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Nanotechnology has emerged as a promising field in cancer therapy, offering innovative solutions through the design of
multifunctional nanomaterials. Among them, metal oxide nanocomposites are gaining attention due to their unique
physicochemical properties and biomedical potential. However, conventional synthesis methods often involve toxic chemicals
and generate environmental hazards. To overcome these challenges, green synthesis using plant-based extracts provides an
eco-friendly, cost-effective, and sustainable alternative. Pomegranate (Punica granatum) peel, a rich source of polyphenols and
antioxidants, has shown potential in nanoparticle synthesis by acting as a natural reducing and stabilizing agent. This study
aimed to develop an eco-friendly synthesis approach for (CeO,)-(CuO) nanocomposites while investigating their
physicochemical characteristics and therapeutic efficacy as an anticancer agent. The synthesis utilized P. granatum peel extract
as a reducing and capping agent, combined with Cupric acetate monohydrate and Cerium nitrate. Characterization techniques
such as Fourier-transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), and Transmission Electron Microscopy
(TEM) were employed to analyze the nanocomposites’ structural and morphological properties. The anticancer activity was
evaluated using an MTT assay on HCT116 colorectal cancer cells, determining cell viability and IC, values. The FTIR
analysis confirmed the successful integration of organic components from P. granatum peel with metal oxides in the
nanocomposite. XRD analysis revealed well-defined crystalline structures, while TEM imaging showed spherical nanoparticles
with an average size of 48 nm. The MTT assay demonstrated dose-dependent cytotoxicity, with the nanocomposite inducing
significant apoptotic changes in HCT116 cells at higher concentrations. The green synthesis approach successfully produced
a (CeO,)-(CuO) nanocomposite with potent anticancer activity, underscoring its potential as a sustainable therapeutic agent.
The study highlights the benefits of utilizing agro-industrial waste and developing effective nanomaterials for biomedical
applications. Future research should focus on in vivo validation and detailed mechanistic studies.
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Introduction

Nanotechnology has revolutionised numerous scientific disciplines,
offering innovative solutions to longstanding challenges. One of its
most promising applications lies in synthesizing nanocomposites for
biological purposes, particulatly in cancer therapy [1,2]. Nanocomposites,
composed of two or more substances at the nanoscale, possess unique
properties that make them ideal for a wide range of applications. The
combination of cerium oxide (CeO,) and copper oxide (CuO) has gar-
nered significant attention for its potential synergistic anticancer ef-
fects [3].
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Plant-mediated nanoparticles (NPs), synthesised using plant extracts,
have emerged as a promising frontier in developing innovative antican-
cer treatments. Bioactive compounds found in plants, including fla-
vonoids, polyphenols, and alkaloids, play a pivotal role in nanoparticle
synthesis, imparting superior biocompatibility and reduced toxicity [4,5].
These NPs are particulatly notable for their ability to selectively target
cancer cells, thereby minimising collateral damage to healthy tissues
[6,7]. Among these, pomegranate (Punica granatum 1..)-a fruit extensively
cultivated in Asia-stands out as a rich reservoir of bioactive metabo-
lites. Its peel, which constitutes nearly half of the fruit’s weight, is rich
in polyphenols, flavonoids, and other compounds known for their po-
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tent anticancer and antioxidant properties [8]. Leveraging pomegranate
peel for nanoparticle synthesis not only provides a sustainable approach
to utilising agro-industrial waste but also enhances the functional prop-
erties of the synthesised nanocomposites.

Cerium oxide (CeO,) nanoparticles, renowned for their unique prop-
erties such as reversible valence states and reactive oxygen species (ROS)
scavenging, have shown great promise in biomedical applications [9].
Copper oxide (CuO) nanoparticles also exhibit antioxidant activity, ROS
generation, and catalytic properties, thereby enhancing their cytotoxic
potential against cancer cells [10-12]. To fully characterise these
nanocomposites, techniques such as Fourier-transform infrared spec-
troscopy (FTIR) and X-ray diffraction (XRD) are employed to confirm
the integration of organic components from P. granatum peel and the
composite’s crystalline structure.

