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Abstract:  

Biosynthesis of copper oxide and zinc oxide nanoparticles by sustainable and environmentally 

friendly procedure using Lactobacillus plantarum bacteria as a reducing and capping agents. 

The biosynthesized nanoparticles were characterized using different techniques. XRD results 

demonstrated that the synthesized CuO crystals possessed a tenorite monoclinic phase with an 

average crystallite dimension of 24.78 nm, while ZnO formed hexagonal wurtzite crystals of 

27.41 nm length. SEM analysis showed that CuO nanoparticles existed as quasi-spherical 

shapes while ZnO nanoparticles displayed hexagonal rod-like structures that matched their 

crystal arrangements. The EDS analysis showed both nanoparticles contained high-purity 

elements while they harbored only minimal bacterial remnants. The MTT assay was utilized to 

evaluate the anticancer activity of CuO/ ZnO nanoparticles against K562 erythroleukemic cells 

with normal human fetal fibroblast (HFF) cells serving as controls. The biosynthesis of metal 

oxide nanoparticles showed potential cancer therapy options for erythroleukemic conditions 

where CuO nanoparticles proved superior anticancer efficacy compared to ZnO nanoparticles. 

The CuO nanoparticles exhibited good cytotoxicity against cancer K562 cells with an IC50 

value of 135.46 μg/ml, whereas, ZnO nanoparticles exhibited a moderate activity showing an 

IC50 of 438.23μg/ml. Notably, CuO/ZnO nanoparticles displayed selective cytotoxicity against 

cancer K562 cells and minimal cytotoxicity against normal HFF cells, where the viability rates 

stayed above 65% even when high concentrations were applied. This selective targeting ability 

is credited to the variability in the functionality of a membrane, metabolic rates, and antioxidant 

defense mechanisms between cancer and normal cells, plus the formation of protein layers of 

corona on the surface of the nanoparticle. 
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Introduction 

Cancer represents one of the key reasons for death throughout the world and traditional 

chemotherapy approaches are regularly accompanied by a restricted impact due to the 

cumulative toxicity of the medicine, drug resistance, and poor specificity [1]. As a result, there 

is a rapid increase in the development of new therapeutic methods with higher efficacy and 

fewer adverse effects. Cancer therapy has emerged to be one of the greatest fields of 

applications of nanotechnology on account of the high surface- to- volume ratio, tunable size, 

and surface functionalization properties of metal oxide nanoparticles, which have increasing 

attention [2]. Cu-oxide (CuO) and Zn-oxide (ZnO) have demonstrated a strong potential to fight 

against cancer. They use several mechanisms whereby they produce reactive oxygen species 

(ROS), apoptotic induction, inhibits the cell cycle and causes DNA damage on cancer cells. 

Plagued by their promise, the former legacy physical and chemical methods of producing such 

nanoparticles tend to be supported by dangerous chemicals, drain a lot of energy, and can 

produce toxic waste. These problems are a matter of grave concern in terms of their 

environmental impact and the safety they have for medical use [3,4]. Recently, the biosynthesis 

or green synthesis of nanoparticles via the use of microorganisms has become popular because 

it is an environmentally-friendly, economical, and biocompatible option [5]. The biosynthesis 

technique uses the organic compounds found in microorganisms as reducing and stabilizing 

assays, and this eliminates the need to use toxic chemicals and complicated procedures. Lactic 

acid bacteria especially the Lactobacillus genus, stand out among diverse microorganisms is a 

factor in the production of nanoparticles due to their strong virulent enzymatic machinery and 

metabolic abilities, respectively [6]. L. plantarum is a gram positive, facultative anaerobic 

bacterium which is commonly found in various fermented foods and also is commonly present 

in our gut. It has a diverse set of enzymes that can cause the conversion of metal ions to 

nanoparticles [7]. This organism generates extracellular enzymes, proteins, and other 

metabolite that can be used as natural reducing and stabilizing assays. Hence, the formed 

nanoparticles become not only stable but also more biocompatible, which makes L. plantarum 

an appealing candidate for the green nanoparticle synthesis [8]. Despite the fact that many of 

the previous investigations have sought to advance our knowledge in relation to the 

biosynthesis of metal oxide nanoparticles utilizing diverse microorganisms, the efficiency of L. 

