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Abstract 

In this work Zinc oxide nanoparticles (ZnO NPs) were synthesized by carica papaya leaf 

extract. The biosynthesized Zinc oxide nanoparticles are generally characterized using UV-vis 

spectroscopy, FTIR, XRD, SEM, EDAX, TEM, DLS and Antibacterial analysis. XRD reflected the 

pure crystalline form and the crystallite size of nanoparticles using powdered X-ray diffractometer. In 

UV-vis spectroscopy, the absorbance spectra of Zinc oxide nanoparticles were recorded at 361 nm.  

FTIR analysis confirms the presence of organic functional groups from CPLE, impacting the surface 

interactions of Zinc oxide. SEM and EDAX analyses provide insights into the morphological 

variations and elemental composition, showcasing the successful incorporation of CPLE into Zinc 

oxide. DLS analysis reveals a more monodisperse system in ZnO + CPLE, suggesting a size-modifying 

influence of CPLE. Antibacterial activity assays demonstrate a synergistic enhancement in ZnO + 

CPLE, particularly against S. aureus, B. subtilis, and E. coli. The MTT assay reveals promising 

anticancer activity of ZnO + CPLE against MCF-7 breast cancer cells. 
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1. Introduction 

The Carica papaya leaf extract acts as a bio template and reducing agent, facilitating the 

formation of ZnO nanoparticles [1]. The leaf extract contains various biomolecules like phenolics, 

flavonoids, and polysaccharides, which bind to zinc ions and initiate their reduction to ZnO 

nanoparticles. These biomolecules also control the size, shape, and surface properties of the 

nanoparticles [2]. The phytochemicals present in the Carica papaya leaf extract attach themselves to 

the surface of the ZnO nanoparticles. This functionalization alters the surface properties of the ZnO 

nanoparticles, potentially enhancing their stability, dispersibility, and biocompatibility. It can also 

introduce new functionalities like antimicrobial, antioxidant, or catalytic activity [3]. The combination 

of ZnO nanoparticles and Carica papaya leaf extract creates a composite material with unique 

properties [4]. The synergistic effect of ZnO nanoparticles and the bioactive compounds from the leaf 

extract can lead to enhanced performance in various applications [5]. The combined effect of ZnO 

nanoparticles and the antimicrobial compounds from the leaf extract can make the composite effective 

against various pathogens [6]. The antioxidant properties of both ZnO nanoparticles and the leaf extract 

can be combined to create materials with enhanced free radical scavenging activity [7]. ZnO 

nanoparticles are known for their photocatalytic properties, which can be used for water purification, 

pollutant degradation, and solar energy conversion. The functionalization with Carica papaya leaf 
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extract can potentially improve these properties [8]. The composite material can be used for targeted 

drug delivery or as biosensors due to its unique properties and biocompatibility [9]. ZnO is a versatile 

material with a wide range of applications. It is a semiconductor with a wide band gap, making it 

suitable for optoelectronic devices. ZnO is also a piezoelectric material, meaning it can generate 

electricity when pressure is applied. It is generally considered to be safe, but there are some concerns 

about potential toxicity [10]. Carica papaya leaf extract (CPLE) is a rich source of bioactive 

compounds, including phenolics, flavonoids, and polysaccharides. These bioactive compounds can 

enhance the properties of ZnO, such as its antimicrobial and antioxidant activity. ZnO + CPLE has 

shown promise for use in a variety of applications, including antimicrobials, antioxidants, and 

biomedicine [11,12,13]. Overall, ZnO + CPLE are both interesting materials with a wide range of 

potential applications. ZnO is a versatile material with a wide range of properties, while ZnO + CPLE 

has the potential to be even more versatile due to the addition of bioactive compounds from CPLE. 

 

2.Experimental 

2.1 Materials 

Zinc acetate dihydrate (Zn (CH3COO)2·2H2O) and sodium hydroxide (NaOH) were used as 

precursors. Carica papaya leafs and deionized water were employed as solvent materials. 