Despite the promising potential of green-synthesized (CeO,)-(CuO)
nanocomposites, their antimicrobial and anticancer properties remain
underexplored, particularly when derived from agro-industrial waste. This
study seeks to bridge this gap by employing P. granatum peel extracts as
capping agents for the synthesis of (CeO,)-(CuO) nanoparticles. The
primary focus is to evaluate the cytotoxic effects of these green-
synthesised nanocomposites on HCT116 colorectal cancer cells,
emphasising their potential as sustainable and effective anticancer agents.

Materials and Methods

Distilled water, Cupric acetate monohydrate, Cerium Nitrate, Ammonia
solution and Sodium Borohydrate Solution from Fisher Scientific, In-
dia, were used for the synthesis of (CeO,)-(CuO) NPs in this study.
Collection and Preparation of Plant Sample

Punica granatum peels were collected from vatious locations near
Saveetha University in Chennai. The specimens were purified with dis-
tilled water to eliminate contaminants and subsequently dried in the shade
to preserve their integrity. After the leaves were completely shade-dried,
they were pulverised into a fine powder using a mortar and pestle. After-
wards, 10 grams of the powdered leaf material were combined with 200
ml of distilled water in a sterile conical flask. The mixture was then
heated and stirred constantly for 24 hours. Subsequently, the extract
obtained was passed through a filter paper of Whatman No. 1 to re-
move impurities [13].

Synthesis of nanoparticles

Initially, the distilled water was added to a precisely calibrated solution
of Cupric acetate monohydrate at a concentration of 0.4 M, along with
the filtrate obtained from the plant extract. The mixture was stirred and
heated at 60°C with a magnetic agitator. Simultaneously, 1 M Sodium
borohydride solution and an ammonia solution were gradually added
until a characteristic blackish—brown colour developed, indicating the
formation of (CeO,)-(CuO) NPs. The entire mixture was centrifuged at
5000 revolutions per minute for 15 minutes. After centrifugation, the
liquid above the sediment, referred to as the supernatant, was gradually
transferred into a Petri dish to begin removing water.

The nanoparticles were further dehydrated in a hot-air oven at 100°C,
as described eatlier [14]. A comprehensive study has been conducted to
determine the characteristics of the (CeO,)-(CuO) nanoparticles that
were obtained using the Punica granatum extract.

Characterisation of (CeO,)-(CuO) NPs

Spectral interpretation was performed by Fourier-transform infrared
(FTIR) spectroscopy on a Bruker Alpha-II ATR instrument. The analy-
sis was conducted within the wavelength range of 4000—400 cm™. The
SEM analysis was performed using Jeol JSM IT 800 Instrument, whereas
TEM analysis was performed using G*20 S — Twin TEM Instrument,
revealing the presence of polydispersed (CeO,)-(CuO) NPs.

Anticancer activity

The MTT assay was carried out to determine the anticancer activity of
biosynthesized (CeO,)-(CuO) nanoparticles (NPs) in HCT116 cancer
cell lines. After being cultured in the appropriate growth medium,
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Figure 1: FTIR spectrum of the (CeO,)-(CuO) nano-
composite synthesized using pomegranate peel extract

HCT116 cells were seeded into 96-well plates. Control samples and dif-
ferent concentrations of (CeO,)-(CuO) NPs were introduced in mul-
tiple wells. The MTT reagent was applied to promote formazan crystal
formation after incubation. To evaluate the vitality of the cells, absor-
bance readings were made. To establish the concentration at which 50%
of cell viability was inhibited, the inhibitory concentration (IC50) was
determined. Using HCT116 cancer cell lines, this approach extensively
analyzes (CeO,)-(CuO) NPs anticancer characteristics, exposing both their
lethal effects and therapeutic potential [15].

