to concentrations of 2000, 1500, 1000, 750, 500, 250, 125, and 25 μg/mL. 

The protein content of the samples was thereafter determined using a standard curve obtained at 562 nm 

(Zhao et al., 2023). 
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4.10 Characterization of liposomes. 

4.10.1 Transmission electron microscopy (TEM) 

Liposomes were analyzed using negative stain electron microscopy using a JEM 1200 EXII electron 

microscope. A drop of liposome suspension was applied to carbon-coated grids, after 2 minutes, the 

surplus was drawn off with filter paper. A saturated uranyl acetate aqueous solution was utilized as a 

staining agent. The surplus was removed with distilled water. The morphology of the sample was 

analyzed by TEM at 80 kV(Mofolo et al., 2020). 

4.10.2 Scanning electron microscopy (SEM)  

The SEM was used to analyse the uniformity of particle shape and size and the morphology of the 

liposomes. The shape of the heat-sensitive immunoliposomes was analyzed using a scanning electron 

microscopy, JEOL JEM 2010 UHR, equipped with a Gatan Imaging Filter, with a 15-eV window and a 

794 slow-scan CCD camera, operating at 2.00 kV (Mofolo et al., 2020). 

4.10.3 Fourier transform infrared spectroscopy (FTIR)  

The FTIR spectra of E. milii, doxorubicin, and docetaxel-loaded thermosensitive immunoliposomes, 

were studied to gain an insight into the occurrence of interaction between drugs and phospholipids 

(Marasini et al., 2020). A Perkin Elmer spectrum FTIR spectrophotometer was used to determine the 

chemical composition of the samples. FTIR spectra were reported in the wavelength range of 4000 - 400 

cm−1, at a spectral resolution of 4 cm−1.  Data were analyzed using the software FTIR Spectrum (Perkin 

Elmer) (Asemani and Rabbani, 2020). 

4.10.4 Determination of encapsulation efficiency  

The amount of drugs in temperature-sensitive liposomes was determined as follows: Liposomes were 

centrifuged for 30 min at 90,000 g, using an ultracentrifuge at 4°C. Following centrifugation, the 
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supernatant and vesicles were separated. The pellets were washed 4 times with 0.9% NaCI solution. 

Thereafter, 2.75 mL of alcohol was added to 0.25 mL liposome solution, and at 42°C it was incubated for 

10 min to break down the heat-sensitive liposomes. When the incubation was completed, temperature-

sensitive liposomes were left to cool down. The free drugs were separated from heat-sensitive 

nanoparticles using centrifugation, and the supernatant-containing free drugs were collected and adjusted 

with methanol for further analysis. The amount of drug released in the supernatant was determined using 

HPLC. For doxorubicin, the HPLC analysis was conducted using a C18 column with a mobile phase 

containing acetonitrile and water (32:68, v/v) at a flow rate of 1.0 mL/min. The column temperature was 

kept at 25 °C, and 10 µL of the sample was injected. Fluorescence detection was used to monitor the peaks 

at 480 nm excitation wavelength, and 550 nm emission wavelength, using a fluorescence detector. For the 

E. milii extract, a C18 column was used for the HPLC analysis, with a mobile phase consisting of 

acetonitrile and water (32:68, v/v) at a 0.8 mL/min flow rate. The column temperature was kept at 25 °C, 

and 10 µL of the ample was injected. Peaks were monitored. 

 

4.11 Statistics Analysis of data 

Results are expressed as means ± standard deviation. Data was analyzed using one-way analysis of variance 

(ANOVA) to compare experimental groups. GraphPad prism version 8 software, a post hoc test 

(Bonferroni) was used to calculate the IC50 values and confirm the level of significance between means (P 

values of less than 0.05 were considered significant.  

An inhibition percentage of >50% at concentrations of <10ug/mL was considered active. This was the 

point of reference determining for activity. Excel software was used for calculating and plotting graphs 

(Bar charts) and % inhibition.  

 

 

 

 

© Central University of Technology, Free State



 

50 
 

Chapter 5 

5. Results 

5.1 Phytochemical analysis 

Table 1, below, shows the colour changes observed during the phytochemical analysis of E. milii 

leaves, stems and roots. 

Table 1:Phytochemical analysis of leaves, stems and roots of Euphorbia milii 

Phytochemicals Observation  Leaves Stems Roots 

Phyosterols Reddish 

brown layer  

 (+)  (+) (+) 

Pentose Red colour 

formation 

(+) (+) (+) 

Tannins Formation of 

a black 

precipitate 

(+) (+) (+) 

Glycosides Brown ring 

formation 

 (+)  (+) 
(+) 
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Triterpenoids Reddish 

brown colour 

formation 

(-) (+) (-) 

Anthraquinones Rose pink 

colour 

(+) (+) 

 

(+) 

Saponins Frosting 

formation 

(-) (-) (+) 

Flavonoids Yellow 

precipitate 

(-) (+) (+) 

Alkaloids Formation of 

an organic 

precipitate 

(-) (-) (+) 

 

The appearance of a reddish-brown colour indicated the presence of phytosterols. The formation of a 

red colour indicated the presence of pentose. A blue-black precipitate indicated the presence of tannins. 
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The appearance of a brown ring indicated the presence of glycosides. A rose-pink colour in the upper 

layer showed the presence of anthraquinones. Frosting indicated the presence of saponins, and a yellow 

precipitate indicated the presence of flavonoids. A greenish/creamy precipitate (for Meyer’s reagent) 

and a reddish-brown appearance (for Drangendorff’s reagent) indicated the presence of alkaloids. The 

formation of an interface with reddish brown coloration indicated the presence of triterpenoids. All 

phytochemicals were detected in the plant, except saponins, which were absent in the leaves and stems; 

and flavonoids, which were absent in the leaves. 