2.2 Biosynthesis of ZnO Nanoparticles (NPs)  

Fig.1 illustrates the eco-friendly synthesis process for ZnO nanoparticles via green synthesis. 

ZnO NPs were biosynthesized by combining 50 ml of a 0.4 M aqueous solution of zinc acetate 

dihydrate with 5 ml of Carica papaya leaf extract. The mixture was subjected to constant stirring for 1 

hour. Subsequently, 50 ml of a 0.2 M aqueous solution of NaOH was added drop-wise, followed by 

continuous stirring for 2 hours until a green-white suspension was formed. During the reaction, the 

solution was continuously agitated for an additional 3 hours. The resulting mixture was then left 

undisturbed at room temperature for a full day (24 hours). Afterward, it was filtered, washed three 

times with deionized water, and two times with ethanol. The obtained product was dried in an air oven 

at 90°C for 12 hours and stored in an airtight sample tube for further analysis [1,4]. 

 
Fig.1:  Depicts the process of environmentally friendly synthesis of ZnO nanoparticles 

through a green approach 

2.3 Disc-Diffusion Method  

In the investigation of antibacterial activity utilizing the disc-diffusion method, the efficacy of 

the test samples was assessed against targeted microorganisms. To initiate the experiment, the 
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microorganisms were cultured in Nutrient broth and allowed to incubate for 24 hours, ensuring optimal 

growth conditions. Subsequently, Petri dishes containing Nutrient agar (NA) medium were utilized, 

and these were inoculated with a diluted bacterial strain. The test samples, prepared at concentrations 

of 500 µg, 1000 µg, and 2000 µg, were then applied to sterile discs, which were carefully placed onto 

the cultured medium. As a benchmark for comparison, the standard drug Streptomycin (20 µg) was 

employed as a positive reference standard to ascertain the sensitivity of the microbial species under 

investigation. Following the inoculation, the plates were incubated at a temperature of 37°C for a 

duration of 24 hours, allowing for the manifestation of antibacterial effects. The subsequent step 

involved measuring the diameter of the zone of inhibition that formed around each disc, providing a 

quantitative assessment of the antibacterial activity of the test samples. The results, expressed in 

millimetres, offered valuable insights into the inhibitory effects of the test substances against the target 

microorganisms triplicated were maintained in the experiments. This meticulously conducted disc-

diffusion method thus served as a reliable means to evaluate and quantify the antibacterial potential of 

the test samples in this scientific study [4,5,6]. 

2.4 Cancer activity preparation 

 The MTT (3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyl tetrazolium bromide) assay requires 

specific materials, including properly filtered and stored MTT reagent, DMSO, a CO2 incubator, a 

microplate reader, an inverted microscope, and a refrigerated centrifuge. Test solutions were prepared 

by serial two-fold dilutions for the assay. HeLa cells were cultured in MEM medium containing 10% 

inactivated Fetal Bovine Serum, penicillin, and streptomycin, maintaining a 5% CO2 atmosphere at 

37°C until reaching confluence. The procedure involved trypsinizing the cell culture, adjusting the cell 

count, adding the diluted cell suspension to microtiter plates, forming a partial monolayer, and 

incubating with test samples. After 24 hours, MTT and DMSO were added sequentially, and 

absorbance was measured at 570 nm using a microplate reader [14,15,16,17,18,19,20]. Viability 

percentage was calculated using a specified formula. 

 

 
 

3. Result and discussion 

3.1 UV Analysis 

 As shown in Fig. (2), The UV-Visible spectrum of papaya leaf extract-mediated ZnO 

nanoparticles revealed a characteristic absorption peak at 361nm, The absorption peak observed 

aligned with findings from prior studies. The band gap (Eg) can be determined through a scientific 

formulation using the equation E = hc/λ, where E represents the energy (band gap), h is the Planck 

constant (6.626×10-34 Joules sec), c is the velocity of light (2.99×108 meter/sec), and λ denotes the 

wavelength corresponding to the absorption peak observed in UV-Vis spectroscopy. Additionally, a 

conversion factor of 1eV = 1.6×10-19 Joules is applied [36]. The band gap energy of ZnO was 

determined to be 3.43 eV. Introduction of CPLE biomolecules induces subtle modifications to the UV 

spectrum. Interactions between CPLE components and the ZnO surface, along with potential 
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alterations in the electronic structure, can influence the shape and position of the band gap peak. The 

