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Abstract Article Info. 

In this study, a straightforward, expeditious, and environmentally friendly 

approach to synthesize copper oxide nanoparticles (CuONPs) utilizing an aqueous 

extract of Rhazya Stricta (R. stricta) leaves was employed. The CuONPs 

underwent various analytical techniques for characterization, including X-ray 

diffractometer (XRD), field emission scan electron microscope (FESEM), energy 

dispersive X-ray (EDX) analyses, UV-Vis spectroscopy, Fourier transform infrared 

spectroscopy (FTIR), and zeta potential. The XRD analysis authenticated the 

monoclinic crystal nature, revealing an average crystallite size of 15.6 nm. FESEM 

images depicted semi-spherical and cubic shapes, with particle sizes ranging from 

56.64 to 86.95 nm. The formation of CuONPs was initially confirmed by the 

observable change in color, attributed to the excitation of surface Plasmon 

resonance at 280 nm in the UV-Vis spectra. FTIR analysis affirmed the presence of 

functional groups in the R. Stricta leaves extract, serving as both reducing and 

stabilizing agents, facilitating the formation of CuONPs. Zeta potential 

measurements indicated substantial stability with a value of -49.7 mV. The 

biosynthesized CuONPs were further evaluated for their antibacterial properties 

against Klebsiella Pneumoniae (K. pneumoniae) and Staphylococcus aureus (S. 

aureus), yielding inhibition zones of 21 mm and 30 mm, respectively. Additionally, 

the cytotoxicity assessment of CuONPs against A549 cell lines revealed higher 

cytotoxicity of 81.47 ± 1.517 at a CuONP concentration of 100 μg/ml. This work is 

the first attempt at R. stricta-facilitated synthesis of CuONPs as antibacterial and 

anticancer agents. It can subsequently be exploited as a potential candidate for 

these agents and might be utilized further in vivo studies. 
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1. Introduction 
Nanotechnology, a rapidly advancing field, is experiencing significant growth 

through advanced technologies, focusing on constructing and applying nano-scale 

materials within the 1 to 100 nm range. Recently, due to the widespread environmental 

pollution affecting the world, an increased utilization of green technology and chemistry 

has been adopted to synthesize nanoparticles. Nanomaterials, particularly clusters of 

metal and oxide atoms or molecules, achieved through the utilization of plant extracts 

have captured considerable attention from scientific communities due to their unique 

nanostructures [1, 2]. The creation of nanoparticles involves various synthesis 

processes, including the synthesis of dry particles and the dispersion of nanoparticles in 

liquid. Nanostructures can be formed by assembling atoms or reducing the size of 

microparticles [3] through two main approaches: the top-down, breaking down bulk 

materials into nano-sized structures, and the bottom-up, building materials from 

molecule to molecule. Top-down methods face challenges with surface imperfections, 

while bottom-up approaches provide precise control over particle size, leading to 
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favourable properties. Nanoparticle synthesis methods are categorized into physical, 

chemical, and biological processes; physical and chemical approaches have drawbacks, 

such as difficulty in achieving narrow size, high costs, and environmental concerns [4-

7]. The biological method, linked to green chemistry, is favored for its eco-friendly, 

cost-effective nature; it involves using organisms like algae, plants [8], bacteria [9], 

yeast [10], fungi [11], and human cells [12] to convert metal ions into specific 

nanoparticles. The green synthesis method has gained considerable attention from 

nanotechnology researchers, who consider it a new decisive key. Plants/microbial 

resources have been used to fabricate copper oxide nanoparticles (CuONPs) [13]. Also, 

the synthesis of copper oxide nanoparticles (CuONPs) from various plant parts, such as 

leaves [14], peels [15], and seeds [16], is well-established. These plant parts contain 

different concentrations and combinations of phytochemicals that act as reducing 

agents. CuO has garnered significant interest as it represents the most straightforward 

member within the family of copper compounds, exhibiting numerous advantageous 

physical properties, such as high-temperature superconductivity, electron correlation 

effects, and spin dynamics [17, 18]. The utilization of CuONPs is rising across diverse 

applications, including catalysis, batteries, gas sensors, heat transfer fluids, and solar 

energy [19]. The crystal structures of CuO possess a narrow band gap, contributing to 

valuable photocatalytic and photovoltaic properties [20]. Recently, significant attention 

has been directed towards the escalating use of CuONPs as a substitute for antibiotics, 

owing to their distinct advantages over conventional antimicrobial agents [21]. 

