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ABSTRACT 

Colebrookea oppositifolia Sm. is a medicinal shrub traditionally used to treat various ailments, including urinary 

disorders, skin eruptions, and epilepsy. This study reports the green synthesis of zinc oxide nanoparticles (ZnO 

NPs) using an aqueous stem extract of C. oppositifolia Sm. The synthesized ZnO NPs were characterized by X-

ray diffraction (XRD), Fourier transform infrared (FTIR) spectroscopy, ultraviolet-visible (UV-Vis) spectroscopy, 

field emission scanning electron microscopy (FE SEM), and energy-dispersive X-ray spectroscopy (EDX). UV-

Vis analysis of ZnO nanoparticles revealed a peak at 364 nm, while FTIR confirmed the role of plant secondary 

metabolites in capping, reducing, and stabilizing ZnO NPs. XRD analysis indicated a crystalline structure with an 

average grain size of 10.89 nm. EDX confirmed the elemental composition of zinc, carbon, and oxygen. The ZnO 

NPs exhibited strong antibacterial and antifungal activity against Staphylococcus aureus, Shigella sonnei, and 

Candida albicans. They also demonstrated moderate antioxidant activity and significant anticancer effects against 

HeLa and A549 cell lines, with IC50 values of 56.6 ± 1 µg/mL and 141.0 ± 0.0548 µg/mL, respectively. These 

findings highlight the potential of C. oppositifolia Sm. mediated synthesized ZnO NPs for biomedical, industrial, 

and packaging applications. 
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INTRODUCTION 

Nanotechnology has contributed to several field of 

study including drug delivery, material science, and 

engineering (Pokrajac et al., 2021). Metal oxide 

nanoparticles are one of the captivating forms of 

nanomaterials widely used in chemical, biological, and 

physical science (Fernandez-Garcia et al.,2011). They 

have therapeutic and diagnostic applications in the 

biomedical sector (Yadav et al., 2021). They have been 

successfully employed as anode material for fuel cells 

(Abdalla et al., 2018). The diverse uses and 

characteristics of metal oxide nanoparticles are 

responsible for many scientific breakthroughs. 

Nanoparticles can be synthesized using chemical 

precursors, physical forces, or plant extracts. The 

stability, cost-effectiveness, uniform particle size, 

seasonal availability of raw materials, and high yield 

determine the choice of nanoparticle production 

technique (Pal et al., 2022). Zinc oxide nanoparticles, 

identified as safe by GRAS (Generally Recognized As 

Safe), are frequently employed to enhance 

pharmacophore bioactivity due to their less hazardous 

and biodegradable nature (Espitia et al., 2016). It has 

high potential in biomedicine due to its strong thermal 

and mechanical stability and low toxicity (Bacaksiz et 

al., 2008). Zinc is an essential trace element required 

for immune function, enzymatic activity, and cellular 

growth; its deficiency is associated with impaired 

development and metabolic dysfunction (Ozgur et al., 

2005). Zinc oxide nanoparticles can be produced 

sustainably by utilizing various plant extracts (Rauf et 

al., 2019; Shobha et al., 2019). Green synthesis 

processes are more ecologically benign and 

sustainable, and they have been used in response to 

global environmental challenges as well as in the 

medical field to search for biocompatible drug 

candidates (Ahmed et al., 2016; Mellinas et al., 2019). 