ZnO + CPLE composite may exhibit additional features or shoulders, contingent upon the specific 

energy levels of CPLE components. The band gap energy is a crucial parameter for comprehending 

the electronic properties of semiconductors and holds significance for their potential applications 

[37,38,39,40]. In the case of ZnO+CPLE composites offer a platform for tailored modifications to the 

band gap. The incorporation of CPLE may slightly adjust the band gap of ZnO, potentially enhancing 

its UV absorption spectrum. This modification could broaden the range of UV absorption, rendering 

the composite more efficacious for specific applications. The extent of band gap modification depends 

on the type and concentration of CPLE biomolecules and their interactions with the ZnO lattice [39]. 

Previous studies have demonstrated that incorporating organic dyes into ZnO can change its band gap, 

enabling the absorption of visible light. CPLE, with its diverse array of biomolecules and energy levels, 

provides an avenue for tailoring the UV properties of ZnO + CPLE composites. This tunability opens 

possibilities for designing materials with specific optical properties suited for targeted applications. In 

essence, understanding the Tauc plot and band gap of ZnO + CPLE provides crucial insights guiding 

the deliberate engineering of materials for desired optical functionalities [40,41]. 

 
Fig. 2: illustrates the distinctive UV characteristic peaks associated with the incorporation of ZnO 

into CPLE 

3.2 FTIR analysis 

 FTIR analysis serves as a crucial tool for elucidating the chemical composition and surface 

interactions within ZnO in conjunction with Carica Papaya Leaf Extract (CPLE), as shown in Fig.3. 

The FTIR spectra of ZnO + CPLE exhibit peaks at 614 cm⁻¹, 689 cm⁻¹, 1035 cm⁻¹, 1354 cm⁻¹, 1410 

cm⁻¹, 1606 cm⁻¹, 2872 cm⁻¹, 2938 cm⁻¹, and 3444 cm⁻¹, reflecting the presence of organic functional 

groups from CPLE, such as phenols, flavonoids, and polysaccharides. the FTIR spectrum 

predominantly exhibits characteristic peaks, notably centred around the Zn-O stretching vibrations at 
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614 cm⁻¹- 689 cm⁻¹ [31]. Peak at 3444 cm⁻¹ correspond to O-H stretching vibrations of phenolic and 

alcoholic groups [32]. Peaks at 2872cm⁻¹ and 2938 cm⁻¹ are attributed to C-H stretching of alkanes 

[30,32]. The band at 1606 cm⁻¹ indicates C=C stretching of aromatic compounds, while peaks at 1354 

cm⁻¹ and 1410 cm⁻¹ signify C-N stretching [33]. Moreover, peaks in the region of 1035 cm⁻¹ may 

indicate C-O stretching [34,35]. Table.1 shows FTIR vibration frequencies for different modes of 

ZnO+CPLE. in ZnO + CPLE, sharp and well-defined peaks are observed and also some peaks may 

exhibit broadening or attenuation, suggesting interactions between CPLE molecules and the ZnO 

surface. in ZnO + CPLE, the formation of new peaks is conceivable if CPLE components establish 

chemical bonds with ZnO. Shifts in existing peaks may result from changes in the local environment 

around functional groups. The presence and intensity of specific peaks provide insights into the nature 

of functional groups involved in bonding or adsorption. New peaks or shifts in existing peaks offer 

valuable information about the type and strength of interaction between ZnO and CPLE molecules. 

The baseline behavior can further indicate the extent of surface coverage of ZnO by CPLE components. 