Table 2: Summary of phytochemical screening results. Legend: ‘+’ = present, ‘-’ = not detected. 

Phytochemicals Leaves Stems Roots 

Glycosides + + + 

Phytosterols + + + 

Saponins - - + 

Anthraquinones + + + 

Pentose + + + 

Alkaloids - - + 

Tannins + + + 

Triterpenoids - + - 

Flavonoids - + + 
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5.2 Growth inhibition of DU145 cells anti-proliferation assay 
 

The screening of the E. milii root, stem, and leaf extracts for cytotoxic activity against the prostate cancer 

DU-145 cell line was carried out. Extracts were tested in three replicates (n=3) at different concentrations 

of 100 μg/mL, 10 μg/mL, and 1 μg/mL. An inhibition percentage of >50% at concentrations of 

<10ug/mL is considered active. 
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Figure 9: Cell growth inhibition of DU145 cells by different extracts 
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Figure 9 shows growth inhibition of DU145 cells by leaf extracts of E. milii. In figure 9 (a), hexane 

leaves showed less than 30% growth inhibition at all three concentrations. The DCM leaves showed no 

growth inhibition at all three concentrations. A significant difference of (P-value <0.05) was observed 

for hexane leaves compared to DCM leaves. In Figure 9 (b), growth inhibition of DU145 cells by stem 

extracts of E. milii hexane stem extract showed 114.2 ± 1.5% activity at 100µg/ml, but less than 50% 

activity at 1µg/ml and 10µg/ml. The DCM stem extract showed 37.4 ± 21.5% activity at 1µg/ml and 

49.7 ± 7.9% 10µg/ml, and 78 ± 1.8% activity at 100µg/ml. No significant difference was observed for 

hexane stems compared to DCM stems (P-value <0.36). Methanol was only tested on stems and not on 

leaves and roots, hence the results for methanol are only reported for stems. The Euphorbia milii 

methanol extract showed no significant activity at all three concentrations.  No significant difference 

was observed for methanol stems when compared to both hexane stems (P-value <0.35) and DCM stems 

(P-value <0.2). In Figure 9 (c), growth inhibition of DU145 cells by root extracts of E. milii. DCM root 

extract showed more than 50% activity at 1µg/ml, 10µg/m and 100µg/ml concentrations, inhibiting 

67.51 ± 8.3% of the cells (IC50). This is the only extract that showed desirable activity when screened 

against the DU145 prostate cancer cells. A significant difference of (P- value <0.030) was observed for 

Hexane roots compared to DCM roots.  The DCM root extract was further screened against the LNCap 

cell line.  Results are presented as mean ± SD. 
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5.3 Growth inhibition of LNCap cells anti-proliferation assay 
 

The E. milii DCM root extract was tested in three replicates (n=3) at different concentrations of 100 

μg/mL, 10 μg/mL, and 1 μg/mL against the LNCap cell line. 

 

 

 

Figure 10: Growth inhibition of LNCap cells by root extracts of E. Milii. 

 

 

Figure 10 shows the cell growth inhibition of LNCap cells when treated with different concentrations 

(100, 10, and 1 μg/mL) of DCM root extract of E. milii. The extract showed activity 91.98 ± 10.17% of 

growth inhibition at concentrations of 100 μg/mL, and 51.7 ± 6.13% inhibition at 10 μg/mL. More dilutions 

of the extract were performed and screened for activity in order to obtain more accurate IC50 values. The results 

are shown in Figure 11, below. The extract’s  activity was further investigated in cells when encapsulated 

into heat-sensitive liposomes. Results are presented as mean ± SD. 
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Figure 11: Cytotoxic activity of the E. milii DCM root extract on LNCap cells with a 

IC50 value of 11.34 μg/mL 
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5.4 Percentage inhibition of doxorubicin, docetaxel. 
 

Doxorubicin and docetaxel were added as positive controls and screened against the DU145 and 

LNCap prostate cancer cell lines. The results are indicated in Figure, 12 below. 

 

  

 

Figure 12: The cytotoxic activity of doxorubicin and docetaxel against the DU145 

cell line 

Doxorubicin (Dox) achieved > 62.16 ± 2.5%, at concentrations of 5µg/mL and above, with a maximum 

of more than 70%   inhibition at 100µg/ml. Docetaxel (Doc) was active, showing above 50% activity at 

all concentrations. No significant difference was observed for Dox when compared to Doc (P-value 

<0.12). Results are presented as mean ± SD. 
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Figure 13: The cytotoxic activity of doxorubicin and docetaxel. 

Figure 13 shows the cytotoxic activity of doxorubicin and docetaxel against the LNCap cell line. 

Doxorubicin showed activity of 76.25 ± 7.05% at 5 µg/ml, 87.34 ± 6.45 at 10 µg/ml, 89.32 ± 3.42% at 

50 µg/ml, and 92.76 ± 3.2% inhibition at 100 µg/ml. Docetaxel showed activity of 55.3 ± 3.66% 

inhibition at 1µg/mL and more activity at higher concentrations, with 93.69 ± 2.41% at 100 µg/ml. No 

significant difference was observed for Dox when compared to Doc (P-value <0.89). Results are 

presented as mean ± SD. 
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 5.5 Characterization of heat-sensitive immunoliposomes  

The heat-sensitive immunoliposomes were characterized using FTIR, TEM, and SEM. 

