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Abstract

The control over bacterial diseases requires the development of novel antibacterial

agents. The use of antibacterial nanomedicines is one of the strategies to tackle anti-

biotic resistance. The study was designed to assess the antimicrobial activity of

cerium oxide (CeO2) nanoparticles (NP) of two different sizes (CeO2 NP1 [1–2 nm]

and CeO2 NP2 [10–12 nm]) and their cytotoxicity towards eukaryotic cells. The anti-

microbial activity, effects of nanoparticles on DNA cleavage, microbial cell viability,

and biofilm formation inhibition were analyzed. The impact of cerium oxide nanopar-

ticles on eryptosis of erythrocytes was estimated using annexin V staining by flow

cytometry. The newly synthesized CeO2 NP1 and CeO2 NP2 displayed moderate

antimicrobial activities. CeO2 NP1 and CeO2 NP2 exhibited single-strand DNA cleav-

age ability. CeO2 NPs were found to show 100% microbial cell viability inhibition at a

concentration of 500 mg/L. In addition, CeO2 NP1 and CeO2 NP2 inhibited the bio-

film formation of S. aureus and P. aeruginosa. Larger cerium oxide nanoparticles were

found to be less toxic against erythrocytes compared with the smaller ones. CeO2

nanoparticles demonstrate moderate antimicrobial activity and low cytotoxicity

towards erythrocytes, which make them promising antibacterial agents.
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1 | INTRODUCTION

Antibiotics have been used for decades to treat bacterial infections.

Furthermore, they are widely used in agriculture and animal hus-

bandry to prevent the emergence of infectious diseases in animals

and increase overall productivity.1,2 In addition to the widespread

use of antibiotics, there are a lot of concerns over their misuse and

overuse. The improper use of antibiotics, including their prescription

for preventive purposes without the corresponding indications, has

undermined the efficiency of these antimicrobial drugs and

promoted the emergence of an antibiotic resistance crisis.3 The

growing prevalence of antibiotic-resistant bacteria is a serious threat

to national and international public health systems. Several

approaches have been suggested to overcome or at least reduce

the burden of bacterial infections caused by the resistant strains,

including antimicrobial peptides, bacteriophages, targeting quorum

sensing and biofilm formation, and so forth.4–8 All of the strategies

mentioned above have their advantages and disadvantages. How-

ever, despite the obvious achievements in developing antibacterial

therapeutic agents alternative to antibiotics and even the promising
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results of clinical trials, their implementation in clinical medicine is

still of limited value.

Among the potential antibacterial therapeutic agents, nanoparti-

cles (NPs), which are materials whose at least one dimension is 1–

100 nm, have gained a lot of attention. The unique features of NPs

make them promising candidates with high antimicrobial ability. For

example, the large surface-to-volume ratio of NPs rises the interaction

area with bacteria and allows their functionalization with ligands

favoring contacts with microorganisms. In most cases, toxicity of NPs

is attributed to the released metallic ions; the antimicrobial activity of

NPs is extremely dependent on their physicochemical properties such

as surface, size, and charge. Furthermore, these features can be engi-

neered to maximize microorganism–NP contacts, biofilm penetration,

and NP antimicrobial efficacy. Nanoparticle size is a significant factor

as it determines whether NPs penetrate the microbial cells and bio-

films, thus rising up their toxicity.9 Given the mechanisms of antimi-

crobial activity typical for NPs (induction of oxidative stress, release

of metal ions, DNA damage, ATP depletion, non-oxidative pathways

such as changes at the transcriptomic, and proteomic levels), bacteria

can develop the resistance to such agents to a lesser extent compared

with conventional antibiotics.10,11 However, a growing body of evi-

dence suggests that bacteria develop some mechanisms to counteract

silver NPs, including flaggelin production to cause agglomeration of

NPs, pigment synthesis to bind them or formation of efflux pumps to

excrete NPs.12–14 This suggests the requirements for developing alter-

native to silver antibacterial nanomaterials.

There is compelling evidence that metal-containing NPs (gold, sil-

ver, copper, their oxides, etc.) have strong bactericidal effects.15,16

Several studies have demonstrated that cerium oxide (CeO2) NPs

show antimicrobial effects.17–19 Furthermore, it is worth noting that

these nanomaterials have low toxicity against eukaryotic cells. How-

ever, the antimicrobial effects of metal-containing are known to be

shape- and size-dependent.20 Thus, it is important to compare the

effects of CeO2 NPs of various sizes on different bacterial strains.

