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Abstract 

Concomitant with the advances in science and technology, nano-technology has also become an important 

contributor to various branches of science and industry as well as researches. Among the metal oxide 

nanoparticles, copper oxide nanoparticles (CuONPs) have drawn much attention because of their diverse 

properties and applications, especially in the field of nanomedicine and biomedical sciences. These 

nanoparticles are obtainable via physical, chemical and biological methods. However, conventional 

physicochemical processes tend to be expensive, energy-consuming, environmentally unfriendly. On the 

contrary, the green synthesis provides an environmental friendly, cost-effective and simple approach for the 

preparation of nanoparticles. In this article, we focus on the biogenic synthesis of CuONPs, and we provide an 

overview and discussion of their biomedical applications, including antibacterial, antifungal, antiviral, and 

anticancer activities, with potential therapeutic applications. 

Keywords: Copper oxide nanoparticles, Green synthesis, Antimicrobial activity, Anticancer nanoparticles, 

Biogenic nanomaterials, Fungal and plant-mediated nanofabrication 

1. Introduction 

Copper (Cu) is an essential trace element for all living organisms including human, animal, and plant [1, 2]. In 

human beings, despite its small amount, it is critically important. The average adult human body of 70 kg 

contains approximately 100 mg of copper [3-5]. The average consumption is 2 to 4 mg/day, with the maximum 

being about 10 mg from food and beverages [3]. In functional terms, copper acts as a cofactor for a number of 

enzymes, including those critical for neuropeptide production and cell signaling. Moreover, it is vital in the 

antioxidant defensive response system and immunological cells, i.e., macrophages, neutrophils, T-helper cells, 

to assist in immune system [5-6]. 

Similarly, in plants, copper is essential and is involved in several biochemical and physiological processes. 

Being an essential micronutrient, it plays a vital role in the normal growth and development of the plant, by 

activating important enzymes such as amino oxidase, cytochrome c oxidase, and plastocyanin [7-9]. 
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Nanotechnology is a growing area in today's scientific domain, and it involves the discipline of physics, 

chemistry, biology, electronics and nanomedicine specifically [10]. It encompasses the structuration and 

manipulation of matter at nanoscale, generally ranging from 1 to 100nm, which produce so-called 

nanomaterials or nanoparticles [10-11]. At the nanoscale, these materials have excellent properties which offer 

a broad application prospect in their transformed products (including textiles, medicine, pigments, solar cells, 

energy storage, wastewater treatment, and in the food industries, plant metabolic regulation, battery technology, 

and sensors and catalysis) [12-15]. 

Nanoparticles in various shapes, sizes, and surface properties have been synthesized by physical, chemical, and 

biological routes. These may be core-shell, polymer-coated magnetites, and different types of metal and metal 

oxide NPs like FeONPs, CuONPs, ZnONPs, CeO₂, TiO₂ and noble metals-based ones such as AgNPs, AuNPs, 

and PdNPs [16-19]. 

Of these, CuONPs have gained significant attention due to their multifunctional properties [20]. In terms of 

structure, copper oxide is a p-type semiconductor and adopts monoclinic crystal system, and its band gap is 

relatively narrow (1.7 eV) [21]. These particles are used in various sectors including, but not limited to, 

biomedical (antimicrobials, antifungals, antioxidants, anticancer and drug carriers), textiles, sensors, catalysis, 

environmental remediation and high-temperature superconductors [22-25]. 

However, many of them have disadvantages from an environmental and economic point of view (e.g., 

environmental toxicity, energy-consuming, and cost-effectiveness) [26, 27]. Therefore, there is an increasing 

interest towards “green” or biological synthesis methods that are environmentally compatible, cost-effective, 

and synthesize nanoparticles with relevant properties such as uniform size, high crystallinity, and shape 

uniformity [28]. 

Green synthesis makes use of various natural biological entities like plants, bacteria, fungi, algae and other 

biopolymers including starch, alginate, and gelatin to produce nanoparticles [30, 31]. These biotic factors 

function through various processes of reduction, chelation and stabilization, which are facilitated by 

metabolites (phenolics, sugars, lipids, enzymes and functional groups such as amino and carboxylic acids) [32, 

33]. 