Results

FTIR Spectroscopy

The FTIR spectroscopy analysis (figure 1) confirmed the successful syn-
thesis of the (CeO,)-(CuO) nanocomposite derived from pomegranate
peel by identifying distinct peaks corresponding to both organic and
metal-oxide functional groups. The peaks at 2925.05 cm™ and 2884.48
cm? are attributed to C-H stretching vibrations, indicating the presence
of organic components and residual organic material from the pome-
granate peel. A prominent peak at 1738.40 cm™ corresponds to C=0O
stretching vibrations, signifying carbonyl groups from organic constitu-
ents, while the peak at 1158.42 cm™ represents C-O stretching vibra-
tions, characteristic of ether or alcohol groups. Additionally, the peak at
677.22 cm™ is assigned to metal-oxygen (M-O) stretching vibrations,
confirming the presence of CeO, and CuO in the nanocomposite. These
spectral features collectively validate the incorporation of organic and
inorganic components, highlighting the effectiveness of the green syn-
thesis process.

X-ray diffraction

X-ray diffraction (XRD) analysis was performed to investigate the crys-
talline structure and composition of the CeO,-CuO nanocomposite syn-
thesized using pomegranate peel extract. The XRD pattern (figure 2)
revealed distinct peaks at 9.160°, 36.61°, 42.67°, and 43.35°, correspond-
ing to specific lattice planes within the CeO, and CuO crystal structures,
as indexed by standard crystallographic data. These prominent, well-
defined peaks confirm the successful synthesis of the CeO,-CuO
nanocomposite and highlight its crystalline nature. The results demon-
strate the effectiveness of the green synthesis approach in producing
nanocomposites with an organized crystal structure. The XRD diffrac-
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Figure 2: XRD Analysis of the (CeO,)-(CuO) NPs synthesized
from pomegranate peel

tion peaks were used to estimate the crystallite size of the synthesized
CeO, CuO nanocomposite using the Scherrer equation, D = KA/Bcos,
where D is the crystallite size, K is the shape factor (0.9), A is the wave-
length of the X-ray, B is the full width at half maximum (FWHM), and
0 is the Bragg angle. The determined crystallite size was found to be of
the nanometer size range, and thus, it is consistent with the nanoscale
morphology, as observed with TEM analysis, with an average particle
size of about 48 nm. These findings are an affirmation that the
nanocomposite synthesized has a crystal nanostructure that can be used
in biomedical purposes.

Transmission electron microscopy

Transmission electron microscopy (TEM) was utilized to examine the
morphology and structure of the (CeO,)-(CuO) nanocomposite syn-
thesized from pomegranate peel. The TEM analysis (figure 3) revealed
predominantly spherical nanoparticles with an average size of 48 nm,
exhibiting a well-dispersed distribution. These high-resolution images
confirm the nanoscale dimensions of the particles, which are critical for
the effective application of the nanocomposite in various fields.

Anti-cancer activity

The morphological analysis of HCT116 cells treated with varying con-
centrations of the CeO2-CuO nanocomposite for 24 hours demonstrates
a dose-dependent impact on cellular structure. Control cells (figure 4a)
maintained a regular cobblestone-like epithelial morphology, character-
ized by distinct cell boundaries, uniform shape, and strong adherence to
the culture plate, indicative of healthy cell status. In contrast, cells ex-
posed to the nanocomposite exhibited significant morphological alter-
ations. At lower concentrations (figure 4 b&c), initial signs of chroma-
tin condensation and slight cell shrinkage became apparent, suggesting
early apoptotic changes. With increasing concentrations (figure 4 d,e&f),
these effects became more pronounced, with noticeable features such as
further chromatin condensation, cell shrinkage, reduced adherence, and
an increasing number of rounded cells. These changes are hallmarks of
apoptosis.

At the highest concentrations, a substantial reduction in the number
of cells with regular morphology was observed, alongside poorly ad-
hered, rounded cells, underscoring the nanocomposite’s potency in in-
ducing apoptosis in HCT116 cancer cells. These findings highlight the
potential anticancer efficacy of the CeO,-CuO nanocomposite.