plantarum in the synthesis of CuO and ZnO nanoparticles and their anticancer applications 

have been relatively uncovered. Therefore, this study seeks to determine biosynthesis of CuO 

and ZnO nanoparticles with the use of L. plantarum and determine the cytotoxicity toward 

K562 erythroleukemic with normal human fetal fibroblast (HFF) cells as controls. The study 

contributes to the growing body of knowledge on green synthesis of nanoparticles and metal 

oxide promising potential uses in cancer treatment, highlighting the importance of sustainable 

and biocompatible approaches in nanomedicine. 
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Material and Methods 

Material 

Copper sulfate pentahydrate (CuSO4·5H2O) and zinc sulfate heptahydrate (ZnSO4·7H2O) were 

obtained from Sigma-Aldrich (St. Louis, MO, USA). De Man, Rogosa, and Sharpe (MRS) 

broth and agar from HiMedia Laboratories (Mumbai, India). RPMI-1640 medium, Dulbecco's 

Modified Eagle Medium (DMEM), fetal bovine serum (FBS). The cell culture experiments 

were carried out using a penicillin/streptomycin solution, L-glutamine, and trypsin-EDTA, 

which were acquired at Gibco (Thermo Fisher Scientific, Waltham, MA, USA), whereas MTT 

and DMSO were obtained at Merck (Darmstadt). PBS tablets were obtained at Oxoid Ltd. 

(Hampshire, UK). All experiments were done using ultrapure water (18.2 MΩ·cm). 

 

Methods 

Bacterial Strain and Culture Conditions 

Lactobacillus plantarum was originally isolated from 25 clinical samples using the routine 

isolation procedure employed by our lab. Bacterial isolate was identified using the standard 

techniques of microbiology, that is, Gram staining, colony morphology, and biochemical 

identification by catalase and oxidase, and sugar fermentation test. The established L. 

plantarum strain was retained on MRS agar and stored as glycerol stocks at -80°C. To obtain 

periodic growth, a single colony of L.plantarum was put into an MRS broth, then incubated for 

24 h at (37 °C) in the anaerobic atmosphere in an anaerobic jar with AnaeroGen sachets (Oxoid, 

UK). The late exponential phase (OD600 ≈ 1.8). The bacterial culture was centrifuged at 4 oC 

(6000 ×  𝑔 𝑖𝑛 15 𝑚𝑖𝑛). 

 

Biosynthesis CuO and ZnO nanoparticles 

Preparation of cell-free extract: the pellet of the bacteria was washed twice using sterile PBS 

(pH 7.4) and then re-suspended in PBS to give a final concentration of approximately 10⁹ 

CFU/mL. The bacterial suspension was then sonicated (Sonics Vibra-Cell VCX 130, USA) at 

40% amplitude with 30 s pulses and 30 s intervals for 10 min on ice. The cell debris was stripped 

by centrifuging the aliquot of the sonicated mixture at 12,000 x g and 4 oC for 20 min. Obtained 

supernatant was filtered with the help of 0.22 µm Millipore (USA) membrane filter and was 

utilized as cell-free extract in the production of nanoparticles. 

Synthesis of CuO nanoparticles:10 mL of cell-free extract and later neutralizing 90 mL of 1 

mM copper sulfate solution. Incubation was performed for 48h at the reaction mixture in 0.5mL 

microtubes at 30°C with constant stirring at 150 rpm. The change of color from light blue to 

brownish-black revealed the development of CuO nanoparticles. The centrifugation of 

nanoparticles at 10000 rpm for 20 min using ultrapure water removed unreacted salts and 

bacterial proteins from them. The dried nanoparticles were then purified which were dried again 

for 24 h at 60°C in a hot air oven. 

