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ABSTRACT 
 
 

Green Synthesized Graphene Oxide-Zinc Oxide/Copper Oxide 
Hybrid Nanocomposites With Potent Activity Against Breast 
Cancer Cells 

Sreelekshmi P.B a, Aparna S a, Chithra Mohan A.b, Reshma R Pillai a, Meera A.P a * 

 

The present study reports the green synthesis of graphene oxide from agricultural waste such as pineapple 

leaves, orange peels and rice bran along with zinc oxide and copper oxide nanoparticles synthesized using 

Morinda Umbellata leaf extract. The nanocomposites were synthesized via ex-situ synthesis by incorporating 

graphene oxide with zinc oxide and copper oxide nanoparticles. The structural and morphological 

characterizations of the synthesized nanomaterials were performed using X-ray diffraction, Fourier Transform 

Infrared spectroscopy, Scanning Electron Microscopy and Transmission Electron Microscopy. The in- vitro 

anticancer activity against MCF-7, a common human breast cancer cell line, was evaluated using the MTT (3-

(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay. Comparative analysis with standard 

anticancer drugs including Doxorubin and 5-fluorouracil further confirmed the efficacy of the nanocomposites. 

In vitro cytotoxicity studies on L929 fibroblast cells demonstrated excellent biocompatibility of the synthesized 

nanomaterials. However, a slight reduction in cell viability was observed at higher concentrations (100  g/ml). 

Microscopic studies revealed significant mitochondrial damage and subsequent cell death is treated cancer cells 

while exhibiting comparatively lower toxicity towards normal cells. Among all the tested nanomaterials, the 

nanocomposites exhibited the lowest LC-50 values indicating their excellent biocompatibility and reduced 

cytotoxic effects 
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1. Introduction 

Cancer is a broad group of diseases that can arise in almost any organ or tissue of the body. The disease begins when 

abnormal cells grow uncontrollably, multiplying rapidly and extending beyond their normal boundaries. According to 

World Health Organization, breast cancer caused approximately 666000 deaths among women worldwide in 2022 1. 

It remains one of the most common and life-threatening cancers affecting women globally posing a major public health 

challenge. 

 

Traditional cancer treatments such as radiation therapy, chemotherapy, surgery etc. are often associated with limited 

selectivity, harmful side effects and damage to healthy cells 2,3. These challenges have encouraged researchers to focus 

on nanomaterial based approaches to develop safer and more effective therapeutic systems 4,5. 

 

Among various nanomaterials explored, graphene oxide (GO) has been identified as a promising candidate due to its 

exceptional physicomechanical and biological properties. Graphene oxide is a two dimensional carbon nanostructure 

decorated with oxygen containing functional groups such as hydroxyl, epoxy, carboxyl group etc. which impart high 

surface area, excellent aqueous dispersibility, hydrophilicity and easy surface functionalization. These specialties make 

GO typically suitable for diverse biomedical applications-drug delivery, biosensing, bio imaging, tissue engineering, 

cancer therapy etc. 6-7 Moreover GO exhibits appreciable biocompatibility and can effectively interact with 

biomolecules, therapeutic drugs and metal nanoparticles thereby enhancing its therapeutic potential 8 

 

Although graphene oxide possesses unique structural, mechanical and physicomechanical characteristics, its inherent 

biological activity is relatedly limited for certain biomedical applications. To enhance its therapeutic potential, GO has 

been combined with metal and metal oxides nanoparticles to develop multifunctional nanocomposites with enhanced 

biological performance 9 

 

In particular, zinc oxide (ZnO) and copper oxide (CuO) nanoparticles have received considerable attention owing to 

their strong biological and physiocochemical properties including antimicrobial 10-12, photocatalytic 13,14, antioxidant 15 

and anticancer activities 16-17. These nanoparticles are able to induce the generation of reactive oxygen species (ROS), 

leading to oxidative stress, mitochondrial dysfunction and apoptosis on cancer cells 18. In vitro cytotoxicity studies were 

performed to evaluate the anticancer potential of nano iron oxide, nanocurcumin, and their nanocomposite against DLD-

1 (a colorectal adenocarcinoma cell line) colorectal cancer cells, while L929 fibroblast cells were used to assess 

biocompatibility and toxicity toward normal cells 19. 