Discussion

The findings of this study highlight the successful synthesis and charac-
terization of a CeO,-CuO nanocomposite using pomegranate peel ex-
tract as a green synthesis approach. The FTIR and XRD analyses con-
firm the presence of both organic and inorganic components, as well as
the crystalline structure of the nanocomposite. At the same time, TEM
results demonstrate a uniform distribution of nanoparticles with an av-
erage size of 48 nm. Furthermore, the nanocomposite exhibits potent
anticancer activity against HCT116 cells, inducing dose-dependent
apoptosis.

Using pomegranate peel extract to synthesize nanocomposites of-
fers a sustainable and eco-friendly alternative to conventional chemical
methods. Previous studies have demonstrated the efficacy of vatious
plant-based extracts, such as those from neem, tea leaves, and citrus
fruits, in synthesizing metal oxide nanoparticles [16-21]. For instance,
Jayakodi et al. reported the successful synthesis of CuO nanoparticles
using neem extract, showcasing significant antimicrobial activity [22].
Similarly, Hasan et al. utilized tea extract to produce CeO, nanoparticles
with notable antioxidant properties [23]. The results of our study align
with these findings, further validating the use of plant-derived
phytochemicals for nanoparticle synthesis. However, incorporating dual
metal oxides (CeO,-CuO) in our study provides an added advantage,
offering a synergistic effect that enhances the functional properties of
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Figure 3: TEM Analysis of CeO,/CuO NPs showed more dispersed spherical
shaped NP at the average size 48nm
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the nanocomposite.

The crystalline structure of the CeO,-CuO nanocomposite, con-
firmed by XRD analysis, is consistent with earlier reports of metal ox-
ide nanoparticles. For example, Khyrun et al. reported similar well-de-
fined peaks in the XRD pattern of CeO,-CuO nanostructures, indicat-
ing high crystallinity and purity [24,25]. Additionally, the TEM analysis
in this study revealed spherical nanoparticles with an average size of 48
nm, which is comparable to the findings of Guan et al., who synthe-
sized CuO nanoparticles with an average size of 45 nm using a green
synthesis method [26]. The uniform size and morphology observed in
our study are critical for enhancing the nanocomposite’s biological ac-
tivity, as nanoparticle size plays a pivotal role in cellular uptake and inter-
action.

The dose-dependent induction of apoptosis in HCT116 cells ob-
served in this study underscores the nanocomposite’s potential as an
anticancer agent. These findings are consistent with the results of ear-
lier investigations, such as those by Hou et al., who reported significant
apoptotic activity of CuO nanoparticles against colon cancer cells [27,28].
Similarly, Cerium oxide nanoparticles have been shown to induce oxida-
tive stress and apoptosis in various cancer cell lines, as documented by
Gu Z etal. [29,30]. The combined presence of CeO, and CuO in our
nanocomposite likely contributes to a synergistic effect, enhancing its
ability to disrupt cellular structures and induce apoptosis more effec-
tively than single-metal nanoparticles.

The results are consistent with ROS-mediated cytotoxic reactions
commonly reported in metal oxide nanomaterials, in which oxidative
disequilibrium contributes to mitochondrial dysfunction and apoptosis
[31]. The synergistic CeO,—~CuO combination may enhance redox activ-
ity through catalytic surface interactions and redox cycling, thereby in-
creasing intracellular oxidative stress and promoting cancer cell death
[32]. Although reactive oxygen species (ROS) were not directly quanti-
fied, the observed apoptotic morphology and dose-dependent cytotox-
icity suggest a redox-mediated mechanism, indicating that oxidative stress
likely plays a central role in the nanocomposite’s anticancer activity. Fur-
ther confirmation is being pursued using assays such as DCFH-DA fluo-
rescence and antioxidant enzyme analysis. Additionally, the present study
did not include evaluation in normal (non-cancerous) cell lines to assess
selective cytotoxicity; therefore, comparative testing in healthy cell mod-
els (e.g., fibroblast or epithelial lines) is planned to validate therapeutic
selectivity.