The results are shown in Figure 14, 15 and 16, below. 

 

5.5.1 FTIR results 

 

FTIR spectrometry was used to examine the interaction between drugs and temperature-sensitive 

immunoliposomes. 

 

Figure 14: FTIR spectra of E. milii -loaded heat-sensitive immunoliposomes 

 

Figure 14 is the FTIR spectra of E. milii-loaded heat-sensitive immunoliposomes have shown a  C-O peak 

at 179265; a C-O stretching peak at 1683.56; a C-H bending peak at 1395.54; CH is usually found in 

aromatic compounds of plant extracts. The peak at 1281.52 confirmed the presence of carboxylic acid 

group and aromatic amine, CO stretching peak at 1017.88. The peak between 1150–1000 is the C-F 

stretch showing aliphatic fluoro compounds. The peak range between 2100 and 2250 can be attributed to 

the C-C functional group, which possibly indicates the presence of alkynes. Furthermore, the observed 

peak at 819.41 of the peak range  between 1040 and 732 can be attributed to aromatic compounds. 
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Figure 15: FTIR spectrum of doxorubicin-encapsulated heat-sensitive immunoliposomes. 

 

Figure 15 is the FTIR spectrum of doxorubicin heat-sensitive immunoliposomes showing similar peak  

ranges to those contained in E. milii-loaded heat-sensitive liposomes. Doxorubicin-loaded heat-sensitive 

immunoliposomes have shown a C-O peak at 1774.70. C-O stretching peak at 1686.37, 1673,69 and 

1654.90 found in aromatic compounds of plant extracts. C-H stretching peak at 1396.62. The peak at 

1293.44 and 1260.31 confirmed the presence of carboxylic acid group and aromatic amine. The peak at 

1177.65 was attributed to the OH stretching. The peak range at 2191.08 and 2180.55 can be attributed to 

the C-C functional group, which possibly indicates the presence of alkynes. The observed   CH and Si-C 

stretching peak at 832.02 and 821.86 these peaks are in the peak rage attributed to aromatic compounds. 

. 
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Figure 16: FTIR spectrum of docetaxel-encapsulated heat-sensitive immunoliposomes. 

 

Figure 16 is the Docetaxel-loaded heat-sensitive liposomes have shown carboxyl acid peak at 3260.27, 

which is part of the 2500 - 3300 frequency range. The peaks in this range  appear in FTIR analysis of the 

lipid DSPE-PEG when conjugated. In the study conducted by (Marasini et al., 2020), the peak range of 

3169-3334 was attributed to the presence of methyl and methylene groups in the molecules of the PEG 

and amide. (C-O) peak at 1633.53. The alkyl ketone peak at 1241.44; the alkyl amine peak at 1168.89; 

and the peak at 1069.98 indicate the presence of polysaccharides, which are part of the 1035–1149 

frequency range found the absorption pattern between 1282 and 1020 useful for determining a 

phospholipid calibration curve. This peak range is seen in E. milli extract, doxorubicin, and docetaxel 

liposomes. 
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5.5.2 TEM and SEM results 

The transmission electron microscope (TEM) and scanning electron microscope (SEM) images, below, 

show the morphological structure of the prepared heat-sensitive immunoliposomes observed at 50nm,100 

nm, 500 nm, and 1 micrometer. From the TEM analysis, the shape of the immunoliposomes appear 

opaque and spherical at various parts of the grid, showing the nanoparticles’ stability. From the SEM 

analysis, the shape of the immunoliposomes appears to be a uniform spherical shape, which correlates 

with the observed morphology under the TEM. 

 

 

Figure 17: TEM images of empty liposomes at 50 nm and 100 nm 

 

Figure 17 shows TEM images of empty liposomes at 50 nm and 100 nm. TEM was used to show the 

morphology of the immunoliposomes observed at 100 and 50 nm. The TEM analysis of empty liposomes 

was done to confirm the formation of liposomes under experimental conditions. 

 

© Central University of Technology, Free State



 

63 
 

 

 

Figure 18: TEM images of E. milii-loaded immunoliposomes at 50 nm and 100 nm 

 

At   50, nm the TEM images show that the E. milii loaded immunoliposomes are slightly bigger than the 

empty immunoliposomes. In both the empty immunoliposomes and E. milii extract-loaded 

immunoliposomes, the TEM images indicate that the shape of the immunoliposomes appear to be 

spherical and opaque. This indicates that the liposomes are stable and uniform in size at 100 nm and 50 

nm. However, the empty liposomes seen in Figure 15 appear bigger, and are therefore more visible. 

 

 

Figure 19: TEM images of doxorubicin-loaded liposomes at 100 nm and 50 nm 
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In the TEM images of doxorubicin-loaded liposomes at 100 nm and 50 nm (Figure 19), the larger circles 

that appear to be transparent are marks caused by air-dried PBS. 

 

 

 

Figure 20 shows SEM images of empty liposomes at 1 micrometer and 500 nm. Scanning electron 

microscope (SEM) photographs of liposomes show the morphology of the synthesized heat-sensitive 

immunoliposomes. The highlighted insert shows a clear distinguishable morphology of the liposome. The 

impact the spherical morphology shows that the liposomes are properly formed and are stable as the 

phospholipids assembled into bilayer membranes which encloses an aqueous space successfully allowing 

encapsulation of drugs. This morphology confirms that the liposomes can be used to successfully deliver 

chemotherapeutic agents in the desired concentration and retain their controlled release property.  

