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A watery extract of Schinus terebinthifolia leaves was used as the source 
for producing a nanocomposite of ZnO/CuO/Se (NC ZnO/CuO/Se). 
Transmission electron microscopy (TEM), UV, X-ray diffraction, and 
scanning electron microscopy-energy were employed to characterize NC 
ZnO/CuO/Se. Based on the TEM investigation, the nanoparticles had an 
average size between 40.9 and 50.2 nm. NC ZnO/CuO/Se had potent anti-
H. pylori activity, as evidenced by a zone of inhibition of 34.3 mm. The NC 
ZnO/CuO/Se successfully inhibited H. pylori (MIC = 15.6 μg/mL) and 
showed better antimicrobial activity in comparison with the control. At 75% 
of MBC, it dramatically decreased the production of bacterial biofilms 
(91.1% inhibition). High antioxidant qualities were demonstrated by the NC 
ZnO/CuO/Se (> 88% in the DPPH assay). It demonstrated outstanding 
enzyme inhibition capacity against lipase, with an IC50 of 41.66 ug/mL. The 
IC50 value of NC ZnO/CuO/Se against normal cell lines (WI38) was 593.08 
± 2.35  µg mL–1, which is a high dose. From the overall results, NC 
ZnO/CuO/Se exhibited favorable biological effects in vitro as a wide-
spectrum treatment for various medical uses. 
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INTRODUCTION  
  

One of the most exciting and inventive disciplines in science and technology, 

nanotechnology, has many uses in different applications from engineering, energy, 

electronics, dye degradation, agriculture, and medicine (Yahya et al. 2022; Al-Rajhi and 

Abdelghany 2023a; Qanash et al. 2023a; Revathi et al. 2024; Idris et al. 2025). These 

nanoscale materials have been created using various techniques, including physical, 
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chemical, and green approaches (Al-Rajhi and Abdelghany 2023b; Qanash et al. 2023a), 

but each has many disadvantages. Conventional physical and chemical techniques for 

synthesizing metal nanoparticles are increasingly considered obsolete due to their intricate 

manufacturing processes, elevated energy requirements, and the generation of hazardous 

by-products that present significant hazards to health of human and the environment (Singh 

et al. 2024).  

In recent decades, green technologies have been the favored method for generating 

nanoparticles (NPs) or nanocomposites (NCs) because of their cost-effectiveness, safety, 

low environmental impact, and biocompatibility, distinguishing them from alternatives. 

Owing to their diminutive size and extensive exterior area, NPs comprised of metal 

compounds possess a diverse array of applications (El-Batal et al. 2023; Amin et al. 2024; 

Soliman et al. 2024; Selim et al. 2025; Michael et al. 2024). NCs comprising three metals 

or metal compounds have shown exceptional features, including high stability, enhanced 

sensitivity and selectivity, and a range of shapes and sizes relative to surface area. These 

attributes contribute to their promising catalytic activity, antimicrobial properties, 

photocatalytic potential, drug delivery capabilities, biosensor functionality, and various 

biotechnological and biotherapeutic utilizations when compared to single and dual metal 

compound alternatives (Salama et al. 2021). 

In the current study, aqueous extract from Schinus terebinthifolia leaves was used 

as a reducing agent to create NC ZnO/CuO/Se. The extract is known to contain many 

bioactive components such as phenolic and flavonoids (da Silva Nascimento et al. 2023).  

Most people globally can become infected with Helicobacter pylori, which can 

have dangerous health effects. H. pylori is the most common cause of gastritis (Hooi et al. 

2017; Bakri et al. 2022; Al-Rajhi et al. 2023a,b). Additionally, intestinal-type gastric cancer 

and dysplasia are linked to gastric atrophic necrosis (GAD), which is caused by chronically 

produced gastritis (Shirani et al. 2023). Helicobacter pylori is the main causative agent 

connected to several diseases, such as inflammation and the emergence of stomach ulcers 

(Shehab et al. 2024). There is still no 100% effective treatment for H. pylori, despite its 

discovery almost 40 years ago (Sasaki et al. 2021).  