The FTIR parameters, when interpreted collectively, furnish researchers with invaluable insights into 

the surface chemistry and potential functionalities of the ZnO + CPLE composite. This comprehensive 

analysis facilitates the identification of organic functional groups, discernment of interaction types, 

and quantification of surface coverage, contributing to a nuanced understanding of the material 

properties and potential applications of the composite. 

 
Fig. 3:  illustrates the distinctive FTIR characteristic peaks observed in incorporation of ZnO into 

CPLE. 

Table:1   FTIR Spectral peaks of synthesized ZnO NPs from fresh leaf extracts of Carica   papaya 

Absorption peak (cm-1) in ZnO+CPLE NPs Bond/functional groups References 

614, 689 Zn-O 29,31 

1035 C-O Stretching 34, 35 

1354, 1410 C-N Stretching (aromatic amine) 29,30 

1606 C=C stretching 30 

2872, 2938 C-H stretching (alkane) 30,32 

3444 O-H Stretching 30,31 

 

3.3 XRD analysis 
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The structural attributes of zinc oxide (ZnO) and its composite with Carica Papaya Leaf Extract 

(CPLE) were meticulously scrutinized through X-ray diffraction (XRD), as delineated in Fig.4. The 

discernible peaks associated with the ZnO+CPLE exhibited characteristic 2θ angles at 31.73°, 34.45°, 

36.30°, 47.54°, 56.57°, 62.86° 66.34°, 67.9°, and 68.9°, corresponding to the plane of (100), (002), 

(101), (102), (110), (004), (200), (112) and (201), aligning with the wurtzite crystal structure (JCPDS 

card 05-0664) [21,22,23]. A high intensity peak is observed at 101 planes, which is compared with 

other diffraction peaks and is designated as the characteristic peak of ZnO nanoparticles. The absence 

of additional diffraction peaks indicates the purity of the synthesized ZnO nanoparticles. In the ZnO + 

CPLE composite, indicative of lattice strain with variations for ZnO + CPLE ranging from 0.0029 to 

0.0071 alterations in crystallite size/shape attributed to the interaction with CPLE [10,24,25]. 

Supplementary peaks in Fig.4 suggested the conceivable formation of secondary phases emanating 

from CPLE components. The calculated crystallite size of ZnO+CPLE, employing Scherrer's equation, 

spanned the range of 14-23 nm contingent upon the synthesis method. The directional predilection of 

ZnO for growth along specific crystal planes was juxtaposed with the contrasting influence of CPLE 

in ZnO + CPLE, inducing alterations in texture. XRD analysis not only yielded valuable insights into 

the intricate interplay between ZnO and CPLE components but also manifested discernible changes in 

peak positions, intensities, crystallite size, and potential secondary phases [26,27,28]. This exhaustive 

XRD investigation contributes indispensable information elucidating the structural and physical 

attributes of ZnO + CPLE. The analysis of XRD parameters facilitates the nuanced identification of 

crystal structure, phase purity, crystallite size, morphology, and preferred orientation, thereby enabling 

a comprehensive understanding of the ZnO + CPLE composite and its potential applications. 

 
Fig .4: XRD patterns illustrating the incorporation of ZnO into CPLE. 

 

3.4 SEM and EDAX Analysis  

Scanning Electron Microscopy (SEM) is a powerful technique for investigating the 

morphological and elemental characteristics of materials, providing essential insights into particle size, 

shape, surface texture, and composition. In the context of ZnO and its composite with Carica Papaya 

Leaf Extract (CPLE), SEM analysis offers a detailed examination of their structural features. In Fig.5 

the formation of spherical, flower shape morphology of ZnO+CPLE composites with petal like 

nanosheets can be observed [4,52]. ZnO + CPLE composites (Fig. 5a and b) may exhibit altered crystal 

growth and morphology attributed to the influence of CPLE, leading to changes in particle size and 

shape. Additionally, the presence of CPLE might be observable as a coating or agglomeration on the 
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ZnO surface. Agglomeration of ZnO nanoparticles, driven by their high surface energy, is a 

characteristic feature observed in ZnO. However, the introduction of CPLE in the composite can act 

as a stabilizer, mitigating agglomeration and improving the dispersion of ZnO nanoparticles. Energy-

Dispersive X-ray Analysis (EDAX) further complements SEM observations by providing elemental 

composition data. In EDAX spectra ZnO + CPLE composites (Fig. 6) may show additional peaks 

corresponding to elements present in CPLE, such as O, C, Zn indicating the successful incorporation 

of organic components from CPLE into the ZnO structure. Furthermore, elemental distribution 

analysis through EDAX reveals insights into the uniformity of element distribution within particles. 