 

Figure 20: SEM images of empty liposomes at 1 micrometer and 500 nm 
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Figure 21: SEM images of E. milii-loaded liposomes at 500 nm and 1µ 

       

As seen in Figure 21, the morphology of the liposomes appears to be spherical at different parts of the 

grid. The liposomes were air-dried, and the ‘cloud’ is background noise from the sampling grid. The 

empty liposomes appear bigger and more visible. This correlates with the results seen in the TEM 

samples. This indicates that the encapsulation of the drugs reduced the size of the liposomes. 
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Figure 22: SEM images of doxorubicin-loaded liposomes 1 µm. 

Figure 22 shows the SEM images of doxorubicin-loaded liposomes the morphology of the liposomes appears 

spherical. The air-dried cloud like appearance is background noise from the sampling grid.   
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5.5.3 Protein analysis results  
 

 

Figure 23: A calibration curve of the protein content 

In the calibration curve of the docetaxel-loaded immunoliposomes and E. milii-loaded 

immunoliposomes, a linear relationship was observed as R2 values > 0.984. 

 

 

Table 3: The total protein content of the E. milii extract and the standard drug-

encapsulated heat-sensitive immunoliposomes. 

Samples µg/ml µg/ml 

EM 1.41 
Y = 817.47(1.41) − 

162.48 = 990.1527 

990.1527 

Standard drug 
1.774 Y = 817.47(1.774) − 

162.48 = 1287.712 

12877.12 

 

A BCA protein assay (Pierce) was utilized to quantify the amount of anti-PSMA antibody conjugation 

onto the liposomes. The absorbance of the E. milii and the standard drug samples at 526 nm is 1.14 

and 1.774 respectively. The BCA assay utilizes peptide bonds in proteins, decreasing Cu2+ to Cu+, at 

a rate corresponding to the total protein. The bicinchoninic acid reagent forms a complex by binding 

y = 817,47x - 162,48
R² = 0,9843
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with the Cu+. This complex then absorbs light at 562 nm wavelength, which allows a link between 

the sample’s protein concentration and absorbance. R2 of the standard curve is 0.984 (The R2 value is 

calculated using the y = mx + c equation to describe the best fit of the standard curve and should be above 

0.96) The amount of protein found in the E. milii and the standard drug sample was calculated to be 

990.1527 µg/ml and 1287.712 µg/ml, respectively, indicating successful conjugation in both samples. 
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5.5.4 HPLC/LCMS for drug encapsulation 

Table 4: The chromatogram's integrated peak area and peak height values for the selected 

masses in the E. milii-extract sample (Sample 1) and the concentration of doxorubicin (Sample 

2). 

 

 

 

The E. milii extract is not a pure drug. Therefore, the concentration is seen as 0 ppm in the table above. 

The concentration of doxorubicin was calculated as 0.607 ppm and was consequently used as a 

reference to calculate the concentration of E. milii. Taking into account the area and height of the peak 

of most of the E. milii-extract mass in relation to the area of the peak of the doxorubicin pure drug, 

there is more E. milii extract than doxorubicin encapsulated in the liposomes. This confirms the 

conjugation of both the extract and the standard drug. 
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Table 5: The integrated peak area and peak height values of the chromatograms 

for the mass 796 in the E. milii-extract sample and the concentration of docetaxel 

in the docetaxel-encapsulated liposomes when the drugs are released, and not 

released, from the liposomes. 

TABLE SAMPLE 

NAME 

Analyte 

Peak Name 

Analyte Peak Area 

(counts) 

Analyte Peak Height 

(cps) 

Calculated 

Concentration 
EM RELEASED mass796 4.33E+07 2.24E+06 0 

EM ENCAPSULATED mass796 1.69E+07 1.10E+06 0 

DOC RELEASED Doc 1.75E+006 1.12E+005 9 

DOC ENCAPSULATED Doc 1.1E+006 7.70E+004 5.6 

  

  
 

 

This table shows the thermosensitive liposomes encapsulating drugs when run through LCMS, and 

temperature liposomes when drugs were released by exposing the liposomes to hyperthermia at 40°C. 

The mass 796 of the E. milii plant was investigated to quantify the amount of drug detected in the 

liposomes. The area and height of the E. milii mass 796 peak was more significant than when the E. 

milii extract was released. The concentration of docetaxel detected when the drug was released was 

found to be 9 ug/ml; and when liposomes were not exposed to 40°C hyperthermia, the concentration 

was found to be 5.6 ug/ml. 

The weight of liposomes was found to be:   

E. milii extract encapsulating liposome sample was 4.3 mg (0.5mg drug added). 

The liposome pellet was divided into two (E. milii released and E. milii encapsulated); 2.15mg was 

weighed for each pellet.  

The doxorubicin encapsulated liposome sample was 4.5 mg (0.5mg drug added).  

The liposome pellet was divided into two (Dox released and Dox encapsulated); 2.25mg was weighed 

for each pellet.  
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Table 6: The concentration of Docetaxel. 

Sample name Calculated concentration 
Docetaxel 839 μg/ml 

mg/L =1 ppm. 

 

The concentration was found to be 839 μg/mL. in a sample of 2 mg of added drug. 
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5.5.5 Cytotoxic activity of E. milii extract and docetaxel-loaded 

immunoliposomes. 

The results obtained, and shown, in Figures 9 and 10 led to further investigation of the plant extract. 

