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ABSTRACT 

 

GREEN SYNTHESIS AND CHARACTERIZATION OF COPPER 

OXIDE NANOPARTICLES USING Hylocereus polyrhizus PEEL 

EXTRACT FOR ANTICANCER STUDIES ON COLON (HCC2998) 

CARCINOMA CELLS 

 

 

Cheah Qian Qian 

 

 

The application of metal oxide nanoparticles in cancer treatment is considered a 

novel invention in the field of biomedicine, replacing traditional radiation and 

chemotherapy treatments. In this study, an economical and sustainable synthesis 

of copper oxide nanoparticles (CuO NPs) was implemented via a green approach, 

using the peel extraction of Hylocereus polyrhizus via freeze dried method and 

copper nitrate trihydrate as the precursor. The synthesized CuO NPs were 

characterized by analytical equipment such as UV-Visible spectroscopy (UV-

Vis), Field Emission Scanning Electron Microscopy (FE-SEM), Energy 

Dispersive X-ray (EDX), X-ray Diffraction (XRD), and Fourier Transform 

Infrared Spectroscopy (FTIR). The analysis obtained from UV-Vis spectroscopy 

presented the wavelength of CuO NPs at 286 nm. A band gap energy of 4.15 eV 

was determined from the Tauc plot. The SEM analysis displayed 24.9 to 35.4 nm 

size range for the spherical nanoparticles. The EDX spectrum proved the purity 

of the H. polyrhizus-mediated CuO NPs. The patterns of XRD peaks showed a 

ii 
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monoclinic lattice of CuO NPs, with a crystalline dimension of 23.62 nm. The 

FTIR spectrum revealed the diverse phytochemical elements found in H. 

polyrhizus extract, which play a crucial role as capping and reducing agents 

during the synthesis of CuO NPs. The cytotoxic effect of the green-synthesized 

CuO NPs was tested on the colon carcinoma (HCC2998) cell line via MTT assay. 

Cell viability was reduced with increasing concentrations of CuO NPs. CuO NPs 

acted in a dose-dependent mode and showed a high cytotoxic activity towards 

the colon carcinoma cells, whereas exhibited lesser toxicity towards the Vero 

cells. This study suggests that H. polyrhizus-mediated CuO NPs can be utilized 

as a promising cytotoxic agent in the biomedical field, because they have the 

potential to selectively target and kill malignant cells, while sparing normal 

healthy cells.   
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CHAPTER 1 

INTRODUCTION 

 

1.1 Research Background 

The Greek word ‘nano’, which means remarkably small is used for the 

measurement of one billionth of a metre (10-9 m). Nanoscience studies structures 

and molecules on the nanoscale, which ranges from 1 to 100 nm, whereas 

nanotechnology is the discipline associated with technology that uses 

nanoscience for practical applications, resulting in the development of new 

nanomaterials and nanosized components (Sim and Wong, 2021). In the 21st 

century, nanotechnology has emerged as one of the most fascinating novel 

discoveries by its capacity to apply the theory of nanoscience to real-world 

settings by monitoring, quantifying, assembling, regulating, and producing 

matter at the nanoscale. The National Nanotechnology Initiative (NNI) in the 

United States suggested two settings for nanotechnology. Firstly, the goal of 

nanotechnology is to manipulate structures at the nanoscale in terms of size and 

shape. Secondly, given the nature of nanoscale, nanotechnology aims to handle 

small structures in a way that maximizes their qualities (Bayda, et al., 2020). As 

a result, in the field of industrial applications and medical devices, like drug 

delivery systems, imaging probes, and diagnostic biosensors, all of them are now 

highly dependent on the implementation of the concepts of nanotechnology and 

nanoscience. Nanotechnology has also brought significant advances to the broad 

field of biomedicine, especially in cancer therapeutics, due to its enormous 

capacity to provide novel methods of getting over the challenges imposed by 

conventional radiation and chemotherapy treatments (Bayda, et al., 2020).  
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With respect to the high density, strong reactivity, and high surface area-to-

volume ratio, nanomaterials provide additional functions in addition to improved 

selectivity and reactivity (Alhalili, 2023). Metal oxide nanoparticles are 

renowned for their excellent stability and extensive applicability across various 

fields, including battery technology, antibacterial research, electronics, 

photocatalysis, and other areas. However, toxic chemical reagents and solvents, 

stabilizing agents that are not biodegradable, high temperatures, and labor-

intensive processes are all always involved in these approaches, leading to 

potential toxicity and environmental concerns (Varughese, Kaur and Singh, 2020; 

Priya, et al., 2023). Therefore, a simple and eco-friendly process for synthesizing 

nanoparticles is highly sought to address these issues. Due to the natural 

resources being employed, plant extracts are great sources of material for the 

easy and ecologically friendly industrial manufacture of metal or metal oxide 

nanoparticles with regulated sizes and shapes (Priya, et al., 2023). The utilization 

of green reducing agents like plant-based extracts combined with the accelerated 

procedure is claimed to be much more budget-friendly, biocompatible, and 

ecologically friendly from the standpoint of green synthesis. Various 

components of plant extracts, including fruits, roots, stems, or leaves, have been 

widely utilized in the production of metal oxide nanoparticles (Koteeswari, et al., 

2022). Metal nanoparticles can be synthesized through both “top-down” and 

“bottom-up” methodologies, as shown in Figure 1.1. Generally, the “top-down” 

method uses various physical or chemical techniques such as mechanical 

grinding and thermal decomposition to create small metal nanoparticles from 

bulk metallic components, while “bottom-up” synthesis forms nanoparticles by 

stacking the metal atoms via chemical or biosynthesis (Bao, et al., 2021).    



3 
 

 

Figure 1.1: Illustration of the “top-down” and “bottom-up” technologies for the 

formation of nanoparticles (Adapted from Messaoudi and Bendahou, 

2020). 

 

Today, metal oxide nanoparticles, such as copper oxide (CuO) have garnered 

significant interest mainly because of their antimicrobial and biocidal properties, 

and they possess extensive use across various applications in healthcare sector. 

According to Tulinska, et al. (2022), CuO NPs have demonstrated their potential 

in biological and pharmaceutical applications, such as wound healing promoters, 

drug delivery agents, as well as antibacterial, antifungal, and anticancer agents. 

Other than biomedical applications, with its distinct optical, electrical, and 

magnetic characteristics, copper oxide, functioning as a semiconductor metal, 

has been incorporated into a diverse array of products, including magnetic 

storage media, semiconductors, infrared filters, sensors, and catalysis.  

 

 

  

Bottom-up approach 
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Cancer is a disorder characterized by the uncontrolled proliferation of certain 

body cells, which invade surrounding tissues. Human cells normally grow and 

multiply through regulated division of cells to produce newly developed cells 

whenever needed by the body. Damaged or aged cells are typically programmed 

to undergo cell death and be replenished by new, healthy cells. Cancerous cells, 

however, disrupt the normal biological process, resulting in the indefinite growth 

and proliferation of the abnormal or damaged cells (National Cancer Institute, 

2021). The World Health Organization (2024) has projected a significant 

increase in cancer cases globally, with over 35 million new cases anticipated by 

2050. This represents a 77% rise from the estimated 20 million cases reported in 

2022. According to Gleneagles Hospitals (2022) and Wong, et al. (2022), lung 

cancer, colon cancer, breast cancer, liver cancer, and nasopharyngeal cancer are 

among the top five most prevalent malignancies among the Malaysian 

population. 

 

1.2 Problem Statement 

The upward trend and mortality rate of cancer have become a global public 

health concern. Treating cancer has also been a highly complex process. Several 

types of traditional cancer treatment are available nowadays, including radiation 

therapy, chemotherapy, and surgery (Debela, et al., 2021). However, the main 

concerns and significant drawbacks of traditional therapy are the high cost of 

cancer drugs and treatments, and the adverse side effects and toxicities of 

synthetic cancer medications. Therefore, the emergence of nanoparticles as one 

of the new cancer treatments creates a new alternative that is more financially 

affordable and more specific to the target cells.   
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1.3 Research Objectives 

The research objectives for this project are: 

 

1. To green synthesize the CuO NPs by using Hylocereus polyrhizus peel 

extract as capping and reducing agent. 

 

2. To characterize the green-synthesized CuO NPs using various analytical 

instruments, including UV-Visible spectroscopy (UV-Vis), Field Emission 

Scanning Electron Microscopy (FE-SEM), Energy Dispersive X-ray 

Spectroscopy (EDX), X-ray Diffraction (XRD), and Fourier Transform 

Infrared Spectroscopy (FTIR). 

 

3. To evaluate the cytotoxic effect of the CuO NPs against colon carcinoma 

(HCC2998) cells using MTT assay. 

 

1.4 Hypothesis 

The hypotheses of this study are: 

 

1. Can the green-synthesized CuO NPs be efficiently synthesized using 

Hylocereus polyrhizus peel extract as the capping and reducing agent? 

 

2. Does CuO NPs show selective cytotoxicity effect on the colon carcinoma 

cells? 
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1.5 Significance of the Study 

There is very limited research that focuses on the anticancer effect of CuO NPs. 

This statement would likely prompt public and researcher inquiries regarding the 

potential cytotoxic effects of CuO NPs on cancer cells. In addition, currently 

there is no study regarding the anticancer activity of CuO NPs on the colon 

carcinoma (HCC2998) cell line. This leads to the significance of the present 

study to evaluate whether CuO NPs are effective as an alternative cancer agent 

to treat colon cancer cells in the future.   

 

1.6 Scope of Study 

In this study, CuO NPs were produced via the green synthesis approach, without 

the addition of sodium hydroxide to adjust the pH while green synthesizing the 

CuO NPs. Sodium hydroxide and Hylocereus polyrhizus can both function as 

capping and reducing agents in this research study. However, given that the 

study’s title focused on the green-synthesis method, fruit peel extract mostly 

plays the role of a capping and reducing agent rather than chemical synthesis. 