Industries, particularly textiles, have harnessed the antimicrobial potential of these 

products to safeguard against microbial contamination. Green-synthesized nanoparticles 

have been employed to counteract textile-resistant microorganisms’ growth, addressing 

nanoparticle toxicity concerns [22, 23]. 

Lung cancer, a challenging disease and a leading global cause of mortality 

accounts for 12.4% of new cases and 17.6% of deaths, according to previous studies 

[24]. Critical determinants of lung cancer risk, including smoking, lack of physical 

activity, alcohol consumption, and notably, air pollution, contribute to increased cancer-

related mortality. Ineffective diagnostics and therapeutic interventions amplify cancer 

fatalities [25]. Chemotherapeutic drugs are seldom employed for treatment purposes due 

to their significant side effects, such as neuronal damage, disruption of normal cells, and 

skin irradiation. Consequently, there is a pressing need to develop environmentally 

friendly CuONPs as a non-toxic, cost-effective strategy for cancer treatment. Metal 

nanoparticles exhibit cytotoxicity by generating Reactive Oxygen Species (ROS), 

causing damage to proteins, membrane lipids, and cellular structures [26].  

In this work, CuONPs were successfully synthesized using extract from Rhazya 

stricta (R. stricta) plant leaves. R. stricta is a species belonging to 

the Apocynaceae family. The leaves show many promising biological activities, e.g., 

antibacterial [27], antioxidant and anticancer activities [28]. We are the first to report its 

antibacterial and anticancer activities. Characterization was done using various analysis 

techniques. Finally, antibacterial and cytotoxic effects were also evaluated. 

Antibacterial activity was done against two bacterial strains (Staphylococcus aureus and 

Klebsiella pneumoniae). The cytotoxicity was evaluated by MTT assay against A549 

cell lines. 

 

2. Experimental Part 
2.1. Materials  

Copper nitrate (Cu (NO3)2·3H2O  ( was purchased from Thomas Baker, India.  

Sodium hydroxide pellets AR (NaOH) of a 98% purity were purchased from 
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labachemie, India. The Muller–Hinton agar medium was purchased from HiMedia, 

India. High purity Ethanol 99% was purchased from Duksan, Korea. 

 

2.2. Plant Collection and Preparation of the Extract 

R. stricta was imported in January from Ras al-Khaimah, of the United Arab 

Emirates. The leaves were cleaned three times under tap water and then again with 

deionized water (DW) to remove dust. The leaves were dried for a month in the shade 

at room temperature, after which they were pulverized into a fine powder using an 

electric mixer. 10 g of this powder was mixed with 500 ml of DW and heated to 80 °C 

for two hours. After a colored solution was created, the mixture was filtered through 

filter paper and centrifuged to remove any remaining impurities. The solution was kept 

refrigerated. 

 

2.3. Preparation of CuONPs  

The precursor solution was prepared by dissolving 5 g of copper nitrate in 150 ml 

of DW with stirring on a magnetic stirrer for half an hour, 100 ml of R. Stricta extract 

was added under magnetic mixing for one hour at 80˚C. 7.5 M of sodium hydroxide 

(NaOH) dissolved in 20 ml of DW was added dropwise to the precursor solution to 

adjust its pH to 12.  The color of the solution turned from blue to dark green, which is 

the first sign of CuONPs formation. The solution was centrifuged, and the precipitation 

was separated and washed with DW and ethanol. Finally, the clean precipitation was 

dried at 75 °C for 3h to remove impurities. The calcination process was carried out at 

600°C for 2h. The final product was black powder.       

 

2.4. Characterization 

CuONPs were examined with an X-ray diffractmeter (XRD, panalytical Xpert, 

UK) with Cu Kα radiation monochromatic filter in the range of 20˚-80˚. The 

morphology, particle size, and size distribution of the synthesized CuONPs were 

studied using a field emission scan electron microscope (FESEM- Imaging-EDS-

Maping-line-EBSD/Germany). The presence of functional groups or identification of 

chemical bonding in CuONPs was evaluated using Fourier transform infrared 

spectroscopy (FTIR/ATR/Far-IR/ Near-IR Thermo Fisher Scientific USA). The optical 

properties of CuONPs were analyzed using UV-Visible spectrophotometer (UV-2550 

Shimadzu, Japan) within the 100–1100 nm wavelength range. The surface charge and 

stability were determined by a zeta potential instrument (DLS/Zeta Malvern/ Zeta sizer, 

UK). 