Compared to chemically synthesized nanoparticles, the green syn-
thesis method employed in this study offers reduced toxicity, cost-effec-
tiveness, and environmental sustainability. Furthermore, the residual or-
ganic components from pomegranate peel, as indicated by FTIR analy-

82

Figure 5: Morphological analysis of HCT116 cells treated with varying concentrations of CeO,/CuO
nanocomposite for 24 hours a) Control, b) 0.1 pg/ml, c¢) 0.5 ug/ml, d) 1 ug/ml, e) 5 pug/ml and f) 10 pg/ml

sis, may provide additional bioactive compounds that enhance the
nanocomposite’s anticancer activity.

Conclusion

This study successfully demonstrates the potential of the CeO,-CuO
nanocomposite synthesized via a green approach as an effective anti-
cancer agent. By comparing our findings with previous studies, we high-
light the advantages of dual-metal nanocomposites, green synthesis
methods, and the significant role of nanoparticle size and morphology
in biological activity. Future research could focus on in vivo studies and
mechanistic insights into the apoptotic pathways activated by the
nanocomposite to further validate its therapeutic potential.

References

1. Shams F, Golchin A, Azari A, Amirabad LM, Zarein F, Khosravi A, Ardeshirylajimi A.
Nanotechnology-based products for cancer immunotherapy. Mol Biol Rep. 49(2), 1389-
1412 (2022).

2. Chheda TJ, Govindasamy R, Selvam SP, Viswanathan D. Green synthesis of europium
oxide nanoparticles via Vitex trifolia: Biomedical applications in infection control and
cancer therapy. Pharmacol. Res. - Mod. Chin. Med. 16, 100652 (2025).

3. Stanovaya A., Zhogla V., Galets-Buy 1., Loznikova S., Shcherbin D. Nanopatticles in the
therapy of malignant neoplasms. Science and Innovations. 1(4), 77-83 (2023).

4. Adeyemi JO, Oriola AO, Onwudiwe DC, Oyedeji AO. Plant Extracts Mediated Metal-
Based Nanoparticles: Synthesis and Biological Applications. Biomolecules. 12(5), 627
(2022).

5. Sowmya K, Surenthar M, Sree V.L. Effective treatment of oral microbial infections and
biofilm using flavonoid rutin - An in vitro study. J. Oral Biol. Craniofacial Res. 15,
541-547 (2025).

6. Tan WN, Samling BA, Tong WY, Chear NJ, Yusof SR, Lim JW, Tchamgoue |, Leong CR,
Ramanathan S. Chitosan-Based Nanoencapsulated Essential Oils: Potential Leads
against Breast Cancer Cells in Preclinical Studies. Polymers (Basel). 16(4), 478 (2024).

7. ZuM, Ma Y, Zhang |, Sun J, Shahbazi MA, Pan G, Reis RL, Kundu SC, Liu J, Xiao B. An
Oral Nanomedicine Elicits In Situ Vaccination Effect against Colorectal Cancer. ACS
Nano. 18(4), 3651-3668 (2024).

8. Karthikeyan M, Gajendiran ], Gnanam S, Ramya JR, Arul KT, Khedulkar AP, Ubaidullah
M, Selvalakshmi S, Vinoth C, Siddheswaran R. Synthesis of undoped and mixed binary
transition metals (Ni-Co)-doped cupric oxide nanostructures: Structural characteristics,
optical behavior, and biological activity. J. Mol. Struct. 1321(2), 139895 (2024).

9. Hosseini SA, Khatami M, Asadollahi A, Yaghoobi H. Cerium Oxide Nanoparticles
Synthesis using Alhagi Maurorum Leaf Extract and Evaluation of Their Cytotoxic
Effect on Breast Cancer Cell Lines and Antibacterial Effects. Anticancer Agents Med
Chem. 24(14) 1056-1062 (2024).