This review is an endeavor to give a comprehensive review of green synthesis of copper oxide nanoparticles 

from different biological sources and introduce their important biomedical applications. 

2. Biosynthesis copper oxide (CuO) nanoparticles 

Chemical, physical, and biological approaches have been used for the production of copper oxide nanoparticles. 

Some of these include sol-gel processing, sonochemical synthesis, precipitation, hdrothermal reactions, 

chemical reduction, chemical bath deposition, spin coating, and green synthesis [33–40]. In general, such 

methods can be classified into the bottom-up and top-down approaches [41]. The bottom-up approach is to 

build nanoparticles from atomic or molecular building blocks, but the top-down route to impact on bulk 

materials into a smaller nano scale structures [41]. 

Although both chemical and physical methods have been exhaustively utilized, they are generally 

disadvantageous due to their environmental toxicity, energy input, and yield. However, these materials are 

imperfect for in vivo application because of possible chemical contamination or biological incompatibility [41]. 

On the other hand, green synthesis is considered as more motile, cost-effective, environmentally friendly 

approach to obtain stable and uniformly dispersed nanoparticles with long shelf-life, which has been synthesized 

using natural resources such as plants, microorganisms, fungi, and algae [27–31]. 

2.1. Plant based biogenic synnthesis 

From different biological components, plant extracts are more beneficial for NP fabrication. Whilst bacteria, 

fungi and algae might be utilised similarly, they often pose problems such as potential pathogenecity, more 

complicated culture requirements and longer incubation periods [42–46]. The plant-based technique is easier, 

safer, energy-efficient and the nanoparticles obtained are stable [45–60]. 
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In general, the plant extract and copper salt solution are mixed and the reaction proceeds at room temperature 

for 1 to 3 h. The phytochemicals in the plant ethanol extract, including flavonoids, phenols, terpenoids, tannins, 

and proteins, are responsible for reducing the copper ions to copper oxide nanoparticles and can be used as 

reducing as well as stabilizing agents [60], [62], [65–70]. 

Various plants such as Punica granatum [42], Aloe barbadensis Miller [43], Cordia sebestena [44], Aloe vera 

[45], Abutilon indicum [46], Syzygium alternifolium [47], Carica papaya [48], Rheum palmatum L. [49], Malva 

sylvestris [50], Ixoro coccinea [51], Psidium guajava [52], Phaseolus vulgaris [53], Moringa oleifera [54], 

Tridax procumbens [55], Ficus religiosa [56], Ocimum basilicum [57], Musa acuminata [58], Phoenix 

dactylifera [59], Camellia sinensis [60], Centella asiatica [61], Juglans regia [62], Albizia lebbeck [63], Coffea 

[64], Ixora Coccinea [65], Quercus [66], Acalypha indica [67], Azadirachta indica [68], Drypetes sepiaria [69], 

Enicostemma axillare [70], Cordia myxa L [71], Desmodium gangeticum [72], Arachis hypogaea L [73], 

Euphorbia esula L [74], Caesalpinia bonducella [75],Zingiber officinale, Piper nigrum, Piper longum [76], 

Hibiscus rosasinensis [77], Leucaena leucocephala L [78], Ziziphus mauritiana L [79], Ferulago angulata [80], 

Piper betle [81], Caesalpinia pulcherrima [82], Erzincan Cimin [83], Gloriosa superba L [84], Tabernaemontana 

divaricate [85], Ailanthus altissima [86], Saccharum officinarum [87], Saraca indica [88], Spinacia oleracea 

[89], Phoenix dactylifera [90], Cedrus deodara [91], Zea mays L. [92], Eclipta prostrata [93], Cassia auriculata 

[94], Solanum lycopersicum [95], Citrus medica Linn [96], Populus ciliata [97], Syzygium aromaticum [98], 

Bauhinia tomentosa [99], Acalypha Indica [100], Alternanthera sessilis [101] Citrofortunella microcarpa [102] 

and Olea europaea [103]have also been documented to be effective in the synthesis of CuO nanoparticles. The 

particles confirmed by UV-Vis, FTIR, XRD, and SEM were in good agreement to shape size of NPs. In almost 

all studies, FTIR showed the functional groups such as alcohols, phenols, and amines that are the responsible 

molecules for reduction and capping of the nanoparticles. 

