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Abstract
Introduction: Given the increasing rate of antibiotic resistance among bacterial strains, many
researchers have been working to produce new and efficient and inexpensive antibacterial
agents. It has been reported that some nanoparticles may be used as novel antimicrobial agents.
Here, we evaluated antibacterial properties of nickel oxide (NiO) nanoparticles.
Methods: NiO nanoparticles were synthesized using microwave method. In order to control the
quality and morphology of nanoparticles, XRD (X-ray diffraction) and SEM (scanning electron
microscope) were utilized. The antibacterial properties of the nanoparticles were assessed
against eight common bacterial strains using agar well diffusion assay. The minimum inhibitory
concentration (MIC) and minimum bactericidal concentration (MBC) were measured. Antibiotic
resistance pattern of the bacteria to nine antibiotics was obtained by Kirby-Bauer disk diffusion
method.
Results: The crystalline size and diameter (Dc) of NiO nanoparticles were obtained 40-60 nm.
The nanoparticles were found to inhibit the growth of both gram-positive and gram-negative
bacteria with higher activity against gram-positive organisms. Among bacterial strains, maximum
sensitivity was observed in Staphylococcus epidermidis with MIC and MBC of 0.39 and 0.78
mg/mL, respectively. The bacteria had high resistance to cefazolin, erythromycin, rifampicin,
ampicillin, penicillin and streptomycin.
Conclusion: NiO nanoparticles exhibited remarkable antibacterial properties against grampositive and gram-negative bacteria and can be a new treatment for human pathogenic and
antibiotic-resistant bacteria.
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Introduction
Widespread and inappropriate utilization
of antibiotics for either preventive or
therapeutic purposes has resulted in
the emergence of remarkable antibiotic
resistance rates worldwide.1 The increasing
emergence of antibiotic resistance among
common bacterial strains has urged the
scientific community to seek out new
antimicrobial agents.2 In general, antibiotic
resistant bacteria develop suddenly and
may even challenge newly introduced
antibiotics.3 Two problematic nosocomial
pathogens are Pseudomonas aeruginosa
and Staphylococcus aureus, both of which
commonly exhibit multidrug resistance.

The important role of P. aeruginosa
has been discovered since 1975.4 S.
aureus is also one of the main causes of
bacterial infections in hospital settings
and community.5 P. aeruginosa and S.
aureus are 2 important pathogens, which
have antibiotic resistance plasmids to
suppress the antibacterial properties of
the antibacterial agents. Additionally,
antibiotic resistance of Escherichia coli,
Klebsiella pneumoniae, Serratia marcescens,
Staphylococcus epidermidis, Micrococcus
luteus and Bacillus subtilis have also been
reported.2,4 Therefore, new antibacterial
strategies need to be expanded to fight
antibiotic resistant bacteria.
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Among the most promising of new antimicrobial
agents, nanoparticles have shown potent antibacterial
activity.6,7 Nanoparticles are very small-scale molecules
and have several physical and chemical properties.8
Nanoparticles can be metals ions such as Cu, Pt, Zn, Pd,
Ag, Fe, Au or metal oxides such as nickel oxide (NiO),
CeO2, CuO, FeO, Ag2O and ZnO.9 The most important
effects of nanoparticles are antibacterial, antiviral,
antioxidant, antiparasitic, anti-neoplastic and antiinflammatory effects.10,11 The use of nanoparticles as
potential antibacterial agents is due to the fact that bacteria
are unable to exhibit resistance to the nanoparticles in
several cases.3 Currently, silver and gold nanoparticles
are widely used as antimicrobial agents.12,13 However, the
information regarding then antibacterial effects of NiO
nanoparticles remains to be completely clarified. Thus,
this study was aimed to study the antibacterial effects
of NiO nanoparticles on the P. aeruginosa, S. aureus, E.
coli, K. pneumoniae, S. marcescens, S. epidermidis, M.
luteus and B. subtilis. Additionally, the techniques used
to synthesize NiO nanoparticles (e.g. hydrothermal,
sol-gel, solid-state reaction, electrochemistry, micro
emulsions, spray pyrolysis and precipitation methods)
are usually complex and expensive.14 Therefore, we also
introduced a new simple and cheap method to produce
NiO nanoparticles.
Materials and Methods
Synthesizing and Characterizing the NiO Nanoparticles
NiO nanoparticles were synthesized using the microwave
method as a faster and cheaper strategy than other
conventional methods. Briefly, the mixture of Ni
(OAc)2.4H2O (1 mM), NaOH (2 mM) and thiourea (4
mM) was prepared by dissolving in propylene glycol
(30 mL) and agitated for 20 minutes. The solution
was exposed to microwave irradiation in a domestic
microwave oven (2450 MHz at the output powers of 600900 watt for 10 minutes). The obtained powders were
washed with distilled water and absolute ethanol. Finally,
the precipitate was dried in vacuum (50°C, 48 hours).15
The NiO nanoparticles were scanned using XRD (X-ray
diffraction) and SEM (scanning electron microscope).
XRD patterns of NiO nanostructure sublimated at 50°C.
SEM imaging of NiO nanoparticles was performed using
SEM (LEO 1455VP, London). Images were prepared
using a through lens detector (TLD) in the immersion
mode (80 000x magnification). The working distance
was adjusted at 3 mm using an accelerating voltage of
10 kV. The resolution was adjusted so that the particles
could be clearly distinguished from the background. The
NiO nanoparticles size distribution plots were drawn by
measuring the diameter of at least 100 nanoparticles in
SEM images.
Bacterial Strains
Lyophilized cultures of E. coli (PTCC 1330), K.
70