ZnO + CPLE composites may exhibit a concentration of CPLE elements on the surface of ZnO 

particles or a more heterogeneous distribution. This not only validates the purity of ZnO but also 

provides information about the incorporation and distribution of CPLE components. The combination 

of SEM and EDAX analyses offers a comprehensive understanding of the morphology, composition, 

and surface characteristics of ZnO + CPLE composites. This integrated approach enables researchers 

to gain valuable insights into particle size and shape variations, surface modification, and 

functionalization, as well as the successful incorporation of CPLE into the ZnO structure. Additionally, 

the EDAX analysis indicated the presence of elements such as k-shells Carbon (30.33 %), Oxygen 

(46.49%) and Zinc (23.18%).  By interpreting these data, researchers can make informed decisions 

about the nature and potential applications of the ZnO + CPLE composite in various scientific and 

technological fields [3,4,5,42]. 

 
Fig. 5:  Scanning Electron Microscopy (SEM) images illustrating the morphology of ZnO-

incorporated CPLE (a & b) 

 

 
Fig.6: EDAX images illustrating the chemical element and purity of ZnO-incorporated CPLE  

3.5 TEM 
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 The Transmission Electron Microscopy (TEM) techniques were used to obtain better accuracy 

and determine the morphology of green synthesized ZnO nanoparticles. The average particle size of 

synthesized ZnO nanoparticles distributed from 14-23nm. Although most of the particles were 

agglomerated indicating an even distribution of the CPLE solution, a few were dispersed. From Fig.7 

(a) and (b), shows agglomeration of different shaped particles such as petal-like shapes and spherical 

shapes [4, 52]. In TEM images of incorporation of CPLE into the ZnO NPs were covered with a thin 

layer of organic material from the plant extract which acted as a capping agent for stabilizing the 

particles [41].  

 
Fig. 7:  a, b TEM images illustrating the morphology and size of ZnO-incorporated CPLE at 100nm 

and 50nm respectively  

3.6 DLS Analysis 

Dynamic Light Scattering (DLS) is a powerful technique used to characterize the size 

distribution of nanoparticles in a solution based on their Brownian motion [43]. The DLS data show 

an average diameter (d) of 258.7 nm with PDI of 0.371, for nanoparticles made from ZnO combined 

with Carica papaya leaf extract (CPLE) (Fig. 8). The DLS approach uses the hydrodynamic radius 

method to compute the particle size. According to the DLS the particle size is larger than that calculated 

using XRD due to solvation and aggregation effects in suspension.  

 
Fig.8: DLS images illustrating characterize the size distribution of nanoparticles of ZnO-

incorporated CPLE  

 

3.7 Antibacterial Activity Analysis 
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Certain metals exhibit strong antibacterial activity, and this property has significant 

implications for various applications. The antibacterial activity of metals is often attributed to their 

ability to release ions that are toxic to bacteria [44, 45, 46, 47, 48, 49]. ZnO + CPLE (Fig. 9) exhibit 

antibacterial activity against various pathogens. Table.2 presents the antibacterial activity of a 

combination of ZnO and Carica papaya leaf extract (CPLE) against S. aureus, B. subtilis, E. coli, and 

P. aeruginosa at varying concentrations (500 µg, 1000 µg, 2000 µg). Streptomycin, used as a positive 

control, exhibits strong antibacterial activity against all tested strains. In addition, ZnO+CPLE exhibits 

moderate to high antibacterial activity, with varying degrees of inhibition against different bacterial 

strains. The results indicate that the addition of CPLE enhances the antibacterial activity of ZnO, 

possibly through the presence of bioactive compounds in Carica Papaya Leaf Extract [1, 6,23,24]. 