Besides, the green-synthesized CuO NPs were further characterized via several 

analytical instruments in order to validate the various characteristics of a 

nanoparticle. Finally, MTT assay was performed to assess the cytotoxic potential 

of CuO NPs against both normal and malignant cells.   
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Green Synthesis of Copper Oxide Nanoparticles 

Researchers place particular emphasis on copper oxide nanoparticles due to their 

wide-ranging applications in fields such as photocatalysis, superconductivity, 

biosensors, and biomedicine. Consequently, the adoption of green synthesis 

techniques for CuO NPs, which are green and ecologically sustainable has 

gained significant traction as a replacement for traditional approaches to 

synthesis (Badri, et al., 2021). Due to the fact that in green synthesis, instead of 

chemicals, plant-mediated products are more likely to perform the function as 

reducing agents. Various metabolites and functional groups present in the 

biological products play important roles in reducing, chelating, stabilizing, and 

synthesizing nanoparticles. Thus, it is valuable in lessening the toxic effects of 

chemicals in the environment and is cost-effective (Ramasubbu, et al., 2023).  

 

Natural extracts of plants, microbial organisms, and other biotic products have 

been used for the fabrication of CuO NPs via an eco-friendly method (Waris, et 

al., 2021). A green technique has the advantage of reducing the use of toxic 

materials, costly instruments, and meticulous oversight of the reduction process 

while also being safer and harmless to the environment (Badri, et al., 2021; 

Ramasubbu, et al., 2023). According to Waris, et al. (2021), CuO NPs produced 

via environmentally sustainable methods are recognized for their safety, eco-

friendliness, economic viability, and stability.   
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According to Waris, et al. (2021), copper (Cu) is a vital micronutrient necessary 

for the health and well-being of humans, animals, and plants. Humans require 

only a small quantity of copper in the bodies. The daily copper intake is 

approximately 2 to 4 mg, and it has to be taken from sources in the diet such as 

food or beverages. Besides, copper plays an important part in the human body. 

It serves as a regulator of cell signalling pathways, acts as a cofactor for several 

enzymes engaged in the synthesis of neuropeptides, and contributes to the 

capability of human immune cells responsible for the elimination of pathogens. 

Meanwhile, copper is a necessity in plants for different types of biochemical and 

physiological mechanisms. It is also among the essential trace elements required 

for the development and growth of plants. For example, serving as the enzyme’s 

cofactor, it helps to ensure the proper functioning of key proteins and enzymes 

like plastocyanin, amino oxidase, and cytochrome c oxidase (Waris, et al., 2021).  

 

As reported by several research studies, plant-derived extracts are a preferable 

resource for nanoparticle production as compared to microorganisms (Kumar, et 

al., 2015; Ijaz, et al., 2017; Yugandhar, et al., 2017). This is because the tedious 

procedure of isolating microbes can be excluded, and microbial toxicity can be 

eliminated. In addition, as presented in Table 2.1, phenols, flavonoids, 

terpenoids, and tannins are among the metabolites found in plant extracts. They 

serve as both reducing and capping agents, facilitating the reduction of metallic 

ions into their respective nanoparticles. Moreover, the plant extract will produce 

electrons, and copper salts will be reduced. Subsequently, the phytochemicals 

interact with the copper ions, inducing reduction and ultimately resulting in the 

formation of CuO NPs (Waris, et al., 2021).  
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Table 2.1: CuO NPs synthesized via plant-mediated methods.  

Plant Name Part Used Phytochemical Components Size and Shape References 

Punica granatum Peel extract Amides, alcohols, phenols, and other 

molecules containing carbonyl group 

40 nm,  

spherical shape 

Ghidan, Al-Antary and 

Awwad, 2016 

Musa acuminata Peel extract Flavonoids, phenolics, saponins, tannins, and 

carotenoids 

60 nm,  

spherical shape 

Aminuzzaman, Kei and 

Liang, 2017; Mathew and 

Negi, 2017 

Erzincan cimin Fruit extract Phenolic acids, flavonoids, anthocyanins, and 

proanthocyanidins 

25-50 nm,  

spherical shape 

Gultekin, et al., 2017 

Phoenix dactylifera Fruit extract Phenolic acids, tannins, and flavonoids 78 nm,  

spherical shape 

Mohamed, 2020 

Ziziphus mauritiana Plant extract Tannins, coumarins, saponins, flavonoids, 

and glycosides 

20-45 nm,  

spherical shape 

Pansambal, et al., 2017 

Aloe vera Leaf extract Alkanes, alkenes, and other molecules 

containing hydroxyl group 

20 nm,  

spherical shape 

Kumar, et al., 2015 

Malva sylvestris Leaf extract Alcohol, phenols, flavonoids, amide 14 nm,  

spherical shape  

Awwad, Albiss and Salem, 

2015 
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2.2 Hylocereus polyrhizus 

The red-fleshed pitaya or dragon fruit, namely Hylocereus polyrhizus, is a type 

of tropical fruit that originated in Mexico, but it is currently grown on a large 

scale all over the world, including Vietnam, Israel, Taiwan, Southern China, and 

most recently in Australia, Thailand, America, as well as Malaysia (Miranda-

Castro, 2016). It has gained attention from all around the world because of its 

unique flavor, vibrant color, and appealing appearance, in addition to its many 

advantages for personal health (Abirami, et al., 2021). As shown in Table 2.2, 

the scientific name of dragon fruit is assigned based on its color of peel and pulp. 

As shown in Figure 2.1, the peel and flesh of H. polyrhizus are purple red in 

color, given its well-known strong antioxidant capacity. According to Wybraniec, 

et al. (2007), the red color of H. polyrhizus is due to the betacyanin component, 

which is a type of water-soluble pigment. The yellow betaxanthins and reddish 

violet betacyanins are components of the betalain pigments, which are the 

characteristics of plants in the Caryophyllales order (Phebe, et al., 2009). The 

taxonomy of H. polyrhizus is shown in Table 2.3. Moreover, H. polyrhizus is 

rich in essential nutrients such as minerals, vitamins, carbohydrates, dietary 

fibers, and antioxidants. For instance, phenols and flavonoids are examples of 

antioxidant constituents found in H. polyrhizus, with their function being to 

protect against chronic diseases and cancers caused by oxidative stress (Abirami, 

et al., 2021). According to Mahmud, et al. (2023), many countries have plenty 

of dragon fruit peels accessible as agricultural waste, including Indonesia, which 

produces about 150,000 tonnes of dragon fruit annually.  
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Table 2.2: Different types of Hylocereus species.  

Name Characteristics  

Hylocereus polyrhizus Red peel with red pulp 

Hylocereus undatus Red peel with white pulp 

Hylocereus megalanthus Yellow peel with white pulp  

 

 

Figure 2.1: Hylocereus polyrhizus (Adapted from Saneto, 2012). 

 

Table 2.3: Taxonomy of Hylocereus polyrhizus (Global Biodiversity Information 

Facility, 2023).  

Taxonomy (Scientific Classification) 

Kingdom Plantae  

Phylum Tracheophyta  

Class Magnoliopsida  

Order  Caryophyllales  

Family  Cactaceae  

Genus  Hylocereus 

Species  Hylocereus polyrhizus  
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Dragon fruit, as a functional food, can be used to make wine, juice, spreads, 

pastries, or consumed raw. Sometimes, the flowers are made into tea or 

consumed as a vegetable (WebMD, 2024). In terms of its applications and 

medicinal uses, dragon fruit serves as antioxidant, anti-inflammatory, anti-

diabetic, antimicrobial, and anticancer agents for the treatment of various 

illnesses. Owing to these advantageous properties that are greatly beneficial to 

individuals, the consumption of dragon fruit has surged across several global 

locations. However, the peels, which are inedible, will be discarded as biowaste. 

In addition to having numerous technological uses in the food and 

pharmaceutical industries, dragon fruit also provides new opportunities for the 

development of multi-targeting medications for the prevention and treatment of 

various illnesses. Studies have demonstrated that the presence of bioactive 

components in H. polyrhizus, which include potassium, betacyanin, vitamins, p-

coumaric acid, and many more, may be useful in dealing with several conditions, 

including diabetes, cardiovascular diseases, and cancer (Nishikito, et al., 2023).    

 

The outside parts of dragon fruit that are thrown away frequently as organic 

waste cause major issues with the disposal of solid trash. Therefore, the peels of 

dragon fruit have become commonly employed in industries across a range of 

sectors to turn the peel waste into something valuable in order to raise its 

economic value. As reported by Veerakumar, et al. (2023), H. costaricensis peels 

have been used as an alternative precursor for the production of biomass-derived 

activated carbon. Other than that, Muhammad, et al. (2020) have conducted their 

research study on converting dragon fruit peel into consumable pectin to reduce 

waste generated from the consumption of dragon fruit. In the food sector, 
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residual peels of dragon fruit have been used to produce betalains and pectin, 

which can be served as alternative food additive sources (Tran, et al., 2022).      

 

2.3 Cancer and Natural Products as Anticancer Agents 

Cancer occurs when cells undergo uncontrolled growth and proliferation, with 

the ability to invade and damage healthy tissues in the body. When the 

proliferation of cells is not well-regulated, clusters of cells, which are known as 

tumors, will form. Malignant (cancerous) tumors can differ from benign (non-

cancerous) tumors. Generally, the growth rate of benign tumors is slow, and they 

do not metastasize. In contrast, cancerous tumors have the ability to spread 

quickly throughout the body, infiltrate, and kill the neighbouring normal tissues 

(The University of Kansas Cancer Center, 2024). Cancers have been on the rise 

because of the significant lifestyle changes brought about by modern living in 

this era of modernization. It ranks as the second-leading cause of death globally. 

The hallmarks of cancer tend to involve seven biological traits attained during 

the multistep evolution of lesions, which are permitting unlimited replication, 

maintaining proliferative signaling, resisting growth inhibitory signals, evading 

programmed cell death (apoptosis), activating invasion and metastasis, 

transforming energy metabolism, and stimulating angiogenesis (Hanahan and 

Weinberg, 2011). Mutations in cellular DNA serve as the fundamental cause of 

cancer. DNA comprises of various genes, each containing commands that 

regulate cell growth and division. Malignant cells can develop from signals that 

contain errors, which inhibit them from functioning normally (Mayo Clinic, 

2022).  
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According to Ferlay, et al. (2024), the most prevalent forms of cancer incidences 

in Malaysia for both genders across all ages are breast (16.2%), colorectum 

(13.8%), lung (10.7%), liver (4.6%), and prostate (4.6%) cancers. In particular, 

lung (16.9%), colorectum (15.6%), and prostate (9.5%) cancers are the top three 

leading cancers in men. On the other hand, the top three most prominent cancers 

in females included breast (31.3%), colorectum (12.2%), and cervix uteri (7.1%) 

cancers.   