The aim of this study was to assess the antibacterial potential of

CeO2 nanoparticles and evaluate their cytotoxicity against eukaryotic

cells. CeO2 NPs was synthesized with two different sizes (2 and

10 nm) and characterized by transmission electron microscopy (TEM)

and X-ray diffraction spectra (XRD).

2 | MATERIALS AND METHODS

2.1 | СeO2 NPs synthesis and characterization
methods

Cerium oxide NPs of two sizes (�2 and 10 nm) were obtained in a

form of aqueous colloidal solutions at a concentration of 1–2 mg/ml

(pH – 7.2–7.8) by the method described earlier.21 Briefly, 100 ml of

2 mM CeCl3 (99%, Acros Organics) solution was mixed with 100 ml of

4 mM hexamethylenetetramine (HMTA, 99.2%, Acros Organics) and

stirred using a magnetic stirrer for 3 h at room temperature. The size

of obtained CeO2 NPs was governed by the CeCl3:HMTA ratio. The

CeCl3:HMTA = 1:1 gives the size of CeO2 NPs of about 10 nm. The

excess of HMTA decreases the size of CeO2 NPs down to 2 nm. After

3 h stirring, 1.8 ml NH4OH and 0.6 ml of H2O2 were added into the

solution and the solution was put into a round-bottom flask and

refluxed for 5 h to obtain transparent colorless solutions. The mixture

was evaporated in a rotary evaporator flask under vacuum at the bath

temperature of 70�C to 30 ml adding 2 M NaCl until the resulting

solution became turbid. Then the solid phase was precipitated by cen-

trifugation. The precipitate was separated, and a solution of NaCl was

added again. The procedure of precipitate cleaning was repeated

three times. After the last stage of centrifugation, a solution of sodium

citrate Na3C6H5O7 (NaCt, 99%, Acros Organic) with molar ratio CeO2:

NaCt = 1:1 was added to the precipitate for NPs stabilization. To

remove the excess ions and organic impurities, the final solution was

dialyzed for 24 h against deionized water. Dialysis membrane tubing

with a molecular weight “Cellu Sep H1” 3.5 KDa cutoff (pore size of

less than 1.5 nm) was used.

Transmission electron microscopy (TEM) images of as-synthesized

CeO2 NPs were obtained using a TEM-125 K electronmicroscope

(Selmi, Ukraine) and a 90 kV electron beam. The samples were

obtained by evaporation of droplets of diluted CeO2 colloidal solutions

placed on carbon-coated copper grids (200 Mesh, Electron Microscopy

Sciences, USA). Zeta potentials of the CeO2 NPs were measured using

a ZetaPALS/BIMAS analyzer (Brookhaven Instruments Corp., USA)

operated in the phase analysis light scattering mode.

X-ray diffraction spectra (XRD) of CeO2 NPs were recorded using

a Siemens D500 X-ray diffractometer (Germany).

2.2 | Analysis of CeO2 NPs cytotoxicity against
non-nucleated eukaryotic cells

Blood samples were collected from 6 intact WAG rats weighing 180–

220 g in sterile K2EDTA Vacutainers (IMPROVACUTER Evacuated

EDTA K2 Spray Dried PET Tubes, Guangzhou, China). Blood aliquots

were incubated horizontally with CeO2 NPs (d = 2 and 10 nm) in PBS

for 90 min at concentrations of 0, 50, 125, and 250 mg/L.

After incubation, blood was washed twice in PBS. Thereafter, 2 μl

of erythrocytes were added to 100 μl 1� Annexin-binding buffer

(BD Pharmingen™ Annexin V Binding Buffer, BD Biosciences, San Jose,

USA) and incubated with 5 μl of fluorescein isothiocyanate (FITC)-

labeled Annexin V (BD Pharmingen™FITC-Annexin V, BD Biosciences,

San Jose, USA) for 30 min. Erythrocyte suspensions treated with H2O2

(0.1 mM) were used as a positive control. Incubation was followed by

the addition of 400 μl 1� Annexin-binding buffer to each sample.

Data were acquired by a FACS Canto II flow cytometer (BD,

USA). Acquired data were analyzed using FlowJo™ (v10, BD Biosci-

ences, USA).