Among the tested pathogens, S. aureus exhibited greater sensitivity to green synthesis ZnO 

nanoparticles, with a 14 mm zone of inhibition at the highest concentration (200 µg). Moreover E. coli 

and P. aeruginosa showed a moderate inhibitory zone, while B. subtilis showed less activity shown in 

Fig.10.  Further studies may be needed to elucidate the specific mechanisms underlying this 

enhancement and explore the potential applications of the ZnO-CPLE combination in combating 

bacterial infections. Overall, these findings contribute valuable insights into the potential use of 

ZnO+CPLE as antibacterial agents and highlight the importance of combination therapies in enhancing 

antimicrobial efficacy. 

 
Fig.9: Antibacterial efficacy assessment of CPLE with ZnO integration against various bacterial 

strains, including (a) S. aureus, (b) B. subtilis, (c) E. coli, and (d) P. aeruginosa. 
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Fig.10: Zone of inhibition of CPLE with ZnO integration against various bacterial strains, including 

(a) S. aureus, (b) B. subtilis, (c) E. coli, and (d) P. aeruginosa. at different concentration (500 µg, 

1000 µg, 2000 µg) 

 

Table:2 ZnO + Carica Papaya Leaf Extract (CPLE) of antibacterial activity 

 

 

Samples 

Zone of Inhibition (mm) 

Gram positive Gram negative 

S.aureus B.subtilis E. coli P.aeruginosa 

500 

µg 

1000 

µg 

2000 

µg 

500 

µg 

1000 

µg 

2000 

µg 

500 

µg 

1000 

µg 

2000 

µg 

500 

µg 

1000 

µg 

2000 

µg 

ZnO + Carica 

Papaya 

Leaf Extract 

(CPLE) 

- 10 14 - 8 10 - 8 12 - 8 12 

Streptomycin 

(20 µg) 
26 24 26 26 

3.8 Anticancer Activity 

HeLa and MCF-7 represent distinct human cancer cell lines extensively employed in 

biomedical investigations. HeLa originates from cervical cancer, and MCF-7 from breast cancer, each 

exhibiting unique characteristics and diverse responses to therapeutic interventions. The utilization of 

the HeLa cell line in biomedical research is widespread [15].  

Evaluating cellular activity involves various methodologies, including counting viable cells 

stained with vital dyes or employing automated counters measuring radioisotope incorporation. The 

MTT assay, utilizing 3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyl tetrazolium bromide, stands out as a 

precise and reproducible means to assess living cell activity via mitochondrial dehydrogenases. The 

assay produces a formazan by-product, whose spectrophotometric measurement reflects cytotoxicity. 

The impact of produced ZnO nanoparticles on HeLa cells treated with cisplatin is an understudied 

aspect, prompting hypotheses of enhanced sensitivity through increased DNA damage and apoptosis 

or reduced sensitivity via protective mechanisms like autophagy or DNA repair. Experimental 

validation is essential using techniques such as cell viability assays, flow cytometry, western blotting, 

and microscopy. For MCF-7 breast cancer cells, IC50 values for ZnO + CPLE and the reference 

standard (Cisplatin) were determined as >100 µg and 6.18 µg, respectively [14,15]. ZnO nanoparticles 

pose challenges in biomedicine, necessitating assessment of cytotoxicity and biocompatibility across 

diverse cell types. Studies suggest ZnO nanoparticles induce oxidative stress and apoptosis in MCF-7 

cells, depending on nanoparticle characteristics. Apoptosis, a programmed cell death process, is 

regulated by multiple signaling pathways. Systems biology approaches, integrating gene, protein, and 

phosphoprotein data, aid in understanding molecular mechanisms and identifying potential therapeutic 

targets for breast cancer [16, 17, 18, 19].  

Figs. 11 & 12 shows the microscopic images of the HeLa cell line treated with ZnO +CPLE 

nanoparticles and Cisplatin (reference standard) at different concentrations compared with control. 