The cytotoxic activity of temperature-sensitive immunoliposomes encapsulating the E. milii extract 

and docetaxel was studied by measuring the cellular viability, using the MTT assay in the LNCap cells 

with, and without, exposure to hyperthermia. To ensure that the E. milii extract and docetaxel became 

bioavailable intracellularly, mild hyperthermia was applied to trigger release from liposomes in one 

experiment; and another experiment was conducted without hyperthermia. Figures 22 and 23 show 

the IC50 values of the E. milii extract and docetaxel-encapsulated immunoliposomes on LNCap cells 

when exposed to hyperthermia. Figures 24 and 25 show the IC50 value of the E. milii extract and 

docetaxel-encapsulated immunoliposomes on LNCap cells without hyperthermia. 

 

 

 

Figure 24: Growth inhibition of LNCap cell line by the E. milii extract-encapsulated heat-sensitive 

immunoliposomes when exposed to heat. 

Inhibition of 51.34 ± 13.0% was recorded at 10 μg/mL. The IC50 was calculated to be 8.44 μg/mL. 
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Figure 25: Growth inhibition of LNCap cells by docetaxel-encapsulated immunoliposomes when 

exposed to heat. 

An inhibition of 55.4 ± 4.8% was recorded at a concentration of 10 μg/mL. The IC50 was calculated 

to be 11.74 μg/mL. 

 

Figure 26: Growth inhibition of LNCap by E. milii extract-encapsulated immunoliposomes 

without exposure to heat 

As shown in Figure 24, no significant activity was recorded at concentrations of 10, 50, and 100 
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μg/mL. The test sample did not achieve an IC50 value, as less than 50% inhibition was observed, even 

at the highest concentration of 100 µg/mL. 

 

 

Figure 27: Growth inhibition of LNCap cells by docetaxel-encapsulated heat-sensitive 

immunoliposomes without exposure to heat. 

As shown in Figure 25, no significant activity was recorded at concentrations of 10, 50, and 100 μg/mL. 

As shown in Figure 11, the significant cytotoxic activity of the E. milii DCM root extract on LNCap 

cells was recorded with an IC50 value of 11.34 μg/mL. When immunoliposomes were exposed to heat 

(Figures 22 and 23) cytotoxic activity was recorded at a concentration of 10 μg/mL, with IC50 values 

of 8.44 μg/mL. and 11.74 μg/mL for E. milii and docetaxel, respectively, indicating the effect of 

hyperthermia on heat-sensitive liposomes. A significant difference of (P-value <0.0008) was observed 

for E.Milii-extract encapsulated heat sensitive immunoliposomes when exposed to heat compared to 

E.Milii-extract encapsulated heat sensitive immunoliposomes without heat exposure. A significant 

difference of (P-value <0.00013) was observed for Docetaxel encapsulated heat sensitive 

immunoliposomes when exposed to heat compared to Docetaxel encapsulated heat sensitive 

immunoliposomes without heat exposure. 
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Chapter 6 

 6. Discussion 
 

This research, although still at preliminary in vitro stage, is a significant effort to reduce mortality, poor 

treatment outcomes in prostate cancer patients, and the toxic side-effects caused by currently used 

treatment options. Due to the side-effects and poor therapeutic outcomes of chemotherapy, targeted and 

controlled drug delivery has become a relevant technique for more effective and specific cancer treatment, 

with reduced toxicity. To address these challenges, the study explored the use of heat-sensitive 

immunoliposomes encapsulating either E. milii extract or the standard prostate cancer  drugs, doxorubicin 

and docetaxel, and assessed their cell growth inhibitory activities on selected prostate cancer cells.  

 

A phytochemical screening experiment was conducted to identify the various types of phytochemicals 

present in E. milii. Bioactive constituents obtainable from parts of plants are flavonoids; alkaloids; 

carotenoids; tannins; antioxidants; proteins; amino acids; and phenolic compounds (Tyagi and Agarwal, 

2017). As reported in Table 4, glycosides; triterpenoids; phytosterols; flavonoids; pentose; tannins; 

anthraquinones; saponins; and alkaloid phytochemicals were detected in the various parts of the plant 

examined, with exception of the presence of saponins and flavonoids in the leaves and stems, respectively. 

The cytotoxic activity results in this study also showed inactivity of leaves and stems which are in 

accordance with the findings of the absence in saponins and flavonoids which were present in the roots of 

this plant. Saponins are glycosides which poses pharmacological properties , the structural diversity of 

saponins have also been linked to anticancer activities (Elekofehinti et al., 2021). Flavonoids play a role 

in various anticancer mechanisms such triggering apoptosis  (Nugraha et al., 2021). The cytotoxic activity 

of the E. milii roots may be attributed to the presence of flavonoids and saponins. The findings from our 

study are in agreement with those that were previously reported for the various parts of the plants analyzed 

(Saleem et al., 2019, Kaur and Kumar, 2023). Previously conducted research details that phytochemicals 

such as tannins, flavonoids, and others, can be biologically active (Shaker et al., 2022, Chohan et al., 