 

Further the incorporation of CuO and ZnO nanoparticles into the GO framework improves the surface activity, stability, 

dispersibility and biocompatibiity of the nanocomposites, thereby enhancing their potential in biomedical and anticancer 

applications. 

 

In recent years, green synthesis or bio fabrication methods have gained considerable importance in nanomaterial 

synthesis because they are environmentally friendly and cost effective. Despite extensive advancements in the green 

synthesis and applications of CuO and ZnO, the green synthesis of GO and its multifunctional composites remains a 

relatively unexplored research frontier. The development of sustainable and ecofriendly strategies for GO based 

nanomaterials offers immense potential for addressing current challenges in nanotechnology, particularly, in the field of 

https://doi.org/10.18103/mra.v14i7.7594
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energy storage, catalysis, environmental remediation, biomedicine etc. Daimari et al. 20 reported that green-synthesized 

CuO–ZnO bimetallic nanoparticles (BNPs), prepared using Eryngium foetidum leaf extract, exhibited anticancer activity 

against MCF-7 breast cancer cells, along with antimicrobial and antioxidant properties, with bioactive compounds in the 

leaf extract mediating nanoparticle formation from Cu²⁺ and Zn²⁺ precursors. A simple one-step ferrofluid-based 

synthesis of graphene oxide–iron oxide magnetic composites (GO-IOF) produced carriers with superior magnetic 

properties and drug-loading efficiency compared to in situ synthesized composites (GO-IOI). Anastrozole-loaded GO-

IOF (GO-IOFA) showed the highest cytotoxicity against MCF-7 cells (49.7%), highlighting its potential as an effective 

chemotherapeutic drug delivery system. 21 

 

Doghish et al.22 reported that chitosan- and EDTA-functionalized graphene oxide nanocomposites exhibited enhanced 

anticancer activity against MCF-7 breast cancer cells, with GO-EDTA showing the highest cytotoxicity (IC₅₀ = 3.8 ± 0.18 

μg mL⁻¹). The nanocomposites induced apoptosis and cell-cycle arrest, highlighting their potential as effective anticancer 

agents. Green-synthesized graphene oxide–silver nanocomposites exhibited enhanced photothermal anticancer activity 

against A549 lung cancer and LN229 brain tumor cells under NIR irradiation, while showing minimal toxicity toward 

normal NIH3T3 cells. The anticancer effect was mediated through ROS generation, nuclear damage, and mitochondrial 

membrane potential loss, highlighting GO-AgNComp as a promising candidate for cancer therapy.23 

 

Biofunctionalized reduced graphene oxide nanosheets synthesized using Turbinaria ornata extract exhibited selective 

cytotoxicity against MCF-7 breast cancer cells with an inhibitory concentration fifty value of 31.25 µg/mL, while showing 

lower toxicity toward normal MCF-10A cells, indicating strong green anticancer potential compared to the crude extract. 

24 

 

In this study, we have adopted the strategy of utilizing carbonaceous precursors derived from renewable biomass or 

waste materials for graphene synthesis which strongly aligns with the principles of green chemistry. Such strategies can 

minimize dependence on non-renewable resources, promote waste valorization and offer environmentally benign routes. 

The novel GO- CuO/ZnO nano biocomposites were evaluated for their capacity to inhibit the growth of breast cancer 

cells. 

 

2. Materials and Methods 

2.1 MATERIALS  

The raw materials used or the synthesis such as pineapple leaf, orange peel and rice bran were gathered from pineapple 

farm, local fruit stalls and rice mills in Kollam district, Kerala. Ferrocene (98%) was purchased from Merck, Germany 

. 