There are many factors affecting the synthesis result, including type and concentration of the plant extract, the 

pH of the solution and temperature. The higher phytochemicals present, the faster and more effective the 

synthesizing will be [104, 105]. The optimum pH range is generally 7–9, the pH of the solution has influence 

on size and stability of nanoparticles [105, 106]. Best synthesis temperature is 25-100°C Higher temperatures 

may change the form of the particles [107, 108]. 

2.2. Fungi based biogenic synnthesis 

In recent times, fungi have been becoming important for the production of nanoparticles such as copper oxide 

nanoparticles (CuONPs) [109]. Fungi are more resistant than bacteria to the effects of agitation and pressure in 

bioreactors, which give them a certain advantage for commercial use. Because they are endued with different 

kinds of bioactive substances, their cell-free filtrates can work as reducing, stabilizing, and capping agents 

[109]. 

Fungal biosynthesis of NPs works through two different mechanisms, intracellular and extracellular. Internal 

synthesis is based on a cellular process and usually results in a smaller, more distributed nanoparticle. The 

former approach in extracellular is a most popular because the fungi can secrete enzymes and metabolites to the 

surrounding media, that aid on the formation of nanoparticles and other by-products. This approach is 

advantageous due to its simplicity and the possibility to produce particle devoid of cell debris, which facilitate 

purification [112], [113]. 

A large number of fungal species have been utilized for the green synthesis of CuONPs. Spherical nanoparticles 

(110 nm) were synthesized by T. asperellum by reduction of copper nitrate and FTIR analyses confirmed 

presence of amide and aromatic compounds as capping agents [115]. Stereum hirsutum were able to 

extracellularly produce CuONPs between 5 and 20 nm from several copper salts, as revealed by a change of 

colour and TEM [114]. Penicillium chrysogenum-mediated ripening led to 9.7 nm-sized spherical shape 

CuONPs, stabilized by amide groups as evidenced by FTIR, which were highly efficacious in controlling a 

wide range of plant pathogens [116]. Other fungi employed are Alternaria alternata (60–80 nm) [121], 

Aspergillus oryzae (55 nm) [117], Aspergillus terreus (15.75 nm) [122], Pleurotus ostreatus (25–36 nm) [118] 

and Rhodotorula mucilaginosa (10.5 nm) [119]. In conclusion, fungi represent a green and scalable process for 

production of CuONPs with high surface area, dispersability, and multifunctionality, which are essential 

features for their use in biomedicine and the environment. 
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2.3. Bacteria based biogenic synnthesis 

Bacterial-mediated synthesis of nanoparticles, such as CuONPs, has been investigated extensively in recent 

years [109]. These microorganisms are well suited for nanoparticle biosynthesis is because of a number 

advantages: their rapid growth on cheap readily available substrates and simple conditions, their ease of 

cultivation, their natural ability to grow under mild conditions, their genetic modifiability, and their ability to 

be directed to export products from the cell meaning that there is so no need for the expensive and time revealing 

cell lysis or extraction Other advantages include the fact that they may produce visible or semi large amounts 

of NPs after cells purification [123]. 

Some bacteria can survive and convert harmful metal ions into minimally harmful metal oxide nanoparticles. 

Under high levels of heavy metals, they trigger defensive reactions that lead to the biosynthesis of 

nanoparticles. It involves the synthesis of thiolated compounds which serve as capping agents to avoid 

oxidation and aggregation of nanoparticles [124–129]. 

Several bacterial species have been used for the synthesis of CuONP. Serratia sp. was one of the pioneers and 

prepared 10–30 nm polydispersed particles and analyzed them using UV-Vis, TEM, XRD, and XPS, as well as 

FTIR, and it was found that amide-rich bacterial proteins capped the particles [124]. Escherichia coli 

synthesized quasi-spherical CuONPs (10–40 nm) with the assistance of agitation by means of copper sulfate, 

to which proteinaceous moieties contributed for maintaining a stable system [125]. Morganella morganii was 

found to generate ~10 nm spherically shaped nanoparticles with potent antibacterial activity that were confirmed 

by XRD, FESEM, XAFS, and EDS [126]; alternatively, other studies observed different sizes (no more than 

400 nm) depending on experimental conditions [127]. Round (8–15 nm diameter), polydisperse CuONPs were 

shaped by Pseudomonas stutzeri and characterized by UV–Vis, FTIR, SEM, and XRD [130]. FTIR, SEM, 

AFM, XRD, and TGA studies for G. hansenii produced 25–35 nm particles were [129]. 