2020). Flavonoids, saponins, and  glycosides are known to have cytotoxicity, anti-inflammatory and 

antioxidant properties, and thus are responsible for the anticancer activities in most plant extracts (Direko 

et al., 2019)The Euphorbia Milii roots, stems, and leave extracts were initially screened for cytotoxic 
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activity against the prostate cancer DU145 cell line. The results obtained from the initial screening showed 

the DCM root extract to have a more significant cytotoxic effect against the tested cell line. A further 

analysis was performed against LNCap cells and IC50 of 11.34 µg/mL was obtained. The results of our 

study were comparable to the results obtained by another group of researchers who examined E. milii 

against cervical cancer cells, when IC50 of 22.1 ± 0.8 µg/ml was recorded (Chohan et al., 2020). A study, 

conducted by Radi et al., indicated an IC50 of 10.41 µg/mL when E. milii was screened against a breast 

cancer cell line (Radi et al., 2023). The results obtained are significantly different from the results obtained 

by Ebrahim et al. (2020) against liver cancer cells, which showed IC50 of 87.1 ± 9.4 µg/mL (Ebrahim et 

al., 2020). The anticancer activity obtained in our study could be owing to the flavonoids and saponins 

detected in the root extract of the plant. The root of E. milii has been reported to contain more flavonoid 

and saponins than other parts of the plant (Saleem et al., 2019), and this correlates with the results obtained 

from the phytochemical analysis performed in the study (Table 2), where saponins were only present in 

the root extract of the plant. Doxorubicin and docetaxel were used as  positive controls and screened 

against the DU145 and LNCap prostate cancer cell   lines. Docetaxel was observed to show above 50% 

cytotoxic activity against both LNcap and DU145 cell lines at concentrations as low as 1 µg/mL; while 

doxorubicin only achieved more than 50% cytotoxicity at a concentration of 5 µg/mL for both cell lines 

(Figures 12 and 13). The growth inhibition activities observed for the positive controls were higher than 

the ones obtained by Zhang et al. (2019), which showed docetaxel to have less than 50% cytotoxicity at a 

much higher concentration of 10 µg/mL. 

 

Nano delivery systems, such as liposomes, have been proven to improve the bioactivity of 

pharmacologically active compounds, and this informed the basis of this study, which was to prepare a 

liposomal delivery system encapsulating the plant extract as well as the standard prostate cancer drugs. 

Liposomes were prepared using HSPC: DSPE-PEG-2000: DSPE-PEG2000- maleimide in the molar ratio 

of 4:1:0.2 and were conjugated with a PSA antibody. DSPE- PEG (2000)-amine has been used previously 

for the synthesis of thermosensitive liposomal nanoparticles, mainly for the delivery of anticancer drugs 

and the synthesis of fluorescein isothiocyanate-loaded mesoporous silica nanoparticles for imaging 

applications (Lu et al., 2018). It can be used with different functional molecules, such as the DSPE- 2000-

malmide to prepare antibody-conjugated nanoparticles for improved cellular and receptor targeting (Bi et 
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al., 2019). After the preparation of the liposomes, the bicinchoninic acid (BCA) protein assay (Pierce) 

was used to quantify the amount of anti-PSMA antibody conjugated onto the liposomes. The BCA assay 

utilizes peptide bonds in proteins, decreasing Cu2+ to Cu+, at a rate corresponding to the total protein in 

the sample. The bicinchoninic acid reagent forms a complex by binding with the Cu+. This complex then 

absorbs light at 562 nm wavelength, which allows a link between the sample’s protein concentration and 

absorbance (Hussain et al., 2019). The absorbance of the E. milii and the docetaxel samples at 526 nm 

was 1.14 and 1.774, respectively. Following the equation y = mx + c, the protein concentration of the 

liposomes encapsulating E. milii, and the standard drug sample, were calculated to be 990.1527 µg/ml 

and 1287.712 µg/ml, respectively. This indicates successful conjugation of anti-PSMA to the heat-

sensitive liposomes for both samples. 

 

To confirm the encapsulation percentage of plant extract and docetaxel drug, HPLC and LCMS 

techniques were employed. Different masses of the E. milii extract were identified, as seen in Table 4. 

Mass796 eluded as one prominent peak and was therefore used in refence to the standard drug. Other 

masses were badly resolved and eluted as multiple peaks. Two 0.5 mg samples were analyzed through 

LCMS: sample 1, the E. milii extract, and sample 2, the doxorubicin (used as a control). A calibration 

curve was constructed with the doxorubicin standard and was 0.6 × 100 = 60 ppm, taking into account the 

area of the peak of the E. milii extract in relation to the doxorubicin pure drug. The  E. milii mass at 796 

had a peak area of 9,67E + 06 and doxorubicin had an area of 6,78E + 06. Therefore, the area of the E. 

milii extract was 2.89 larger than that of the doxorubicin. The height of the E. milii extract peak was 6,87E 

+ 05 and the height of the doxorubicin peak was 6,66E + 05. The height of the E. milii extract peak was 

0.21 higher than that of doxorubicin. This indicates that more E. milii extract than doxorubicin was 

encapsulated in the liposomes. A chromatogram was constructed with the docetaxel standard drug and the 

concentration of docetaxel (100 × fold diluted) was determined. The concentration was found to be 839 

μg/mL in a sample of 2 mg. The concentration of a plant extract within a sample cannot be quantified 

because extracts are not pure compounds. Therefore, in this experiment, it was crucial to compare the 

chromatographic peaks of the plant extract to that obtained from a sample of a known drug. 