 

With regard to the high fatality rate of cancer worldwide, extensive research has 

been undertaken to uncover natural anti-tumor drugs that combat cancer cells. 

There is still an enormous demand for less hazardous and addictive medications, 

even with the availability of numerous anticancer drugs and therapies today. 

Based on the diverse range of metal or metal oxide nanoparticles developed 

through green methods by other researchers, it reveals that nanoparticles hold 

substantial potential for clinical application in the treatment of cancer in the 

future.  

 

As reported by Divakaran, et al. (2019), dragon fruit was utilized to synthesize 

Au NPs, as well as to determine its anticancer properties. The findings 

highlighted that the nanoparticles were effective in anticancer activity, with an 

IC50 value of 25 µg/mL against the colon cancer (HCT-116) cell line. Another 

Ag NPs derived from Hylocereus undatus by Shyamalagowri, et al. (2022) also 

proved its anticancer property with an IC50 value of 37.98 µg/mL when tested on 

HepG2 (liver) cancerous cells. Apart from that, Rajagopal, et al. (2021) and 

Gnanavel, et al. (2017) applied Wrightia tinctoria extract and Ormocarpum 
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cochinchinense leaf extract, respectively, to green synthesize their Cu and CuO 

NPs. The breast cancer (MCF-7) cells and Vero cells with the treatment of Wt-

Cu NPs showed IC50 values of 119.23 µg/mL and 898.75 µg/mL, respectively. 

Meanwhile, CuO NPs derived from O. cochinchinense leaf extract showed 

potent cytotoxic effect on colon cancer (HCT-116) cell line, displaying an IC50 

value of 40 µg/mL. In summary, the aforementioned findings implied that the 

green-synthesized nanoparticles were non-cytotoxic to normal cells but had a 

moderately cytotoxic effect on cancer cell lines.  

 

2.4 Colon Cancer (HCC2998) Cell Line 

HCC2998 is a type of cancer cell line originated from Homo sapiens with the 

disease of colon adenocarcinoma. HCC2998 are adherent cells with an 

epithelial-like structure. When cultured HCC2998 cells in vitro, these cells will 

attach to the inner surface of the tissue culture flask and form a monolayer. 

HCC2998 cells have a doubling time of 31.5 to 44.4 hours (Bazzocco, et al., 

2015; National Cancer Institute, 2015).  

           

2.5 Vero Cell Line 

In 1962, kidney tissue from a normal, healthy adult African green monkey, 

named as Cercopithecus aethiops, was used to establish the Vero cell line. Many 

potential applications exist for the cell line, such as the detection of verotoxins, 

efficacy testing, and 3D cell culture (American Type Culture Collection, 2020).  
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Vero cell line is an example of an anchorage-dependent (adherent) cell line. It 

exhibits an epithelial-like shape and tends to form monolayers. These cells 

typically exhibit an average measurement of around 17 µm and display a 

rounded to elongated morphology when observing them under an inverted 

microscope (Cytion, 2024). The doubling time for Vero cells is approximately 

24 hours (Ammerman, Beier-Sexton and Azad, 2009).  

 

2.6 Cytotoxicity Assay 

MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide) assay is 

the most appropriate cytotoxicity test to assess cell viability and cytotoxicity in 

anticancer studies among the various varieties of assays, as tabulated in Table 

2.4. Firstly, MTT test is a popular option in laboratories due to its affordability 

and ease of use. MTT assay can be completed within five to six hours, with the 

simple procedures of introducing MTT reagent to cell cultures, incubation, 

solubilizing the formazan crystals produced by metabolically active cells, and 

measuring the absorbance by using a microplate reader. MTT assay yields 

quantitative data on the proliferation and viability of cells. The quantity of 

formazan produced correlates directly with the number of viable cells present in 

the culture (Riss, 2024). This makes it possible for researchers to precisely 

measure the cytotoxic effect on cancer cells of various compounds or treatments. 

Besides, the high sensitivity of MTT assay enables researchers to detect minute 

alterations in cell viability, which makes it appropriate for evaluating the 

effectiveness of possible anticancer drugs or treatments. Given its high 

sensitivity, researchers can also detect substances at comparatively low 

concentrations that cause cell death (Tonder, Joubert and Cromarty, 2015). 
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According to Drug Discovery News (2023), MTT assay is flexible across 

different cancer models, making it an attractive option for anticancer research.  

 

The MTT assay is extensively recognized as the gold standard of high-

throughput cytotoxicity assays (Tonder, Joubert and Cromarty, 2015). MTT test 

measures mitochondrial activity through the process in which viable cells 

convert MTT into formazan crystals (Figure 2.2), which are the purple-colored 

product with an absorbance wavelength maximum at 570 nm. In contrast, when 

cells are not viable, they cease their metabolic activity and are incapable of 

converting MTT, leading to no observable color change (AAT Bioquest, 2022). 

This assay is commonly employed to evaluate the in vitro cytotoxic effect of 

drugs on numerous cell lines. The number of viable cells determines the overall 

mitochondrial activity (Meerloo, Kaspers and Cloos, 2011). 

 

 

Figure 2.2: The structures of MTT and formazan product (Adapted from Desai, 

et al., 2011). 
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As presented in Figure 2.2, the MTT reagent is a salt of mono-tetrazolium. The 

structure of MTT illustrates four nitrogen atoms in a quaternary tetrazole ring 

core that is positively charged, encircled by three aromatic rings, which comprise 

two phenyl groups, and another thiazolyl ring (Desai, et al., 2011). Upon 

reduction of MTT, the core of the tetrazole ring undergoes disruption, resulting 

in the formation of a purple molecule that is insoluble in nature. Due to its 

positive ionic state and lipophilic nature, MTT can permeate through both the 

cell membrane and the inner mitochondrial membrane of living cells. MTT can 

be reduced intracellularly by the aid of oxidoreductase, dehydrogenase enzymes, 

and NAD(P)H (electron donors) at several stages of the glycolytic processes. As 

a result, MTT will be converted to insoluble formazan by cells with active 

metabolism. Usually, water-insoluble formazan crystals are dissolved using a 

solvent. For instance, dimethyl sulfoxide (DMSO) will be added prior to 

absorbance measurement (Ghasemi, et al., 2021).  
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Table 2.4: Different types of cytotoxicity assays (Toxicology MSDT, 2022).  

Assay Principle 

DNA fragmentation / 

Ladder assay 

Agarose gel electrophoresis separates fragmented DNA from cells generated by chemicals or medications, which 

is then visualized as a “ladder” using ethidium bromide staining. The cell death will be assessed. 

Comet assay The amount of damaged DNA is represented as a comet tail moment using micro gel electrophoresis.  

Necrosis assay Cells that showed positive staining in flow cytometry analysis for both FITC Annexin V and PI are transitioning 

from the apoptotic stage to the necrotic stage, while cells that do not exhibit positive stain for FITC Annexin V or 

PI are not exhibiting either necrosis or apoptosis. 

Enzyme assay A color change will be spotted upon reactions with a specific probe that signals lactate dehydrogenase passage, 

which occurs when cell membrane integrity is disrupted by cytotoxic substances. 

Proteomics assay The effect of toxicants in cellular toxicity signaling system will be assessed by detecting the expression of a specific 

protein, known as biomarker.  

Expression array assay The fluorescent intensity of different genes that are altered by cellular toxicants are evaluated via a chip-based 

microarray.  
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After an in-depth literature review, the potential of nanoparticles and H. 

polyrhizus in cancer treatment has been identified. So, in this study, H. polyrhizus 

was chosen as an alternative source of capping and reducing substances in green 

synthesizing the CuO NPs. The equipment available in the laboratory, such as 

UV-Visible spectroscopy (UV-Vis), Field Emission Scanning Electron 

Microscopy (FE-SEM), Energy Dispersive X-ray (EDX), X-ray Diffractometer 

(XRD), and Fourier Transform Infrared Spectroscopy (FTIR) were applied to 

characterize and identify the green-synthesized CuO NPs. The cytotoxic effect 

of CuO NPs were investigated on colon cancer (HCC2998) and Vero cell lines 

to determine the anticancer potential of the synthesized CuO NPs.    
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CHAPTER 3 

MATERIALS AND METHODS 

 

3.1 Materials 

3.1.1 Hylocereus polyrhizus Peels  

H. polyrhizus (dragon fruits) were purchased from a hypermarket named Lotus’s, 

located in Kampar, Perak. 

 

3.1.2 Cell Lines 

CCL-81, also known as the Vero cell (adult African green monkey kidney cell 

line) and the HCC2998 (human colon carcinoma cell line) were obtained from 

the Faculty of Science, UTAR, Kampar campus.    
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3.1.3 Chemical Reagents and Materials  

Table 3.1 indicates all the chemical reagents and materials used during the study.  

 

Table 3.1: List of chemical reagents and materials used in this study. 

Chemical reagents / Materials Source, Country 

0.25% Trypsin-EDTA GE Healthcare, United States 

0.4% Trypan blue dye Sigma-Aldrich, United States 

95% Ethyl acetate (Industrial grade) Chemical Solutions, Malaysia 

96-well plate  Techno Plastic, Switzerland  

Basic DMEM powder Sigma-Aldrich, United States 

Cisplatin  EMD Chemicals, Inc. San Diego 

Copper nitrate trihydrate  HmbG, Germany  

Dimethyl sulfoxide (DMSO) Fisher Scientific, United Kingdom 

Fetal bovine serum Sigma-Aldrich, United States  

Phosphate buffered saline tablet Oxoid Limited, United Kingdom 

Sodium hydrogen carbonate SYSTERM, Malaysia 

Thiazolyl blue tetrazolium bromide, 

98% 

Merck, Germany 

 

  



23 
 

3.1.4 Equipment 

Table 3.2 shows all the equipment that were utilized during the study.  

 

Table 3.2: List of equipment used during the study. 