2.3 | Antibacterial activity of CeO2 NPs by using
micro-dilution assay

Minimum inhibitory concentration (MIC) of synthesized CeO2 NP1

and CeO2 NP2 were investigated against Enterococcus faecalis (ATCC
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29212), Staphylococcus aureus (ATCC 25923), Pseudomonas aeruginosa

(ATCC 27853), Enterococcus hirae (ATCC 10541), Legionella pneumo-

phila subsp. pneumophila (ATCC 33152), Escherichia coli (ATCC 25922),

Candida parapisilosis (ATCC 22019), and Candida tropicalis (ATCC 750)

by utilizing micro-dilution assay. The microbial cultures were incu-

bated overnight before the micro-dilution assay. Two-fold serial dilu-

tions of CeO2 NP1 and CeO2 NP2 were done and then the test

microorganisms were added to the microplatewells. Next, plates were

kept in an oven for 24 h incubation at 37�C. At the end of incubation,

antimicrobial activity was evaluated by assessing MIC values, which

are defined as the lowest concentration that prevented microbial

growth.

2.4 | DNA cleavage ability

To investigate the DNA cleavage ability of synthesized CeO2 NP1 and

CeO2 NP2, plasmid pBR322 DNA was used as the target DNA mole-

cule. Initially, 0.1 mg/L DNA molecule was exposed to different levels

of synthesized CeO2NPs at 37�C for 60 min. Then, the agarose gel

electrophoresis method was used to visualize the DNA cleavage abil-

ity of the synthesized CeO2NPs. DNA bands were visualized using a

transilluminator.

2.5 | Bacterial viability test

E. coli (ATCC 10536) was used to assess the impact of CeO2NPs on

cell viability. After E. coli was inoculated into NB (Nutrient Broth)

media, it was incubated for 24 h at 37�C at 150 rpm in a shaker. After

24 h, culture media were centrifuged at 5000 rpm for 5 min. E. coli

pellet was then washed with sterile saline solution to remove fermen-

tation media residual. The washed E. coli was suspended in NaCl solu-

tion. This E. coli suspension was used for evaluating microbial cell

viability. E. coli was treated with 125, 250, and 500 mg/L of synthe-

sized CeO2NPs for 90 min at 37�C. After 90 min, they were diluted in

different proportions and inoculated in NB agar media and incubated

at 37�C for 24 h. The same application was performed for thecontrol

group, which did not containsynthesized CeO2 NPs. Finally, the colo-

nies were counted and the microbial cell viability was calculated using

Equation (1).

Cell viability %ð Þ¼ Acontrol –Asample

� �
=Acontrol

� ��100 ð1Þ

2.6 | Biofilm inhibition activity

S. aureus and P. aeruginosa were used as test microorganisms for

determining the impact of synthesized CeO2NPs on biofilm inhibition.

Well plates containing various concentrations of CeO2 NPs were inoc-

ulated with S. aureus and P. aeruginosa and left to incubate at 37�C for

72 h. When 72 h incubation was finished, the well plates were slowly

drained and washed twice with distilled water. The plates were then

dried for 20 min at 70�C. After drying, crystal violet (CV) was added

to stain biofilms for 30 min. CV was then removed and the plates

were washed slowly. The washing step was done twice. Then ethanol

was added, and waited 15 min for recovery of absorbed CV. The bio-

film inhibition was determined by a spectrophotometer at 595 nm.

Wells containing only S. aureus and P. aeruginosa with media were

used as positive controls. Biofilm inhibition was calculated according

to Equation (2).

Biofilm Inhibition %ð Þ ¼ Abs controlð Þ � Abs sampleð Þ
Abs controlð Þ

� �
�100 ð2Þ

2.7 | Statistical analysis

To assess the distribution normality, the Shapiro–Wilk test was

selected. Data are represented as the median and 25th–75th percen-

tile. Since seven groups of independent variables were analyzed, the

Kruskal-Wallis and post hoc Dunn's tests were used. P values that do

not exceed .05 indicated the statistically significant difference. All sta-

tistical calculations were performed by GraphPad Prism 5.0 soft-

ware (USA).

2.8 | Bioethics

The study was performed in compliance with the EU Directive

2010/63/EU on the protection of animals. The study was approved

by the Commission on Ethics and Bioethics (Kharkiv National Medical

University, Kharkiv, Ukraine; minutes #3 dated August 28, 2020).

