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Abstract 

In this present research, zinc oxide nanoparticles were prepared through an eco-friendly, sustainable 

green synthesis method utilizing Tridax procumbens leaf extract. Different analytical methods were used to 

carefully study the synthesis physicochemical properties of the biosynthesized TP-ZnO nanoparticles.  The 

synthesized ZnO nanoparticles were validated by UV-visible spectroscopy, which exhibited a distinct 

absorption peak at 347 nm, despite FTIR analysis identifying functional groups that facilitate nanoparticle 

stability. Crystallization of hexagonal wurtzite in the synthesized nanoparticle structure was demonstrated 

by XRD studies. SEM analysis showed predominantly quasi-spherical morphology, and TEM analysis 

revealed spherical ZnO nanoparticles with particle sizes in the range of 7-15 nm, while elemental 

composition was verified through EDAX analysis. The biosynthesized ZnO nanoparticles exhibited 

significant antibacterial activity against Gram-positive and Gram-negative bacteria at different 

concentrations (500, 1000, and 200 µg) by using the disc diffusion method, with a maximum inhibition zone 

of 14 mm against P. aeruginosa. Anticancer activity evaluated by the MTT assay revealed IC50 values of 

95.5 µg/mL for A459 cells and 29.72 µg/mL for MCF-7 cells. These findings indicate strong cytotoxic and 

antimicrobial potential of the nanoparticles. Overall, Tridax procumbens-mediated ZnO (TP-ZnO) 

nanoparticles demonstrate promising application in biomedical and pharmaceutical fields. 
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1. Introduction  
 

A variety of scientific disciplines, including chemistry, physics, biology, and engineering, are 

combined in the field of nanotechnology. It contributes to industrial growth, sustainable development, 

scientific innovation, etc. In this field, materials with sizes ranging from 1 to 100 nm are designed and 
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utilized for various applications. [1]. Nanomaterials possess peculiar properties like reactivity improvement, 

large surface area, and quantum effects. These properties differ from bulk materials [2]. Zinc oxide is a most 

interesting inorganic oxide, which is mostly used for the fabrication of devices. Zinc oxide is extensively 

applied in the fabrication of transistors, light-emitting diodes (LEDs), and quantum dot solar cells (QDSC). 

Due to its antibacterial, anticancer, antimicrobial, and anti-inflammatory properties, it is largely used in 

cosmetics, wound healing, drug delivery medical products, pharmaceuticals, and environmental safety [3]. 

Zinc oxide nanoparticles have a band gap energy of 3.37 eV and a high excitation binding energy of 60 

meV, which serves as a high potential application [4].  Recently, zinc oxide nanoparticles are considered 

superior to other metal oxide nanoparticles due to their low toxicity, good bioavailability, low cost, high 

stability, and easy preparation methods. ZnO nanostructures have emerged as a major research focus 

because of their distinct properties and numerous applications [5]. Nanobiotechnology is an emerging 

interdisciplinary field that uses biological resources and nanofabrication techniques to produce 

environmentally friendly nanoscale materials and develop advanced devices for studying biological systems 

[6]. 

Green synthesis methods, unlike chemical and physical approaches, leverage herbs and 

microorganisms like bacteria, fungi, and algae, attracting considerable interest [7]. Plant extracts effectively 

produce both metal and metal oxide nanoparticles, supporting large-scale manufacturing without extra 

contaminants. This technique cuts down on hazardous solvents and reducing and stabilizing agents while 

advancing eco-friendly technologies for materials synthesis [8]. Previous studies have successfully created 

ZnO nanoparticles using extracts from medicinal plants like Andrographis paniculata [9], Senna auriculata 

[10], Leucas aspera [11], Azadirachta indica [12], Moringa oleifera [13], Solanum nigrum [14], and Eclipta 

prostrata [15]. The aim of this present work focuses on the green synthesis of Tridax procumbens aqueous 

leaf extract-mediated ZnO (TP-ZnO) nanoparticles. Tridax procumbens is located in fields, meadows, 

agricultural lands, lawns, and roadsides within tropical or semi-tropical climates, belongs to the family 

Asteraceae, and is commonly known as “coatbuttons” or “tridax daisy” and “Vettukaaya-poondu” 