2.2 SYNTHESIS OF NANO GO AND ITS COMPOSITES WITH CuO AND ZnO 

The collected agricultural waste materials, pineapple leaves, orange peels and rice bran were selected as natural carbon 

sources for graphene oxide synthesis. The materials were carefully cleaned with distilled water to remove adhering 

contaminants and then air dried. Each material was mechanically processed into a fine homogeneous powder. About 0.5 

g of pineapple leaf powder, 0.3 g orange peel powder and 0.15 g rice bran powder were mix.ed with 0.2 g ferrocene 

and muffled at 300 C for 30 minutes. The collected black residue was washed with dil.HNO3 and sonicated for 30 

minutes. The resulting suspension was then filtered, dried and processed for further analysis. ZnO and CuO nanoparticles 

https://doi.org/10.18103/mra.v14i7.7594
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were synthesized using Morinta Umbellata leaf extract following the previously reported method 14,25. Graphene oxide-

metal oxide nanocomposites were fabricated by belnding GO with corresponding metal oxide. The obtained 

nanocomposites were designated as CGO and ZGO 

 

2.3 EVALUATION OF ANTICANCER ACTIVITY BY MTT ASSAY 

MCF-7 human breast cancer cells (NCCS, Pune, India) were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM, 

Sigma-Aldrich, USA) under standard conditions (37 °C, 5% CO₂, humidified incubator). 

 

For the MTT assay, cells were trypsinized from a 2-day confluent monolayer, resuspended in 10% growth medium, and 

seeded at 5 × 10³ cells/well in a 96-well plate (100 µL/well). After incubation, the test sample (1 mg/mL in DMEM, 

sterile-filtered through 0.22 µm) was serially diluted two-fold in 5% DMEM and added (100 µl/well) in triplicate, 

alongside untreated control wells, followed by incubation at 37 °C with 5% CO₂. 

 

After 24 h treatment, media were removed and 30 µl of MTT solution (15 mg MTT in PBS ((Phosphate Buffer Saline)), 

filtered and reconstituted) was added to each well. Plates were incubated for 4 h, after which the supernatant was 

discarded and 100 µL Dimethyl Sulphoxide (DMSO) was added to dissolve formazan crystals. Absorbance was 

measured at 540 nm using a microplate reader to determine cell viability 26. 

 

The percentage of growth inhibition was calculated using the formula: 

      % Viability =  
Mean OD Sample

Mean OD Control group
× 100       

 

2.4 EVALUATION OF CYTOTOXICITY  

In vitro cytotoxic effect of the metal oxide nanoparticles was carried out in normal L929 (Fibroblast) cells. The cell line 

was grown in Dulbecco's modified Eagles media (DMEM) supplemented with 10% foetal bovine serum in a 25 cm2 tissue 

culture flask (FBS). A humidified 5% CO2 incubator was maintained at 37 °C with L-glutamine, sodium bicarbonate, 

antibiotic solution containing penicillin, streptomycin and amphoteracin B, as well as cultivated cell lines. Through direct 

observation of the cells using an inverted phase contrast microscope and the MTT assay method, the survival of the cells 

was monitored. The following formula was used to compute the percentage of viability:  

% Viability =  
Mean OD Sample

Mean OD Control group
× 100 

 

3. Results  

3.1 XRD ANALYSIS  

The nanocomposite formation was well confirmed by XRD analysis.  The XRD pattern of GO, ZGO and CGO are 

presented in Fig. 1. For ZGO, distinct peaks appeared at 2 values of 10.29, 31.84 , 34.3, 36.25, 47.3, 56.4 

and 62.7. The XRD pattern of the CuO/GO nanocomposites reveals prominent characteristic diffraction peaks of both 

CuO and GO with slight shifts in the 2 positions. The diffraction peaks are observed at 2 values of 10.19, 32.4, 

35.4, 38.7, 48.6, 53.6, 58.15 and 61.56. The change in peak intensities confirms the successful formation of 

CuO/GO nanocomposites. 

https://doi.org/10.18103/mra.v14i7.7594
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Figure 1 XRD pattern of a) GO b) ZGO and c) CGO 

 