pneumoniae (PTCC 1053), S. marcescens (PTCC 1621),
P. aeruginosa (PTCC 1074), S. aureus (PTCC 1112), S.
epidermidis (PTCC 1114), M. luteus (PTCC 1110) and B.
subtilis (PTCC 1023) were procured from Persian Type
Culture Collection (PTCC), Iran.
Antimicrobial Assay
The antibacterial properties of NiO nanoparticle was
were by agar well diffusion assay. Bacterial cultures
were prepared to match the turbidity of a McFarland
0.5 standard (1.5×108 CFU/mL) in sterile distilled water
prior to the assay and inoculated on Mueller-Hinton agar
(Merck Company, Germany). Ten serial dilutions yielding
concentrations of 100, 50, 25, 12.5, 6.25 3.12, 1.56, 0.78,
0.39 and 0.195 mg/ml for NiO nanoparticle were prepared
using two-fold dilution.16 Six mm diameter wells were cut
in the culture medium at a distance of 20 mm from each
other and then 20 μL of each concentration of nanoparticles
was added to each of the 5 wells. The cultures were
incubated [(36 ± 1ºC), 24 hours] under aerobic condition.
Afterwards, the inhibition zone around the wells (mm) was
measured.17,18 Minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC) (i.e.
the lowest concentration of nanoparticles inhibiting the
bacterial colonies) were determined on Mueller-Hinton
agar.19 All antibacterial activity tests were performed in
triplicate. Antibiotic resistance pattern of bacterial strains
was performed by Kirby-Bauer antibiotic sensitivity test
according to the guidelines of the Clinical and Laboratory
Standard Institute (CLSI).20 Mueller-Hinton agar (Merck,
Germany) was inoculated with the bacterial suspension in
normal saline (0.5 McFarland turbidity). Antibiotic discs
(Padtan Teb Co, Iran) were placed on medium cultures.
The following antibiotic discs (per unit disc) were applied
for performing antimicrobial susceptibility test: cefazolin
(30 µg), erythromycin (15 µg), gentamicin (10 µg),
rifampicin (5 µg), imipenem (10 µg), tobramycin (10 µg),
ampicillin (10 µg), penicillin (10 µg), and streptomycin
(10 µg). The resistance data was interpreted according to
the guidelines of the CLSI.20
Statistical Analysis
The data was analyzed using one-way ANOVA in the SPSS
version 18.0. The P values less than 0.05 were considered
as statistically significant.
Results
Synthesis and Characterization of NiO Nanoparticles
Following the synthesis of NiO nanoparticles, the
appearance of the nanoparticles was assessed by XRD
(Figure 1), energy-dispersive analysis of X-ray and SEM.
The crystalline size and diameter (Dc) of nanofibers
were obtained 40-60 nm by analyzing the diffraction
patterns of full width of the half maximum (FWHM)
using the Debay-Scherer equation (Equation 1):
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Figure 1. XRD Pattern of NiO Nanoparticles.