 

2.5. Antibacterial Activity  

Using an agar-well diffusion assay, the antibacterial potential of the synthesized 

CuONPs synthesized using R. stricta leaves extract was examined against gram-

positive and gram-negative bacterial strains. Muller-Hinton (MH) agar, about 20 ml, 

was aseptically added to sterile Petri dishes. Using a sterile wire loop, the bacterial 

species were extracted from their stock cultures. Using a sterile point, 6 mm-diameter 

wells were bored onto the agar plates following the culture of the bacteria. Various 

concentrations of CuONPs (100, 200, 400, and 800) μg/ml were added to the bored 

wells. The test bacteria were incubated overnight at 37°C before measuring and 

recording the average zones of inhibition diameter. 

 

2.6. MTT Assays 

The MTT assay was carried out using 96-well plates to ascertain the cytotoxic 

effect of CuONPs on A549 cell lines. 1 × 10
4
 cells per well were used to seed the cell 
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line. Cells were treated with CuONPs at varying concentrations once a confluent 

monolayer formed, which took place after 24 hrs. Following a 48-hour treatment 

period, the media was removed, 28 µl of a 2 mg/ml MTT solution was added, and the 

cells were incubated for 2.5 hrs at 37°C to determine the viability of the cells. 

Following the removal of the MTT solution, 130 µl of DMSO (dimethyl sulphoxide) 

was added to the wells to solubilize the residual crystals. This was followed by a 15 

minute shake-free incubation period at 37 °C. Three duplicates of the experiment were 

carried out, and the absorbency was measured at 492 nm using a microplate reader. The 

percentage of cytotoxicity, or the inhibition rate of cell growth, was computed using the 

following formula: 

                (%)  
   

 
                                                                                               

 

where A represents the control's optical density and B represents the samples' optical 

density. A digital camera attached to an inverted microscope was used at × 40 

magnification for imaging while the cells were being examined. 

 

2.7. Statistical Analysis 

GraphPad Prism 6 was used to perform the statistical analysis of the acquired data 

using an unpaired t-test. The data was displayed as the average ± standard deviation of 

three measurements. 

3. Results and Discussion  
FESEM analysis was used to investigate the morphology of CuONPs. The 

FESEM images of the CuONPs synthesized using R. stricta leaves extract are shown 

in Fig. 1 (a and b) with two different magnifications1μm and 500nm, respectively. The 

figure indicated that the NPs were agglomerated in clusters with semi-spherical and 

cubic structures. The particle size ranged from 56.64 to 86.95 nm. The agglomeration of 

CuONPs occurred as a result of many factors, such as high surface energy, surface area, 

surface tension, surface reactivity, the viscosity properties of the plant extract, attraction 

between the NPs, and oxidation of metal oxide NPs [29]. The form and morphology of 

the nanoparticles also rely on the reducing agent and stabilizing agent, which are 

derived from R. stricta leaves extract. Therefore, the semi-spherical morphology of the 

nanoparticles is attributed to the favorable selection of these agents. This conclusion is 

consistent with recent research by Pakzad et al. on the biosynthesis of CuONPs [30]. 

 
 

 

 

 

 

 

 

 

 

 

Figure 1: (a and b) low and high magnification FESEM images of the synthesized CuONPs. 
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Fig. 2 consolidates the EDX spectra and elemental composition of CuONPs. The 

production of oxide NPs is confirmed by three peaks for Cu and one for O in Fig. 2, 

which show their respective compositions of 78.1% and 21.9%. These results are in 

good agreement with Atri et al. [31]. 