The issue of obesity has been around for a long time. In addition to causing cosmetic 

issues, obesity also leads to an incorrect biological metabolism, which results in several 

physiological and psychological and societal issues. One significant danger factor for 

conditions like heart illness is obesity, increasing blood pressure, raised cholesterol levels, 

and even cancer, and it is intimately linked to the development of numerous chronic 

illnesses (Bjerregaard et al. 2018). Lipases are members of the hydrolases family of 

enzymes that are specifically designed to catalyze the lysis of triacylglycerol (TAG) ester 

bonds, resulting in the production of glycerol and free fatty acids (Fahim et al. 2024). 

Lipids, such as triglycerides, are reduced by the lipase inhibitors, which work to control 

and treat obesity by combining with the active lipase portion found in the stomach and 

small intestine to change the stomach/trypsin structure, restrict catalytic activity, and 

reduce the digestion and absorption of lipids in food. Additionally, the hydrolysis 

contributes to the accumulation of adipose tissue (Sánchez et al. 2008). Most studies 

concentrate on mono- or bimetallic NPs, but little work has been done on biogenic NC 

ZnO/CuO/Se. Consequently, the novelty of this study examines how Schinus 

terebinthifolia leaves aqueous extract produced NC ZnO/CuO/Se and showed the 
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important role of these NC in the treatment of H. pylori and obesity problems for the first 

time with reference to their antioxidant and cytotoxicity properties. 

 

 

EXPERIMENTAL  
 

Bio-fabrication of NC ZnO/CuO/Se 
The Schinus terebinthifolia leaves were collected from the garden of the Jouf 

University, Saudi Arabia, cleaned three times with tap water to remove any impurities, and 

then allowed to air dry before being ground. The resulting leaf powder was combined with 

distilled H2O (10 g/100 mL) and agitated for 60 min at 150 rpm. The combination was then 

centrifuged to produce a clear supernatant, which catalyzed the creation of NC 

ZnO/CuO/Se. To synthesize NC ZnO/CuO/Se, a 10 mM solution of every metal (Na2SeO3, 

ZnSO4·2H2O, and CuSO4·2H2O) was combined in a 1:1:1 ratio with the leaves aqueous 

extract at a 4:1 volume ratio. The alkali condition (pH 8) was rectified by employing NaOH 

and stirring at 65 °C for 2 h. The reduction of metal precursors using fruit extract to 

synthesize nanoparticles was signified by a reddish-brown hue (Amin et al. 2025). 

Subsequent to the evaporation of the synthetic solution and rinsing with deionized water 

followed by alcohol to eliminate impurities, the residual material was collected. The 

resultant residue was subsequently hardened for 60 min at 200 °C to provide powder with 

reddish-brown color, which was then stored in a falcon tube for subsequent processes.  

 

NC ZnO/CuO/Se Characterizations 
The diverse chemical groups in the extract of plant were characterized by means of 

Fourier transform infrared spectroscopy (FTIR, -Cary-630- Tokyo, Japan), resulting in the 

production of NPs. A JEOL-1010 transmission electron microscope was employed to 

ascertain the morphological features (dimensions and shapes) of the synthesized 

nanoparticles. The JSM6360LA energy dispersive X-ray diffraction (SEM-EDX, JEOL, 

Japan) was employed to analyze the surface morphology and chemical composition of 

nanoparticles for further exploration.  

 
Preparation of Bacterial Suspensions 

The H. pylori strain was obtained as a clinical specimen from Ain Shams Hospital.  

The VITEK® 2 Portable system was used to identify the strain, and VITEK® MS at 57357 

Hospital verified the identification. Microorganism colonies were moved to tubes with 

sterilized physiologically appropriate solution of saline, and the turbidity was modified to 

the standard of 2.0 McFarland (Abdelghany et al. 2023a). The suspension created by this 

turbidity is equivalent to about 1.0 x 108 CFU/mL of H. pylori.  