Cancers are the greatest cause of mortality after 

cardiovascular diseases, accounting for nearly 9.7 

million deaths globally in 2022 (Bray et al., 2024). 
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They are characterized by uncontrolled cell growth, 

gene mutation, and changes in DNA or RNA. Out of 

the 20,000 cancer-screened patients, only 6,879 

patients survived the battle of cancer in a year 

(Shilpakar et al.,2022). Nepal is seeing a steady 

increase in the number of cancer patients, and this 

heartbreaking scenario has become worse every year 

(Shin et al., 2018). Even though tumor cells are cured 

by different cancer treatments like surgery, 

chemotherapy, and radiation therapy, these treatments 

come with several adverse effects and financial 

burdens (Peralta-Zaragoza et al., 2012). Zinc oxide 

nanoparticles show potential as an anticancer 

treatment as they can specifically target and kill cancer 

cells. Anticancer activity of ZnO nanoparticles results 

from the production of reactive oxygen species (ROS), 

electrostatic interaction, and permeability, as well as 

retention (EPR) impact towards cancer cells. When 

ZnO NPs are exposed to the cytoplasmic membrane, 

the electrostatic interaction of Zn+2 generates reactive 

oxygen species, which develops activity against 

microbial and fungal species (Mendes et al., 2022). 

C. oppositifolia Sm. (locally known as Dhursul), is a 

shrub used to cure wounds, urinary problems, skin 

eruptions, nose bleeding, and epilepsy (Sharma et al., 

2021). Many secondary metabolites from this plant, 

including polyphenols, alkaloids, and flavonoids, 

operate as antioxidants, antifertility agents, antiulcer, 

antibacterial agents, and antifungal agents (Ajaib et 

al., 2018). These metabolites are involved in the 

treatment of several diseases (Viswanath et al., 2021). 

To the best of our knowledge, this study is the first to 

report the green synthesis of ZnO NPs using the 

aqueous stem extract of C. oppositifolia, introducing a 

previously unutilized plant source for eco-friendly 

nanoparticle fabrication. The study offers a 

comprehensive physicochemical characterization of 

the synthesized zinc oxide nanoparticles using 

multiple analytical techniques, ensuring a detailed 

understanding of their structural, morphological, and 

elemental properties. A key strength of this research is 

the simultaneous evaluation of four major 

bioactivities. 

The primary objective of this research is to synthesize 

zinc oxide nanoparticles (ZnO NPs) using a green 

approach with plant extracts and to characterize them 

using UV-Vis spectroscopy, Fourier-transform 

infrared spectroscopy (FTIR), X-ray diffraction (XRD), 

field emission scanning electron microscopy (FE-

SEM), and energy-dispersive X-ray spectroscopy 

(EDX). Furthermore, the study aims to evaluate the 

antimicrobial, antifungal, anticancer, and antioxidant 

properties of the synthesized ZnO nanoparticles, 

highlighting their potential applications in biomedical 

and pharmaceutical fields. 

MATERIALS AND METHODS 

Chemicals and Equipment 

For the entire experiment, deionized water was used. 

Microplate reader (Epoch 2, Biotek, Instruments, Inc., 

USA), Azure biosystems microplate 

spectrophotometer, water bath (Clifton), Analytical 

grade zinc acetate dehydrate (Merck), ethanol, and 

NaOH (LOBA CHEMIE), pH meter (Nike), DPPH 

reagents (Merck), Muffle Furnace (Accuma X India) 

were employed in the study. Muller Hinton Broth 

(MHB), Muller Hinton Agar (MHA), and Neomycin 

were brought from HiMedia Pvt. Ltd, India. 

Plant Collection and Identification 

Plant samples were collected from the Doti district of 

Nepal (Latitude 29.3739° N and Longitude 80.9748° 

E) in their natural environment. The plant was 

recognized as having significant medicinal value by the 

local people. It was collected in May of 2023 and was 

identified by a taxonomist at the Godawari, Lalitpur, 

Nepal, as C. oppositifolia Sm. with voucher code 

BGc01 KATH163317. The photograph of the fresh 

plant is shown in Figure 1. 

 

 

Figure 1. Colebrookea oppositifolia Sm. 

 

Preparation of Plant Extracts 

After cleaning plants were sliced, chopped, and shade-

dried, the stems of the plant were crushed into a 

powder and then kept in airtight plastic bags for later 

use. Firstly, 10 g of finely ground stem powder was 

added to 200 mL of deionized water taken in a conical 

flask, and heated to 50°C for one hour while being 

continuously swirled with a magnetic hot plate stirrer. 