Equipment  Manufacturer / Brand  

5% carbon dioxide (CO2) incubator BINDER, Germany 

Autoclave  Hirayama, Japan 

Centrifuge Heraeus, Germany 

Electronic balance RGS Corporation Sdn. Bhd., Malaysia 

Freezer (-20 °C) Pensonic, Malaysia 

Hemocytometer  Hecht-Assistant, Germany 

Inverted phase contrast microscope Nikon, Japan 

Laminar flow cabinet Esco Micro (M) Sdn. Bhd., Malaysia 

Microplate reader BMG Labtech, Germany 

Plant oven / incubator  Memmert, Germany 

Refrigerator (4 °C) Samemax, Malaysia 

Scanvac CoolSafe 4 L freeze dryer LaboGene, Denmark 

Sonicator  Elma Schmidbauer GmbH, Germany 

Ultra-low freezer (-80 °C) Eppendorf Asia Pacific, Malaysia 

Vortex  PLT Scientific, Malaysia 

Water bath Memmert, Germany 
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3.2 Methodology 

3.2.1 Overview of Research Methodology 

Figure 3.1 depicts the simplified workflow of the study. The H. polyrhizus peels 

extract was prepared by the freeze-dried alternative. The synthesized 

nanoparticles were characterized prior to proceeding to the cytotoxicity testing 

for HCC2998 colon carcinoma via the MTT assay. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: An overview of the research methodology. 

 

  

 

 Cytotoxicity testing via MTT assay 

 

 UV-Visible spectroscopy (UV-Vis) 

 Field Emission Scanning Electron Microscopy (FE-SEM) 

 Energy Dispersive X-ray spectroscopy (EDX) 

 X-ray Diffraction (XRD) 

 Fourier Transform Infrared Spectroscopy (FT-IR) 

Preparation of the dragon fruit peels extract 

Green-synthesis of copper oxide (CuO) nanoparticles 

Characterization of CuO nanoparticles 

Bioassay 

Data tabulation and analysis 
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3.3 Green Synthesis of CuO Nanoparticles 

3.3.1 Preparation of H. polyrhizus Peels Extract 

Figure 3.2 shows the overall workflow for the preparation of H. polyrhizus peels 

extract. The peels were peeled from the fruits and cut into smaller pieces, washed 

with distilled water, and patted dry with tissue. The peels were incubated in an 

oven at 60 °C for one day, until all the peels became completely dry and crunchy. 

The dried peels were then blended into powder form. Approximately 2 L of 

distilled water were added to 25 g of H. polyrhizus powder to form a mixture. 

The mixture was purified by Whatman filter paper 1 and aliquoted into 50 mL 

centrifuge tubes for centrifugation. The supernatant was poured into the round-

bottomed flasks and left for overnight freezing at a temperature of -20 °C. The 

frozen samples were subjected to freeze-drying for about a week. Pinkish-red 

sticky crude extract was observed on the walls of the round-bottomed flasks. The 

crude extract was scraped off the wall and stored in an airtight Schott bottle.  

 

 

 

 

 

 

 

Figure 3.2: Workflow for the preparation of the H. polyrhizus peels extract.  

H. polyrhizus peels H. polyrhizus powder 

Crude extract Freeze dried samples 

Dried 

and 
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+ dH2O 

Centrifugation 

product 
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3.3.2 Green Synthesis of Copper Oxide Nanoparticles 

Figure 3.3 shows the workflow for the green synthesis of CuO NPs. One gram 

of crude extract was mixed well with 50 mL of distilled water. About 3 g of 

Cu(NO3)
2·3H2O was weighed and added to the extract with continuous swirling 

on a hotplate stirrer at a temperature between 70 °C and 80 °C until saturated. A 

dark green paste product was formed, and it was transferred into a crucible. The 

dark green paste was calcinated by the Furnace large Nabertherm at 400 °C for 

2 hours (Okpara, et al., 2021). After the process of calcination, black-colored 

CuO NPs were obtained in the crucible. The CuO NPs were kept in a tightly 

closed microcentrifuge tube and stored at room temperature until further use.  

 

 

   

 

 

 

 

 

 

 

Figure 3.3: Workflow for the green synthesis of CuO NPs. 
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3.4 Characterization of CuO Nanoparticles 

3.4.1 UV-Visible Spectroscopy (UV-Vis) 

The green-synthesized CuO NPs from the reduction of the copper ions from the 

copper nitrate trihydrate precursor were mixed with deionized water, and the 

mixture was sonicated to form colloid structure before being analyzed by the 

UV-Visible spectrophotometer (Thermo Fisher Scientific G 10S UV-Vis, United 

States) at room temperature with a wavelength between 200 nm and 800 nm 

(Tabrez, et al., 2022; Nzilu, et al., 2023).  

 

3.4.2 Field-Emission Scanning Electron Microscopy (FE-SEM) 

The surface structure of the CuO NPs was confirmed by the FE-SEM analysis 

(JOEL JSM 6710F, Japan).  

 

3.4.3 Energy Dispersive X-ray Spectroscopy (EDX) 

The composition of elements of the CuO NPs was detected via electron 

dispersive X-ray spectroscopy (Oxfords Instrument X-max Energy Dispersive 

Diffractometer).  

 

3.4.4 X-ray Diffraction (XRD) 

The green-synthesized CuO NPs were ensured to be completely dried before 

characterization by the X-ray diffractometer (Shimadzu XRD 6000, Japan) using 

the Cu-Kα radiation in the 2θ range of 30° to 70° at a temperature of 25 °C and 

a voltage of 40 kV and 20 mA current (Nzilu, et al., 2023).  
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3.4.5 Fourier Transform Infrared Spectroscopy (FT-IR) 

The H. polyrhizus-mediated CuO NPs were analyzed by FT-IR spectroscopy 

(Perkin Elmer Spectrum RX-1 FT-IR Spectrometer, USA) to identify the 

functional groups discovered in the CuO NPs. The CuO NPs were mixed with 

the KBr in a ratio of 1:10 to form the pellet. The analysis was observed in the 

scan range of 4000 to 400 cm-1 with a resolution of 4 cm-1 (Tabrez, et al., 2022). 

 

3.5 Culture and Subculture of Cells 

Vero and HCC2998 cell lines were quickly thawed in a water bath (37 °C) for 

one minute. By using a serological pipette, 4 mL of the pre-warmed complete 

growth medium (CGM) was added into a new 25 cm2 tissue culture flask, 

followed by 1 mL of the thawed cells. The cells were then examined under an 

inverted microscope and incubated at 37 °C, 5% CO2 incubator. The cells were 

observed daily to check for signs of deterioration and contamination.  

 

Subculture of the cells was conducted once the cells had reached a confluency 

of around 80%. The old media was removed, and 5 mL of phosphate-buffered 

saline (PBS) was added to rinse the cells twice. The flask was filled with 3 mL 

of 0.25% trypsin-EDTA solution and incubated for around 15 minutes in the 

incubator. After the incubation period, the cells were checked under an inverted 

microscope to confirm the successful detachment of the cells. Then, 3 mL of 

CGM was pipetted into the flask to deactivate the trypsinization process. The 

content was carefully poured into a 15 mL centrifuge tube and centrifuged for 

10 minutes at 25 °C at 1000 rpm. The supernatant was discarded, and 2 mL of 

CGM was added to the pellet and resuspended. A new culture flask was prepared 
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by first adding 4 mL of CGM and subsequently 1 mL of cells. The flasks were 

incubated in the 5% CO2 incubator at an average temperature of 37 °C. 

 

3.6 Counting of Cells 

Subculture was carried out once the cells had reached confluency of 80%. 

Approximately 100 µL of the suspension of cells and 100 µL of 0.4% trypan 

blue were mixed at a 1:1 dilution, into a microcentrifuge tube. The mixture was 

left to incubate at room temperature for a duration of 3 to 5 minutes. The mixture 

was then resuspended again to prevent sedimentation and clumping of the cells 

before loading 10 µL of the mixture into the chambers of a clean hemocytometer. 

The hemocytometer flooded with cells was viewed under an inverted microscope 

with a magnification of 100x. Under the microscope, the viable cells were 

unstained, whereas the dead cells were stained blue. The total number of living 

cells and dead cells was counted using a hand tally counter, and the results were 

recorded.  

 

As shown in Figure 3.4, the cell counting process was done following the notion 

that only those cells touching the left and upper border lines were counted, while 

cells touching the right and bottom lines were not counted. This is to prevent the 

repeated counting of the same cells. The average number of live viable cells in 

each of the four grids was calculated. Then, the cell concentration was calculated 

using the following formula (Cell Signaling Technology, 2024).  
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Concentration of cells = average number of viable cells in four grids × 104 × 

dilution factor × original volume of cell suspension  

 

Dilution factor = final volume / volume of cells 

   = 
100 𝜇𝐿 + 100 𝜇𝐿

100 𝜇𝐿
 

   = 2 

 

Volume of suspension required for seeding = number of cells required per well / 

cell concentration 

 

 

Figure 3.4: Grid lines of one chamber of a hemocytometer and the rule of cell 

counting (Adapted from Allevi, 2022).  
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3.7 MTT Assay 

The master stock solutions of CuO NPs and cisplatin (used as the positive control) 

were made at a concentration of 5 mg/mL by dissolving 5 mg of each compound 

in 1 mL of DMSO. Subsequently, working solutions were prepared from these 

master stocks. Serial dilution of the master stock with Dulbecco’s Modified 

Eagle Medium (DMEM) solution yielded seven sample solutions at 

concentrations of 1.56, 3.13, 6.25, 12.50, 25.00, 50.00, and 100.00 µg/mL.  

 

Cells were seeded in a volume of 100 µL into the 96-well plate with 1 × 104 

cells/well with DMEM. The cells were cultured for at least 24 hours at 37 °C, 5% 

CO2 incubator for the purpose of growth and attachment of the monolayer cells. 

The following day, the plate was examined using an inverted microscope to 

confirm the attachment of cells. The cells in each well were treated with 100 µL 

of various concentrations of CuO NPs and cisplatin, respectively (Figure 3.5).  

 

Wells with only cells and DMEM acted as negative controls, while the wells with 

only DMEM acted as blanks. The cells treated with cisplatin considered as the 

positive control of this experiment. The plate was placed in a 5% CO2 incubator 

at 37 °C for 24 and 48 hours, respectively. The assay was conducted in triplicates 

for each sample, and each triplicate were divided into first run and second run.  
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Figure 3.5: Layout of a 96-well plate for MTT assay.  

 

Key: 

 

 

The cell viability was evaluated via the colorimetric MTT assay. After the end 

of each period of incubation, 20 µL of 5 mg/mL MTT reagent were added to all 

wells and incubated in darkness for 4 hours at 37 °C in a 5% CO2 incubator. 