(Tamil/Siddha) [16,17,18]. In India, Tridax procumbens has been traditionally used in ayurvedic medicine 

as an herbal treatment for wound healing [19]. It has also been applied by local healers for managing boils, 

blisters, and minor cuts. Tridax procumbens is a very important plant that may be found all over the world 

[20]. It has hygienic properties. This plant is utilized by individuals in India as a source of food or medicine 

[21]. And used to treat liver diseases [22], prevent hair loss, and promote hair growth [23]. also treat several 

illnesses since ancient times. A wide range of bioactive substances, such as flavonoids, alkaloids, tannins, 

saponins, steroids, terpenoids, and carotenoids, are present in this plant [24]. The constituents are 

responsible for providing it with numerous biological activities, such as antifungal, antibacterial, anticancer, 

antioxidant, anti-inflammatory, antileishmanial, immunomodulatory, vasorelaxant, larvicidal, anthelmintic, 

and antiseptic [18]. Cancer is a major threat to human health worldwide, causing a high mortality rate. 

Conventional chemotherapy is limited by low specificity and dose-related side effects, which may lead to 

long-term health problems such as organ damage and fertility issues [25]. Therefore, eco-friendly, green-

synthesized nanoparticles are being explored as a promising alternative for targeted and controlled cancer 
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treatment [26]. This study explored the environmentally friendly creation of ZnO nanoparticles using 

extracts from Tridax procumbens leaves, and it examined their effectiveness against both gram-positive and 

gram-negative bacteria, as well as their cytotoxicity on the A549 and MCF-7 cell lines. 

 

2. Materials and methods 

2.1 Plant and chemical collection 

Fresh and healthy leaves of Tridax procumbens were collected from agricultural land in Thaiyur 

village, Villupuram District, Tamil Nadu, India. The collected leaves were thoroughly washed with tap 

water followed by deionized water to remove dust and surface impurities and then shade-dried at room 

temperature. Analytical grade zinc acetate dihydrate (Zn (CH₃COO)₂·2H₂O) and sodium hydroxide (NaOH) 

were procured from Merck India and used without further purification. Deionized water was employed as 

the solvent throughout the synthesis process 

 

2.2 Preparation of leaf extract 

Fresh leaves of Tridax procumbens were collected and thoroughly washed with deionized water to 

remove adhering impurities, then shade-dried at room temperature for 10-15 days to preserve the bioactive 

compounds and ensure the formation of stable phytochemicals for nanoparticle synthesis. After drying, the 

leaves were finely crushed and powdered using a mechanical grinder. For the preparation of the aqueous 

extract, 10 g of the powdered leaf material was mixed with 100 ml of deionized water and heated at 60-70 

°C for 60 min under continuous stirring. The resulting extract was allowed to cool to room temperature and 

subsequently filtered using Whatman No. 1 filter paper to remove solid residues. The obtained filtrate was 

collected and stored at 4°C for further experimental use. 

 

2.3 Biosynthesis of ZnO nanoparticles from Tridax procumbens leaf (TP-ZnO) 

The biosynthesis of ZnO nanoparticles was performed by mixing 50 ml of an aqueous solution of 0.4 

M zinc acetate dihydrate with 10 ml of Tridax procumbens leaf extract under continuous magnetic stirring 

for 1 h. Subsequently, 50 ml of an aqueous solution of 0.2 M NaOH was added dropwise to the reaction 

mixture while maintaining constant stirring. The reaction mixture was further stirred for 2 h, during which 

the formation of a greenish-white suspension was observed, indicating the synthesis of ZnO nanoparticles. 