The contents were filtered through Whatman filter 

paper (no.1), and the filtrate was taken as the plant 

extract. 
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Synthesis of Zinc Oxide Nanoparticles  

Nanoparticles of zinc oxide were produced by slightly 

modifying the standard protocol in which 10 mL of 

aqueous extract with an initial pH of 5.28 was added 

to 200 mL of 0.02 mM zinc acetate dihydrate solution  

(Fakhri et al., 2019). NaOH solution was added to 

maintain the pH 11. A solid, yellowish-white mixture 

solution was generated after two hours of stirring, then 

absorbance was measured using a UV-visible 

spectrophotometer. Then, the solution was centrifuged 

for 30 min at 9000 rpm and rinsed with ethanol and 

distilled water. Thus, the obtained solid products were 

calcinated at 600 °C for a couple of hours in a muffle 

furnace. The nanoparticles were stored in an 

Eppendorf tube for further analysis. 

UV-Visible and FTIR Spectroscopy 

The peak in the range of 300-600 nm region was 

measured to confirm the synthesis of ZnO 

nanoparticles. The measurement was taken with a UV-

visible spectrometer (SPECORD 200 PLUS). The 

functional groups in the organic compounds from plant 

extracts were recognized by FTIR (Shimadzu IR 

Tracer100). Origin 2019b (9.5) was used to construct 

FTIR spectra. 

XRD Analysis 

An X-ray diffractometer (D2phaser, Bruker, located at 

NAST, Nepal) operating at 30 kV with a Cu Kα 

radiation source ( λ =1.540 Å) was used to examine the 

crystal structures of nanoparticles. 2θ scan was 

performed between 20○ to 80○, and Origin 2019b 

(9.65) was used to analyze the data. The Debye 

Scherrer equation was utilized for calculating size. 

D =
Kλ

βcosθ
  … (1) 

where, λ = wavelength of X-ray, D = crystallite size, k 

= Scherrer constant, and β = Full-width half maximum. 

FE-SEM and EDX Analysis 

High-resolution features such as size, composition, 

and other chemical characteristics of nanoparticles 

were studied using field emission-scanning electron 

microscopy (FE-SEM) (SU-70 apparatus, Korea) and 

EDX (Oxford instruments). The diameters of the 

synthesized nanoparticles were measured with the help 

of ImageJ software. 

Antioxidant Potential 

The DPPH assay, which was carried out with a few 

small adjustments to the standard procedure, measured 

the antioxidant activity (Shrestha et al., 2024). The 96-

well plate was filled with 100 µL of extract, and an 

initial reading was noted at 517 nm. Then, 100 µL of 

DPPH was added, and the final concentration was 

recorded. As the compound released electrons, the 

solution turned from deep violet to yellow, indicating 

the reduction of the compound. 

% inhibition =
Acontrol−Asample

Acontrol
    … (2) 

Where, Acontrol = Absorbance of the control, 

Asample = Absorbance of the sample. The inhibition 

curve was used to deduce IC50 values. The curve was 

plotted by graphing the extract concentration against 

the corresponding scavenging effect. 

Antibacterial Activity 

The microorganisms used in the study were ATCC 

700603 Klebsiella pneumoniae, ATCC 43300 

Staphylococcus aureus, ATCC 25931 Shigella sonnei, 

and ATCC 25912 Escherichia coli. The Institute of 

Biomolecule Reconstruction at Sun Moon University 

in the Republic of Korea donated these strains. 

To evaluate the antibacterial activity, a modified agar 

well diffusion assay was carried out (Balouiri et al., 

2016). Bacteria were cultured in Muller-Hinton broth 

(MHB). Similarly, Muller-Hinton agar (MHA) was 

taken to measure antibacterial activity.   A 100 µL of 

0.5 standard inoculum was made a carpet lawn on 

MHA plates. Well diffusion method was done on 

MHA plates, where 50 µL ZnO NPs disperssed 

samples were placed in the wells with a positive 

control (neomycin) and a negative control (50% 

DMSO) was also kept. The plates were incubated for 

24 hours at 37°C. Then Zone of inhibition (ZOI) was 

measured. 