Synthesis of ZnO nanoparticles:10 ml of the culture was combined with 90 mL of 1 mM zinc 

sulfate solution. The mixture was incubated for 48 h at 30°C with continuous stirring at 150 
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rpm. The process of formation of ZnO nanoparticles was evident from the color change from 

colorless to white. The nanoparticles were harvested by centrifugation (10,000 rpm, 20 min) 

and washed extensively in ultrapure water. The obtained ZnO nanoparticles were dried at 60°C 

for 24 h. 

 

Cell Culture 

Human erythroleukemic K562 cell line and normal human fibroblast (HFF) cells were 

purchased as cryopreserved vials in American Type Culture Collection “ATCC, Manassas, VA, 

USA”. RPMI-1640 Medium supplemented with 10 % FBS, 2 mM L-glutamine and 1 % 

penicillin-streptomycin were used to cultures K562 cells. Culturing of HFF cells was performed 

in DMEM 10% FBS, 2 mM L-glutamine; 1% penicillin-streptomycin. The culturing of both 

cell lines was done in a coefficient atmosphere of 5% CO2 and at a temperature of 37 o C. At 80 

to 90 % confluence, the cells were subcultured and culture medium was changed after every 48 

hrs. 

 

Cytotoxicity Assessment by MTT Assay 

Cytotoxic effects of biosynthesized CuO and ZnO nanoparticles were determined by MTT 

(tetrazolium violet) colorimetric assay. For the K562 cells, a seeding weight of 1 × 104 cells per 

well was used in the 96-well plates, and for the HFF cells, a seeding weight of 5 × 103 cells/well 

was used. The cells were subsequently exposed to different concentrations (0; 25; 50; 100;200; 

400;800) μg/mL of CuO or ZnO nanoparticles suspended in respective culture media after 24 

hrs of incubation. The nanoparticle suspensions were prepared from stock solutions fresh just 

before use, sonicated for 15 min to avoid aggregation, and sterilized using 0.22 μm glass filters 

before use. After incubation for 48 hrs, 20. ul of MTT solution (5mg/ml) in PBS was then added 

to each well and incubated at 37 °С for 4 hrs. Then, for adherent HFF cells, the medium was 

removed with care, followed by dissolving the formed formazan crystals in 150 μL of DMSO. 

The centrifugation of the plates with a suspension of K562 cells was done at 1,500 rpm during 

5 min, the supernatant was carefully removed and the formazan crystals were dissolved in 150 

μL of DMSO. Absorbance was displayed at 570 nm with a reference at 630 nm with the micro 

plate reader (BioTek Synergy H1; USA). A cell viability was determined with the help of the 

following equation: 

𝐶𝑒𝑙𝑙 𝑣𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 = {[
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑒𝑑𝑐𝑒𝑙𝑙𝑠

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑐𝑒𝑙𝑙𝑠
] × 100 %} … … … … 1  

The software GraphPad Prism (version 8.0, GraphPad Software Inc., San Diego, CA, USA) 

calculated the half maximal inhibitory concentration (IC 50) against the log of nanoparticle 

concentration. 

 

Characterization 

The crystalline structure determination was achieved through X-ray diffraction (XRD) utilizing 

a Bruker D8 advanced diffractometer. Operating parameters were monochromated Cu Kα 
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radiation (λ=1.54060 Å) at 40 mA and 50 kV. Diffraction patterns were automatically recorded 

within the 2θ range of 20-90° intervals with high-resolution data acquisition parameters (0.01° 

step size and 1.5 s per step). Surface topology and nanostructural features were observed with 

the Hitachi SU8220 field emission scanning electron microscope, which was operated with an 

acceleration voltage of 20 kV. An energy-dispersive X-ray spectroscopy with an EDAX 

detector system quantitative elemental analysis was also carried out. 

 

Result and discussion 

The crystalline structure of CuO and ZnO nanoparticles was analyzed by X-ray diffraction 

(XRD). X-ray diffraction functions based on Bragg's law that establishes a relation between 

interplanar spacing and diffraction angle. 