 
Determination of anti-H. pylori Activity 

Anti-H. pylori property in vitro was measured using the well diffusion of agar 

method (Castillo-Juárez et al. 2007). In summary, 100 μL of H. pylori suspensions (1.0 × 

108 CFUs/mL) was applied to Mueller Hinton agar dishes augmented with 10% blood of 

sheep. A hole with a diameter of 6 mm was precisely punched employing a sterilized cork 

borer. Subsequently, 100 µL of the NC ZnO/CuO/Se or an antibiotic at the designated 

quantity was injected to the well. Metronidazole (MTZ, 0.8 mg/mL), amoxicillin (AMX, 
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0.05 mg/mL), and clarithromycin (CLR, 0.05 mg/mL) were utilized for the positive, 

whereas DMSO functioned as a negative controls. The diameter of the inhibitory zone was 

measured after a 72-h incubation at 37 °C. 

 

Minimal Inhibitory Concentration (MIC) and Anti-biofilm 
The micro-dilution broth technique, utilizing Mueller-Hinton broth combined with 

lysed blood of horse, enabled the calculation of the MIC  of the subjected NC ZnO/CuO/Se. 

The amount of the investigated nanoparticles ranged from 0.98 to 1000 μg/mL and were 

accomplished through serial two-fold dilutions. For the preparation of sterile 96-well 

polystyrene microtitrate plates (PMP), 200 μL of a diluted NC ZnO/CuO/Se in broth 

medium was added to each well. The microbiological cultures were prepared as inocula in 

0.85% NaCl to achieve the turbidity specified by the 1.0 McFarland standard. Two µL were 

added to each well to obtain a final density of 3.0 × 106 CFU (colony-forming units) per 

mL. The MICs were determined as the minimum concentration of the sample that exhibited 

complete inhibition of growth of the reference strain after a 72-h incubation at 35 °C in a 

microaerophilic environment with 15% CO2. Each microplate included a negative control 

comprising the test nanoparticles without bacteria and a positive control containing 

inoculum absent of the tested nanoparticles (Malm et al. 2015). The minimum bactericidal 

concentration (MBC) was established by subculturing 100 mL of the microbial culture 

from each well exhibiting complete growth inhibition, as well as from the last positive well 

and the growth control, onto Mueller-Hinton agar plates supplemented with 10% sheep 

blood. The plates were incubated at 35 °C for 72-h under microaerophilic environments, 

with the minimum bactericidal concentration (MBC) defined as the lowest extract 

concentration of NPs that inhibited microbial growth. The MBC/MIC ratios were 

computed to assess the bactericidal or bacteriostatic effects of the tested extracts. In this 

research, antibacterial agents were classified as bactericidal when the ratio of MBC to MIC 

did not exceed four times the MIC (French 2006).  

  Biofilm formation in PMP was examined to detect NC ZNO/CUO/SE effects 

(Alghonaim et al. 2024). In the technique, 300 µL of freshly prepared trypticase soy yeast 

broth (TSY) inoculated (106 CFU/mL) was aliquoted into every PMP well and cultured at 

predefined sublethal doses (75, 50, and 25% MBC). Control wells had medium, methanol, 

and no NC ZnO/CuO/Se. Plates were incubated at 37 °C for 48 h. After incubation, the 

supernatant was discarded and every well was washed with sterilized distilled water to 

remove free-floating cells. The biofilm was dyed with 0.1% crystal violet in H2O for 15 

min after the plates air-dried for 30 min. Washing the plate three times with sterile distilled 

H2O to detach excess stain after incubation. To dissolve the dye on the cells, 250 µL of 

95% ethanol was added to each well after 15 min of incubation. The absorbance (AB) of 

the sample has been determined with a 570 nm microplate reader (Selim et al. 2004). 