Antifungal Activity 

A modified Agar well diffusion technique evaluated 

antifungal activity against ATCC 10231 Candida 

albicans (Ahmed et al., 2016). Fungal spore 

suspensions of 100 µL were spreaded onthe plates. For 

agar diffusion method the samples of a standard 5 

mg/mL kanamycin solution (10 µL) were added. ZOI 

was measured to evaluate the antifungal properties 

after 24 hours of incubation at 37°C. 

MTT Assay 

A549 (lung cancer) and HeLa (cervical cancer) cell 

lines were cultured in T flasks supplemented with 

Dulbecco’s Modified Eagle Medium (DMEM) inside 

a 5% CO2 incubator. L-glutamine 1% and  

penicillin/streptomycin 1% were added as antibiotics. 

As a nutrient supplement 10% of fetal bovine serum 

(FBS) was also added. 

ZnO nanoparticles-treated cells were tested for cell 
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viability using a modification of the MTT assay 

(Mosmann, 1983). The procedure involved seeding 

100 µL of media containing 1 x 104 cells/well onto a 

microplate and enabling the cells to remain attached 

for a full day in a 5% CO2 incubator (37°C). The 

medium was removed, and different concentrations of 

samples were added to the wells, and the plate was 

incubated for 48 hours. Afterward, the supernatant was 

removed. Each well received 100 µL of media 

containing 20 µL of MTT (3- [4, 5-dimethylthiazole-

2-yl]-2, 5- diphenyl-tetrazolium bromide), which was 

then incubated for four hours into the incubation period, 

and finally the purple formazan product was generated. 

This product was dissolved for 4 hours. DMSO 0.1% 

(100 µL) was added to dissolve formazan crystals, 

which were allowed to settle. Finally, absorbance 

readings were noted at 570 nm and 630 nm. Positive 

controls for cisplatin and doxorubicin cell lines A549 

and HeLa cell lines were used accordingly. The 

cytotoxic activity was measured using the following 

equation: 

 % cytotoxic activity = Abs1−Abs2

Abs1
× 100 … (3) 

 Where Abs1 and Abs2 are the absorbance of the 

control and treated samples. 

Statistical Analysis 

IC50 was calculated through the software Graph Pad 

Prism 9.5.1. UV, FTIR, and XRD spectra were plotted 

using Origin 2019b (9.65) software. SEM images were 

analyzed through the software ImageJ. 

RESULTS AND DISCUSSION 

UV- Vis Spectroscopy 

The green-brownish color of the reaction mixture 

shifted to white, indicating the presence of zinc 

nanoparticles (Jiang et al., 2018; Singh et al., 2019). 

When zinc acetate was added to stem extracts in the 

presence of NaOH, absorption occurred in the 300-500 

nm range (Akhil & Khan, 2017). The maximal 

absorption peak at 364 nm was detected in the plant-

assisted synthesis of ZnO NPs, as shown in Figure 2(a), 

which was consistent with the findings of the earlier 

investigation (Acharya et al., 2024). These peaks result 

from the transfer of electrons from the valence band to 

the conduction band associated with surface plasmon 

resonance (Zak et al., 2011). Synthesized zinc oxide 

nanoparticles displayed stability within 0 hours to 24 

hours. The UV-visible spectra of plant extract and 

nanoparticle dispersions are provided in Figure 2(a). 

Band gap energy of ZnO NPs was calculated using 

Planck's equation, in which the wavelength (364 × 10 
-7 m) is represented by λ and the Planck constant (4.136 

× 10 -15 eV) is designated by h. The ZnO NPs, with the 

assistance of plants, turned out to have an energy of 

3.41 eV, which is consistent with previous findings 

(Yassin et al., 2023). 