3 | RESULTS AND DISCUSSION

3.1 | Characterization of CeO2 NPs

Transmission electron microscopy (TEM) images show that CeO2 NPs

obtained as described above were of about 2 and 10 nm size with a

narrow size distribution (Figure 1A). Their crystal structure was con-

firmed by XRD analysis (Figure 1B). The XRD spectra of the solid

phase of CeO2 colloidal solutions match well to the standard diffrac-

tion data of FCC fluorite-type lattice (JCPDS card no. 34-0394). Cit-

rate ions used for NPs stabilization imply the negative charge to the

CeO2 NPs surface: –12.75 ± 0.92 mV and �23.4 ± 1.13 mV for 2 and

10 nm CeO2 NPs, respectively.

3.2 | Impact of CeO2 nanoparticles on the
eryptosis intensity

Eryptosis, that is, suicidal programmed cell death of erythrocytes, was

assessed by annexin V staining. To evaluate its intensity quantita-

tively, two parameters were compared: the percentage of annexin V-

positive erythrocytes, that is, those that display molecules of

YEFIMOVA ET AL. 3



phosphatidylserine on the surface, which is a sign of eryptosis, and

the mean fluorescence intensity (MFI) of annexin V-FITC in all eryth-

rocytes. Our findings are available in Figure 2 and Table 1. Both

parameters were found to be statistically significantly higher only in

the samples exposed to CeO2 NP1 at the highest used concentration,

that is, 250 mg/L. The percentage of annexin V-stained cells was over

19-fold higher compared with the unexposed samples (p = .0039). As

for the MFI of annexin V-FITC in all erythrocytes, it was over

2.8-higher, respectively (p = .0015). Thus, it can be assumed both

CeO2 NP1 and CeO2 NP2 at concentrations of 125 mg/L. However,

small-sized CeO2 nanoparticles induced eryptosis at a concentration

of 250 mg/L.

Eryptosis is a rather novel assay for toxicity screening, which is

suitable for nanoparticles as well.22–24 This cell death mode of eryth-

rocytes is characterized by cell shrinkage, blebbing and phosphatidyl-

serine externalization, which can be detected using Annexin V

staining. Our findings indicate that smaller CeO2 NPs (1–2 nm) show

cytotoxic properties promoting eryptosis, while the use of larger

cerium oxide nanoparticles (10–12 nm) is safe at concentrations that

do not exceed at least 250 mg/L. Thus, in this study, the cytotoxicity

of nanoparticles against erythrocytes was found to be size-dependent.

Our findings are consistent with the data obtained in other studies

concerning cerium oxide nanoparticles. In particular, Ma et al.

reported that the smallest nanoparticles are more toxic compared to

the larger ones.25

3.3 | Antimicrobial activity

The antimicrobial activities of cerium nanoparticles synthesized in

different sizes were investigated against eight pathogen microorgan-

isms. These are microorganisms that are well known in medical

F IGURE 1 Transmission
electron microscopy (TEM)
images (A) and X-ray diffraction
spectra (XRD) pattern (B) of as-
synthesized cerium oxide
(CeO2) NPs.

F IGURE 2 Representative
histograms of annexin V-FITC
fluorescence. Erythrocytes

exposed to various
concentrations of cerium oxide
(CeO2) nanoparticles were
stained with annexin V-FITC for
assessing eryptosis. Cerium oxide
(CeO2) NP1 at a concentration of
250 mg/L were found to
stimulate eryptosis.
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microbiology and cause serious infectious diseases in humans. The

antimicrobial effects of cerium nanoparticles were analyzed using

the microdilution method. The results are shown in Table 2. As seen

in Table 2, both synthesized cerium nanoparticles showed antimicro-

bial activity against all test microorganisms. The MIC values were

found to be 128 mg/L for E. coli, E. hirae, E. fecalis, and S. aureus

and 256 mg/L for P. aeruginosa, L. pneumophila subsp. pneumophila,

C. parapisilosis, and C. tropicalis when using a CeO2 NP1. On the

other hand, MIC values were determined to be 128 mg/L for E. coli

and E. hirae and 256 mg/L for E. fecalis, S. aureus, P. aeruginosa,

L. pneumophila subsp. pneumophila, C. parapisilosis, and C. tropicalis

when CeO2 NP2 was used. As the particle size decreased, the anti-

microbial activity of the cerium nanoparticle against E. faecalis and

S. aureus increased. It has been reported that cerium nanoparticles

have the antimicrobial activity. In particular, Reshma and Ashwini

investigated the antimicrobial activity of cerium nanoparticles

against E. coli, Proteus vulgaris, Corynebacteriumdiphtheriae, and Sarci-

nalutea.26 The synthesized cerium nanoparticles demonstrated anti-

microbial activity against E. coli and P. vulgaris as well. Kannan and

Sundrarajan synthesized and characterized cerium nanoparticles and

studied their antimicrobial activity suggesting that the effectiveness

of CeO2 nanoparticles depends on their size and morphology.27

These data are consistent with our findings.