Biofilm inhibition (%) = 1 − 
AB of NC ZNO/CUO/SE− AB of blank

AB of control−AB of blank
 x 100   (1) 

 

DPPH Assessment 
NC ZNO/CUO/SE were evaluated for DPPH sequestration by dispersing double-

fold levels (1.95 to 1000µg mL−1) in Milli Q H2O, while DPPH could be dissolved in 

methanol. In a test tube, 1.0 mL for each quantity, DPPH, and 450 µL of Tris-HcL buffer 

(pH = 7.4) were mixed. After mixing, the mix was agitated (150 rpm) in a dark 37 °C 
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atmosphere for 30 min. Ascorbic acid was the positive control while NC ZnO/CuO/Se or a 

test tube without them was the negative control (Al-Rajhi et al. 2022). The percentages 

were computed after the scavenging activity by spectrophotometrically at 517 nm was 

detected as follows:  

Scavenging (%) =  
AB of control− AB of test

AB of control
 x 100           (2) 

 

Cytotoxicity of NC ZNO/CUO/SE  

Using the MTT assay technique, the cytotoxicity of NC ZnO/CuO/Se was 

examined against normal human lung cell lines (Wi38). These cells were acquired from 

Cairo, Egypt’s Vaccines Company (VACSERA). The selected normal cell was cultured in 

PMP until it reached 1 x 105 cells per 100 µL per well. It then spent a day in a 5% CO2 

incubator at 37 °C. After creating a monolayer sheet, 100 µL of RPIM medium was applied. 

The mixture was incubated at 37 °C for 48 h after adding NC ZnO/CuO/Se at 

concentrations ranging from 1000 to 31.25 µg mL–1. The control wells were three DMSO-

treated wells. The MTT solution (50 µL, 5 mg mL–1 phosphate buffer) was applied to cells 

after 48 h, after removing excess media. After mixing well, they were incubated at 37 °C 

for 5 h. The formazan crystal formed during MTT catabolism was dispersed by adding 100 

µL of 10% DMSO to each well after removing the excess MTT solution. The color AB at 

570 nm was measured after 30 min without DMSO. Cell viability percentages were 

calculated using this formula (Abdelghany et al. 2023b): 

Viability percentages (%) =  
AB of treated cells

AB of control
 x 100    (3) 

 
Lipase Inhibition Assay 

A solution of lipase was prepared by gently combining 10 mg of the lipase with 10 

mL of buffer solution (1 mg/mL) immediately before use. NC ZnO/CuO/Se was 

synthesized at identical amounts. Lipase activity was evaluated using p-nitrophenyl 

butyrate (PNPB) as a substrate. Lipase stock solutions (1 mg/mL) were prepared in 0.1 mM 

potassium phosphate buffer (PPB) pH 6.0) and stored at -20° C. Before assessing lipase 

inhibitory action, lipase was preincubated for 1 h at 30 °C in a PPB (0.1 mM, pH 7.2, 0.1% 

polysorbate 80, Tween 80) alongside NC ZnO/CuO/Se (7.8, 15.62, 31.25, 62.5, 125, 250, 

500, and 1000 µg/mL) or Orlistat (at equivalent doses) as a standard control. Subsequently, 

0.1 µL of pNPB was used as a substrate to initiate the reaction, resulting in a total volume 

of 100 µL.  

A Biosystem 310-plus UV-Visible spectrophotometer (JASCO V-560) was 

employed to quantify the concentration of p-nitrophenol generated in the reaction at 405 

nm over a 5-min incubation time at 30 °C. The activity of the negative control was 

examined both in the presence and absence of an inhibitor (Roh and Jung 2012). The 

inhibitory capacity was assessed using the subsequent formula:  

Lipase inhibition (%) = 100 −
𝐵−𝑏

𝐴−𝑎
 × 100        (4) 

The absorbance of the activity of lipase with inhibitor is designated as B, the 

absorbance of the negative control (NC ZnO/CuO/Se in DMSO) with inhibitor alongside 

no lipase is designated as b, the absorbance of lipase activity without inhibitor is designated 
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as A, and the absorbance of  negative control (DMSO) without inhibitor  and without lipase 

is designated as a. 

 
Statistical Analysis 

The Minitab 19 program (Minitab LLC, State College, PA, USA) was utilized to 

generate the statistical assessment, and post hoc evaluations were directed via Tukey's test 

(honest significant difference), through a significance level of p < 0.05. 