After 4 hours, the content from each well was completely removed, and 100 µL 

of 100% DMSO was added to dissolve and break down the purple formazan 

crystals. The plate was then incubated at room temperature for an additional 10 

to 15 minutes. The cell viability was determined by measuring the absorbance 

spectrophotometrically at 570 nm using a microplate reader.  
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The data obtained were tabulated to calculate the percentage of cell viability. 

Graphs were generated by plotting the percentage of cell viability against 

different sample concentrations, and the IC50 values were determined from these 

graphs.    

 

Calculation for cell viability (Karakas, Ari and Ulukaya, 2017): 

 

Percentage of cell viability = 
X

Y
 × 100% 

 

where, 

X = average absorbance of treated cells 

Y = average absorbance of negative controls  

 

3.8 Statistical Analysis 

Statistical analysis was performed to investigate the variance for various 

concentrations of green-synthesized H. polyrhizus-mediated CuO NPs and the 

positive control treated to the colon carcinoma (HCC2998) cells and Vero cells. 

The mean and standard deviation for the triplicates were calculated and tabulated. 

One-way ANOVA (IBM SPSS version 29.0) was implemented to analyze the 

significant cytotoxic effect of the green-synthesized CuO NPs at the significant 

level of p value < 0.05.   
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CHAPTER 4 

RESULTS 

 

4.1 Characterization of the Green-Synthesized CuO Nanoparticles 

The black-colored powder obtained after calcination at 400 °C for 2 hours in the 

furnace was characterized by several instruments such as UV-Visible 

spectroscopy (UV-Vis), Fourier Transform Infrared Spectroscopy (FT-IR), 

Energy Dispersive X-ray Spectroscopy (EDX), X-ray Diffraction (XRD), and 

Scanning Electron Microscopy (SEM) to identify and confirm the size, 

morphology, crystallite nature, and to detect the probable functional groups in 

the green-synthesized H. polyrhizus-mediated CuO NPs.  

 

4.1.1 UV-Visible Spectroscopy Analysis 

The purpose of the UV-Vis spectroscopy analysis is to examine the absorption 

wavelength of the nanoparticles, especially to confirm the presence of reduced 

copper ions as CuO NPs. Figure 4.1 depicts the UV-Visible absorption spectrum 

for the green-synthesized CuO NPs. Based on the graph plotted, the absorption 

peak can be detected at 286 nm. The band gap of CuO NPs is 4.15 eV as shown 

in the Tauc Plot presented in Figure 4.2. 
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Figure 4.1: UV-Visible absorption spectrum of CuO NPs.   

 

 

Figure 4.2: Band gap energy for the green-synthesized CuO NPs. 

 

 

 

 

286 nm 

4.15 eV 
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4.1.2 Field Emission Scanning Electron Microscopy Analysis 

FE-SEM was utilized to obtain details of the size and to observe the surface 

morphology of the CuO NPs. Figure 4.3a shows the FE-SEM image for the CuO 

NPs photographed at 20000x magnification, whereas Figure 4.3b shows the 

morphology of the CuO NPs at 80000x magnification. The images revealed the 

spherical shape of CuO NPs in the presence of agglomeration. The size of the 

synthesized CuO NPs ranged from 24.9 to 35.4 nm.   

 

 

Figure 4.3a: Morphology of the CuO NPs under 20000x magnification. 
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Figure 4.3b: Morphology of the CuO NPs under 80000x magnification.   
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4.1.3 Energy Dispersive X-ray Analysis 

The EDX spectrum presented in Figure 4.4 confirms the presence of the peaks 

attributed to copper and oxygen atoms in the green-synthesized CuO NPs, 

confirming the purity of the green-synthesized CuO NPs. However, tiny peaks 

of potassium ions were also detected because of the interactions with the H. 

polyrhizus plant extract during the process of bioprocessing. The weights 

percentage of the main elements found in CuO NPs are tabulated in Table 4.1.    

 

 

Figure 4.4: EDX spectrum of H. polyrhizus-mediated CuO NPs.  

 

Table 4.1: Weight of the elements present in H. polyrhizus-mediated CuO NPs.  

 Weight (%) 

Cu O K 

CuO NPs 62.59 31.82 5.59 

 

 

 

K 
O 

Cu 
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K 

Cu 

Cu 
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4.1.4 X-ray Diffractometry Analysis  

XRD analysis was performed to identify the crystal phases and crystallinity of 

the CuO NPs. The detected peaks for the CuO NPs with corresponding Miller 

indexes are plotted in Figure 4.5. The XRD analysis showed specific diffraction 

peaks at 2θ for the CuO NPs of 32.4, 35.5, 38.6, 48.7, 53.4, 58.2, 61.5, 66.2, 68.0, 

72.3, and 75.2 degrees with corresponding Miller indexes of (110), (−111), (111), 

(−202), (020), (202), (−113), (−311), (220), (311), and (−222), respectively. 

These diffraction peaks agreed well with the standard card of The International 

Centre for Diffraction Data (ICDD) card No. 01-080-0076, confirming the 

monoclinic lattice structure of CuO NPs (Domyati, 2022; Kumar, et al., 2024). 

The crystal size of CuO NPs was determined using the Debye-Scherrer equation, 

resulting in a size of 23.62 nm (Sivagami and Asharani, 2022).    

 

 

Figure 4.5: XRD patterns of H. polyrhizus-mediated CuO NPs from 10° to 80°. 
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Calculation of crystalline size by using Debye-Scherrer equation (Sivagami 

and Asharani, 2022)  

 

To calculate β 

𝛽 =
𝐹𝑊𝐻𝑀 𝑖𝑛 2𝜃 × 𝜋

180°
 

    =
0.3532×𝜋

180°
 

    = 6.1645 × 10-3 

 

Debye-Scherrer Equation 

𝐷 =
𝑘𝜆

𝛽 𝑐𝑜𝑠𝜃
 

   =
0.9×1.5406×10−10

6.1645×10−3 cos 17.78°
 

   = 2.362 × 10-8 m 

   = 23.62 nm 

 

where, 

D = Mean size of nanoparticle 

K = Scherrer constant (0.9) 

λ = X-ray source wavelength (Cu-Kα radiation = 1.5406 × 10-10 m) 

β = Diffraction broadening width at full-width half maximum (in radian 2θ) 

θ = Bragg’s diffraction angle 
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4.1.5 Fourier Transform Infrared Spectroscopy Analysis 

FT-IR analysis was done to identify the possible significant functional groups 

found in the compound on the surface of the CuO NPs, which are responsible 

for reducing and capping agents. Based on the FTIR spectrum in Figure 4.6, the 

prominent absorption peak observed at 545 cm-1 was attributed to the Cu-O bond, 

thereby confirming the formation of CuO NPs. This assertion was corroborated 

by another high intensity peak at 1384 cm-1, indicating the presence of Cu2+-O2- 

stretching mode. Additionally, a weak and broad peak detected at 3421 cm-1 

corresponded to the O-H stretch, which is associated with hydrogen-bonded 

alcohols, suggesting the existence of water molecules that have been absorbed. 

The other possible functional groups that corresponded to each of the 

wavenumbers detected are listed in Table 4.2.  
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Figure 4.6: FT-IR spectrum for H. polyrhizus-mediated CuO NPs. 
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Table 4.2: FT-IR analysis on the molecular motion and possible functional 

groups present in the H. polyrhizus-mediated CuO NPs.  

Wavenumber  

(cm-1) 

Molecular 

Motion 

Functional 

Group 

Biomolecules 

3421 O-H stretch Hydroxyl group Phenolic compound 

2974 C-H stretch Hydrocarbon Alkanes 

1629 C=C stretch Carbonyl group Flavonoids  

1384 C-C stretch Aromatic amine Biogenic amines 

1089, 1048 C-O stretch Phenol Flavonoids  

545 Cu-O stretch Cu-O Inorganic compound 

 

4.2 MTT Assay 

4.2.1 HCC2998 Cells 

The HCC2998 cell line originates from human colon carcinoma. The cells grow 

adherently and have the characteristics of epithelial-like morphology, as shown 

in Figure 4.7. 

 

 

Figure 4.7: Morphology of HCC2998 cells cultured in CGM under 100x 

magnification. 
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The cytotoxic response of the green-synthesized CuO NPs was tested on colon 

carcinoma cells via MTT assay. The percentage of cell viability for HCC2998 

cells after treatment with CuO NPs and cisplatin for 24- and 48-hours are 

tabulated in Table 4.3 and Table 4.4, as well as Figure 4.8 and Figure 4.9. 

Referring to the treatment of CuO NPs against colon cancer (HCC2998) cells 

after 24 hours incubation, the lowest cell viability treated with 100 µg/mL of 

CuO NPs and cisplatin were 52.35 ± 6.61% and 36.29 ± 1.94%, respectively. 

Upon 48 hours incubation, the lowest cell viability reduced to 41.46 ± 1.39% 

after treating the cells with 100 µg/mL of CuO NPs, and 21.65 ± 0.78% for cells 

treated with 100 µg/mL of cisplatin. Statistical analysis was conducted utilizing 

one-way ANOVA (IBM SPSS 29.0). The results indicated significant differences 

(p < 0.05) starting from 3.13 to 100.00 µg/mL of CuO NPs for 24 hours, and all 

the concentrations showed significant differences for 48 hours treatment of CuO 

NPs and cisplatin, as compared to the negative controls (untreated cells).    

 

Additionally, the cellular structure and morphology was examined using an 

inverted microscope at 100x magnification for pre- and post-treatment of the 

cells. As shown in Figures 4.10 and 4.11, the non-treated HCC2998 cells 

showed a shiny appearance with a fibroblast-like epithelial shape, indicating 

viable cells (green arrows). However, the cell morphology changed from 

epithelial-shaped cells to irregular and rounded-shaped cells after treating the 

HCC2998 cells with both CuO NPs and cisplatin, respectively. Shrinkage of cells 

was observed, indicating apoptotic cells (red arrows). 
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Table 4.3: Percentage of cell viability of HCC2998 cells treated with various 

concentrations of CuO NPs and cisplatin with 24 hours treatment.  