The obtained suspension was allowed to stand undisturbed at room temperature for 12 h to facilitate 

complete settling of the precipitate. The settled precipitate was separated by decantation and repeatedly 

washed with deionized water followed by ethanol to remove unreacted precursors and residual 

phytochemicals. The purified product was then dried in a hot air oven at 80°C for 12 h to obtain ZnO 

nanoparticles, as shown in Fig. 1. 
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Fig. 1. Biosynthesis of ZnO nanoparticles from Tridax procumbens leaf (TP-ZnO) 

 

2.4  Antibacterial activities by the Disc-Diffusion method 

The antibacterial activity of synthesized TP-ZnO nanoparticles was evaluated against selected Gram-

negative bacteria (Pseudomonas aeruginosa and Escherichia coli) and Gram-positive bacteria (Bacillus 

subtilis and Staphylococcus aureus) using the disc diffusion technique. The test microorganisms were 

initially grown in nutrient broth and incubated at 37°C for 24 h to obtain actively growing cultures. The 

bacterial suspensions were then diluted and uniformly spread on Petri plates containing nutrient agar 

medium. Sterile discs were placed on the surface of the inoculated agar plates and impregnated with ZnO 

nanoparticle samples at concentrations of 500, 1000, and 2000 µg. A disc loaded with streptomycin (20 µg) 

was used as the positive control to evaluate the sensitivity of the tested bacterial strains. The prepared plates 

were incubated at 37°C for 24 h. After incubation, the antibacterial effectiveness was assessed by measuring 

the diameter of the clear inhibition zones formed around each disc, and the values were recorded in 

millimeters. 

2.5 MTT assay 

The in vitro cytotoxic activity of Tridax procumbens-mediated ZnO nanoparticles was evaluated 

using the MTT assay. MTT reagent and dimethyl sulfoxide (DMSO) were used for the detection and 

solubilization of formazan crystals. The experiment was carried out using a CO₂ incubator, a microplate 

reader, and an inverted microscope. Test samples of ZnO nanoparticles were dispersed in culture medium 

and prepared in serial two-fold dilutions with concentrations ranging from 6.25 to 100 µg/mL. Human 

breast cancer (MCF-7) and lung cancer (A549) cell lines were obtained from NCCS, India, and maintained 

in DMEM supplemented with 10% fetal bovine serum and penicillin (100 IU/mL) at 37°C in a humidified 
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atmosphere containing 5% CO₂. Exponentially growing cells were harvested by trypsinization and adjusted 

to a concentration of 1.0 x 105 cells/mL. Then, 100 µL of the cell suspension (1 x 104 cells/well) was seeded 

into 96-well plates and incubated for 24 h for cell attachment. After incubation, the cells were treated with 

different concentrations of ZnO nanoparticles and further incubated for 24 h. Following treatment, the 

culture medium was removed, and 20 µL of MTT solution (2 mg/mL in PBS) was added to each well. The 

plates were incubated for 4 h to allow formazan crystal formation. The supernatant was then discarded, and 

100 μL of DMSO was added to dissolve the crystals completely. Absorbance was measured at 570 nm using 

a microplate reader, and the cell viability was calculated by comparing the absorbance of treated cells with 

that of untreated control cells using the following equation. 

% viability =  
𝑆𝑎𝑚𝑝𝑙𝑒 𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 

𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 
 × 100 

 

2.6 Characterization  

The optical properties of Tridax procumbens-mediated zinc oxide nanoparticles were analyzed using 

a UV-visible spectrometer (Lambda 35, PerkinElmer) in the range of 200 nm to 800 nm. Functional groups 

associated with plant-derived biomolecules were identified by FT-IR spectroscopy (Spectrum RX I, 

PerkinElmer) in the range of 4000 cm⁻¹ to 400 cm⁻¹. The crystalline nature of the nanoparticles was 

examined by X-ray diffraction (Bruker D8 diffractometer) in the range of 2θ = 20°–80°. The surface 

morphology was observed using Scanning Electron Microscopy (SEM) (ZEISS: EVO18), and elemental 

composition was determined by Energy Dispersive X-ray Analysis (EDAX). The size and shape of the 

nanoparticles were further investigated using Transmission Electron Microscopy (TEM) (Talos F200S). 

 

3. Result and discussion 

3.1 UV-Visible analysis 

Fig. 2. The UV-visible spectrum of Tridax procumbens leaf extract-mediated ZnO nanoparticles 

(TP-ZnO) shows a characteristic absorption peak at 347 nm, which is attributed to the characteristic band 

gap absorption of ZnO nanoparticles. The optical band gap energy, estimated using the Tauc relation for 

direct band gap semiconductors, was found to be 3.57 eV. The increase in the band gap energy compared to 

bulk ZnO (~3.37 eV) indicates a pronounced blue shift [27], which can be attributed to quantum 

confinement effects and the nanoscale particle formation. The presence of phytochemicals in the Tridax 

procumbens leaf extract is thought to be very important for lowering and stabilizing ZnO nanoparticles. 