 

 

RESULTS AND DISCUSSION 
 
Characterization of NC ZnO/CuO/Se  

The extract of S. terebinthifolia succeeded  as a mediator in the synthesis of NC 

ZnO/CuO/Se. The three metals in the NPs form were joined together as a NC and enclosed 

by the extract matrix. Morphological features, such as sizes and forms that were identified 

by TEM research, are the primary factors influencing the use of nanoparticles as well as 

nanocomposites. The TEM images in Fig. 1 display the spherical and hemispherical shape 

of NC ZnO/CuO/Se. The size of NC ZnO/CuO/Se ranged from 40 to 50 nm (Fig. 1A). The 

findings that were observed were not consistent with the successful synthesis of NC 

ZnO/CuO/Se utilizing the strain of fungi Aspergillus niger, which had a size of 26.3 nm 

and a tetragonal pyramid shape (Hashem et al. 2023). The authors of a different 

investigation on green NC ZnO/CuO/Se made from Nitraria retusa aqueous extract 

demonstrated the development of spherical and crystallographic NC ZnO/CuO/Se with a 

size mean of 47.69 nm (Amin et al. 2025). When it comes to detecting the crystalline phase 

of formed nanoscale ingredients, the electron microscopy practice recognized as designated 

area electron diffraction (SAED) is useful. Eight distinct and crisp rings that represent the 

crystallographic properties of the constituent materials (ZnO, CuO, and Se) were apparent 

in the SAED image of the NC ZnO/CuO/Se (Fig. 1B). This information was compared to 

a SAED image of ZnO/CuO/Se produced by fungi, which revealed eight rings that give 

components their crystalline structure. The size and construction of NPs have an impact on 

their activity within live cells (He et al. 2010). They found that the size and form of the 

cells affect their diffusion, distribution, and response to NPs.  

 

 
 

Fig. 1. TEM and SAED images of NC ZnO/CuO/Se NPs  
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Figure 2 displays the SEM images with a lower magnification, confirming that the 

metallic particles gathered into a conventional metal and metal oxide morphological 

appearance. The particle’s appearance as compact layers with distinct borders and edges 

were another important characteristic. The many metals utilized in the biosynthesis may be 

the cause of this phenomenon. Using EDX analysis, the elemental components of NC 

ZnO/CuO/Se were identified both quantitatively and qualitatively. The Cu, Zn, and Se ions 

were confirmed to be the principal constituents of the produced sample, as illustrated in 

Fig 2. The production of ZnO, CuO, and Se ion were shown by the peaks at bending 

energies of 1, 8.6 KeV, 8.1 KeV, and 2.3, 11.5 KeV, respectively. NC ZnO/CuO/Se’s 

quantitative metal ratios were arranged in the following order (from high concentration to 

low concentration) based on the EDX analysis: According to Fig. 3, the atomic percentages 

of Se > Cu > Zn were 5.35, 3.69, and 3.18%, whereas the percentages of weight were 17.03, 

9.44, and 8.36%, correspondingly. These results do not agree with Hashem et al. (2023), 

who reported that Zn had the highest metal concentration (9.03 weight %), followed by Cu 

and Se (2.63 and 1.63 weight percentages, respectively) of NC ZnO/CuO/Se produced by 

fungi. Adsorption of O from the surrounding environment on the surface of the 

nanoparticles or the synthesis of CuO and ZnO could be the origin of the high concentration 

of O ions (weight percentages of 34.5% and atomic percentages of 51.5%). 

 

 
 

Fig. 2. SEM/EDX analysis revealing the metallic components of green-fabricated NC 
ZnO/CuO/Se  
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FTIR spectroscopy was used to examine how the active ingredient in the Schinus 

terebinthifolia leaves aqueous extract reduced different metals in a solution before capping 

NC ZnO/CuO/Se. The creation of the NC and the new appearance of functional groups 

caused the intensity of the preexisting peaks in the plant extract to rise or decrease. Six 

intense peaks were apparent at 3422, 2919, 2850, 1625, 1033, and 757 cm-1 in the plant 

extract. There were peaks located at wavenumbers 3432, 2962, 1605, 1352, 1115, 613, and 

463 cm-1 following the synthesis of NPs. In addition to the emergence of new peaks 

following the reaction of extract with precursor of metal and metal oxide to generate NC 

ZnO/CuO/Se, these peaks’ intensities were altered (Fig. 3).  