3.4 | DNA cleavage activity

DNA cleavage analysis is a fast, simple, and reliable test to determine

the effects of nanocomplexes on DNA under various conditions. The

imaging method of this test was performed by agarose gel electropho-

resis. The confirmation of the DNA bands after imaging allows inter-

preting the cleavage activity. Many cleavage agents interact with

closed double-stranded DNA molecules, transforming supercoiled

double-stranded DNA molecules from a superhelical form (Form I) to

a broken form (Form II) and linear forms (Form III) and finally to small

DNA fragments. The DNA cleavage activities of cerium oxide nano-

particles were tested by agarose gel electrophoresis using plasmid

DNA. The effect of different concentrations of cerium oxide nanopar-

ticles on DNA cleavage was investigated. The results are shown in

Figure 3. As seen in Figure 3, CeO2 NP1 and CeO2 NP2 were shown

to exhibit single-strand DNA cleavage activity at all tested concentra-

tions. Nanozymes that include CeO2 nanoparticles cause hydrolytic

cleavage of single-stranded DNA oligonucleotides.28 Xu et al.

reported that CeO2 nanoparticles and DNase I cleaved polyadenine

DNA down to �5-mer fragments as the major products, although fur-

ther DNA cleavage to even shorter DNA fragments were obtained

with CeO2 nanoparticles.29 Mittal and Pandey reported that cerium

oxide nanoparticles caused reactive oxygen species (ROS) generation

TABLE 1 The percentage of annexin V-positive erythrocytes and mean fluorescence intensity values of annexin V-FITC were used to
characterize the eryptosis intensity in erythrocytes exposed to cerium oxide nanoparticles (Me [IQR])

Samples

Percentage of annexin

V-positive erythrocytes, % P values

Mean fluorescence intensity of

annexin V-FITC in erythrocytes, a.u. P values

0 (mg/L) 0.60 (0.48; 1.03) 127 (124; 133)

CeO2 NP1 (50 mg/L) 0.85 (0.48; 1.35) p > .05 125 (104; 160) p > .05

CeO2 NP2 (50 mg/L) 0.75 (0.65; 1.45) p > .05 125 (118; 142) p > .05

CeO2 NP1 (125 mg/L) 1.20 (0.85; 1.93) p > .05 156 (142; 187) p > .05

CeO2 NP2 (125 mg/L) 0.50 (0.48; 1.83) p > .05 121 (110; 129) p > .05

CeO2 NP1 (250 mg/L) 11.45 (6.55; 28.18) p = .0039 357 (239; 880) p = .0015

CeO2 NP2 (250 mg/L) 0.75 (0.48; 1.43) p > .05 149 (108; 158) p > .05

TABLE 2 The minimum inhibition concentration (MIC) of test
microorganisms.

Microorganisms CeO2 NP1 CeO2 NP2

E. coli 128 128

P. aeruginosa 256 256

L. pneumophilia subsp. pneumophila 256 256

E. hirae 128 128

E. fecalis 128 256

S. aureus 128 256

C. parapisilosis 256 256

C. tropicalis 256 256

Note: Numerical values are expressed in mg/L.

F IGURE 3 DNA Cleavage activity of cerium oxide (CeO2)
nanoparticles. (Lane 1) pBR 322 DNA, (Lane 2) pBR 322 DNA
+ 125 mg/L CeO2 NP1, (Lane 3) pBR 322 DNA + 250 mg/L of CeO2

NP1, (Lane 4) pBR 322 DNA + 500 mg/L of CeO2 NP1, (Lane 5) pBR
322 DNA + 125 mg/L CeO2 NP2, (Lane 6) pBR 322 DNA

+ 250 mg/L of CeO2 NP2, (Lane 7) pBR 322 DNA + 500 mg/L of
CeO2 NP2.
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in lung adenocarcinoma (A549) cells and an increase in oxidative DNA

damage was observed as well.30 Their study demonstrated that ROS-

mediated DNA damage played a significant role in CeO2

nanoparticles-induced apoptotic cell death in A549 cells. Our results

showed good similarity with their findings.