3.2. FTIR SPECTRAL ANALYSIS  

The FT-IR spectrum of pristine GO exhibits several characteristic absorption bands corresponding to its oxygen-containing 

functional groups (Fig. 2). The FT-IR spectrum of pristine GO exhibits several characteristic absorption bands 

corresponding to its oxygen-containing functional groups. A broad band at 3421 cm-1 is assigned to the stretching 

vibrations of hydroxyl (O-H stretching) groups. A peak at 1747 cm-1 corresponds to the C=O stretching vibrations of 

carboxylic acid (COOH) groups. A distinct peak is observed at 1619 cm-1 representing the skeletal vibrations of 

unoxidized graphite domains. A band at 1053 cm-1 is attributed to the C-O stretching of alkoxy groups. For ZGO, peaks 

at 1580 cm-1 and 1052 cm-1 correspond to aromatic C=C and C-O stretching vibrations respectively.  A new, prominent, 

and strong absorption band emerges at a lower wavenumber of 460 cm-1 which is uniquely assigned to the Zn-O metal-

oxygen stretching vibration. In CGO, bands at 1593 cm-1 and 1502 cm-1 are attributed to aromatic C=C skeletal 

vibrations and C-O stretching respectively. A new sharp and intense peak appears at 516 which represent a distinct shift 

from the typical pristine Cu-O stretching vibration at 512 cm-1 

https://doi.org/10.18103/mra.v14i7.7594
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Figure 2 FTIR spectra of a) GO b) ZGO and c) CGO 

 

3.3 MORPHOLOGICAL CHARACTERIZATION 

3.3.1 SEM Analysis 

The surface morphology of GO, ZGO and CGO was examined by SEM analysis. The SEM image of GO (Fig. 3.1 a) The 

SEM micrograph of pristine GO displays a distinctly rough, layered, and wrinkled morphology. The individual nanosheets 

exhibit prominently curled, sharp edges. Energy-dispersive X-ray (EDX) analysis of the GO matrix confirms the presence 

of only two primary elements: Carbon (67.24 wt %) and Oxygen (32.76 wt%). No trace impurities were detected within 

the limits of the instrument. The SEM image reveals the deposition of ZnO nanoparticles across the GO surface (Fig. 3.1 

b). The nanoparticles exhibit an irregular spatial distribution, appearing anchored directly onto the basal planes and 

edges of the crumpled sheets. 

 

Similarly, the SEM micrograph of the CGO composite (Fig. 3.1 c) shows the successful integration of CuO nanoparticles 

with the carbon matrix. The particles are spread irregularly across the wrinkled topography of the GO nanosheets. 

 

https://doi.org/10.18103/mra.v14i7.7594
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Figure 3.1 a) SEM image and b) EDX spectrum of GO 

 

 

Figure 3.2 a) SEM image and b) EDX spectrum of ZGO 

 

   

Figure 3.3 a) SEM image and b) EDX spectrum of CGO 

 

3.3.2 TEM ANALYSIS 

The TEM image of GO (Fig. 4.1a) reveals thin, stacked flakes with a well-defined multilayered structure at the edges. 

The corresponding SAED pattern (Fig. 4.1b) exhibits distinct diffraction features, indicating the crystalline nature of GO. 

 

https://doi.org/10.18103/mra.v14i7.7594
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The TEM images of ZGO (Fig. 4.2a) and CGO (Fig. 4.3a) nanocomposites show the presence of metal oxide particles 

distributed within the GO matrix, suggesting successful incorporation of the respective metal oxides. The corresponding 

SAED patterns (Figs. 4.2b and 4.3b) display discrete diffraction spots arranged in concentric rings, characteristic of 

crystalline materials. 

 

  

Figure 4.1 a) TEM image and b) SAED pattern of GO 

 

  

Figure 4.2 a) TEM image and b) SAED pattern of ZGO 
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Figure 4.3a) TEM image and b) SAED pattern of CGO 

 

3.4 IN VITRO ANTICANCER AND CYTOTOXIC EFFECT   

The anticancer activity of GO, ZGO, and CGO against MCF-7 breast cancer cells was evaluated using the MTT assay. 