𝑛𝜆 = 2𝑑 sin 𝜃 … … . . … . 2 

The X-ray diffraction pattern depends on four main elements which include the diffraction 

order (n) and X-ray wavelength (λ) as well as the crystal lattice plane spacing (d) and X-ray 

beam incident angle (θ) [9]. The relation functions as a fundamental basis for crystal structure 

discovery in crystalline substances. The crystallite size has been estimated by using the Debye-

Scherrer equation: 

𝐷 = 0.9𝜆/𝛽𝑐𝑜𝑠𝜃 … … … … … . . 3 

D is the crystallite size, and λ is the wavelength of the X-ray, β is full-width at half-intensity 

(FWHM) of the diffraction peak, and θ is the Bragg angle [10]. The X-ray diffraction patterns 

confirm successful biosynthesis of crystalline ZnO and CuO nanoparticles with L. plantarum 

as the biological mediator. The clearly defined diffraction patterns suggest that the bacterial 

synthesis route would give rise to high-quality nanocrystals with specific phase compositions 

which are appropriate for use in biomedical applications. The XRD patterns of the CuO 

nanoparticles shown in the figure (1) exhibit characteristic peaks at the 2θ values of 35.57°, 

38.76°, and 48.79° which align with the monoclinic tenorite phase (entry COD: 96-901-6327). 

Bacterial synthesis of pure crystalline CuO shows the efficacy of L. plantarum to enable the 

reduction and oxidation processes that are needed to form CuO as reported by [6].  

 
Fig. (1): XRD pattern of copper oxide (CuO) NPs. 
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Average size 24.78 nm crystallites with fairly uniform size distribution over different 

crystallographic orientations present controlled biosynthesis conditions. This size range is 

especially significant in terms of anticancer applications as CuO nanoparticles operating in this 

size range have been shown to actively cause selective cytotoxicity with cancer cells through 

reactive oxygen species(ROS) generation and DNA damage [2,11]. The diffraction peaks of 

characteristic nature in the biosynthesized ZnO nanoparticles XRD patterns shown in the figure 

(2) correspond to 2θ values of 31.915°, 34.576° and 36.395° which are indexed to the (100), 

(002), and (101) planes of “hexagonal wurtzite” structure (COD entry: 96-900-8878). The close 

resemblance of d-spacing values of experimental samples and the standard references validates 

the formation of pure-phase ZnO free of such contaminants and bacterial residues that would 

affect the crystal lattice. These results correlate with the results of previous studies on 

biosynthesized ZnO nanoparticles [8]. The average crystallite size of 27.41 nm is characterized 

as being within the desirable range of natural interactions, since the nanoparticles of 20-30 nm 

have been shown in literature to exhibit improved uptake in the cells and anticancer efficacy 

[12]. The minor preferential growth in terms of (002) direction (32.15 nm) should have some 

effect on the particle morphology and therefore on the biological activity of the particles, an 

observation previously reported by [13]. The successful crystalline metal oxide nanoparticle 

formation using L. plantarum-mediated synthesis marks on a major advancement in the green 

nanomaterial fabrication. The bacterial synthesis presumably requires extra cellular enzymes 

and metabolites which are able to mediate the reduction of metal ions and then onward 

oxidation of metal ions to form stable metal oxide nano structures [14]. 

 
Fig. (2): XRD pattern of zinc oxide (ZnO) NPs. 
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The fact that the narrow size distribution and high crystallinity were observed both in CuO and 

ZnO samples indicates that bacterial synthesis is able to give control over nucleation and 

growth process possibly without hazardous chemicals, traditionally required in the 

conventional synthesis approach [15]. XRD analysis is an important key in deciphering the 

structural characteristics of biosynthesized nanoparticles, and the nature of these characteristics 

in relation to their anticancer potential. The crystallite sizes, which vary between 24–27 nm, 

are adequate for uptake by cells, if they have an appropriate surface area for biological 

interactions. Their high crystallinity may also favor the production of ROS, that major 

mechanism in which metal oxide nanoparticles kill cancer cells [16,17]. Furthermore, the purity 

of the phases investigated through XRD confirms that the anticancer activity documented can 

surely be attributed to ZnO and CuO nanoparticles and not because of the presence of unwanted 

phases or impurities. Because of the biogenic synthesis of these nanoparticles, they may also 

provide enhanced biocompatibility than the chemically synthesized ones, which might reduce 

the chance of toxicity to healthy cells [18,19]. Overall, XRD offers important structural 

confirmation which supports further use of such nanoparticles in biologic testing and allows 

for defining a direct relationship between their crystal structure and anticancer activity. 