10. Jagaran K, Singh M. Copolymer-Green-Synthesized Copper Oxide Nanoparticles
Enhance Folate-Targeting in Cervical Cancer Cells In Vitro. Polymers (Basel). 15(10),
2393 (2023).

11. Chinnasamy R, Chinnaperumal K, Arumugam P, Natarajan M, Govindasamy B, Jogikalmat
K, Cherian T, Kannupaiyan J, Sigamani S, Willie P. Phyto-fabrication of AgNPs using
leaf extract of Vitex trifolia: potential to antibacterial, antioxidant, dye degradation,
and their evaluation of non-toxicity to Chlorella vulgaris. Biomass Conv. Bioref. 14,




Kristin S., Govindasamy R. et al. / Trends Biomater. Artif. Organs, 40(2), 79-83 (2026)

14903-14920 (2024). nanoparticles as a novel functional material in cardiomyocyte cells: An ecotoxicity

12. Kumari CBN, Ambalavanan N, Kumar SR, Mahendra J, Sudhakar U. Microbiological assessment on the embryonic development of Danio rerio. Environ Res. 212(Pt A),
evaluation of vitamin C rich acerola mediated silver and copperoxide nanogel in 113153 (2022).
treatment of periodontitis with and without diabetes mellitus. ] Oral Biol Craniofac 23. Hasan N, Wazir NN, Samsudin MY, Syahmi Mohd Sanizam MM, Ahmad NM, Badrol
Res. 14(6), 682-691 (2024). Hisham NA, Yasin Y, Nik Masdek NR. Evaluation of phytoactive contents and

13. Sasidharan R, Hartman S, Liu Z, Martopawiro S, Sajeev N, van Veen H, Yeung E, antibacterial activities of green synthesised cerium oxide nanoparticles
Voesenek LAC]. Signal Dynamics and Interactions during Flooding Stress. Plant Physiol. using Melastoma sp. leaf extract as the capping agent. Heliyon. 10(14), 34558 (2024).
176(2), 1106-1117 (2018). 24. Khyrun SME, Christy AJ, Usha R, Nehru LC, Suresh S. Novel solution combustion

14. Sumitha KV, Thoppil JE, Shihabudeen S, Bukhari NA, Al-Khattaf FS, & Hatamleh AA. synthesis of CeO2/CuO nanocomposite for photocatalytic and biological applications,
Methanol extracts of different species of Ocimum alleviate the peroxide radical- Opt. Mater, 139, 113756, ISSN 0925-3467 (2023).
mediated cell injury and redox imbalance in human colon epithelial cells. 25. Manoj Jayan, Anjumol Joy, Vinoth Kumar J, Megha M, Carlin R J, Albeshr MF, Angel S
Physiol. Mol. Plant Pathol, 117, 101759 (2022). L, R Sathyalakshmi, A Dhayal Raj, Mythili R, Senthilkumar Muthuswamy, S John

15. Mahmood RI, Kadhim AA, Ibraheem S, Albukhaty S, Mohammed-Salih HS, Abbas Sundaram, Nivetha MS. Cerium-Decorated Reduced Graphene Oxide Nanostructure
RH, Jabir MS, Mohammed MKA, Nayef UM, AlMalki FA, Sulaiman GM, Al-Karagoly for Enhanced Biomedical Applications. Luminescence. 40(2), ¢70123 (2025).

H. Biosynthesis of copper oxide nanoparticles mediated Annona muricata as cytotoxic 26. Guan P, Li Y, Zhang J, Li W. Non-Enzymatic Glucose Biosensor Based on CuO-
and apoptosis inducer factor in breast cancer cell lines. Sci Rep. 12(1), 16165 (2022). Decorated CeO, Nanoparticles. Nanomaterials (Basel). 6(9), 159 (2016).