 

Fig. 3 shows the XRD pattern for CuONPs synthesized using R. stricta leaves 

extract. This figure revealed diffraction angles at 32.32˚, 35.32˚, 38.54˚, 46.07˚, 48.57˚, 

53.26˚, 58.04˚, 61.33˚, 66.09˚, 67.79˚, 72.15˚ and 74.87˚ corresponding to miller 

induces planes (110), (-111), (111), (-112), (-202), (020), (202), (-113), (-311), (113), 

(311) and (004), respectively. The strongest diffraction angles were at 2θ=35.32˚ and 

38.54˚. It was found that the CuONPs' diffraction pattern had peaks that were the same 

as the standard data from the JCPDS card no. 01-080-0076. This validates the 

development of a crystalline structure with a monoclinic shape. The average size of the 

crystals was determined by applying the Debye-Scherrer formula [32-34], and the 

resulting values are presented in Table 1. 

Figure 3: XRD pattern of CuONPs synthesized using R. stricta leaves extract. 

   
  

     
                                                                                                                                      

where: D stands for the crystal size of CuONPs, k is factor shape (with a value of 0.9), λ 

the wavelength of X-ray, which is (1.541A), the Bragg diffraction angle is (θ), and β is 

Figure 2: EDX pattern of CuONPs. 
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the Full-Width at Half Maximum (FWHM) of the diffraction peak. The mean crystallite 

size of CuONPs was found to be 15.6nm. A similar result was reported by Naika et al. 

[35]. The XRD pattern of the synthesized CuONPs showed clear and distinct 

reflections, which proves that the CuONPs have a crystalline structure, and no 

additional peaks were observed [36]. 

 
Table 1: Structural parameters of CuONPs synthesized using R. Stricta leaves extract. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The R. stricta contains several phytochemicals such as tannins, saponins, 

alkaloids, steroids, flavonoids, carbohydrates, cardiac glycosides, quinones, glycosides, 

terpenoids, phenols, and others [37]. Copper hydroxide (Cu (OH)2) is first formed when 

the metal precursor (Cu(NO3)2:3H2O) interacts with the hydroxyl anion (–OH) 

produced by water. Numerous phytochemical components found in R. stricta's aqueous 

extract function as encapsulating agents and reduce copper hydroxide to copper oxide 

nanoparticles. FTIR is one of the most important techniques to identify the function 

groups of materials. Fig. 4 shows that the FTIR bands located at 1417.68 cm
-1

 

corresponds to O-H bending, 1109.07cm
-1

 is attributed to C-O, 1058.92 cm
-1

 is 

attributed to the C-H stretching vibrations, 873.75cm
-1 

is attributed to aromatic C–H 

bending, whereas the peaks at 615.29 cm
-1

, 530.42, 482.20 and 418.55 cm
-1

 can be 

attributed to vibrations of CuO, confirming the formation of CuONPs [38, 39]. 

Figure 4: FTIR spectrum of CuONPS synthesized using R. stricta leaves extract. 

Fig.5 shows the UV-Vis absorption spectrum of the green synthesized CuONPs 

using R. stricta leaves extract. The absorption peaks were revealed at 280 nm. The 

2θ (degree) dhkl (exp.) FWHM (degree) hkl D(nm) 

32.2389 2.77445 0.6232 (110) 10.6 

35.3282 2.53858 0.4076 (-111) 19.2 

38.5432 2.33391 0.2475 (111) 21.6 

46.0743 1.96842 0.2476 (-112) 22.1 

48.5747 1.87278 0.4772 (-202) 15.5 

53.2639 1.71843 0.609 (020) 11.8 

58.0454 1.58773 0.5988 (202) 12.5 

61.3365 1.51019 0.5072 (-113) 15.8 

66.0906 1.41261 0.4723 (-311) 18.3 

67.7928 1.38122 0.6378 (113) 13.3 

72.155 1.30808 0.591 (311) 11.9 

74.8743 1.26717 0.669 (004) 13.1 
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observed spectrum can be attributed to the surface Plasmon resonances of CuONPs. The 

outermost layer of plasmons is absorbed by metal oxide nanoparticles because of the 

coordinated oscillation of free electrons in the conduction band, which is speeded up by 

electromagnetic radiation coming in. The wavelength of the incident light exceeds the 

particle diameter, resulting in the observation of this type of resonance. The surface 

plasmon absorption bands at 280 nm indicate the formation of CuONPs. This results in 

agreements with that of Priya et al. [40]. The energy gap (Eg) was determined using a 

Tauc plot, as shown in Fig. 5, and the corresponding equation given below [41]: 

        (      )                                                                                                                      

where: α is the absorption coefficient, ℎ𝑣 is the photon energy. Fig. 5 shows direct 

transition and a band gap value of 3.9 eV for CuONPs. The larger band gap value of 

CuONPs compared to Eg = 1.9 eV of the bulk CuO [42] can be attributed to the 

quantum confinement effect [43]. Larger band gap values are associated with 

nanoparticles. The varying capacities of phytochemicals found in the plant extracts used 

for reduction and stabilization during the synthesis process may cause of the modest 

increase in the band gap value of CuONPs. This outcome is consistent with the results 

of Lakshmanan et al. [44].  