Figure 3. The Antibacterial Properties of Nickel Oxide Nanoparticles Against
Various Bacterial Strains.

Dxrd=0.9λ (57.3) /Wsize cos Ө

(1)

Figure 2 illustrates the SEM images of the NiO
nanoparticles sublimated within the range of 50°C. Image
was obtained using the TLD (80 000× magnification). The
NiO nanoparticles size distribution plots were prepared
by measuring the diameter of at least 100 nanoparticles in
SEM images. The morphology of all samples was particlelike with an average size of 50 nm. The nanoparticles
surface had a relatively good dispersion.
Antibacterial properties of NiO nanoparticles
The bacterial growth was determined using agar well
diffusion assay in culture media loaded with different
concentrations of NiO nanoparticles by measuring the
diameter of inhibition zone. Gram-positive bacteria
showed higher sensitivity to NiO nanoparticles at
lower concentrations compared to gram-negative
bacteria (P < 0.05, Figure 3). The results showed that
NiO nanoparticles inhibited bacterial growth in a dosedependent manner (Figure 4). The antibacterial activity
(MIC and MBC) of NiO nanoparticles are demonstrated
in Table 1. Among bacterial strains, maximum sensitivity
was observed in S. epidermidis with MIC of 0.39 mg/mL.
Based on antibiogram results, all gram-negative bacteria
were resistant to cefazolin, erythromycin and rifampicin
and all gram-positive bacteria were resistant to cefazolin.

Figure 2. SEM Image of the Synthesized NiO Nanoparticles.

The antibiotic resistance pattern of the bacterial strains
to common antibiotics of different classes is shown in
Table 2.
Discussion
To overcome the increased resistance of bacteria to
common antibiotics and their side effects, there is a need
to create new antimicrobial drugs.21 How nanoparticles
promote their numerous antibacterial effects remains
to be sufficiently explained.10 There are reports on the
antibacterial activities of nanoparticles demonstrated by
binding of nanoparticles to bacterial surface, disrupting
cell membrane, modulating respiration chain and other
permeability-dependent reactions, generating reactive
oxygen species (ROS), promoting electrostatic attraction
between the positively charged nanoparticles and
negatively charged bacterial cells and finally degrading
bacterial essential proteins.19,22 In this study, we assessed the
antibacterial properties of NiO nanoparticles. The highest
inhibitory effect was recorded against gram-positive
bacteria, while the growth of gram-negative bacteria
was influenced less pronouncedly. This observation can
be partly explained by different cellular wall structures
of gram-positive and gram-negative bacteria, as well as
changes in cellular physiology and metabolism.23 The
opposite charges of bacteria and nickel ions released
from NiO nanoparticles are thought to cause adhesion
and bioactivity due to electrostatic forces. Since bacterial
cell walls are negatively charged molecules, they are the
potential targets of Ni2+ ions, which are released from
NiO nanoparticles. Gram-negative bacteria are generally
less susceptible and more resistant to antimicrobial
agents and antibacterial pharmaceuticals than grampositive bacteria mainly due to their impermeable cell
wall. The envelope surrounding gram-negative bacteria
has two lipid membranes with high concentrations of
lipopolysaccharides, lipoprotein and porin channels
in the outer leaflet of the outer membrane.24 Almost
all the components will be affected by multidrug efflux
pumps.19 Finally, it can be concluded that gram-positive
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Figure 4. The Antibacterial Properties of Nickel Oxide Nanoparticles Against Staphylococcus epidermidis by Agar Well Diffusion Method.