The SEM micrographs of biosynthesized CuO nanoparticles figure 3 (a) show quasi-spherical 

morphology with moderate agglomeration. At both magnifications, the particles show 

relatively uniform size distribution with diameters, that is, approximately 20-30 nm, which is 

well correlated with the XRD-derived crystallite size of 24.78 nm. The minimal agglomeration 

observed can be explained by high surface energy of nanoparticles and possible cross-linking 

by bacterial biomolecules serving effectively as capping agents [11]. The surface texture 

exhibits moderate roughness with interconnected particulates which suggests mechanism of 

nucleation and growth utilizing bacterial proteins and metabolites to mediate it. This 

morphology is favorable for anticancer applications as it has high surface area-to-surface ratio 

for better cellular interplay and drug loading possibility [20].  

 
Fig. (3): SEM surface morphology of CuO (a-left) and ZnO (b-left) nanoparticles. 
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The ZnO nanoparticles figure 3 (b) exhibit a more pronounced morphology consisting of 

hexagonal/rod-like structures with facets, associated with the wurtzite crystal structure 

identified by the XRD. The particles seem to be a little bigger than CuO nanoparticles, their 

size being somewhere around 25-35 nm, which correspond to the calculated by the XRD 

average crystallite size of 27.41 nm. The particles are displayed with crisp boundaries and 

defined shapes unlike CuO suggesting various growth mechanisms in L. plantarum mediated 

biosynthesis. The observed morphology is of particular value in anticancer applications due to 

the reported increased photocatalytic properties and ROS generation ability of hexagonal ZnO 

nanostructures, directly correlating with the cytotoxicity towards cancer cells [12,16].  

The EDS spectrum figure 4 of biologically synthesized CuO nanoparticles attest to the 

successful preparation of a copper oxide with low impurities. Quantitative analysis indicates a 

composition that is 70.26 wt% Cu and 20.24 wt% O, which approximates the theoretical 

stoichiometric in a CuO structure. The carbon 9.51 wt% can be attributed to organic residues 

of the L. plantarum bacterial synthesis process and in particular extracellular proteins and 

metabolites that possibly act as capping and stabilizing agent during nanoparticle formation 

[6]. The atomic percentage distribution (34.97% Cu and 40.00% O) further favors the phase of 

the oxide as opposed to elemental copper, with the excessive oxygen above stoichiometric level 

indicating possible surface oxidation or, adsorbed hydroxyl groups typical for biogenic 

nanoparticles [7]. The strong characteristic at 8.09 keV (Cu Kα) and 0.54 keV (O Kα) with the 

probability 100 % identification confirms the primary elemental composition with no 

detectable metallic impurities indicating high purity of biosynthesized CuO nanoparticles. This 

elemental purity is necessary for biomedical use especially; anticancer therapies where the 

inclusion of unintended metals could create a confounding toxicity [2]. 

 
Fig. (4): EDS spectrum of CuO nanoparticles. 
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In case of ZnO nanoparticles, EDS spectrum figure 5 also confirms successful biosynthesis 

with Zn and O as the major elements. The quantitative results give; 55.51wt% Zn and 40.73 

wt% O, which is close to the stoichiometric composition for ZnO. The 22.90% Zn and 68.65% 

O atomic percentage ratio suggests oxygen-rich surfaces, a typical phenomenon associated with 

biosynthesized ZnO nanoparticles which can increase their potential to generate reactive 

oxygen species (ROS) [17]. The lower carbon content (3.76 wt%) of ZnO L. plantarum 

compared to CuO nanoparticles indicates varied interaction mechanism of L. plantarum 

metabolites and zinc ions during biosynthesis [8]. The automatic identification results indicate 

strong peaks of 8.67 keV (Zn Kα) and 0.51 keV (O Kα). The detection of trace signals of Na, 

Ne, Zr, Re and Ra, at very low probability levels could be contributed to by background noise 

or minimal contaminants from bacterial culture medium which is a common trend observed in 

green synthesis methods [14]. 