Figs. 13 & 14 depicting the MCF-7 cell line treated with ZnO+CPLE nanoparticles and 5-FU 

(reference standard). The MTT assay serves as a valuable tool for in vitro toxicity assessments. In a 

study on MCF7 breast cancer cells, serial two-fold dilutions of test samples were incubated, treated 

with MTT, and absorbance measured, yielding IC50 values of 73.46 µg for CP and 8.18 µg for the 

reference standard (5FU). Fig. 15 (a, b) shows the HeLa and MCF-7 cells’ survival viability at different 

concentrations of control (6.25, 12.5, 25, 50, and 100 µg/µL) with its reference standard. The study 

showcases the simplicity, accuracy, and reproducibility of the MTT method, utilizing reagents, a CO₂ 

incubator, a microplate reader, an inverted microscope, and a refrigerated centrifuge. This approach 

contributes insights into the cytotoxic activity of synthesized ZnO NPs on MCF-7 breast cancer cells 

[17, 18, 19, 20]. Carica papaya leaf extract (CPLE) is a natural product with demonstrated benefits on 
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platelet count and the immune system in conditions like dengue fever and chronic immune 

thrombocytopenic purpura. Zinc oxide (ZnO) nanoparticles, a metal oxide with potential applications 

in nanomedicine, exhibit properties suitable for drug delivery, imaging, and biosensing. 5-fluorouracil 

(5-FU), a chemotherapy drug, inhibits DNA synthesis and induces apoptosis in cancer cells. HeLa and 

MCF-7 cell lines, derived from cervical and breast cancers, respectively, remain pivotal in biomedical 

research [3, 50, 51], offering varied characteristics and responses to treatments. 

 
Fig. 11. Microscopic images showing the effect of ZnO+CPLE nanoparticles on HeLa cell line at 

different concentrations compared with control 

 

 
Fig. 12.  Microscopic images of the HeLa cell line treated with Cisplatin (reference standard) at 

different concentrations compared with control 
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Fig. 13.  Microscopic images showing the effect of ZnO+CPLE nanoparticles on MCF-7 cell line at 

different concentrations compared with control 

 

 
 

Fig. 14.  Microscopic images of MCF-7 cell line treated with 5-FU (reference standard) at different 

concentration compared with control 
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Fig.15: The decay curves of a) HeLa cell, b) MCF-7 cells survival viability at different concentration 

of control, 6.25, 12.5, 25, 50, 100 µg/µL with its reference standard 

4. Conclusions 

The present study successfully demonstrates the green synthesis of Zinc Oxide nanoparticles using 

carica papaya leaf extract as a reducing (ZnO+ CPLE) and stabilizing agent. The formation of ZnO 

NPs was confirmed by UV-Visible spectroscopy with an absorption peak around 361nm. FTIR 

analysis indicated the presence of phytochemicals responsible for capping and stabilization. XRD 

conformed the crystalline wurtzite structure of papaya leaf extract mediated ZnO NPs with an average 

crystallite size of ~ 15 nm, while SEM images revealed predominantly spherical, flower shape 

morphology with slight agglomeration and particle size in the 15-30 nm range, together validating the 

successful green synthesis of stable nanoscale ZnO. DLS showed PDI 0.371 for synthesised ZnO NPs 

have moderately uniform size distribution with good colloidal stability. The antibacterial study 

revealed that S. aureus showed the greatest antibacterial activity to the papaya leaf extract-mediated 

ZnO nanoparticles, followed by E. coli, B. subtilis, and P. aeruginosa, indicating that Gram-positive 

bacteria were more susceptible than Gram-negative strain. In addition, the MTT assay indicates an 

IC50 value of 73.46 µg for CPLE mediated ZnO NPs against MCF-7 breast cancer cells. As a result, 

the synergistic combination of ZnO with Carica papaya leaf extract presents a promising avenue for 

multifunctional applications with enhanced structural, optical, and biological properties. 
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