Table 1. The Minimum Inhibitory Concentration and Minimum Bactericidal Concentration of Nickel Oxide Nanoparticles Against Bacterial
Strains
Bacteria

MIC (mg/mL)

MBC (mg/mL)

MIC>100

MBC>100

Klebsiella pneumoniae (PTCC 1053)

12.5<MIC≤25

50

Serratia marcescens (PTCC 1621)

12.5<MIC≤25

50

Pseudomonas aeruginosa (PTCC 1074)

50<MIC≤100

MBC>100

Staphylococcus aureus (PTCC 1112)

0.78<MIC≤1.56

3.125

Staphylococcus epidermidis (PTCC 1114)

0.195<MIC≤0.39

0.78

Micrococcus luteus (PTCC 110)

0.78<MIC≤1.56

3.125

Bacillus subtilis (PTCC 1023)

3.125<MIC≤6.25

12.5

Escherichia coli (PTCC 1330)

Table 2. The Antibiotic Resistance Pattern of Bacterial Strains to Antibiotics
Antibiotics

Bacteria

CZ

S

P

AM

TB

IM

RA

G

E

Escherichia coli (PTCC 1330)

R

R

R

R

SM

S

R

SM

R

Klebsiella pneumoniae (PTCC 1053)

R

R

R

R

R

S

R

R

R

Serratia marcescens (PTCC 1621)

R

R

R

R

R

S

R

S

R

Pseudomonas aeruginosa (PTCC 1074)

R

R

R

R

SM

S

R

R

R

Staphylococcus aureus (PTCC 1112)

R

R

S

R

SM

S

R

S

S

Staphylococcus epidermidis PTCC 1114

R

R

S

R

R

S

S

R

SM

Micrococcus luteus (PTCC 110)

R

R

S

R

R

S

R

S

S

Bacillus subtilis (PTCC 1023)

R

R

R

R

SM

S

S

S

S

Abbreviations: S: Sensitive, SM: Semi-sensitive, R: Resistant, CZ: Cefazolin, E: Erythromycin, GM: Gentamicin, RA: Rifampicin, IM:
Imipenem, TB: Tobramycin, AM: Ampicillin, P: Penicillin, S: Streptomycin.

bacterial strains are more sensitive to NiO nanoparticles
than the gram-negative bacterial strains because of their
membrane structure. Agar well diffusion assay confirmed
that NiO nanoparticles inhibited the growth of bacterial
strains dose-dependently. In this regard, the highest
antibacterial activity was observed at the 100 mg/mL
concentration. The antibacterial activity of nanoparticles
can also be attributed to the nickel ions released from NiO
nanoparticles. The released ions in turn may increase the
membrane permeability and promote oxidative stress,
which in turn activates cell death pathways. These
72

arguments are supported by previous reports on the
antibacterial properties of other nanoparticles such as
silver and zinc oxide.25,26 In other studies, the antimicrobial
properties of nickel nanoparticles synthesized with
Ocimum sanctum leaf extract (NiGs) were evaluated
against gram-negative and gram-positive pathogenic
bacteria and fungi. The NiGs nanoparticles showed higher
antimicrobial efficiency against tested microorganisms
compared to leaf extract alone and antibiotics.18,19 Another
investigation showed that bimetallic Cu–Ni nanoparticles
had a significant effect on Streptococcus mutans, making
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them suitable to be used in dentistry.27 In a recent study,
hydroxide and NiO nanoparticles were successfully
synthesized by the chemical precipitation, in which, in
accordance with our study, NiO nanoparticles showed
inhibitory activity against both gram-positive and gramnegative bacteria with excellent selectivity against grampositive bacteria.14 Suresh et al. also suggested that the
NiO nanoparticles exhibited excellent antibacterial and
antifungal activities.28
Conclusion
In conclusion, our findings revealed the potential
role of NiO nanoparticles as antibacterial agents, so
that they could be used as antiseptic agents in various
environmental and biomedical industries. However,
the toxicity of these nanoparticles against eukaryotic
cells should be explored before approving them as new
antibacterial agents.
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