Fourier Transform Infrared Spectroscopy (FTIR) 

The FTIR spectra of nanoparticles and aqueous 

extracts are provided in Figure 2(b). The 

phytochemicals in C. oppositifolia Sm. aqueous stem 

extract has functional groups that can reduce, cap, and 

stabilize zinc oxide nanoparticles. The differences in 

peak positions and peak intensities for a particular 

functional group in the spectra of plant extract and 

nanoparticle confirm their involvement in the 

nanoparticle synthesis process (Abraham et al., 2020). 

A distinctive peak was detected in the FTIR spectra at 

roughly 669 cm-1, which may have resulted from ZnO 

nanostructure stretching (Naseer et al., 2020). The 

vibrational peaks around 3670 cm-1 in the plant extract, 

representing hydroxyl (OH) groups, have shifted to 

3728 cm-1 in ZnO NPs. This peak indicates -OH 

stretching vibration in alcoholic and phenolic 

compounds, suggesting their role in nanoparticle 

synthesis. The wide C-H stretching peak at 2989 cm-1 

in the plant extract has moved to 2916 cm-1 in ZnO 

NPs. The peak at 1392 cm-1 in ZnO NPs appears at 

1390 cm-1 in the plant extract. These spectra were 

found to be similar to the previous finding (Chabattula 

et al., 2021; Faisal et al., 2021). 

X-ray Diffraction (XRD) 

Sharp and narrow diffraction peaks in the XRD pattern 

confirm the crystallinity of the synthesized 

nanoparticles (Khoshhesab et al., 2011). Distinct 

peaks corresponding to Miller indices of (100), (002), 

(101), (102), (110), (103), (112), and (201) are 

visible in the XRD pattern of ZnO NPs provided in 

Figure 2(c). The diffraction peaks appear at 2θ angles 

of 31.54, 34.2, 36.02, 47.32, 56.4, 62.68, and 68.71, 

which are in excellent agreement with the standard 

hexagonal wurtzite structure of ZnO (JCPDS file 

number 36-1451) (Naseer et al., 2020). The strong 

diffraction corresponds to the (101) plane. Such a 

crystalline wurtzite structure has also been previously 

reported for green-synthesized ZnO NPs (Arakha et 

al., 2015). The crystallite size was calculated as 10.89 

nm with the help of the Debye-Scherrer equation. This 

value is very close to 12.79 nm reported for ZnO NPs 

synthesized using an aqueous extract of Polystichum 

lentum (Shrestha et al., 2024). FE-SEM images 

provide information about the morphology of 

nanoparticles, whereas XRD provides information 

about grain size and crystallinity (He et al., 2018; Zhou 

et al., 2016). 
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                                                 (c) 

 

Figure 2(a). UV spectra of  stem extract assisted ZnO NPs and aq. stem extract. (b) FTIR spectra of aqueous extract 

and assisted ZnO NPs. and (c) XRD pattern of plant-assisted ZnO NPs. 

 

Field Emission Scanning Electron Microscopy (FE-

SEM) 

FE-SEM analysis was carried out to study the 

morphology, size, and shape of the particles. Its image 

is analyzed in the different resolutions of 200 nm, 400 

nm, and 300 nm. Meanwhile, ZnO NPs displayed 

irregular shapes with an average diameter of 78.01 nm. 