Other strains are Proteus mirabilis [135], Streptomyces cyaneus (29.8 nm, round) [133], Lactobacillus casei 

(200 nm, spherical) [User note: ref required], Halomonas elongata (57–79 nm, rectangular) [134], and 

Morganella psychrotolerans (3–20 nm, polydispersed) [130, 132]. Together, these results indicate that bacteria 

is a sustainable, cost-effective and eco-friendly route for the synthesis of CuONPs with potential applications 

in medicine, agriculture and environmental industry. 

2.4. Actinomycetes based biogenic synnthesis 

Actinomycetes are Gram-positive spore-forming bacteria that are famous for their production of diverse 

bioactives ranging between antibiotics, vitamins, antitumourgens, herbicides and immunosuppresants [109], 

[136], [137]. Widespread in terrestrial, freshwater and marine habitats, actinomycetes have attracted a growing 

interest for their use as potential bio-factories in the green synthesis of different nanoparticles of metals and 

metal oxide. 

These microorganisms have the ability to synthesize nanoparticles by both intra and extracellular routes. The 

interaction between the copper ions and the negatively charged carboxyl groups on the cell wall surface of the 

myceliums in intracellular production causes an electrostatic attraction between the ions and the cell wall, which 

causes nanoparticle synthesis. Meanwhile, extracellular production refers to the enzymes released by the cell, 

especially during the process of N-cycle that reduce metal ions and stabilize the eventually formed NPs in the 

surrounding solution [138]. 

Although actinomycetes are well known for the synthesis of gold, silver, zinc, and manganese nanoparticles 

[138, 139], their participation in formation of CuONP is still in its infancy but promising. Nabila and 

Kannabiran (2018) synthesized spherical CuONPs (~61.7 nm) by reducing actinomycete cell-free filtrates with 

copper sulfate in NaOH, which was supported by a color change to reddish brown. Characterization of the 

biosynthesized nanoparticles by UV-Vis, FTIR, XRD, SEM, TEM, EDX, DLS, and zeta potential parameters 

was established to be uniform, stable, with the involvement of secondary metabolites in particle reduction and 

capping [139]. 

Actinomycetes from the endophytic bacteria of Oxalis corniculata were also used a source, which yielded 80 

nm-sized spherical CuONPs after mixing with copper sulfate at 35°C with evidence of completion of reduction 
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by observation of color change to greenish-brown. These nanoparticles exhibited strong morphology and good 

biocatalytic (antibacterial, antifungal, antioxidant and larvicidal) efficiency against Culex pipiens and Musca 

domestica [140]. In conclusion, actinomycete-facilitated synthesis of CuONPs is a novel but environmental 

friendly approach for the production of stable, biocompatible and functionally versatile nanoparticles with good 

biomedical and environmental potential. 

2.5. Algae based biogenic synnthesis 

These properties have been successfully employed by algae to act as reducing, stabilizing, and capping agents 

in the green synthesis of metal and metal oxide nanoparticles (NPs) (e.g., copper oxide nanoparticles (CuONPs)) 

[141], due to their vast quantities, easy cultivation, and highly biochemical nature. Although less explored than 

plants, fungi and bacteria, algae offer a wide variety of bioactive metabolites, such as polyphenols, proteins, 

carbohydrates and pigments, which can act as good reducing and stabilizing agents in the synthesis of 

nanoparticles [141], [142]. 

The final characteristics of biosynthesized CuONPs—such as size and shape—are influenced by parameters 

like pH, temperature, metal salt type, algal extract concentration, and incubation time [141]. Although algae are 

predominantly studied for synthesizing silver, gold, zinc oxide, and iron oxide nanoparticles, several species—

Chlorella vulgaris, Sargassum wightii, Spirulina platensis, Fucus vesiculosus, and Pithophora oedogonia—

have also been explored [144]. 