Microscopic images (Fig. 5) revealed a concentration-dependent decrease in the number of healthy cells following 

treatment with the materials. At the highest tested concentration (100 μg/mL), a marked reduction in the MCF-7 cell 

population was observed. Morphological changes indicative of cellular damage, including possible mitochondrial 

disruption, were also evident in the treated cells. The percentage cell viability of MCF-7 cells exposed to varying 

concentrations of GO, ZGO, and CGO is presented in Fig. 6. 

 

 

Figure 5.1 Microscopic images of GO nanoparticles on MCF-7 cells (a) control (b) 6.25 μg/mL (c) 12.5 μg/mL (d) 25 

μg/mL (e) 50 μg/mL and (f)100 μg/mL 
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Figure 5.2 Microscopic images of CGO nanoparticles on MCF-7 cells (a) control (b) 6.25 μg/mL (c) 12.5 μg/mL (d) 25 

μg/mL (e) 50 μg/mL (f) and 100 μg/mL. 

 

 

Figure 5.3 Microscopic images of ZGO nanoparticles on MCF-7 cells (a) control (b) 6.25 μg/mL (c) 12.5 μg/mL (d) 25 

μg/mL (e) 50 μg/mL and (f) 100 μg/mL. 
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Figure 6 Percentage viability of synthesized materials on MCF-7 cells 

The LC₅₀ values obtained after 24 h of treatment are compared in Fig. 7. Among the tested samples, ZGO exhibited 

the lowest LC₅₀ value, indicating the highest cytotoxic activity against MCF-7 cells. 

 

 

 

Figure 7 Comparison of LC 50 values of metal oxides, GO and composites with Doxorubicin for anticancer study on 

MCF- 7 cell line 

 

The in vitro cytotoxicity of GO, ZGO, and CGO toward normal L929 fibroblast cells was also assessed using the MTT 

assay. As shown in Table 1, all materials exerted minimal effects on cell viability at lower concentrations. Even at the 

highest tested concentration (100 μg/mL), cell viability remained above 90%, demonstrating low toxicity toward normal 

cells.  

  

https://doi.org/10.18103/mra.v14i7.7594
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Table 1 Percentage viability GO, CGO and ZGO for L929 cells 

 

Concentration (μg/ml) 

Percentage Viability (%) 

GO CGO ZGO 

6.25 94.53 98.40 97.50 

12.5 90.52 97.51 96.73 

  25 86.14 95.83 94.03 

  50 81.31 93.03 92.03 

100 76.91 92.82 90.29 

 

The LC₅₀ values of metal oxides, GO, their composites, and the standard drug 5-fluorouracil are compared in Fig. 8.  

 

 

Figure 8 LC 50 values of metal oxides, GO and their composites in cytotoxicity studies on L929 fibroblast cell lines 

 

Among the tested materials, ZGO and CGO exhibited superior biocompatibility. Microscopic examination of treated 

L929 cells (Fig. 9) revealed negligible morphological alterations and minimal cellular damage, further confirming their 

low cytotoxicity toward normal cells. 

 

https://doi.org/10.18103/mra.v14i7.7594
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Figure 9.1 Microscopic images illustrating the cytotoxic effects of GO on L929 fibroblast cell lines (a) control (b) 6.25 

μg/mL (c) 12.5 μg/mL (d) 25 μg/mL (e) 50 μg/mL and (f) 100 μg/mL. 

 

 

Figure 9.2 Microscopic images illustrating the cytotoxic effects of ZGO on L929 fibroblast cell lines (a) control (b) 6.25 

μg/mL (c) 12.5 μg/mL (d) 25 μg/mL (e) 50 μg/mL and (f) 100 μg/mL 
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Figure 9.3 Microscopic images illustrating the cytotoxic effects of CGO on L929 fibroblast cell lines (a) control (b) 6.25 

μg/mL (c) 12.5 μg/mL (d) 25 μg/mL (e) 50 μg/mL and (f) 100 μg/mL 

 