These results confirm the successful biosynthesis of TP-ZnO nanoparticles. 
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                     Fig. 2.  UV-visible absorption spectrum of TP-ZnO nanoparticles.  

3.2  FTIR analysis  

 Fourier Transform Infrared (FTIR) spectroscopy was employed to investigate the functional groups 

present in the synthesized Tridax procumbens leaf extract with ZnO nanoparticles. The FTIR spectrum 

recorded in the range of 4000–500 cm⁻¹ is shown in Fig. 3.  

 

Fig. 3. FTIR Spectral analysis of TP-ZnO Nanoparticles 

 

A broad and intense absorption band observed at 3435 cm⁻¹ is attributed to O–H stretching 

vibrations, indicating the presence of surface-adsorbed water molecules and hydroxyl groups. This band 

confirms the hydrophilic nature of the ZnO surface and possible hydrogen bonding interactions. The peaks 

appearing at 2923 cm⁻¹ and 2851 cm⁻¹ correspond to asymmetric and symmetric C–H stretching vibrations. 

These organic residues likely act as reducing and stabilizing agents. A weak band observed at 2126 cm⁻¹ 

may be attributed to C≡C stretching vibrations or possible residual organic functional groups. The strong 
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absorption band at 1592 cm⁻¹ is assigned to C=O stretching or O–H bending vibrations, indicating the 

presence of carbonyl-containing compounds.  

Table 1. FTIR assignment of Tridax procumbens leaf extract with ZnO nanoparticles. 

 

 

The band at 1407 cm⁻¹ corresponds to C–N stretching or symmetric stretching of carboxylate groups, 

further supporting the involvement of biomolecules in nanoparticle stabilization. The peak at 1342 cm⁻¹ may 

be attributed to C–H bending vibrations. The absorption band at 1024 cm⁻¹ is assigned to C–O stretching 

vibrations of alcohols, phenols, or ethers present in the plant extract. The bands observed at 935 cm⁻¹ and 

678 cm⁻¹ are associated with Zn–OH and other metal–oxygen vibrational modes. Importantly, the 

characteristic strong absorption band at 619 cm⁻¹ confirms the presence of Zn–O stretching vibrations, 

which validates the successful formation of ZnO nanoparticles as shown in Table 1. Overall, the FTIR 

results confirm the synthesis of ZnO nanoparticles and indicate that phytochemical constituents present in 

the Tridax procumbens leaf extract play a significant role in the reduction, capping, and stabilization of the 

nanoparticles [28]. 

 

FTIR 

Assignment 

Frequency 

range (cm⁻¹) 

of TP-ZnO  

Reference 

frequency range 

(cm⁻¹) 

Chemical bond 
Groups and 

structures 

1 3435 3500 - 3200 O-H stretching vibrations  
Phenols and 

alcohols 

2 
2923 and 

2851  
3000-2850 C-H stretching  Alkanes groups 

3 2126 2260-2100 

C≡ C  

(carbon-carbon triple 

bond) 

Alkyne groups 

4 1592 1595-1590 

C = C  

(carbon-carbon double 

bond)  

Alkene groups 

5 1407 1411-1407 C-N Stretching  
Carboxylate 

groups 

6 1342 1350-1340 C–H bending vibrations  Alkanes groups 

7 1024 1250-1020 
C–O Stretching 

vibrations  
Alcohol, Ether 

8 

 

935  950-910 Zn–OH and other metal–

oxygen vibration modes. 