16. Rocha V, Ferreira-Santos P, Aguiar C, Neves IC, Tavares T. Valorization of plant by- 27.Hou G, Chen Y, Lei H, Lu S, Cheng L. Nanomaterials-Induced PANoptosis: A Promising
products in the biosynthesis of silver nanoparticles with antimicrobial and catalytic Anti-Tumor Strategy. Angew Chem Int Ed Engl. 64(5), €202419649 (2024).
properties. Environ Sci Pollut Res Int. 31(9), 14191-14207 (2024). 28. Sathiyavimal S, F Duran-Tara E, Vasantharaj S, Saravanan M, Sabour A, Alshiekheid M,

17. Tran Khac K, Hoang Phu H, Tran Thi H, Dinh Thuy V, Do Thi H. Biosynthesis of Lan Chi NT, Brindhadevi K, Pugazhendhi A. Green synthesis of copper oxide
silver nanoparticles using tea leaf extract (camellia sinensis) for photocatalyst and nanoparticles using Abutilon indicum leaves extract and their evaluation of antibacterial,
antibacterial effect. Heliyon. 9(10), €20707 (2023). anticancer in human A549 lung and MDA-MB-231 breast cancer cells. Food Chem

18. Akhter N, Batool M, Yaqoob A, Shahid M, Muhammad F, Khan J, Mudassir MA, Rasheed Toxicol. 168, 113330 (2022).

M, Javed S, Al Farraj DA, Alzaidi I, Iqbal R, Malaga-Tobo?a U, Gancarz M. Potential 29. Gu Z, Zhong D, Hou X, Wei X, Liu C, Zhang Y, Duan Z, Gu Z, Gong Q, Luo K.
biological application of silver nanoparticles synthesized from Citrus paradisi leaves. Sci Unraveling Ros Conversion Through Enhanced Enzyme-Like Activity with Copper-
Rep. 14(1), 29028 (2024). Doped Cerium Oxide for Tumor Nanocatalytic Therapy. Adv Sci (Weinh). 11(11),

19. El-Beltagi HS, Ragab M, Osman A, El-Masry RA, Alwutayd KM, Althagafi H, Alqahtani €2307154 (2024).

LS, Alazragi RS, Alhajri AS, El-Saber MM. Biosynthesis of zinc oxide 30. Datta A, Mishra S, Manna K, Saha KD, Mukherjee S, Roy S. Pro-Oxidant Therapeutic
nanoparticles via neem extract and their anticancer and antibacterial activities. Peet]. Activities of Cerium Oxide Nanoparticles in Colorectal Carcinoma Cells. ACS Omega.
12, €17588 (2024). 5(17), 9714-9723 (2020).

20. Venkatesan, L.S., Sathishkumar, P. Recent advances in the removal of emerging pollutant 31. Kattookaran CV, Govindasamy R, Panneer Selvam S, Viswanathan D. Biosynthesis of
tetracycline using green nanomaterials: An eco-friendly mitigation approach. Int. J. Ag-doped MgO-ZnO nanocomposite with Cassia alata plant leaves extract and
Environ. Sci. Technol. 22, 5129-5142 (2025). assessment of their biological applications. Next Mater. 8, 100820 (2025).

21. Singh S, Prasad AS, Rajeshkumar S. Cytotoxicity, Antimicrobial, Anti-inflammatory and 32. Abhilash PK, Jegajeevanram P, Prabu P, Abdur Rahman M, Antony Prabhu A, Reyaz Ali
Antioxidant Activity of Camellia Sinensis and Citrus Mediated Copper Oxide Sahib K, Govindasamy C, Khan MI, Varaprasad K, Arulselvan P. Multifunctional cerium
Nanoparticle-An In vitro Study. ] Int Soc Prev Community Dent. 13(6), 450-457 (2023). oxide—copper oxide nanocomposites prepared via one-pot engineering precipitation:

22. Jayakodi S, Shanmugam R, Almutairi BO, Almutairi MH, Mahboob S, Kavipriya MR, antimicrobial, antioxidant and anticancer activities. ] Inorg Chem Soc.102(1), 101525.
Gandusckar R, Nicoletti M, Govindarajan M. Azadirachta indica-wrapped copper oxide (2025).

83