 

Figure 14,15 and 16 shows that the FTIR results of both E. milii and doxorubicin-loaded heat-sensitive 
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immunoliposomes were similar, indicating that  the liposomal encapsulation of drugs did not result in the 

formation of new linkages. However, this was different for docetaxel, as  different peaks were observed 

for the docetaxel-loaded heat-sensitive immunoliposomes. The transmission electron microscopy and the 

scanning electron microscope were then used to further investigate the stability and morphology of the 

synthesized immunoliposomes. Both TEM and SEM images indicated that the morphology of the 

immunoliposomes appeared spherical and opaque, indicating that stable liposomal delivery systems were 

formed with uniformity. Also, it is clear from the SEM and TEM images that the empty liposomes (Figures 

17 and 20 for TEM and SEM, respectively) appear bigger in shape compared to the E.milii extract- 

(Figures 18 and 21  for TEM and SEM, respectively) and drug-loaded liposomes (Figures 19 and 22 for 

TEM and SEM, respectively). The encapsulation of the bioactive compounds in the bilayers of the lipids 

led to the liposomes’ size reduction as result of osmotic pressure on the liposomes, which led to the loss 

of aqueous molecules from the liposomal core (Wolfram et al., 2014). This reduction in size is beneficial, 

for the enhancement of bioavailability as well as improved drug delivery (Ong et al., 2016, Wolfram et 

al., 2014). 

 

After successful characterization of the liposomes, cell viability studies were performed. No significant 

cytotoxic inhibitory activity was recorded for the liposomes encapsulating both the extract and docetaxel, 

individually, without the presence of heat for all concentrations evaluated (activity less than 50% was 

termed insignificant). However, upon the addition of heat at a temperature ranging from 39 – 40°C, 51.34 

± 13.0% and 55.40 ± 4.8% cell inhibition was recorded at 10 μg/mL for the liposomes encapsulating the 

plant extract (Figure 24), and docetaxel drug (Figure 25), respectively. The IC50 were calculated to be 

8.44 μg/mL and 11.74 μg/mL for liposomes encapsulating the plant extract and docetaxel drug, 

respectively.  

We believe that the presence of HSPC in the constituents of the liposomal delivery systems may have 

been responsible for the significant activity recorded upon heat exposure. According to previous studies, 

HSPC has been used to give temperature-sensitive liposomes their stability without the presence of heat; 

and on heating to a temperature of 40°C, the structure of the liposomes is denatured. This then leads to 

the release of the bioactive compounds encapsulated in the liposomes, thus exhibiting their cytotoxic 

activity (Du et al., 2024). 
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Chapter 7 

7. Conclusion 
 

7.1 General Conclusion 
Conventional forms of chemotherapeutic agents continue to experience drawbacks in the treatment of 

prostate cancer. There are various alternatives considered to remedy the present situation, among 

which is the use of alternative sources of pharmacologically active agents of plant origin, as well as 

the use of nanoparticles for the delivery of these chemotherapeutic agents. Liposomes are the most 

widely studied nano delivery systems, which have been shown to be a promising treatment alternative 

to the conventional delivery systems against cancer. This study focused on the development of a 

heat-sensitive immunoliposome nano drug delivery system, for the effective delivery of 

chemotherapeutic agents and E. milii plant extract against prostate cancer cells. E. milii DCM root 

extract showed to have a more significant cytotoxic effect against the tested prostate cancer cell lines 

(DU145 and LNCap). The results obtained in this study confirmed that the developed heat-sensitive 

immunoliposomes, used for the delivery of both E. milii plant extract and chemotherapeutic agents 

was able to successfully release the entrapped contents upon heat exposure above the phase transition 

temperature of the liposome membrane. The prepared, heat-sensitive immunoliposomes conjugated 

the active extract and showed better anticancer efficacy against the prostate cancer cell lines in the 

presence of heat, than in the absence of heat in vitro. This heat-sensitive delivery system has controlled 

and targeted release properties that addresses the challenges faced by current prostate cancer treatment 

and has the potential for further analysis which could potentiate it’s use as a delivery system for 

anticancer drugs against prostate cancer. The challenges faced during the in vivo pilot study could be 

due to the number of cells inoculated in the mice (1x10^6) and the low viability of cells inoculated. 

The strain used was the NU/J nude mice strain, despite these mice being immunodeficient due to the 

absence of a thymus and T lymphocytes, B lymphocytes are present in these mice even though their 

development is partially defective. The presence of B lymphocytes can affect tumour growth. Using 

an immunodeficient mice strain which lacks both T and B lymphocytes could result in successful 

tumour growth. Various other ways of increasing the chances of tumour growth can be investigated 

such as designing a pre pilot study to test various concentrations to initiate tumour growth, inoculating 
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cells with viability of more than 98% and inoculating the cells with Matrigel instead of PBS. The 

exploitation of hyperthermia as an external trigger of thermosensitive liposomes demonstrated 

superior efficacy in various conducted preclinical studies. The use of heat sensitive immune liposomes 

in the clinical setting will ensure that a greater population of prostate cancer patients can benefit from 

controlled and target specific nano therapy. Prostate cancer is often treated with a combination of 

androgen deprivation therapy and docetaxel-based chemotherapy. However, many patients eventually 

develop resistance to these treatments. Application of this delivery system could also help overcome 

this resistance by delivering chemotherapeutic drugs directly to the tumour site. This delivery system 

has the potential for further development for application as a safe and efficient drug delivery system 

for prostate cancer. It also provides revolutionary research alternatives for treatment of various 

cancers as well as the possible use in other disciplines such as gene therapy which has the potential to 

develop specific and controlled personalized treatment of cancer. The use target specific nano delivery 

systems in personalized medicine will enable personalized treatment tailored to the unique cancer 

addressing currently faced treatment challenges such as low bioavailability, uncontrolled drug release, 

degradation of drugs, and non-specificity. 

 

 

The major conclusions that were generated from this research project are summarized below: 

1) A highly cytotoxic plant with proven records of anti-cancer properties was selected. The extracts 

were prepared and screened for cell growth inhibitory efficacy against prostate cancer DU145 and 

LNCap cell lines in vitro; and good anticancer efficacy was obtained.   