The capping, reduction, and stabilization of NC ZnO/CuO/Se may be caused by 

several molecules namely carbohydrates, organic acids, proteins, amines, amino acids, and 

other ingredients, which may be linked to the presence of different purposeful groups in 

the extract of plant.  

 

 
 

Fig. 3. NC ZnO/CuO/Se (TZCS NPs) and plant aqueous extracts with FTIR analysis displaying 
various functional groups 
 

          Figure (4a) illustrates the crystallographic arrangement of the NC ZnO/CuO/Se. 

The peak observed at 31.8 resulted from the interaction among the three nanoparticle 

integrations, exhibiting a notable intensity (Hasanin and Youssef 2022). Furthermore, the 

peak observed at 38.7 was likewise associated with integrating ZnONPs and CuONPs 

(Cao et al. 2021). In contrast, the peaks observed at 55.6°, 68.9°, and 72.6° corresponded 

to the presence of ZnO, CuO, and Se nanoparticles. As a result, the crystallographic 

diffraction pattern confirmed the simultaneous introgression of the three metals in 

nanoform exhibiting hexagonal characteristics.  
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UV–visible spectroscopy can yield valuable insights from this perspective. The 

UV–visible spectrum of the NC ZnO/CuO/Se is depicted in Fig.4 b, confirming the 

presence of the three nanometals. Notably, there were no conventional bands, but rather a 

series of peaks corresponding to each metal’s characteristics. The bands observed at 355, 

430 and 555 nm serve to affirm the presence of CuONPs, ZnONPs, and SeNPs, 

respectively; however, a precise recording was not attainable due to the overlapping of the 

bands (Surendra et al. 2021). The results obtained in this manner provide prospective 

confirmation of the biosynthesis and integration of the NC ZnO/CuO/Se structure. 

 

 
Fig. 4. The diffraction pattern of the NC ZnO/CuO/Se (a) and the UV–visible spectrum (b) 
 

Antimicrobial and Antibiofilm Assay of NC ZnO/CuO/Se  
Compared to NC of two metals, NC of three metals nanoparticles have shown 

effective and encouraging antibacterial properties (Nasrollahzadeh et al. 2020). The 

antimicrobial activity of NC ZnO/CuO/Se against H. pylori was evaluated for the first time 

in this study. The biosynthesized NC ZnO/CuO/Se exhibited potent antimicrobial activity 

against H. pylori, with an area of inhibition of 34.3 mm in comparison to the control of 24 

mm (Table 1).  

In a report on another NC, NC CuO/NiO/ZnO demonstrated strong antibacterial 

properties on S. aureus and E. coli bacteria; the NPs adhered to the bacterial cell wall and 

destroyed the cells (Paul et al. 2020). In a different investigation, the green-synthesized 

NC Au-Pt-Ag showed promise for anti-biofilm and antibacterial properties against 

Candida albicans, S. aureus, E. coli, Enterococcus facial, and Enterococcus faecalis 

(Dobrucka 2020). It was found that reactive oxygen species (ROS) cause cellular death, 

membrane alterations, a drop in ATP levels, and the blockage of tRNA binding to the 

ribosome are some of the key mechanisms for these nanomaterials’ antibacterial effects.  

The current study showed that the MIC and MBC of NC ZnO/CuO/Se against H. 

pylori was 15.62 μg/mL, compared to control 31.2 and 62.5, respectively (Table 1). The 

outcomes also displayed that the average percentage of biofilm formed in the presence of 

a b 
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3/4, 1/2, and 1/4 MBC of NC ZnO/CuO/Se was 91.1%, 79.7%, and 68.1%, respectively 

(Table 2).  

A one-way ANOVA test was applied between the different NC ZnO/CuO/Se 

concentrations against the percentage of biofilm formed. At 3/4, 1/2, and 1/4 MBC levels, 

it differed significantly (p < 0.05). The MBC/MIC index of NC ZnO/CuO/Se recorded 

bactericidal properties, with every reading below 4.  