Figure 5: UV-Visible spectrum of CuONPs and the optical energy band gap. 

Zeta potential provides the zeta value, which shows the surface charge and 

stability of CuONPs prepared using R. stricta leaves extract. A zeta potential value 

within the range of (± 40 to ± 60) mV indicates good stability. The zeta value of the 

synthesized CuONPS was -49.7 mV, as shown in Fig. 6, indicating good stability [45]. 

Snehal Yedurkar et al. [46] concluded that “if the particles in a suspension have large 

negative or positive (zeta- potential values, particles will repel each other and there will 

be no aggregation of NPs. On the other hand, if particles have small zeta-potential 

values, there is no force to prevent particles from coming together and aggregating”. 
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Figure 6:  Zeta potential of CuONPs synthesized using R. stricta leaves extract. 

 

3.1. Antibacterial Activity  

The antibacterial efficiency of the CuONPs synthesized using R. stricta leaves 

extract was assessed using the well diffusion method on Mueller-Hinton Agar (MHA). 

The MHA agar plates were subjected to aseptic conditions and inoculated with the test 

bacterial strain. Wells with a diameter of 6mm were filled with different concentrations 

of (100, 200, 400, and 800µg/l) of the nanoparticle. The plates were then incubated at a 

temperature of 37°C for 24 hrs. The diameter of the inhibition zones was measured in 

millimeters (mm) after the incubation period. 

The study utilized deionized water as the control (A). Nanoparticles with a large 

surface area to volume ratio are well dispersed and have small crystallite sizes, making 

it easy for them to interact with the surfaces of microbes. The nanoparticles' expansive 

surface area enhances their contact with microorganisms, enabling them to perform 

various antibacterial actions [47]. The gram-positive Staphylococcus aureus bacterium 

was selected as the subject of the study to investigate the antibacterial properties of 

CuONPs. This bacterium is a human pathogen that can cause various skin, respiratory 

system, and cardiovascular infections. Additionally, the gram-negative Klebsiella 

pneumoniae bacterium was chosen due to the severity of the infection it inflicts, which 

has high mortality rates even when treated properly [48]. The antibacterial activity of 

CuONPs synthesized using R. stricta leaves extract against Staphylococcus aureus and 

Klebsiella pneumonia were evaluated for their role in antibacterial action, as shown in 

Fig.7 a and b. In general, Fig.7 (a and b) showed that the inhibition zone of CuONPs got 

larger with increasing the NPs concentration; the largest inhibition zone was observed 

for the 800μg/l CuONPs concentration. Furthermore, the largest inhibition zone was 

30mm against gram-positive Staphylococcus aureus bacteria, as shown in Fig.7b, while 

it was 21mm for gram-negative Klebsiella pneumonia, as shown in Fig. 7a. An 

inhibition zone on the plate indicates the absence of bacterial growth. CuO 

nanoparticles stick to the bacteria and stop them from working normally. They also 

damage to the bacteria's outer layers, including their DNA, proteins, and lipids [49]. The 

adhesion and bioactivity between bacteria and CuO ions generated by nanoparticles 

result from electrostatic forces when the ions are adsorbed onto the surface of the micro-

organism's cell wall. This destroys the cell wall by exploiting the microorganism's 

vulnerability to the nanoparticles, which possess inherent resistance properties against 

infections. The efficiency of the produced CuO nanoparticles was assessed based on the 

diameter of the clear zone, with larger diameters indicating higher efficiency [50]. The 

study demonstrated the efficiency of CuO nanoparticles in eradicating a bacterial 

pathogen, with excellent antibacterial impact shown at high nanoparticles concentration. 