Notably, Bifurcaria bifurcata (brown algae) was used by Abboud et al. (2014) to synthesize spherical CuONPs 

(5–45 nm). Characterization through UV-Vis, XRD, SEM, and FTIR indicated alcohol groups as key reducing 

and stabilizing agents, and the nanoparticles exhibited significant antibacterial activity [145]. Similarly, 

Anabaena cylindrica (a filamentous cyanobacterium) produced rod-shaped CuONPs (40–60 nm) under varied 

pH, with confirmation by Zetasizer, XPS, EDS, FESEM, TEM, and FTIR [146]. 

Ramaswamy et al. (2015) employed Sargassum polycystum to generate CuONPs with potent antibacterial and 

anticancer properties [147]. While research on algal-mediated CuONP synthesis is limited, algae’s abundance 

of natural reducing agents, eco-friendliness, and low cultivation costs make them promising candidates for green 

nanotechnology applications. 

3. Biomedical Application of Copper Oxide Nanoparticles 

3.1. Antibacterial Activity 

In recent years, green synthesized copper oxide nanoparticles (CuONPs) have attracted significant attention as 

potential antibacterial agent. Given the increasing trend of antibiotic resistant infections, new approaches for 

preventing bacterial infections are desperately needed. CuONPs have been considered promising in this respect 

because of their small size, surface properties, and capability to interact with the bacterial cell membrane and 

components [148], [149]. 

CuONPs of green origin have shown cytotoxicity activities against a wide range of human pathogens—which 

are mostly Gram-positive and Gram-negative bacteria [150]. In addition, biocompatible and nanosized nature 

of LNPs emphasizes their potential application in medicine [45], [50], [85]. 

For example, leaf-sourced CuONPs of Tabernaemontana divaricata displayed notable antibacterial property 

against E. coli with the inhibition zone of around 17 mm at 25µg/mL [85]. Likewise, CuONPs prepared from 

Gloriosa superba L. exhibited strong inhibitory activity against Staphylococcus aureus, Klebsiella aerogenes, 

Pseudomonas desmolyticum, and E. coli, K. aerogenes, and E. coli being the most affected [84]. CuONPs from 

Acanthospermum hispidum L. also showed antimicrobial action towards the pathogens Pseudomonas 

aeruginosa, Streptococcus pyogenes, Staphylococcus aureus, and E. coli [Ghotekar et al., 2017]. 

Other studies found that CuONPs derived from Cordia sebestena were effective against Bacillus subtilis, S. 

aureus, E. coli, and K. pneumoniae [44]; naturally from Aloe vera against Aeromonas hydrophila, Pseudomonas 

fluorescens, and Flavobacterium branchiophilum [45]; and botanically from Piper longum [114], Hibiscus rosa-
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sinensis [115], Saccharum officinarum [36] and using microbially-derived CuONPs from Penicillium 

chrysogenum against Ralstonia solanacearum and Erwinia amylovora [116]. 

The antimicrobial properties of CuONPs are mainly due to ROS—such as hydroxyl radicals and superoxides—

which are known to damage bacterial membranes, resulting in bacterial content leakage and cell death [151], 

[152]. They would also seem to have impact on DNA/protein synthesis, biofilm formation, and proton efflux 

pumps and thus increase their antibacterial potential [104].  

3.2. Antifungal Activity 

Fungal infections are rising as a serious health problem, especially in the immuno-compromised population 

like cancer patients on chemotherapy and AIDS [47], [96]. Due to the limitations of commercial antifungal 

agents, green-synthesized copper oxide nanoparticles (CuONPs) are receiving attention as alternative fungicidal 

agents. 

The antifungal action of CuONPs has not been as well-investigated as their antibacterial activity; however, their 

strong antifungal action has been reported in several papers, primarily as those synthesised with the use of fungal 

or plant extracts [98], [116]. For instance, CuONPs synthesized by Penicillium chrysogenum exhibited 

significant potential inhibitory effect against major phytopathogenic fungi, Fusarium oxysporum (37.0± 

0.76mm), Alternaria solani (28.0±0.87mm), Aspergillus niger (26.5±0.76mm) and Penicillium citrinum 

(20.7±0.44mm) [116]. 