Concentrations 

(µg/mL) 

Cell Viability (%) 

CuO NPs Cisplatin 

0 100.00 ± 0.00 100.00 ± 0.00 

1.56 93.75 ± 1.09 87.58 ± 2.49* 

3.13 89.37 ± 1.86* 82.43 ± 6.83* 

6.25 81.66 ± 1.45* 78.83 ± 5.15* 

12.50 77.36 ± 1.88* 64.17 ± 3.57* 

25.00 65.23 ± 3.48* 47.63 ± 3.49* 

50.00 61.30 ± 4.80* 42.02 ± 0.94* 

100.00 52.35 ± 6.61* 36.29 ± 1.94* 

Data are presented as mean ± standard deviation from at least three independent 

experiments, * indicates statistically significant differences (p < 0.05).  

 

 

 

Figure 4.8: The percentage of cell viability of HCC2998 cells against different 

concentrations of CuO NPs and cisplatin at 24 hours incubation. 
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Table 4.4: Percentage of cell viability of HCC2998 cells treated with various 

concentrations of CuO NPs and cisplatin with 48 hours incubation.  

Concentrations 

(µg/mL) 

Cell Viability (%) 

CuO NPs Cisplatin 

0 100.00 ± 0.00 100.00 ± 0.00 

1.56 81.13 ± 2.44* 77.12 ± 4.27* 

3.13 75.71 ± 1.39* 72.41 ± 3.42* 

6.25 71.98 ± 2.91* 66.24 ± 4.08* 

12.50 68.01 ± 0.63* 46.27 ± 4.57* 

25.00 61.01 ± 1.97* 26.68 ± 0.14* 

50.00 53.98 ± 1.67* 24.63 ± 1.34* 

100.00 41.46 ± 1.39* 21.65 ± 0.78* 

Data are presented as mean ± standard deviation from at least three independent 

experiments, * indicates statistically significant differences (p < 0.05). 

 

 

 

 

Figure 4.9: The percentage of cell viability of HCC2998 cells against different 

concentrations of CuO NPs and cisplatin at 48 hours incubation.
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Legend: 

         Viable cells 

         Apoptotic cells 

  

Figure 4.10: HCC2998 with various concentrations of CuO NPs after 24 hours under 100x magnification. (A) Negative control, (B) 1.56 µg/mL, 

(C) 3.13 µg/mL, (D) 6.25 µg/mL, (E) 12.50 µg/mL, (F) 25.00 µg/mL, (G) 50.00 µg/mL, (H) 100.00 µg/mL, (I) Positive control. 
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Legend: 

         Viable cells 

         Apoptotic cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.11: HCC2998 with various concentrations of CuO NPs after 48 hours under 100x magnification. (A) Negative control, (B) 1.56 µg/mL, 

(C) 3.13 µg/mL, (D) 6.25 µg/mL, (E) 12.50 µg/mL, (F) 25.00 µg/mL, (G) 50.00 µg/mL, (H) 100.00 µg/mL, (I) Positive control.  
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The IC50 values of CuO NPs and cisplatin were determined by graphical 

interpolation via GraphPad Prism 10 and are tabulated in Table 4.5. As the 

incubation period increased from 24 hours to 48 hours, the IC50 values for CuO 

NPs decreases from 14.61 ± 1.93 µg/mL to 7.45 ± 5.78 µg/mL. Meanwhile, 

cisplatin exhibited IC50 values from 12.52 ± 3.02 µg/mL to 7.61 ± 5.19 µg/mL. 

A lower IC50 value indicating higher potency of the drug (Berrouet, et al., 2022). 

   

Table 4.5: IC50 values of H. polyrhizus-mediated CuO NPs treatment after 24- 

and 48-hours against HCC2998 cells. 

Samples IC50 (µg/mL) 

24 hours 48 hours 

CuO NPs 14.61 ± 1.93 7.45 ± 5.78 

Cisplatin  12.52 ± 3.02 7.61 ± 5.19 

Data are presented as mean ± standard deviation for at least three independent 

experiments. 
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4.2.2 Vero Cells 

Figure 4.12 illustrates the characteristics of Vero cells, which are adherent cells 

with a fibroblast-like appearance and an elongated form.  

 

 

Figure 4.12: Morphology of the Vero cells cultured in CGM under 100x 

magnification. 

 

The green-synthesized CuO NPs were tested on Vero cells via MTT reduction 

assay to assess the cytotoxicity. The percentage of cell viability for Vero cells 

after treatment with CuO NPs and DMSO for 24- and 48-hours incubation period 

are displayed in Figure 4.13 and Figure 4.14. The results of the treatment of 100 

µg/mL of CuO NPs with Vero cells following a 24 hours incubation revealed the 

lowest percentage of cell viability of 89.53 ± 0.73%, while the Vero cells treated 

with 100% DMSO had the lowest cell viability of 30.43 ± 1.20%. Besides, after 

treating the cells with 100 µg/mL of CuO NPs, the lowest cell viability after 48 

hours of incubation was 82.06 ± 0.70%, while the percentage for cells treated 

with 100% DMSO was 8.61 ± 1.04%.  
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Statistical analysis was conducted using one-way ANOVA and the results 

highlighted significant differences (p < 0.05) at the concentrations of CuO NPs 

starting from 12.50 to 100.00 µg/mL for 24 hours. The concentrations of CuO 

NPs from 6.25 to 100.00 µg/mL showed significant differences in 48 hours 

treatment, as compared to the negative controls (untreated cells). DMSO, the 

positive control, showed significant differences for all concentrations at both 24- 

and 48-hours (Table 4.6 and Table 4.7). Furthermore, IC50 values for CuO NPs 

against Vero cells cannot be determined from the plotted graph.      
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Table 4.6: Percentage of cell viability of Vero cells treated with various 

concentrations of CuO NPs and DMSO with 24 hours treatment.  

Concentrations 

(µg/mL) 

Cell Viability (%) 

CuO NPs DMSO 

0 100.00 ± 0.00 100.00 ± 0.00 

1.56 98.82 ± 0.50 67.49 ± 2.90* 

3.13 97.82 ± 0.97 62.28 ± 0.91* 

6.25 97.15 ± 0.72 51.24 ± 2.67* 

12.50 95.09 ± 0.23* 41.67 ± 4.17* 

25.00 92.42 ± 2.19* 37.80 ± 2.69* 

50.00 91.16 ± 1.04* 35.23 ± 3.86* 

100.00 89.53 ± 0.73* 30.43 ± 1.20* 

Data are presented as mean ± standard deviation from at least three independent 

experiments, * indicates statistically significant differences (p < 0.05).  

 

 

 
Figure 4.13: The percentage of cell viability of Vero cells against different 

concentrations of CuO NPs and DMSO at 24 hours incubation. 
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Table 4.7: Percentage of cell viability of Vero cells treated with various 

concentrations of CuO NPs and DMSO with 48 hours treatment.  

Concentrations 

(µg/mL) 

Cell Viability (%) 

CuO NPs Cisplatin 

0 100.00 ± 0.00 100.00 ± 0.00 

1.56 96.62 ± 0.36 45.75 ± 1.74* 

3.13 94.37 ± 1.42 41.24 ± 1.93* 

6.25 90.58 ± 1.32* 34.98 ± 3.81* 

12.50 87.16 ± 0.46* 30.86 ± 0.62* 

25.00 85.71 ± 0.26* 25.63 ± 2.89* 

50.00 83.22 ± 2.67* 10.29 ± 1.27* 

100.00 82.06 ± 0.70* 8.61 ± 1.04* 

Data are presented as mean ± standard deviation from at least three independent 

experiments, * indicates statistically significant differences (p < 0.05).  

 

 

 

Figure 4.14: The percentage of cell viability of Vero cells against different 

concentrations of CuO NPs and DMSO at 48 hours incubation. 
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Additionally, the morphology of cells was observed under an inverted 

microscope at 100x magnification for pre- and post-treatment of the cells. 

According to Figures 4.15 and 4.16, a fibroblast-like elongated epithelial cells 

with a shiny appearance can be observed in the non-treated Vero cells (green 

arrows). However, the cell morphology changed from elongated-shaped cells to 

irregular and rounded-shaped cells after treating the Vero cells with highest 

concentration of CuO NPs and DMSO, respectively (red arrows).   
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Legend: 

         Viable cells 

         Apoptotic cells 
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Figure 4.15: Vero cells with various concentrations of CuO NPs after 24 hours under 100x magnification. (A) Negative control, (B) 1.56 µg/mL, 

(C) 3.13 µg/mL, (D) 6.25 µg/mL, (E) 12.50 µg/mL, (F) 25.00 µg/mL, (G) 50.00 µg/mL, (H) 100.00 µg/mL, (I) Positive control.
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Legend: 

         Viable cells 

         Apoptotic cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.16: Vero cells with various concentrations of CuO NPs after 48 hours under 100x magnification. (A) Negative control, (B) 1.56 µg/mL, 

(C) 3.13 µg/mL, (D) 6.25 µg/mL, (E) 12.50 µg/mL, (F) 25.00 µg/mL, (G) 50.00 µg/mL, (H) 100.00 µg/mL, (I) Positive control. 
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CHAPTER 5 

DISCUSSION 

 

5.1 Characterization of the Green-Synthesized CuO NPs 

5.1.1 Absorbance and Bandgap Energy 

Based on the UV-Visible spectroscopy analysis, the absorbance of the green-

synthesized CuO NPs was identified at the peak region of 286 nm. Similar peaks 

of 289 nm, 290 nm, and 291 nm were noted for the synthesized CuO NPs by 

Keabadile, et al. (2020). There is no other peak that can be observed in the whole 

spectrum, indicating that CuO NPs have successfully formed. UV-Visible 

spectroscopy is useful in detecting metal nanoparticles and characterize them 

based on size, shape, and stability. The localized surface plasmon resonance of 

metal nanoparticles allow for highly selective absorption of photons (Raja and 

Barron, 2024). The formation of the peak at that specific wavelength was due to 

surface plasmon resonance (SPR), which scatters light at different frequencies 

and absorbs light at similar frequencies. This was caused by these surface 

electrons all having a tendency to resonate at a single frequency. The vibration 

was detected as a result of the reaction between the emitted light photons and the 

conductivity of the electrons in the nanoparticles, which depends on the shape 

and dimensions of the nanoparticles. The result obtained was coherent with 

previous studies in which the synthesized CuO NPs showed surface plasmon 

resonance between 280 nm and 360 nm in the UV-Vis spectrum (Sankar, et al., 

2014; Keabadile, et al., 2020; Satari, et al., 2021). Hence, it can be deduced that 

the green-synthesized nanoparticle was CuO NPs. 
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The disparity in energy levels between the valence and conduction bands is 

denoted as the band gap (Peymanfar, et al., 2020). In this study, the determination 

of band gap energy is critical because CuO NPs are made of semiconductor 

components. A Tauc plot can be illustrated with an association to the UV-Vis 

transmission spectrum by extrapolating the linear curves to the photon energy 

axis, which is the x-axis of the graph. As a result, the band gap energy for the 

green-synthesized H. polyrhizus-mediated CuO NPs determined from the Tauc 

plot was 4.15 eV. The band gap energy obtained in this study is closely related 

to the findings of Anjum, et al. (2023) and Divya (2019), who reported the band 

gap energies of 3.7 eV and 4.03 eV for the synthesized CuO NPs and pure CuO 

NPs, respectively. As the size of CuO NPs decreases, the band gap energy 

increases (Singh, Goyal and Devlal, 2018). Hence, the greater surface area of the 

CuO NPs will exhibit a better cytotoxic effect on the malignant cells in 

anticancer research.   