 

 
Fig. (5): EDS spectrum of ZnO nanoparticles. 
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maintain releases of toxic metal ions in the acidic tumor environment thus prolonging its 

therapeutic effect [22]. These structural and compositional properties taken together support a 

powerful physicochemical rationale for the biological testing of these nanoparticles and may 

inform their use in targeted and efficient cancer therapy [23]. 

 

MTT Assay for Cytotoxicity of CuO and ZnO Nanoparticles 

The cytotoxic effects of biosynthesized CuO and ZnO nanoparticles were evaluated in the 

human erythroleukemic cell line (K562) and human fetal fibroblast (HFF) cell line through the 

MTT assay. A dose-responsive response was evidenced in both cell types after an 48h of 

exposition at the physiological temperature (37°C). As demonstrated in Figure 6, CuO NPs 

induced significant dose-dependent toxicity in K562 cells. Cell viability decreased as the CuO 

NPs’ concentration rose from 25 to 800 μg/mL, from 64.5 ± 11.4% to 39.5 ± 12.5%; IC₅₀ was 

recorded 135.46 Strikingly, consequences of the normal HFF cell exposure to these 

nanoparticles showed markedly decreased cytotoxicity, with HFF viability staying within the 

range of 86.5 ± 6.4% to 72.6 ± 6.6% at the tested concentration range (Table 1). The observation 

of different cytotoxic effects on cancer from normal cells reinforce the idea that CuO NPs have 

a potential anticancer mechanism particularly that is needed for the clinical usage. 

 

Table (1): Cytotoxicity effect of CuO and ZnO NPs on K562 and HFF cells after 48 hrs 

incubation at 37 ºC. 

Concentration µg 

mL-1 

Mean Viability (%) ± SD 

K 562 

CuO NPs 
HFF 

K562 

ZnO NPs 
HFF 

800 39.5± 12.476 72.573± 6.632 51.75 ± 41.580 71.870 ±33.630 

400 40.05 ± 19.568 71.448± 5.715 46.45 ±10.5 73.488 ±30.554 

200 46.45 ± 6.184 81.082±9.105 34.75 ± 7.932 65.260 ±8.640 

100 46.45 ± 11.264 85.302 ± 2.753 41.95 ± 24.730 70.253 ±25.104 

50 46.55 ± 11.265 86.990 ± 5.439 45.25± 23.837 73.347 ±9.358 

25 64.5± 11.445 86.497 ± 6.350 97.25 ± 40.037 93.178±10.045 

0 100± 29.518 100 ± 24.090 100 ±29.518 
100 ±24.090 

 

ZnO NPs also exhibited concentration-dependent cytotoxicity with differing potency and 

response profiles. As it is seen in Figure 7, K562 cell viability fell from 97.3 ± 40.0% at 25 

μg/mL to 34.8 ± 7.9% at 200 μg/mL after exposure to ZnO NPs At high concentrations (400-

800 μg/mL), cytotoxic effects plateaued rather than escalating, possibly reflecting saturation or 

aggregation limiting bioavailability. 
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Fig. (6): Cytotoxic effect of CuO NPs on K562 and HFF cells after 48 hrs incubation at 37ºC. 

The obtained IC50 value for ZnO NPs (438.23)μg/mL implies that the cytotoxicity of ZnO NPs 

is significantly milder compared to that reported for CuO NPs. ZnO NPs, similar to CuO NPs, 

exhibited low toxicity towards normal HFF cells with cellular viability ranging in a narrow 

range of 93.2 ± 10.0% – 65.3 ± 8.6% at every tested concentration. 

 
Fig. (7): Cytotoxic effect of ZnO NPs on K562 and HFF cells after 48 hrs incubation 

at 37 ºC. 