On similar note, [email protected] CuONPs- synthesized from medicinal plant Bixa orellana exhibited excellent 

antifungal activity against Trichoderma harzianum [[email protected Other interesting examples are the 

CuONPs from Citrus medica Linn., that showed activity against Fusarium culmorum, F. oxysporum, and F. 

graminearum by the Kirby-Bauer method [96], and the clove nanoparticles that inhibited Aspergillus flavus, A. 

niger and Penicillium spp. [98]. CuONPs obtained from endophytic actinomycetes isolated from Oxalis 

corniculata also displayed considerable inhibition against F. oxysporum, A. niger, Alternaria alternata and 

Pythium ultimum [140]. 

Moreover, leading to the documentation of biologically derived CuONPs from various sources as potential 

multidimensional spectrum antifungal agents, which could serve as a promising agent not only in clinical but 

also in the agricultural field. In summary, although the area in question is relatively new, the current findings 

strongly suggest that the green-synthesised CuONPs are cost-effective and environmentally friendly fungicides. 

3.3. Antiviral Activity 

Although relatively fewer investigations have been performed so far on the antiviral activity of CuONPs 

compared to those on their antibacterial and antifungal activities, such studies have shown that they have a 

great potential in this regard as well [47]. Surface chemistry and the nanosize (on account of high specific 

surface area), and mode of interaction toward viral structures or in-vivo viral replication path may have played 

some role in their possible in vitro antiviral (CuONPs) activity. 

An interesting example can be found by considering a study of P. Yugandhar et al. (2019) who prepared 

CuONPs with fruit extracts of Syzygium alternifolium. These NPs were characterized by DLS (Dynamic Light 

Scattering), XRD, AFM (Atomic Force Microscopy), SEM and TEM. These particles were spherical in shape 

and had an average diameter of 17.5 nm [47]. 

To examine their antiviral effects, an in ovo trial was done with haemagglutination (HA) test using Newcastle 

Disease Virus (NDV) which is a highly contagious virus in poultry. The findings were promising: the green 

mediated CuONPs showed an excellent antiviral activity that suppress the virus. These results highlight their 

potential for further develop into antiviral drugs or prophylactic strategies. 

Despite the fact that it is just a beginning, this work paves the way for development of CuONPs as new antiviral 

agents. Given the growing threat of new viral attack and the inadequacies of traditional antiviral procedures, 

such nanoparticles, especially produced using environmentally benign approaches, serve as a potentially 

valuable substitute for biomedical applications. 
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3.4. Anticancer Activity 

Cancer is still one of the highest death-causing diseases all over the world and traditional treatment approaches 

including surgery, chemotherapy, and radiotherapy or combinations thereof are most commonly used in 

management of this pathology, however they are known to bring about severe side effects, cause quite high 

expenses, and show little efficacy in late stages. This has resulted in a high demand for therapeutic alternatives 

that are efficacious and biocompatible [47], [53]. 

Nanotechnology represents a significant emerging technology for cancer treatment, and copper oxide 

nanoparticles (CuONPs) are considered as potential effective agents because they are small in size, which 

provides a high surface area per mass and allows for direct interaction with biomolecules such as proteins and 

DNA. This leads to selective accumulation at cancer sites and reduced uptake in normal tissues [115], [128]. 

Green-synthesized CuONPs have been found to have potent anticancer activity through various modes; 

induction of chromosomal aberrations and DNA fragmentation, initiation of apoptosis, destruction of 

mitochondrial and nuclear structures, damage and leakage of membrane  [104]. 

In another investigation, CuONPs were found to dose and time dependently lifestyle inhibit proliferation of 

Hela cervical cancer cells (0.5–1 mg/mL) by sulforhodamine B (SRB) assay. These NPs caused the production 

of ROS, mitochondrial injury and nuclear warping, verified by staining with Hoechst 33258 and MitoTracker 

Red [53]. Meanwhile, CuONPs synthesized using Sargassum polycystum showed high cytotoxicity against 

MCF-7 breast cancer cells in the MTT assay and exhibited a potential therapeutic value drug development [147]. 