The electrostatic interaction and hydrogen bonding 

between the plant's secondary metabolites and 

nanoparticles facilitated the formation of FE-SEM 

clustered images (Priya et al.,2011). The FE-SEM 

images and histogram showing particle size 

distribution are provided in Figure 3(a,b,c,d). 
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(d) 

Figure 3. FE-SEM images of ZnO NPs. (a) at a resolution of 200 nm, (b) at a resolution of 400 nm, (c) at a resolution of 

300 nm, (d) Size distribution of ZnO NPs. 
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EDX Analysis 

Figures 4(a) and 4(b) illustrate the elemental mapping 

and  EDX spectrum of ZnO NPs, respectively, 

revealing characteristic zinc peaks at 9.6, 8.6, and 1 

keV. Multiple peaks are caused by the diffraction of 

different electrons from the zinc atom, while 

additional peaks at 0.3 keV and 0.5 keV represent the 

presence of carbon and oxygen. Their appearance is 

caused by surface-adsorbed plant metabolites 

(Shrestha et al., 2024). These observations align with 

earlier reports (Barzinjy & Azeez, 2020). 
 

      (a) 

 

 

(b) 

Figure 4(a). Color mapping of ZnO NPs. (b) EDX spectrum of ZnO NPs. 

 

Antibacterial Activity 

Table 1 presents the ZOI of aqueous extract and 

nanoparticles against test organisms. The photographs 

of Petri plates are provided in Figure 5, whereas Figure 

6 is a comparative presentation of antibacterial 

activity. 
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Table 1. Antibacterial activity of aqueous stem extracts and ZnO NPs against four bacterial strains. 

                      Sample                                       Zone of inhibition (mm)  

 K. pneumonia S. sonnei S. aureus E. coli 

Stem aqueous extract 18 17 15 9 

ZnO NPs 10 19 20 9 

Neomycin 24 28 30 22 

Zinc oxide nanoparticles were more efficient against S. 

aureus and S. sonnei than K. pneumoniae and E. coli. 

Aqueous extract of the stem showed ZOI of 15 mm 

against S. aureus, whereas ZnO NPs showed ZOI of 20 

mm. Similarly, the aqueous stem extract showed a ZOI 

of 17 mm against S. sonnei, and 19 mm was recorded for 

ZnO NPs. The ZnO NPs' antimicrobial activity is 

supported by the previous findings (Arakha et al., 

2015; Shrestha et al., 2024). The antibacterial activity 

of ZnO NPs against E. coli was equal to that of the 

plant extract, whereas the activity was lower against 

K. pneumoniae. 

Zinc oxide nanoparticles, while non-lethal at low 

concentrations, can become deadly at higher 

concentrations. They can become hazardous at greater 

concentrations, which could be dangerous for the 

environment and human health (Kahru & 

Dubourguier, 2010). The ecosystem may be impacted 

by the careless disposal of these nanoparticles. To 

prevent this, a safe and effective method of disposal is 

to heat the nanoparticles with carbon. The outcome of 

this procedure is the development of metallic zinc and 

carbon monoxide gas, which can be controlled and 

managed. The zinc oxide is converted to metallic zinc, 

which can be safely recycled or reused, reducing the 

risk of environmental pollution and contributing to 

sustainable practices (Wu et al., 2019) 

 

 

 

Figure 5. ZnO NPs and aqueous extract showed antibacterial activity against (a) S. aureus, (b) S. sonnei, (c) K. 

pneumoniae (d) E. coli. 
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Figure 6. Aqueous extract (aq.) and ZnO NPs, antibacterial activity against bacterial strains. 

 

Antifungal Potential 

The antifungal activity of ZnO NPs against C. albicans 

is shown in Figure 7. The positive control showed a 

ZOI of 25 mm, whereas ZnO NPs showed a slightly 

lower ZOI of 19 mm. A previous study on ZnO 

nanoparticles has reported a ZOI of 11.4 mm (Sharma 

& Ghose, 2015). The inhibition of growth of the C. 

albicans fungus was probably caused by the small 

dimensions of nanoparticles, which allowed them to 

pass through the cell walls of fungi (Sharma & Ghose, 

2015). It resulted in the blockage of the fungal cell 

activity, growth inhibition, and death (Slavin & Bach, 

2022). 

 

 

 

Figure 7. Antifungal activity of ZnO NPs against C. 

albicans. 