The results are consistent with the findings of Khalil et al. [51]. 
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3.2. Anticancer Activity 

In pharmaceutical and biomedical applications, the cytotoxicity, cell viability, and 

biocompatibility of nanoparticles are crucial factors. CuONPs' ease of binding and 

compatibility with biomolecules make them suitable for use as nanocarriers of 

anticancer drugs. CuONPs' in vitro cytotoxicity was investigated using the MTT test on 

A549 cell lines. The purpose of this study was to examine the anticancer activity of 

CuONPs. A549 lung cancer was chosen as the study subject since lung cancer is a 

disease that is commonly dreaded and is the primary cause of death worldwide. 

Previous research has shown that the impact of lung cancer accounts for 17.6% of 

fatalities and 12.4% of unusable cases [52]. 

 

Figure 7: Antibacterial activity of ZnONPs against (a) k.pneumoniae and (b) S. aureus. A the 

control and with different CuONPs doses (B)100 µg/ml, (C) 200 µg/ml, (D) 400 µg/ml, and 

(E) 800 µg/ml. 

 

Fig. 8 represents the morphological changes of the cells treated with the 

synthesized CuONPs compared to the untreated cells (control). CuONPs caused many 

morphological changes in A549 cells, while no such changes were observed in cells that 

were not treated. As seen in Fig. 8, these morphological changes included changes in 

cell form, clumping, blockage of cell communication, and chromatin condensation in 

A549 cells that experienced cell death. In contrast, the untreated cells remained active. 

The results indicated that exposing A549 cells to different concentrations of CuONPs 

for 48 hrs significantly reduced the cell viability at the higher concentration of 100 

μg/ml. As the CuONPs concentration increased, the cell survivability decreased 

considerably. When A549 cells were exposed to CuONPs of 6.52 ,12.5, 25, 50, and 100 

μg/ml concentrations, the cytotoxicity increased significantly from 12.10±1.626 to 

81.47±1.517 as shown in Figure 9. The viability of the treated cell line was dose-

dependent, indicating that higher concentrations of CuONPs have higher toxicity toward 

the cancer cell line. The properties of NPs, such as nanoparticle size, surface charge, 

and functional groups, which dictate NPs' therapeutic potential, may be the cause of 

CuONPs' cytotoxic effects [53]. CuONPs with smaller NP sizes have superior 

pharmacological and biomedical capacities, according to a recent study [54]. It is also 

possible that the elevated levels of reactive oxygen species (ROS) produced in the 

membrane caused phospholipids in the membrane to be attacked by free radicals, which 

resulted in a loss of membrane integrity and the induction of apoptosis with fragmented 

nuclei. The activation of apoptosis is aided by the upregulated ROS level in cancer 

cells, which also modifies mitochondrial activities [55, 56]. 
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Figure 8: Morphological changes in A549 cancer cells of (a) untreated and (b) treated with 

synthesized CuONPs from R. stricta leaves extract. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Cytotoxicity of CuONPs against A549 cell line. 
 

4. Conclusions 
Copper oxide nanoparticles (CuONPs) were successfully synthesized using an 

aqueous leaf extract of R.stricta. This method, characterized by its simplicity, rapidity, 

ease, and eco-friendly approach, involved bioactive molecules within the leaves acting 

as both reducing and stabilizing agents for NP formation. The XRD analysis unveiled a 

monoclinic structure. FESEM illustrated a semi-spherical and cubic shape. The surface 

charge exhibited positivity, ensuring excellent stability at -49.7mV. CuONPs 

demonstrated significant biological activities, including antibacterial and cytotoxic 

effects. The largest inhibition zone, measuring 30 mm, was observed against the gram-

positive bacterium S. aureus, while it measured 21 mm against gram-negative bacteria. 

A dose-dependent cytotoxic effect was apparent, with higher concentrations of CuONPs 

corresponding to increased cytotoxicity, specifically measuring 81.47 ± 1.517. These 

findings suggest that CuONPs synthesized from the aqueous extract of leaves have the 

potential to function as a natural antibacterial and anticancer agent. 
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 ان ازيبىستط  ييتخهص أوراق وبت  ح يم  CuOخضر  نهسييًت  اناتوىة  انتىنيف الأ

 تىصيف وتقييى وشتطهت انًرتد نهبكتي ةت ووشتطهت انًرتد نهي طتٌ )دراس  يخب ة (

 
عبي  محمد ييهى

2،1
واقبتل سهتو وتجي 

2 

 بغذاد، بغذاد، انعشاق تانعهٕو، جبيع تلسى انفٛضٚبء، كه1ٛ
 انطبٛت ٔانصٛذلاَٛت، بغذاد، انعشاقجبيعت ابٍ سُٛب نهعهٕو 2