Discussion 

From the XRD results, a slight shift in the peak positions and decrease in the intensities compared to pure GO and ZnO 

indicate effective interaction between GO and ZnO, thereby confirming composite formation. The results also suggest 

homogeneous dispersion of metal oxide nanoparticles over the GO layers.  The appearance of sharp well defined 

diffraction peaks in the XRD patterns of both ZGO and CGO composites shows the high degree of crystallinity of the 

nanomaterials. The retention of the sharp peaks indicates that the crystallinity of the constituent metal oxides was 

preserved during the fabrication of the nanocomposites with graphene oxide. The shift in peak positions indicates minor 

alteration in the interplanar spacing which typically occurs due to the strong interactions between the metal oxide 

nanoparticles with GO sheets. The reduction in peak intensities further corroborates that the regular stacking of GO 

layers is disrupted by the incorporation of metal oxide nanoparticles As supported by Al-Rawashdeh et al. 27, these 

features collectively confirm that the metal oxide nanoparticles are uniformly and well-distributed across the GO matrix, 

preventing the restacking of graphene sheets. 

 

The comparative FT-IR analysis of pristine GO, ZGO, and CGO provides compelling evidence regarding the successful 

fabrication of the nanocomposites and the nature of the chemical environment at their interfaces. A critical observation 

in the spectra of both the ZGO and CGO nanocomposites is that while the fundamental skeletal bands of GO are 

retained, they undergo observable shifts in their absorption frequencies. This behavior indicates that the metal oxides 

are not merely physically mixed with the graphene sheets, but rather share strong chemical or electrostatic interfacial 

interactions. The shift of the aromatic C=C  bands 1619 cm-1  in GO shifting to 1580 cm-1   in ZGO and 1593 cm-1  in 

CGO implies alteration in the electronic cloud density of the graphene conjugated network, typically caused by the 

electron-withdrawing or electron-donating properties of the anchored metal oxide nanoparticles. The definitive proof of 

composite formation lies in the emergence of low-wavenumber metal-oxygen stretching bands, which are entirely absent 

in pristine GO. In ZGO, the presence of the strong Zn-O stretching band at 460 cm-1 matches the established values for 

crystalline zinc oxide lattices bonded to carbon frameworks 28. In CGO, the sharp peak at 516 cm-1 is highly indicative 

of the monoclinic CuO phase. The slight blue shift from the standard bulk CuO value (512 cm-1) further reinforces that the 

https://doi.org/10.18103/mra.v14i7.7594


  

Medical Research Archives | https://doi.org/10.18103/mra.v14i7.7594 16 

THE EUROPEAN SOCIETY OF MEDICINE 
 

CuO nanoparticles are constrained by and tightly bound to the GO matrix 29. Additionally, the noticeable weakening or 

shift of the oxygen-rich functional groups (such as the C-O shifts) suggests that the metal cations, Zn2+ and Cu2+) may 

have coordinated with the hydroxyl or carboxyl sites on the surface of the GO sheets during the synthesis process, acting 

as nucleation sites for nanoparticle growth. 

 

The microscopic and elemental analyses provide vital visual and compositional evidence regarding the exfoliation of 

graphene oxide and the subsequent nucleation of the binary metal oxides ZnO and CuO as confirmed by SEM analysis. 

The wrinkled and layered structure with curled edges observed in the pristine GO micrograph is a well-documented 

morphological feature.  The EDX elemental breakdown 67% C and 33% O) yields a characteristic carbon-to-oxygen 

(C/O) ratio that confirms a high degree of oxidation during the synthesis, ensuring abundant surface anchoring sites for 

the foreign metal cations. Upon the synthesis of the ZGO and CGO nanocomposites, the retention of the underlying 

wrinkled GO sheet structure acts as an excellent template or 2D support framework. The irregular distribution of the 

ZnO and CuO nanoparticles across the sheets indicates that nanoparticle nucleation is highly localized. 

 

The layered morphology observed in the TEM image of GO confirms the formation of graphene oxide sheets with stacked 

flake-like structures. The multilayered edges are typical of exfoliated GO and indicate the retention of its sheet-like 

architecture. The SAED pattern further supports this observation by confirming the crystalline character of the material. 