2) The synthesis of the heat-responsive prostate-specific antibody-conjugated liposomes was 

successfully carried out and was used to encapsulate the active constituents of the plant extracts as 

well as of standard anti-cancer drugs. 

3) The verification of the plant extract and drug encapsulation was successful through the use of HPLC 

and LCMS.  

4) The evaluation of the anti-cancer efficacy of the prepared thermo-sensitive immunoliposome 

delivery system on prostate cancer cells, compared to the free standard conventional drug and the 
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plant extract, was successfully conducted with the use of an MTT assay and good results were 

obtained. 

 

7.2 Limitations of the study 
 

The study was intended to proceed to the in vivo stage, employing a male balb/c immunocompromised 

mice model for the evaluation of the prepared liposomes. However, despite our efforts to accomplish 

this, we were unsuccessful, owing to the inability to grow the tumors in the mice.  Balb/c nude mice 

were inoculated with 100ul consisting of 1x10^6 prostate cancer cells with no tumor growth observed, 

despite this same concentration being reported to cause the growth of tumors in previous studies by 

(Liu et al., 2022, Zhang et al., 2021) increasing the number of cells can increase the possibility of 

tumor growth. Trouble shooting this increase in number of cells will reduce various factors which 

previously contributed to tumour growth failure, this may thus translate to reduced chances of in-vivo 

studies repetition, and ultimately saving costs. 

❖ As a result of several unsuccessful trials for the in vivo studies, it was financially challenging to 

explore other research techniques, such as 3D cell culture or microfluidics, to compare with the 

results obtained from the 2D cell culture, due to financial constraints and study timelines. To 

mitigate the financial issues, I propose a continuation of this research at PhD level. Usually, the 

funding of PhD research is more than that of a Masters degree, and thus I recommend that a bigger 

portion of the PhD research funds be allocated to animal studies to further test the efficacy of the 

drug delivery system in vivo.  A collaboration has been established with the North West University 

and thus, the animal studies will be conducted at North West University Animal facility, this 

facility also specializes in breeding animals which will eliminate the animal transportation costs, 

breading cost, and costs for labour. A collaboration and co-supervision of students is another way 

to reduce cost of research.   

 

7.3 Future studies  
 

❖ The in vitro results obtained in this study provide motivation for further studies. Therefore, I would 

recommend that more in-depth studies, such as the development of an in vivo prostate cancer mice 
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model using male balb/c immunodeficient nude mice (with absent T and B lymphocytes) between 

the ages of 6-8 weeks to be used for future animal studies , 3D cell culture, or microfluidics, be 

carried out in order to confirm the potential of the prepared liposomes as an alternative delivery 

system to conventional delivery systems for pharmacologically active agents against prostate 

cancer. Results from these studies could then be compared to the results obtained from the 2D cell 

culture. 

❖ The plant root extract has exhibited considerable cell growth inhibition of both the DU145 and 

LNCap prostate cancer cells. This provides a rationale to fractionate the extract, and to isolate and 

purify the active constituents through bio-guided fractionation. Thin-layer chromatography (TLC), 

and Liquid chromatography–mass spectrometry (LC–MS) will be used in the isolation and 

characterization of the active constituents. Bio-guided fractionation and isolation of the active 

extract are important as they determine the quantity and quality of bioactive compounds. These 

isolated compounds are then used for the determination of structure of the active compound. The 

chemical structure can provide vital information for further studies including bioactivities, 

structural modifications, and synthesis of active compounds which are then further developed for 

chemotherapeutic testing and possible application in clinical trials. The information on active 

constituent is also useful for standardization of herbal products. 
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Chapter 8 
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Chapter 9 

9.1 Appendix A HPLC and LCMS chromatograms  

 

 

The determination of the NP’s entrapment efficiency of the drug was done using 

LCMS. 

 

 

 

Figure 28: LCMS run on the E. milii sample. 

 

The most intense peak of the EM extract was observed at 67 min and this shows the spectrum of all the 

masses in that peak (at 67 min) between 200–1000 Da (in positive ionization mode). 
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Figure 29: LCMS run on the E.milii sample showing the most intense peak. 

 

The most intense peak of the E milii extract was observed at 67 min and this shows the spectrum of 

all the masses in that peak (at 67 min) between 200–1000 Da (in positive ionization mode). 
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Figure 30: Several masses that were identified in the E. milii plant extract 

The masses, and the peak at 67 min were chosen as a marker for HPLC. Several masses were identified 

in the most intense (peak at 67 min) chromatographic peaks. The masses selected were 271, 301, 318, 

352, 637, 678, 754, and 796 and were used as marker  masses. There are only two masses that are separated 

as well-structured peaks: 754 and 796. The other masses were badly resolved and eluted as multiple peaks 

and were then integrated as one to give the values above 111. 
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Figure 31: The chromatogram of Mass 754 of the E. milii extract 
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 Figure 32: The chromatogram of Mass 769 of the E. milii extract. 
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Figure 33: The chromatogram of docetaxel. 
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Figure 34: The chromatogram of mass 754 of the euphorbia released. 

 

© Central University of Technology, Free State



 

103 
 

 

Figure 35: The chromatogram of mass 796 of the E. milii released. 
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Figure 36: The chromatogram of mass 754 of the euphorbia unreleased 
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Figure 37: The chromatogram of mass 796 of unreleased euphorbia 
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Figure 38: The chromatogram of released docetaxel. 
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Figure 39:  The Chromatogram of unreleased docetaxel 
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