CuONPs greenly prepared by Trichoderma asperellum showed toxicity against A549 lung carcinoma cells and 

were characterized through XRD, PSA, FE-TEM and XPS for structural and functional integrity [115]. 

CuONPs synthesized by Lactobacillus casei also showed significant anticancer activity against HT-29 

(colorectal) and AGS (gastric) cancer cells, with the confirmation of its spherical shape by FTIR, XRD, TEM, 

and SEM [128]. 

In general, green-fabricated CuONPs pose good biocompatibility and application potential with an optimistic 

proved potential in targeted delivery and adjuvant therapy against cancer. 

3.5. Other Biological Applications 

In addition to their well-characterized antibacterial, antifungal, antiviral, and anticancer properties, green-

synthesized copper oxide nanoparticles (CuONPs) evidenced considerable promise in diverse other biomedicine 

applications including antioxidant, larvicidal, and anti-inflammatory activities [47]. 

Larvicidal Activity: 

One exciting field is vector control. S. Muthamil Selvan et al. (2018) reported the preparation of CuONPs 

through Tridax procumbens leaf extract. The resulting nanoparticles were on average 16 nm in diameter (UV 

Vis, XRD, FTIR, FESEM, and TEM). The published data revealed that application of the nanoparticles against 

the larvae of Aedes aegypti and Aedes albopicutus (a vector of dengue, zika and chikungunya) mosquitoes 

displayed prominent larvicidal activity and indicated their potential as an innoxious mosquito control agent [55]. 

Antioxidant Activity: 

Green-fabricated CuONPs have demonstrated excellent free radical scavenging capacity as well. CuONPs were 

analyzed for their total antioxidant capacity in a study and showed concentration dependent response and 

highest activity was observed at 1000 μg.The results indicated that CuONPs have the potential to minimize the 

oxidative stress-induced cellular damage [153]. 

Anti-inflammatory and Antinociceptive activity: 

CuONPs were prepared with the A. spectabilis extract in a more recent study and the nanoparticles were 

characterized by the UV-Vis, FTIR, SEM, and TEM. Their anti-inflammatory and antinociceptive effects were 
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studied on murine models. The results were exciting because it suggested that the nanoparticles could be useful 

in controlling inflammation and pain. Additional studies are warranted to clarify the exact mechanisms of these 

effects and to determine their clinical implications [154]. 

Antioxidant and Cytotoxic Bifunctionality: 

CuONPs prepared with the root extract of Desmodium gangeticum were found to have good antioxidant 

potential and low toxicity, and found useful for the applications in biomedical fields and other relevant 

applications where minimum harm for living systems are essential such as drug delivery and cancer therapy 

[93]. 

These results collectively suggest the broad biomedical application value of CuONPs in addition to their 

antimicrobial action and anticancer activity. Their multi-functional applications, especially when prepared by 

eco-friendly, bio-mimetic approaches, highlight the importance of these strategies in vector control, 

inflammation treatment, decreasing oxidative stress and pain relief. 

4. Conclusion 

Copper oxide nanoparticles (CuONPs) represent a new group of nanomaterials with a high variability of use, 

mainly in bionanotechnology. They are useful in antibacterial, antifungal, antiviral, anticancer, antioxidant and 

drug delivery applications. This universal application could be attributed to their physicochemical nature, 

nanoscale dimension and their multiple functions. 

CuONPs can be prepared by physical, chemical, and biological approaches. Nonetheless, both physical and 

chemical approaches usually consume much energy, use toxic agents, and involve considerable costs, in turn, 

raising environmental and biomedical concerns. In contrast, the green synthesis (GS) using biological agents 

(plants, bacteria, fungi, algae, actinomycetes) is an environment-friendly, economical, robust and energy-

saving alternative. 

This review adequately dealt with different biological strategies utilized for CuONP synthesis and clarified 

how distinct bio-moieties reductively (or non-reductively), stabilize and cap the nanoparticles. The conversation 

touched on several methods of characterization and focused on the biomedical aspects of the nanoparticles. 

However, the article also highlights the need of the further research -- specifically, to mitigate the toxicity of 

the CuONPs while improving their therapeutic efficacy. The focus is therefore on the development of green 

syntheses that are safe and maximally bioactive. 
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