 

For the ZGO and CGO nanocomposites, the TEM micrographs demonstrate that the metal oxide nanoparticles are 

effectively dispersed throughout the GO framework. Such dispersion is important for maximizing interfacial contact 

between the metal oxides and GO, which can enhance the physicochemical properties of the composites. The SAED 

patterns showing concentric diffraction rings with discrete spots confirm the presence of crystalline phases in both 

composites. These results collectively verify the successful synthesis of ZGO and CGO nanocomposites and indicate that 

the incorporation of metal oxides does not adversely affect the crystallinity of the resulting materials. 

 

The MTT assay results demonstrate that GO-based nanocomposites possess significant anticancer activity against MCF-

7 breast cancer cells. The observed decrease in cell viability with increasing concentration indicates a dose-dependent 

cytotoxic effect. The pronounced reduction in cell population and the morphological changes observed in microscopic 

images suggest that the materials adversely affect cellular integrity and metabolic activity, ultimately leading to cell 

death. 

 

Among the tested materials, ZGO exhibited the highest anticancer efficacy, as evidenced by its lowest LC₅₀ value. This 

enhanced cytotoxicity may be attributed to the synergistic interaction between ZnO nanoparticles and GO. ZnO 

nanoparticles are known to generate reactive oxygen species (ROS), while GO provides a large surface area that 

facilitates nanoparticle dispersion and promotes stronger interactions with cancer cells. The combination of these 

properties likely enhances cellular uptake and increases intracellular oxidative stress. 

 

Excessive ROS generation can disrupt the cellular redox balance, causing oxidative damage to proteins, lipids, and DNA. 

Furthermore, interactions between the nanocomposite and the cell membrane may compromise membrane integrity, 

resulting in leakage of cellular contents and loss of normal cellular function. These combined effects can activate apoptosis 

or induce necrotic cell death, thereby reducing cancer cell viability. The proposed mechanism of action is illustrated in 

Fig. 10. 

https://doi.org/10.18103/mra.v14i7.7594
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In contrast to their pronounced anticancer activity, GO, ZGO, and CGO exhibited excellent biocompatibility toward 

normal L929 fibroblast cells. The high cell viability observed even at 100 μg/mL, together with the absence of significant 

morphological damage, indicates selective toxicity toward cancer cells while sparing normal cells. The superior 

biocompatibility of ZGO and CGO suggests their potential suitability for biomedical applications, where effective cancer 

cell inhibition combined with minimal toxicity to healthy tissues is highly desirable. These findings highlight the promise of 

GO-based metal oxide nanocomposites, particularly ZGO, as potential candidates for anticancer therapeutic 

applications. 

 

 

Figure 10 Schematic illustration of the possible anticancer mechanisms of the nanocomposites 

 

Conclusions 

Graphene oxide and CuO/GO and ZnO/GO nanocomposites were successfully synthesized and characterized for their 

elemental, structural and morphological properties. The abundant functional groups on GO facilitate strong interactions 

with metal oxide nanoparticles preventing agglomerations and enhancing their dispersion and stability. While GO alone 

exhibits limited activity, its integration with metal oxide significantly improves its functional performance. Cytotoxicity 

studies on normal L929 fibroblast cells demonstrated high biocompatibility with cell viability remaining above 90% even 

at 100 g/ml5. In addition, the nanocomposites showed promising anticancer activity against human breast cancer cells. 

The synthesized nanocomposites hold significant use for anticancer applications combining effective activity against 

breast cancer cells with low toxicity in normal cells.  Among all the tested materials, the GO-based nanocomposites 

exhibited the lowest LC50 values against MCF-7 cells, indicating enhanced anticancer efficacy along with favorable 

biocompatibility. The synergistic interaction between graphene oxide and metal oxide nanoparticles contributed to 

improved therapeutic performance and selective cytotoxicity. Overall, the findings highlight the potential of green-

synthesized GO-ZnO and GO-CuO nanocomposites as promising, sustainable, and biocompatible nanotherapeutic 

agents for breast cancer treatment. Further in vivo studies and mechanistic investigations are warranted to facilitate their 

translation into biomedical applications. 
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