 

5.1.2 Surface Morphology  

The morphology of the green-synthesized CuO NPs was identified by the FE-

SEM analysis. Based on the results obtained, the average sizes of the 

nanoparticles produced were smaller than 100 nm, which matched the nanosized 

characteristic of a nanoparticle (ranging from 1 to 100 nm). Apart from the sizes 

of CuO NPs, SEM images also revealed that all samples had a spherical shape, 

with indications of particle clustering. Previous studies had verified the spherical 

shape of CuO NPs (Amjad, et al., 2021; Altikatoglu, et al., 2017; Nzilu, et al., 

2023). In previous study, SEM results of CuO NPs developed via green synthesis 

method also revealed that nanoparticles have a higher tendency to agglomerate 
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because of the high surface free energy and high rate of nucleation at high 

temperatures (Satari, et al., 2021; Putri, et al., 2023; Manjunatha, et al., 2021). 

Moreover, the aggregation of the green-synthesized CuO NPs would result from 

the sticky condition of the H. polyrhizus peels, which serves as the reducing and 

capping agent. This claim aligned with findings from other studies that 

highlighted sticky plant extract as a special characteristic (Mali, Raj and Trivedi, 

2019; Chan, et al., 2022; Essa, 2024).  

 

5.1.3 Elemental Compositions 

EDX spectrum disclosed that the green-synthesized CuO NPs contain elements 

of copper (Cu), oxygen (O), and potassium (K). Based on the weight percentage 

of each element tabulated in Table 4.1, copper and oxygen were found to be 

62.59% and 31.82%, respectively. The presence of Cu and O peaks in the EDX 

spectrum without any other elemental compositions indicates the successful 

formation of CuO NPs. However, small amounts (5.59%) of potassium were also 

detected due to the interaction with the plant extract during the process of 

bioprocessing. Moreover, several peaks for the same element can be observed. 

This phenomenon is caused by the stimulation of different atomic energy levels 

of the same element under the incident energy of the scanning electron 

microscope (SEM), suggesting several transitions of the same element (Gokul, 

2020).    
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5.1.4 Crystallite Structure and Size 

By examining the peaks’ position and intensity with the XRD patterns of 

reference provided in the ICDD database, the observed diffraction peaks from 

XRD analysis suggested that the formation of green-synthesized CuO NPs was 

crystalline in nature with a monoclinic phase. The crystallite structure acquired 

was coherent with previous findings (Alhalili, 2022; Singh, et al., 2023). Besides, 

the XRD patterns did not show any additional peaks associated with secondary 

phases or impurities. There were also no discernible alterations in the diffraction 

angles or intensities. As a result, the calcination process results in high phase 

purity with the preferred components (Domyati, 2022). 

  

Besides, the crystalline size of the nanoparticles was evaluated using a high 

intense Bragg’s peak (Sivagami and Asharani, 2022). Debye-Scherrer equation 

was used to calculate the crystalline size of CuO NPs. At the highest diffraction 

peak of 35.62° in radian 2θ, the crystallite size was calculated to be 23.62 nm, 

which falls within the reported range of values, typically ranging from 14 to 25 

nm (Keabadile, et al., 2020). As the crystalline size of the green-synthesized CuO 

NPs was within the range of 1 to 100 nm, it revealed that the CuO NPs were 

nanocrystalline.  

 

5.1.5 Functional Groups 

It has been observed that the width and intensity of peaks in an IR spectrum are 

directly influenced by particle size (Li, et al., 2019). As the particle size increases, 

the width of the peak narrows, accompanied by an increase in intensity (Amaro-

Gahete, et al., 2019). Based on Figure 4.6, the peak at 545 cm-1 corresponds to 
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the Cu-O stretching vibration of CuO NPs in the monoclinic structure, indicating 

the successful synthesis of the CuO NPs (Varughese, Kaur and Singh, 2020). 

Other peaks observed in the FT-IR spectrum were due to the phytochemical 

components present in the H. polyrhizus peel extract.  

 

The shortening in the absorption peak at 3421 cm-1 was attributed to the O-H 

stretching vibration of hydroxyl groups on the surface adsorbed by water 

molecules, indicating a reduction process of Cu2+ ions into colloidal Cu0 

nanoparticles. A similar peak of 3419 cm-1 was reported by Dehaj and Mohiabadi 

(2019). Next, the presence of the peak at 2974 cm-1 represents C-H asymmetric 

stretching of alkanes. Previous study reported by Mohamed (2020) also 

presented their characterization peak of C-H stretching at the absorption peak 

position of 2921.72 cm-1. The peaks seen at 1629 cm-1 and 1384 cm-1 show the 

C=O stretching of carbonyl group with the possible biomolecules of flavonoids 

and N-H stretching of aromatic amine, respectively. The strong band in the 

region between 1000 and 1300 cm-1 indicated a C-O stretching in the phenolic 

or alcoholic group. The presence of phenolic or alcoholic groups supported the 

claim that H. polyrhizus peel extract contains phytochemical compounds such as 

polyphenolics, alkaloids, and flavonoids, which have a significant impact on bio-

reduction process of the synthesis of CuO NPs (Putri, et al., 2023).  

 

Haruna, et al. (2022) conducted a similar study where they identified various 

functional groups present in the H. polyrhizus, including the -OH group at 

wavenumber 3381.21 cm-1, C-H stretch at 2935.66 cm-1 and 775.38 cm-1, C=O 

stretch at 1722.43 cm-1, and C-O stretch at 1242.16 cm-1. 
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5.2 Cytotoxic Effect of the H. polyrhizus-mediated CuO NPs 

In MTT assay, two types of cells, namely Vero cells and HCC2998 cells, were 

used, which are the normal kidney cells and colon cancer cells, respectively. The 

aim of MTT assay in this research study was to investigate if cancer cells can be 

selectively killed off by the green-synthesized CuO NPs while normal cells are 

spared. This is in line with the goal of targeted therapy, in which the genes and 

proteins that are needed for cancer cells to survive and proliferate are targeted 

(Rosland and Engelsen, 2015). Nowadays, traditional chemotherapy, while 

effective at killing malignant cells, also damages normal cells, resulting in severe 

and undesirable side effects. Therefore, by developing therapies that target 

cancer cells specifically, it can minimize harm to our body’s normal cells, 

mitigate adverse side effects and enhance the overall quality of life for 

individuals undergoing treatment (American Cancer Society, 2019; Liu, et al., 

2015). In accordance with Mahmood, et al. (2022), there is evidence that 

suggests CuO NPs can target cancer cells without harming healthy, normal cells. 

Moreover, CuO NPs also demonstrated strong pro-apoptotic and 

antiproliferative effects on cancer cells that triggered cell death through 

apoptosis.  

 

In this experiment, two incubation periods of treatment (24- and 48-hours) were 

applied to the cell lines. The activity of drug is heavily dependent on time. The 

duration of incubation impacts the accuracy of the cytotoxicity testing by 

affecting the assessment of cell viability, proliferation, and the cytotoxic impacts 

of substances on cells. As such, longer incubation periods would correspond 

better to dose toxicity, permitting a broader evaluation of the impacts of 



63 
 

treatments on cellular well-being and the dynamics of cytotoxicity (Gu, et al., 

2018). By monitoring cells at different time points, the impacts of treatments on 

cellular viability and proliferation over time can be clearly observed and 

evaluated. These specific time points also allow researchers to monitor the 

response of cancer cells to different compounds at different stages of cell growth 

and division (Evans, et al., 2019). 

 

Microscopic observation of colon cancer cells after 24- and 48-hours incubation 

without receiving any treatment showed a shiny epithelial appearance, indicating 

the cells were still alive and well-attached to the 96-well plate. In MTT assay, 

these cells act as a negative control to ensure there is no contamination for the 

assay. The addition of DMEM to the cells serves as a supportive and nourishing 

environment, which supplies the cells with essential nutrients and promotes cell 

growth and proliferation.  

 

Based on Figures 4.10 and 4.11, colon cancer (HCC2998) cells treated with 

CuO NPs and cisplatin, respectively, manifested irregular or round-shaped cells, 

indicating the cells were dying and slowly detached from the 96-well plate. Cell 

shrinkage, which is also known as cellular atrophy, could be noticed under the 

inverted microscope, with several apoptotic bodies seen around the dying cells. 

According to Yu, et al. (2023), apoptotic bodies are a form of extracellular 

vesicles released by dying cells in the last stage of apoptosis. In apoptotic cell 

death, the cells divide into various apoptotic bodies, which is considered a 

morphological hallmark of apoptosis.  
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Besides, the black dots observed around the cells can be either the granules of 

cell components or the CuO NPs, given that the nanoparticles may target the 

malignant cells by ion channels or endocytosis (Cong, et al., 2021). As cancer 

cells contain a high concentration of anionic phospholipids on their surface, this 

unique feature will differentiate them from normal and healthy cells, hence 

attract the uptake of CuO NPs by malignant cells via endocytosis or ion channels. 

The excessive copper ions within cells will trigger the production of reactive 

oxygen species (ROS), leading to oxidative stress, which further leads to damage 

to the DNA and disrupts the mitochondrial membrane. Cuprous (Cu2+) ions from 

the CuO NPs activate the autophagy and caspase pathways, leading to cell 

apoptosis (Siddiqui, et al., 2013; Shafagh, Rahmani and Delirezh, 2015; 

Aishajiang, et al., 2023).   