The assessment shows that CuO NPs are rather three times more cytotoxic to K562 cells in 

comparison with ZnO NPs, opposing to their IC50 values. These findings are consistent with 

recent research that uncovers that there is higher cytotoxicity of copper-based nanomaterials 

compared to zinc-based nanomaterials in various cancer cell lines [24,25]. Additional evidence 

for quantitative results presented in Figure 8 can be found in its micrographs, showing 

morphological changes in K562 cells with higher CuO NPs concentrations (cell shrinkage and 

membrane blebbing). The increased toxicity seen in cancer cells should be given special 

consideration when developing therapeutic strategies. There are several reasonable reasons 

why the seen selective cytotoxicity occurs. Normal cells are different from cancer cells with 
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regards to membrane permeability, metabolic rates and antibodies against free radicals which 

are often distorted in cancer cells [26]. Such qualities can result in increased internalization of 

nanoparticles and increased sensitivity to oxidative stress. Recent research by [27] 

demonstrated that copper oxide nanoparticles are selectively accumulated in cancer cells, 

although they mostly rely on their unique endocytosis function and impaired efflux pathways. 

The significant variation in cytotoxic effect of CuO and ZnO nanoparticles may largely be 

attributed to some variance in their physicochemical properties and rate at which they dissolve. 

The release of Cu ions from CuO NPs is reported to be able to deplete the glutathione levels by 

a greater amount compared to Zn ions leading to disruption of the redox balance and 

initialization of the apoptotic pathways specifically in cancer cells [28]. In addition, the quasi-

spherical shape of CuO NPs that is presented here could provide easier penetration into cells 

than Zn. Appearance of protein corona on biosynthesized nanoparticles represents an important 

interaction affecting overall biological performance of them. The application of biomolecules 

produced by L. plantarum coating to these nanoparticles may regulate how they physically 

interact with the cells by means of receptor mediated interactions. Protein coronas created out 

of bacteria may enhance nanoparticle stability and safety, also selectively target and kill cancer 

cells through their specific molecular recognition [29]. Further investigations are needed to 

elucidate the cause of the plateau effect in the existence of higher levels of ZnO NPs. Noted 

similar outcomes when using metal oxide nanoparticles and proposed that agglomeration at 

high concentrations is the reason behind these limitations due to the decrease in effective 

surface area and cellular contact [30]. 
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Figure (8): Dose-response curve of K562 erythroleukemic cells cancer cells treated with 

CuO/ ZnO nanoparticles as determined by MTT assay. 

The IC50 values obtained in this study, particularly at 135.46 μg/mL for CuO NPs, are marginal 

in their potential as a therapeutic advantage. Meta-analyses have reported IC₅₀ values for metal 

oxide nanoparticles in cancer cell lines covering 25–500 μg/mL range [31,32]. Unlike many 

old anticancer drugs, these nanoparticles exhibit a specific mechanism of action, which may 

reduce the unwanted side effects during cancer therapy, even at increased IC50 values. 

 

Conclusion  

Lactobacillus plantarum was employed to successfully produce nanoparticle derivatives of 

CuO and ZnO, demonstrating an environmentally friendly strategy. XRD analysis revealed 

indications for monoclinic tenorite CuO (24.78 nm) and hexagonal wurtzite ZnO (27.41 nm); 

while SEM offered images of CuO nanoparticles having quasi-spherical morphologies, and 

ZnO nanoparticles. The outcome of EDS spectroscopy justified the elemental composition and 

forward their minimal nature of bacterial residues. The assessment using MTT assay 

demonstrated great anticancer potency against K562 erythroleukemic cells, where CuO 

nanoparticles were significantly stronger (IC50 = 135.46 μg/ml) than ZnO (IC50 = 43 Selective 

cytotoxicity of nanoparticles is evident based on the outcome of toxicity in both cancer and 

non-cancer cells with HFF fibroblasts maintaining viability above 65% at doses fatal to cancer 

cells. This preferential cytotoxicity can be accounted for by decreased membrane-stability, 

deranged metabolic regulation, and lowered antioxidant potential in cancer cells. These results 

show the promise that biogenically produced metal oxide nanoparticles have to be effective 

candidates for targeted cancer therapy. The implantation of these nanoparticles into more 

technologically advanced delivery systems could increase both the therapeutic outcomes of 

these nanoparticles and their appropriateness for human trials. 
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