 

Antioxidant Potential 

The present investigation found a concentration-

dependent increment in the antioxidant activity of 

nanoparticles, as demonstrated in Figure 8. ZnO 

nanoparticles showed significant antioxidant activity; 

however, the IC50 values for the ZnO NPs (109.1 ± 

0.53 µg/mL) were higher than that of standard 

quercetin (3.36 ± 1.03 µg/mL). The antioxidant 

potential of ZnO nanoparticles could be accounted for 

by the large surface area of nanoparticles and the 

presence of antioxidant plant metabolites adsorbed on 

the surface of nanoparticles. Mechanism of antioxidant 

activities may involve the transfer of a single electron, 

hydrogen, or metal chelation (Bhusal et al., 2024; Lu 

et al., 2010). 

 

 

Figure 8. Inhibition shown by ZnO NPs and standard 

quercetin. 

 

Cytotoxicity 

The findings demonstrated that ZnO nanoparticles 

(ZnO NPs) exhibit significant anticancer potential. At 

a concentration of 200 µg/mL, ZnO NPs induced 

mortality rates of 67.53% in HeLa cells and 59.40% in 

A549 cells. The calculated IC50 values were 56.6 ± 1 

µg/mL for HeLa cells and 141.0 ± 0.0548 µg/mL for 

A549 cells, indicating a promising therapeutic 
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potential for cancer treatment. This is further supported 

by the IC50 value of standard doxorubicin for HeLa cells 

(71.51 ± 0.418 µg/mL) and cisplatin for A549 cells (55.56 

± 0.280 µg/mL). The anticancer activity of ZnO NPs 

followed a concentration-dependent profile, as 

illustrated in Figures 9(a)–9(j), which aligns with 

previous studies (Perumal et al., 2024). The cytotoxic 

effects of ZnO NPs are attributed to their ability to 

impair mitochondrial function, generate intracellular 

reactive oxygen species (ROS), and induce apoptosis, 

ultimately disrupting cancer cell viability and 

highlighting their potential as a promising anticancer 

agent (Huang et al., 2017). 

 

 

Figure 9. (a) Untreated cell lines of A549, (b) Untreated cell lines of HeLa, (C) Cell lines treated after 48 hours with 200 

µg/mL of ZnO NPs in HeLa (d) Cell lines treated after 48 hours with 200 µg/mL of ZnO NPs. in A549, (e) Cell lines 

treated after 48 hours with 100 µg/mL of ZnO NPs. in HeLa (f) Cell lines treated after 48 hours with 100 µg/mL of 

ZnO NPs. in A549, (g) Cell lines were treated after 48 hours with 50 µg/mL of ZnO NPs. in HeLa, (h) Cell lines were 

treated after 48 hours with 50 µg/mL of ZnO NPs. in A549 cell, (i) Cell lines were treated after 48 hours with 25 µg/mL 

of ZnO NPs. in HeLa cell lines, (j) Cell lines were treated after 48 hours with 50 µg/mL of ZnO NPs. in A549 cell lines. 

 

CONCLUSIONS 

In this study, an aqueous extract of C. oppositifolia Sm. 

was utilized for the green synthesis of zinc oxide 

nanoparticles (ZnO NPs). The synthesized ZnO NPs 

exhibited a hexagonal wurtzite crystal structure with a 

non-uniform size distribution. They demonstrated 

moderate antioxidant activity and enhanced 

antibacterial efficacy against both Gram-positive and 

Gram-negative bacteria. Additionally, the ZnO NPs 

exhibited significant antifungal properties against C. 

albicans and potent anticancer activity against HeLa 

and A549 cancer cell lines. These findings highlight 

the potential of plant-assisted ZnO NPs as a promising 

therapeutic agent for bacterial and fungal infections, as 

well as cancer treatment. Further investigations into 

their mechanism of action and in vivo efficacy could 

pave the way for their biomedical applications. 
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