3.5 | Microbial cell viability

The impact of synthesized and characterized CeO2 NP1 and CeO2

NP2 on microbial cell viability was investigated against E. coli. The

results are represented in Figure 4. As seen in Figure 4, both types of

CeO2 NPs displayed an excellent microbial growth inhibition effect.

When the concentration of synthesized CeO2NPs increased, it caused

the internalization of more nanoparticles, thereby leading to the inhi-

bition of microbial cells. CeO2 NP1 was found to inhibit E. coli growth

by 97.21%, 99.99%, and 100% at the concentrations of 125, 250, and

500 mg/L, respectively. On the other hand, CeO2 NP2 exhibited

94.68%, 97.43%, and 100% bacterial growth inhibition at concentra-

tions of 125, 250, and 500 mg/L, respectively. Similar results were

observed by Nair et al. after utilizing ZnO nanoparticles.31 Loo et al.

reported that the tested bacteria were killed in a shorter time at lower

concentrations of silver nanoparticles.32 This may be due to the cell

wall structure of Gram-negative bacteria. The cell wall characteristics

of Gram-positive and Gram-negative bacteria show differences. In

addition to these, nanoparticles can cause the formation of ROS in

cells. These ROS can show toxicity by attacking macromolecules such

as proteins, enzymes, DNA, and so forth. Similar mechanisms may

have occurred by cerium nanoparticles.

3.6 | Biofilm inhibition activity

The bacteria cause infectious diseases and these diseases are usually

treated by antibiotics. The overuse and misuse of antibiotics have con-

tributed to drug resistance in bacteria, and these events have become

an important burden for the global health system.3 Among the numer-

ous proposed causes, bacterial biofilm formation was taken into account

as a predominant factor in drug resistance development.33 The biofilm

has a complex functional and structural architecture consisting of pro-

teins, extracellular DNA, and exopolysaccharides. It protects bacteria

against antibiotics, as well as host defense.34 Bacteria colonizing in a

biofilm mode can cause persistent infection in the host, which is difficult

to control, prevent, or eradicate. Therefore, there is a great demand for

alternative antibacterial medicines with good biocompatibility and higher

effectiveness.35,36 In this study, the effects of CeO2 NP1 and CeO2

NP2 at different concentrations on biofilm inhibition of P. aeruginosa

and S. aureus were studied. The result is shown in Figure 5. The biofilm

inhibition activity was found to be concentration-dependent. Both syn-

thesized CeO2 NPs showed higher biofilm inhibition to P. aeruginosa

than to S. aureus. When the concentration of CeO2 NPs increased from

125 to 250 mg/L, the biofilm inhibition activity increased from 19.59%

F IGURE 4 Microbial cell
viability

6 YEFIMOVA ET AL.



to 37.84% for P. aeruginosa and from 43.39% to 69.16% for S. aureus.

On the other hand, as the concentration of CeO2 NP2 increased

from 125 to 250 mg/L, the biofilm inhibition activities of

P. aeruginosa and S. aureus were enhanced from 13.62% to 24.34%

and from 25.03% to 45.68%, respectively. The highest biofilm inhi-

bition activities were 61.06% for P. aeruginosa and 83.86% for

S. aureus when CeO2 NP1 was used at a concentration of 500 mg/L.

The inhibition mechanism of NPs on the formation of microbial bio-

film can be related to ROS overproduction. It results in the develop-

ment of oxidative stress, destruction of the bacterial cell wall. In

addition, the released metal ions can bind to thiol groups of amino

acid residues in proteins inactivating them.37

F IGURE 5 Biofilm inhibition

YEFIMOVA ET AL. 7



4 | CONCLUSION

The antioxidant and antimicrobial activity of synthesized CeO2 nano-

particles were tested. CeO2 nanoparticles show DNA cleavage activity

when using plasmid DNA as a target DNA molecule. They significantly

inhibit microbial cell viability against E. coli. In addition, the maximum

biofilm inhibition abilities are obtained as 61.06% for P. aeruginosa

and 83.86% for S. aureus using smaller CeO2 nanopartciles (2 nm) at

500 mg/L. At the same time, larger nanoparticles are found to be less

toxic against eukaryotic cells (erythrocytes). The results of our investi-

gation show that the synthesized CeO2 nanoparticles seem to be

promising antimicrobial and anticancer agents.
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