 

Table 1. Inhibitions Zones, MIC, and MBC for H. pylori of Green-fabricated NC 
ZnO/CuO/Se  

Treatment 

 

Inhibition Zone 

(mm) 

MIC (µg/mL) 

 

MBC (µg/mL) 

 

MBC/MIC 

Index 

Control 24.0 31.25 62.5 2 

NC ZNO/CUO/SE  
34.3 15.62 15.62 1 

 

Table 2.  Activity of green-fabricated NC ZnO/CuO/Se at different doses of its 

MBC against biofilms H. pylori  

 

NC ZnO/CuO/Se MBC% of H. pylori   
Anti- Biofilm 

Activity (%) 

 

Media+Organism (Cont.) - 

 25% of MBC 68.12 

 50% of MBC 79.71 

75% of MBC 91.14 

 

Antioxidant Activity 
Free radicals, which are also described as ROS, are unstable molecules that are 

distinguished by their capacity to operate independently. In the human body, they are 

generated through oxidation processes or when cells are subjected to toxic environment or 

ingredients like radiation, pollutants, and other substances. This ROS has a detrimental 

effect on the constituents of cells, such as amino acids, DNA, and lipids (Peddi et al. 2021). 

Therefore, finding novel antioxidant compounds to counteract the harmful effects of ROS 

is essential. Here, the antioxidant capacity of the biogenic NC ZnO/CuO/Se was examined 

using a popular antioxidant assay: DPPH scavenging.  The antioxidant values of NC 

ZnO/CuO/Se were estimated using DPPH scavenging (%) instead of ascorbic acid (Table 

3). The DPPH radical efficiency increased dose-dependently from 16.4% to 88.5%, 

increasing NC ZnO/CuO/Se concentrations ranging from 1.95 to 1000 μg/mL. Another 

investigation on biogenic NC Cu/Ag/Zn found that at 1000, 500, and 50 µg mL–1, the 

scavenging percentages were 68.3, 37.3, and 35.7% (Kunwar et al. 2023).  

According to a report on NC ZnO/CuO/Se produced by Nitraria retusa extract, the 

maximal DPPH scavenging activity was achieved at 1000 µg mL–1, which was lower than 

that of ascorbic acid, which was 98.3% (Amin et al. 2025). Due to the synergistic impact 

of multiple metals working together, several authors have shown that the scavenging 

activity of trimetallic nanoalloys is superior than that of single metal nanoparticles. For 
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example, applying the DPPH technique, the scavenging activity of Se-NPs produced by 

extract from Cassia javanica flowers was 82% at 1000 µg mL–1 with IC50 at 53.34 μg/L 

(Soliman et al. 2024). Additionally, ZnO-NPs made from Limonium pruinosum crude 

extract demonstrated 75.2% antioxidant activity at 1000 µg mL–1 (Naiel et al. 2022). 

 

Table 3. DPPH Assessment of Green-fabricated NC ZnO/CuO/Se  

Concentration (µg/mL) DPPH Scavenging (%) HSD at 0.05 
NC ZNO/CUO/SE Ascorbic acid 

1000 88.5 ± 0.004 97.5 ± 0.041 1.002 
500 79.7 ± 0.007 94.4 ± 0.023 0.921 
250 71.7 ± 0.020 92.8 ± 0.001 1.032 
125 64.4 ± 0.031 90.3 ± 0.036 1.332 
62.5 57.3 ± 0.005 83.4 ± 0.004 2.032 

31.25 49.9 ± 0.003 75.2 ± 0.006 2.154 
15.625 41.9 ± 0.041 66.9 ± 0.002 1.031 
7.8125 33.7 ± 0.003 57.4 ± 0.015 2.321 

3.9 24.5 ± 0.008 49.8 ± 0.003 1.012 
1.95 16.4 ± 0.015 44.2 ± 0.005 2.21 

0 0.0 0.0 000 
IC50 (µg/mL) 34.51 ± 1.46 2.82 ± 0.79d 2.10 

 