 

As compared to the colon cancer cells treated with CuO NPs, the cells treated 

with cisplatin showed more dying cells that were detached from the 96-well plate 

with apoptotic bodies. Cisplatin is a potent first-line chemotherapy drug for 

patients diagnosed with various types of malignancies (Brown, Kumar and 

Tchounwou, 2019). Other than 5-fluorouracil, cisplatin stands out as one of the 

most frequently utilized chemotherapeutic agents for treating colon cancer. 

Hence, cisplatin was used as the positive control in this assay. The anticancer 

effectiveness of cisplatin is attributed to multiple mechanisms, including 

inhibition of DNA synthesis, creation of DNA lesions, and initiation of 

mitochondrial apoptosis through the formation of DNA adducts with platinum 

atoms (Jiang, et al., 2020). For instance, by directly targeting cells’ DNA after 

entering the cancer cells, cisplatin limits the formation of tumors by creating a 
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cross-link between the guanine bases in DNA double-helix strands. As a result, 

DNA replication and transcription will be inhibited as the strands are now unable 

to be uncoiled and broken down, and so cell division is no longer possible and 

programmed cell death will occur (Drug Bank Online, 2005).  

 

The percentage of cell viability with various concentrations of CuO NPs and 

cisplatin, respectively, are depicted in Tables 4.3 and 4.4 and Figures 4.8 and 

4.9. Based on Figure 4.8 and Figure 4.9, the overall trend of the line graph 

demonstrated that CuO NPs, as well as cisplatin, showed dose-dependent 

toxicity against the cancer cells. Therefore, the decreasing trend in cell viability 

indicated that the cytotoxic activity on HCC2998 cells increased as the 

concentration of CuO NPs increased. This observation agrees with the research 

study by Gnanavel, Palanichamy and Roopan (2017) and Tabrez, et al. (2022) 

with significant anticancer cytotoxicity activity on colon carcinoma cell lines. 

Apart from that, Sedky, et al. (2024) revealed the lowest cell viability for HCT-

116 cells at 15% for 100 µg/mL of CuO NPs treatment after 48 hours. The study 

conducted by Maithm, Khalid and Ahmed (2021) obtained the findings in which 

the cell viability decreased as the concentration of O. cochinchinense leaf 

extract-mediated CuO NPs exposed to HT-29 cells increased. Therefore, it 

proved that CuO NPs synthesized from different sources of reducing and capping 

agents will exert different effects on different lineages of cells.   
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The IC50 value is a quantitative measure of the concentration of a drug required 

to reduce a population of viable cells by 50%. IC50 is informative in measuring 

drug efficacy (potency). When the value of IC50 is low, it indicates that a minimal 

concentration of the drug is needed to achieve the desired inhibition (Berrouet, 

et al., 2020). Hence, in the development of drug and screening assays, a low IC50 

value is considered favourable because it suggests that the drug is potent and 

effective at inhibiting the target. According to Widiandani, et al. (2023), as 

reported by the United States National Cancer Institute, a compound is 

categorized as highly cytotoxic if its IC50 value is below 20 µg/mL, moderate 

cytotoxic activity if IC50 falls between 21 and 200 µg/mL, mildly cytotoxic if the 

IC50 ranges from 201 and 500 µg/mL, and non-cytotoxic when IC50 greater than 

500 µg/mL.  

 

Using these standards as guidance, the green-synthesized H. polyrhizus-

mediated CuO NPs with IC50 values of 14.61 ± 1.93 µg/mL (24 hours) and 7.45 

± 5.78 µg/mL (48 hours) show high cytotoxic activity at both 24- and 48-hours. 

Nevertheless, IC50 values of cisplatin at 12.52 ± 3.02 µg/mL (24 hours) and 7.61 

± 5.19 µg/mL (48 hours) were considered to have high cytotoxic activity. In 

contrast, IC50 values for CuO NPs against Vero cells cannot be determined 

accurately from the plotted graph. This is due to the reason that CuO NPs were 

not meant to kill the normal cells in the body, hence the lowest cell viability in 

the experiment was maintained above 50%.  
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Although the potential use of CuO NPs in cancer treatment has been proven in 

this study, it is also crucial to validate whether CuO NPs have the specificity of 

killing only cancer cells while sparing normal cells. Thus, Vero cells, which are 

the normal cells widely used in animal tissue culture that are isolated from 

African green monkey, have also been included in this study. DMSO, starting at 

100%, followed by two-fold serial dilutions, was used as the positive control for 

Vero cells. Theoretically, DMSO – the cryoprotectant, is considered to be safe 

for almost all cells at low and appropriate concentrations, with low and no 

cytotoxicity to the cells, resulting in no significant decrease in cell viability (Life 

Tein, 2023). However, to compare cell viability with CuO NPs with the goal of 

sparing normal cells, high concentrations of DMSO that can exert cytotoxic 

effect on cells was used. This is to assess the potential cytotoxic effect of 

different compounds and to show notable variations in the lowest percentage of 

cell viability between cells treated with CuO NPs and DMSO for easier 

comparison. 

 

According to Figures 4.15 and 4.16, most of the Vero cells showed shiny 

elongated fibroblast-like morphology, indicating healthy culture. This may be 

due to the reason that normal cells have an intact membrane, which restricts the 

entry of CuO NPs that have the potential to kill off the cells. The data tabulated 

in Table 4.7 confirms that CuO NPs did not cause a substantial decrease in the 

viability of cells as compared to the cells treated with high percentages of DMSO. 

Vero cells treated with 100 µg/mL of CuO NPs still experienced the lowest cell 

viability of above 80%, whereas the lowest cell viability of Vero cells treated 

with 100% DMSO was 8.61%. By comparing the results obtained, the huge 
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differences in the lowest cell viability suggest that CuO NPs are considered to 

have a low cytotoxicity effect on normal cells.  

 

Nowadays, the lack of ability of drug therapies to precisely recognize cancer 

cells is one of the primary barriers facing by the cancer chemotherapy (Padvi, et 

al., 2020). However, the outcomes obtained from this study are rather optimistic, 

as there is an apparent disparity between the percentage of cell viability for 

HCC2998 colon cancer cells and the Vero cell. Previous study reported by Prabu 

and Losettv (2024) found that the cell viability of Vero cells exposed to various 

concentrations of CuO NPs decreased slowly from 96.6% to 58.0%. DMSO-

treated Vero cells showed a decreasing trend in cell viability as the percentage 

of DMSO used increased, and the lowest cell viability was recorded at 23% after 

24 hours incubation (Aguilar, et al., 2002). In accordance with the research 

conducted by Sangour, et al. (2021), Ag NPs at the highest concentration of 100 

µg/mL presented non-cytotoxic on Vero cells, while exhibiting a killing rate of 

40% in MCF-7 breast cancer cells. These results suggest that different types of 

nanoparticles have their own unique variations that are selectively lethal to 

cancer cells rather than healthy cells because they can differentiate between the 

two types of cells in the body. 
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5.3 Limitations of the Study 

The study of the reactive oxygen species (ROS) assay, which is useful to further 

study the role of ROS in killing cancer cells, was not carried out in this research 

study due to lack of facilities. 

 

In MTT assay, Vero cells were used as the normal cells for cytotoxicity testing 

in comparison with HCC2998 colon carcinoma cells. However, Vero cells are 

kidney cell line isolated from African green monkey, while HCC2998 cells are 

highly differentiated human colon carcinoma cell line. Since both of the cell lines 

originate from different species, they may give rise to different cytotoxic effects. 

Hence, Vero cells may not represent a good model of normal human cell lines 

for toxicity testing.  
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5.4 Future Studies 

ROS assay should be conducted after the MTT assay to further evaluate the level 

of ROS in cells following treatment with different concentrations of CuO NPs. 

It is crucial to study the ROS level, as the proposed mechanism of CuO NPs in 

killing malignant cells includes the factor of an increment in ROS level in the 

cells (Shafagh, Rahmani and Delirezh, 2015). Hence, by conducting ROS assay, 

the relationship between CuO NPs, ROS level, and the cytotoxic effect can be 

interlinked and well-studied to further confirm their respective roles in killing 

malignant cells.  

 

Moreover, for a better comparison of the cytotoxic effect and anticancer activity 

of the green-synthesized H. polyrhizus-mediated CuO NPs, normal colon cell 

lines from humans should be chosen for a better understanding of the underlying 

mechanism. As only one type of cancer cell line was used in this study, more cell 

lines should be studied to provide a better knowledge of the anticancer activity. 

In vivo studies can also be performed to allow researchers to study the 

pharmacokinetics and pharmacodynamics of the potential anticancer drug within 

living organisms.   
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CHAPTER 6 

CONCLUSIONS 

 

CuO NPs were successfully produced using Hylocereus polyrhizus peel extract 

as a capping and reducing agent through the green synthesis process. The 

characterization confirmed the formation of CuO NPs. From the UV-vis 

spectroscopy analysis, a characteristic peak with a wavelength of 286 nm and a 

band gap energy of 4.15 eV was recorded for the CuO NPs synthesized through 

green methods. FE-SEM revealed the size of the spherical-shaped nanoparticles 

ranging from 24.9 to 35.4 nm in the presence of agglomeration. Peaks were 

attributed to copper, oxygen, and potassium atoms in the EDX spectrum. From 

the XRD analysis, monoclinic phase of CuO NPs was revealed, with a crystalline 

size of 23.62 nm. Based on the FTIR analysis, the possible phytochemical 

components detected in green-synthesized CuO NPs include the hydroxyl group, 

carbonyl group, aromatic amine, phenol, alcohol, and Cu-O, with the 

corresponding biomolecules of phenolic compounds, alkanes, flavonoids, 

biogenic amines, and inorganic compound. The green-synthesized CuO NPs 

exerted a higher cytotoxic effect towards colon cancer (HCC2998) cells, whereas 

CuO NPs showed lesser toxicity towards Vero cells. Cell viability was dose-

dependent, with the most cell death at 100 µg/mL of CuO NPs in 48 hours for 

colon cancer cells. At the incubation period of 48 hours, CuO NPs showed the 

lowest IC50 value of 7.45 ± 5.78 µg/mL. However, CuO NPs did not exert 

significant cytotoxicity against Vero cells. This study shows the potential of H. 

polyrhizus-mediated CuO NPs to be utilized as a cytotoxic agent.  
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