 

Metal–hydroxide 

group 678 690-515 

9 619 700-600 
Zn–O stretching 

vibrations  

Inorganic metal–

oxygen 
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3.3 XRD analysis 

 

         X-ray diffraction analysis of Tridax procumbens leaf extract with zinc oxide nanoparticles gives 

information about crystallinity, structure, and average particle size. The XRD patterns of Tridax 

procumbens leaf with ZnO are shown in Fig. 4.  The peaks exhibited sharp diffraction angles at 2Ɵ values of 

31.42, 34.51, 36.23, 47.65, 57.61, 62.78, and 68.03, which could be recorded in the lattice planes (100), 

(002), (101), (102), (110), (103), and (112), respectively, for low and high intensity. As a result, the 

presence of these prominent peaks in ZnO nanoparticles suggests that their structures are robust and their 

diffraction is pronounced. The findings confirm that the ZnO nanoparticles (NPs) exhibit a hexagonal 

wurtzite crystal structure arrangement. Furthermore, the distinct sharp Bragg peaks detected are attributed to 

the stabilizing effect of the capping agent used during synthesis. Thus, XRD analysis indicates the 

crystallinity of ZnO nanoparticles, showing patterns comparable to JCPDS (No. 36-1451) and in agreement 

with earlier reports [29, 30].  

 

Fig. 4. XRD patterns of TP-ZnO nanoparticles. 

The average crystallite size of the ZnO nanoparticles was calculated using the Debye-Scherrer equation, 

based on their peak positions, full width at half maximum, and wavelength of the incident radiation. The 

relationship for the average crystallite size D is expressed as follows: 

D=kλ / β cos Ɵ 

Where k, λ, β, and Ɵ represent the Scherrer constants (0.89), the X-ray wavelength of Cu-Kα, the full width 

at half maximum (FWHM) of the diffraction angles (in radians), and the Bragg angle (in degrees), 

respectively [31]. Evaluation of the average crystallite size of the TP-ZnO nanoparticles values 11.03 nm, as 

shown in Table 2. The ZnO nanoparticles synthesized with Tridax procumbens are phase-pure with no 

detectable impurities. The crystallite size can be estimated, confirming nanoscale formation, and peaks 
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indicate good quality of crystallinity, suggesting effective biomolecule-mediated stabilization. Finally, 

Tridax procumbens leaf extract contributes to controlled particle growth and prevents amorphous or 

aggregated formation. 

 

Table 2. Evaluation of Crystallite sizes of TP-ZnO nanoparticles from XRD data 

 

3.4  SEM with EDAX analysis 

The surface morphology and aggregation behavior of Tridax procumbens-mediated ZnO 

nanoparticles (TP-ZnO) were examined using scanning electron microscopy (SEM).  Fig. 5 (a-b) shows the 

SEM images of TP-ZnO nanoparticles recorded at various magnifications, which display quasi-spherical 

ZnO nanoparticles with an agglomerated cluster-like morphology and particle sizes that are in good 

accordance with earlier reports on plant-mediated ZnO nanoparticles [32]. At which lower magnification 

(Fig. 5a) revealed irregularly shaped, loosely packed agglomerates, indicating a natural tendency for 

nanoparticle clustering. This agglomeration is commonly observed in green-synthesized metal oxide 

nanoparticles and can be attributed to interparticle interaction as well as the capping effect of plant-derived 

phytochemicals present on the nanoparticles’ surface. A high-magnification SEM image (Fig. 5b) provided 

detailed insight into the nanoscale features within the agglomerates. These images demonstrated that the 

clusters were composed of fine, predominantly spherical nanoparticles.  
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Fig. 5. SEM Micrograph of TP-ZnO Nanoparticles 

 

Energy dispersive X-ray analysis (EDAX) was carried out to determine the elemental composition 

and purity of the synthesized ZnO nanoparticles, as shown in Fig. 6. The EDAX spectrum exhibits 

prominent characteristic peaks corresponding to zinc (Zn) and oxygen (O), confirming the formation of 

ZnO.  The intense peak appearing at ~1.0 keV and near ~8.6 to 9.0 keV clearly indicates the presence of 

zinc, while the oxygen peak appearing at ~0.52 keV confirms the oxide phase [33].   