Cytotoxic Activity 

The MTT assay was used to examine the biocompatibility activities of NC 

ZnO/CuO/Se  against Wi38 (normal cell lines) cells. The findings in Table 4 and Fig. 5 

showed that normal cell line proliferation was inversely correlated with concentration, with 

low concentrations increasing viability or proliferation and vice versa. At a high 

concentration (1000 µg mL–1), the viability of cell lines was 7.09 ± 0.65%. At low 

concentrations, the viability percentages rose. For example, at 125 and 250 µg mL–1, the 

Wi38 viability was 99.86 ± 1.25% and 98.11 ± 0.48%, respectively. According to the 

statistical evaluation, the synthesized NC ZnO/CuO/Se’s IC50 values for Wi83 were 593.08 

± 2.35. According to the results, normal cells were less harmed by high levels of the 

generated nanoalloy (500 and 250 µg mL–1). In other words, normal cells can tolerate a 

high concentration of NC ZnO/CuO/Se. In a different investigation of Se/ZnO/CuO NPs 

mediated by Nitraria retusa, the IC50 value was 294.9 ± 4.4 µg mL–1 versus normal cell 

lines (WI38) (Amin et al 2025). It means that Schinus terebinthifolia  leaves aqueous 

extract produced NC ZnO/CuO/Se is more suitable for preparing Se/ZnO/CuO NPs. 

 

Table 4. Effect of NC ZnO/CuO/Se on Wi38 Cells Cytotoxicity and Viability at 
Different Concentrations 

Parameter Concentration (µg/mL) 

1000 500 250 125 62.5 31.25 

Viability % 7.09 ± 0.65 48.38 ± 

1.01 

98.11 ± 

0.48 

99.86 ± 

1.25 

99.95 ± 

0.42 

99.95 ± 1.01 

Toxicity % 92.90 ± 

0.25 

51.61 ± 

0.54 

1.88 ± 0.09 0.14 ± 0.02 0.05 ± 

0.01 

0.05 ± 0.01 

IC50 (µg/mL) 593.08 ± 2.35  
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Lipase Inhibition 
A common way of drug development is the screening of lipase inhibitors from 

natural compounds, as there is a considerable need for new anti-obesity medications to treat 

obesity. In this study (Fig. 6), the biogenic NC ZnO/CuO/Se at doses from 1.95 to 1000 

ug/mL exhibited excellent enzyme inhibition potential ranging from 12.2 to 90.4% 

respectively, with IC50 = 41.66 ug/mL against lipase.  

 

 
 

Fig. 5. Effect of different concentrations of NC ZnO/CuO/Se on Wi38 cells  

 
 

 
Fig. 6. Effect of NC ZnO/CuO/Se on lipase activity at different concentrations 

 
A report on CuO-NPs at 200 µg /mL has a percent inhibition of lipase at 80.5% 
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and hydroxyl group (OH-) conjugated to NC ZnO/CuO/Se during the biosynthesis process 

may be the cause of the inhibitory impact (Islam et al. 2017). According to these data, these 

NPs can be used to treat H pylori and obesity theaters. 

 
 
CONCLUSIONS 
 

1. Schinus terebinthifolia leaves offer a safe and efficient method for creating 

ZnO/CuO/Se nanocomposite without endangering the environment.  

2. The Fourier transform infrared (FTIR), X-ray diffraction (XRD), scanning electron 

microscopy with energy dispersive X-range spectroscopy (SEM-EDX), transmission 

electron microscopy (TEM), and selected area electron diffraction (SAED) analysis 

presented functional groups that share in the formation of NC ZnO/CuO/Se. 

Additionally, the size of NC ZnO/CuO/Se ranged from 40 to 50 nm.  

3. The NC ZnO/CuO/Se showed antibacterial and antibiofilm efficacy against H. pylori. 

4. High antioxidant qualities were demonstrated by the NC ZnO/CuO/Se (> 88% in the 

DPPH assay).  

5. The NC ZnO/CuO/Se demonstrated outstanding enzyme inhibition capacity against 

lipase, with an IC50 of 41.7 ug/mL.  

6. Furthermore, cytotoxicity assessment showed low cytotoxicity of NPs at high 

concentrations against normal cells. 
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