 

 انخلاص 
نهبٛئت نخصُٛع جضٚئبث أكسٛذ انُذبط انُبَٕٚت ببسخخذاو يسخخهص  تٔصذٚم   تٔسشٚع   طشٚمت يببششة اسخخذوفٙ ْزِ انذساست حى 

انًًٛضة نفذص شبيم يٍ خلال حمُٛبث حذهٛهٛت يخخهفت، بًب فٙ  جسًٛبث اكسٛذ انُذبط انُبَٕٚتيبئٙ يٍ أٔساق دشيم انشاص٘. خضعج 

. zeta potentialٔانجٓذ انسطذٙ ، FT-IR، ٔانخذهٛم انطٛفٙ نلأشعت فٕق انبُفسجٛت، XRDٔ ،FESEMٔ ،EDXٔرنك حذهٛلاث 

أشكبلا   FESEMث صٕس َبَٕيخش. صٕس 15.6انطبٛعت انبهٕسٚت أدبدٚت انًٛم، ٔكشف عٍ يخٕسظ دجى بهٕس٘ ٚبهغ  XRDأثبج حذهٛم 

فٙ انبذاٚت  جسًٛبث اكسٛذ انُذبط انُبَٕٚتَبَٕيخش. حى حأكٛذ حكٍٕٚ  86.95إنٗ  56.64شبّ كشٔٚت ٔيكعبٛت، بأدجبو جسًٛبث حخشأح يٍ 

نبُفسجٛت. َبَٕيخش فٙ أطٛبف الأشعت فٕق ا 280يٍ خلال انخغٛش انًهذٕظ فٙ انهٌٕ، ٔانز٘ ٚعضٖ إنٗ إثبسة سٍَٛ انبلاصيٌٕ انسطذٙ عُذ 

جسًٛبث حعًم كعٕايم اخخضال ٔحثبٛج، يًب ٚسٓم حكٍٕٚ  دشيم انشاص٘، ٔجٕد يجًٕعبث ٔظٛفٛت فٙ يسخخهص أٔساق FTIRأكذ حذهٛم 

صُّعت  انجسًٛبث انُبَٕٚتيههٙ فٕنج. حى حمٛٛى  -49.7بمًٛت  ةاسخمشاسٚت كبٛش إنٗ انجٓذ انسطذٙ . أشبسث لٛبسبث اكسٛذ انُذبط انُبَٕٚت ًُ ان

يهى  30يهى ٔ 21ٔانًكٕساث انعُمٕدٚت انزْبٛت، يًب أدٖ إنٗ يُبطك حثبٛظ حبهغ  انكهٛبسٛلا انشئٕٚتبئصٓب انًضبدة نهبكخٛشٚب ضذ دٕٛٚ ب نخص

 عبنٛت لذسْبعٍ سًٛت  A549ضذ خطٕط انخلاٚب  كسٛذ انُذبط انُبَٕٚتٔا جسًٛبثنـعهٗ انخٕانٙ. ببلإضبفت إنٗ رنك، كشف حمٛٛى انسًٛت 

كسٛذ انُذبط انُبَٕٚت يٍ دشيم انشاص٘ ٔجسًٛبث ايٛكشٔغشاو / يم. ْزِ ْٙ انًذبٔنت الأٔنٗ نخخهٛك  100بخشكٛض  ±1.517  81.47

يضبدة نهبكخٛشٚب ٔيضبدة نهسشطبٌ ًٔٚكٍ اسخغلانٓب لادم ب كًششخ يذخًم نعبيم يضبد نهبكخٛشٚب ٔيضبد نهسشطبٌ ًٔٚكٍ  كعٕايم

 عهٗ انجسى انذٙ. اسخخذايّ بعذ إجشاء يضٚذ يٍ انذساسبث

 

 فعبنٛت يضبدة نهبكخٛشٚب، فعبنٛت يضبدة نهسشطبٌ. ،دشيم انشاص٘ نُذبط، انجسًٛبث انُبَٕٚت،أكسٛذ ا انكهًت  انًفتتحي :

 