 

Fig. 6. Elemental Composition Analysis of TP-ZnO Nanostructures using EDAX 

Additionally, the quantitative analysis indicated the weight percentages of Zn (35.89%) and O 

(43.01%) are in good agreement with the previously reported green synthesis of ZnO nanoparticles [34]. A 

minor carbon peak (21.10%) was also detected, attributed to Tridax procumbens plant-derived organic 

compounds used during analysis [35]. No impurity elements were observed, confirming the purity of the 

ZnO nanoparticles. 
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3.5 TEM analysis 

TEM micrographs of Tridax procumbens leaf extract-mediated TP-ZnO nanoparticles are shown in 

Fig. 7 (a-c), which display nearly spherical shapes with an average particle size found to be in the range of 

7–15 nm, confirming the successful formation of nanosized ZnO particles. The corresponding SAED pattern 

shows (Fig. 7-d) well-defined concentric diffraction fringes indexed to the (100), (002), and (101) planes of 

the hexagonal wurtzite structure ZnO, confirming the crystalline and polycrystalline nature of the 

nanoparticles and good agreement with XRD results. 

 

 
 

Fig. 7.  (a-c) TEM images of TP-ZnO nanoparticles at various magnifications showing particle morphology and size 

distribution; (d) SAED patterns confirming the crystalline nature of the synthesized nanoparticles. 

 

3.6 Antibacterial activity 

The antibacterial efficacy of Tridax procumbens leaf extract-mediated ZnO nanoparticles (TP-ZnO) 

was investigated by the disc diffusion method against E. coli, P. aeruginosa, B. subtilis, and S. aureus with 

streptomycin as the positive control; it is shown in Fig. 8. At 500 µg/disc, negligible activity was noted, 

except for S. aureus. Moderate inhibition zones (9-10 mm) were observed at 1000 µg/disc. Maximum 

antibacterial activity was achieved at 2000 µg/disc, with inhibition zones ranging from 12 to 14 mm, and 

these calculated values are tabulated in Table 3, which indicates a clear concentration-dependent 

antibacterial effect of TP-ZnO NPs. From the above results, the antibacterial response of TP-ZnO 
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nanoparticles varied between Gram-negative bacteria (E. coli and P. aeruginosa) and Gram-positive (B. 

subtilis and S. aureus). Gram-negative strains exhibited slightly higher sensitivity, particularly P. 

aeruginosa, which showed the largest inhibition zone (14 mm), which is shown in Fig. 9. The antibacterial 

activity is attributed to the synergistic interaction of ZnO nanoparticles and bioactive phytochemicals 

present in Tridax procumbens, leading to membrane damage, oxidative stress, and bacterial growth 

suppression [36-38]. 

 

Fig. 8. Photographic images of the antibacterial activity of TP-ZnO nanoparticles against a) E. coli, b) P. aeruginosa, 

c) B. subtilis, and d) S. aureus at different concentrations (500, 1000, and 2000 µg). 

 

 

Table 3. Zone of inhibition for antibacterial assay 
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Fig. 9. Concentration-dependent antibacterial response of TP-ZnO nanoparticles (bar diagram), with positive control 

(Streptomycin). 

 

3.7 Anticancer activity 

The in vitro anticancer efficacy of Tridax procumbens leaf extract-mediated ZnO nanoparticles (TP-

ZnO) at various concentrations (6.25, 12.5, 25, 50, 100 μg/mL) was evaluated against lung adenocarcinoma 

(A549) and human breast cancer (MCF-7) cell lines using the MTT assay. Cisplatin and 5-Fluorouracil (5-

FU) were employed as standard anticancer drugs for A549 and MCF-7 cells, respectively, for comparison. 

 

 

Fig. 10. Microscopic observation of lung cancer cells (A549) Following treatment with a) Standard drug (cisplatin) 

and b) TP-ZnO NPs at increasing concentrations. 
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Fig. 11. Microscopic observation of breast cancer cells (MCF-7). Following treatment with a) reference standard 

(5FU) and b) TP-ZnO NPs at increasing concentrations. 

 

With the optical micrographs, a clear dose-dependent reduction in cell viability was observed for 

both cell lines upon TP-ZnO treatment, as illustrated in Figs. 10 & 11. As the nanoparticle concentration 

increased, pronounced morphological alteration became evident, including cell shrinkage, loss of filopodial 

extensions, cellular rounding, and reduced structural integrity [39, 40]. At higher concentrations, a 

substantial decline in viable cells was observed, indicating strong cytotoxic activity of TP-ZnO 

nanoparticles.  

Cell viability was quantitatively assessed using the MTT assay, and a dose-response curve was 

constructed to evaluate the cytotoxic effect of TP-ZnO nanoparticles, as shown in Fig. 12. For A549 cells, 

TP-ZnO nanoparticles demonstrated an IC50 value of 95.5 µg/mL, while cisplatin, used as the standard drug, 

exhibited an IC50 value of 7.07 µg/mL. In the case of MCF-7 cells, TP-ZnO nanoparticles exhibited an IC50 

value of 29.72 µg/mL, whereas the standard chemotherapeutic drug 5-Fluorouracil (5-FU) showed a 

significantly lower IC50 value of 8.18 µg/mL, indicating higher cytotoxic potency of the standard drug.  
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Fig. 12. IC50 determination and dose-response curves illustrating the viability of A549 (a) and MCF-7 (b) cells, 

compared with the standard reference drug at varying concentrations. 

 

TP-ZnO nanoparticles exhibited a clear concentration-dependent reduction in cell viability in both 

A549 and MCF-7 cancer cell lines, as represented in the bar diagram in Fig. 13. With increasing TP-ZnO 

concentration, a gradual decline in viable cells was observed, confirming dose-response behavior. 

 

Fig. 13. Bar diagram showing the concentration-dependent reduction in cell viability of TP-ZnO nanoparticles in a) A549 and 

standard drug (Cisplatin) b) MCF-7 and standard drug (5-FU) 

MCF-7 cells showed a steeper decline in viability compared to A549 cells, indicating higher 

sensitivity. The IC50 value for TP-ZnO was 29.72 µg/mL in MCF-7, whereas a significantly higher 

concentration (95.5 µg/mL) was required to achieve similar inhibition in A549 cells. This differential 

response highlights the selective anticancer potential of TP-ZnO nanoparticles. The lower IC50 value 

obtained for MCF-7 cells (29.72 µg/mL) compared to A549 cells (95.5 µg/mL) suggests a higher 

susceptibility of breast cancer cells to TP-ZnO-induced cytotoxicity. This difference may be related to 

variations in cellular metabolism, antioxidant defense mechanisms, and nanoparticle internalization 

efficiency. 

 ZnO nanoparticles are known to induce cancer cell death primarily through reactive oxygen species 

(ROS) generation, leading to oxidative stress, mitochondrial dysfunction, and activation of apoptosis 
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pathways [41]. The presence of Tridax procumbens phytochemicals is believed to further enhance ROS 

production and apoptotic signaling, thereby improving anticancer efficacy. 

 

4. Conclusion  

This study demonstrates the successful green synthesis of zinc oxide nanoparticles using Tridax 

procumbens extract, as indicated by a UV-vis absorption peak at 347 nm and a band gap value of 3.57 eV. 

The involvement of plant-derived functional groups in nanoparticle stabilization was confirmed by FTIR 

analysis. Particle sizes ranging from 7 to 15 nm were determined through XRD and TEM analysis. SEM 

images exhibited a quasi-spherical morphology with a strong tendency to form irregular agglomerated 

clusters, and elemental composition was verified by EDAX. Antibacterial activity was evaluated against 

both Gram-negative (E. coli, P. aeruginosa) and Gram-positive (B. subtilis and S. aureus) bacteria using 

streptomycin as a positive control at different concentrations (500, 1000, and 2000 µg). Notably, the 

nanoparticles exhibited significant antibacterial efficacy, with the highest zone of inhibition (14 mm) 

observed against P. aeruginosa. Anticancer potential was evaluated against human lung cancer (A549) and 

human breast cancer (MCF-7) cell lines using the MTT assay across concentrations from 6.25 to 100 

μg/mL.  

IC50 values were determined as 29.72 µg/mL for 95.5 µg/mL for A549 cells (with cisplatin standard: 

7.07 µg/mL) and MCF-7 cells (5-FU: 8.18 µg/mL), indicating that MCF-7 cells exhibited higher sensitivity. 

In summary, the investigation demonstrates that Tridax procumbens-mediated ZnO nanoparticles (TP-ZnO 

NPs) have desirable physicochemical traits and significant biological functions. The nanoparticles showed 

the best antibacterial effects against P. aeruginosa and exhibited superior anticancer activity against the 

MCF-7 cell line, supporting their potential application in antimicrobial and anticancer therapies. 
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