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Abstract

Pathogenic strains frequently spread infections by producing virulence factors like potent protein toxins and the
expression of a cell-surface protein that binds and inactivates antibodies. Staphylococcus aureus is one of the
leading pathogens for deaths linked to antimicrobial resistance and the emergence of antibiotic-resistant strains.
There is currently no licenced S. aureus vaccine, despite extensive research and development. Therefore, the aim
of this study includes biosynthesize of Nickel oxide-nanoparticles (NiO-NPs) using Lepidium sativum aqueous
plant leaves extract, and use of the biosynthesized nanoparticles as antibacterial and anti-biofilm against multi-
drug resistant S. aureus. 150 samples of both sexes, ranging in age from 1 to 60 years, were randomly selected
from 65 male and 85 female patients who had infected burns and wounds at various hospitals. After the final
diagnosis of the clinical samples, 20 isolates of Staphylococcus aureus were obtained, then full identification of S.
aureus using conventional biochemical tests. The antibiotic susceptibility test for fourteen antibiotics was performed
by the standard well diffusion method, The results of the current investigation revealed that all S. aureus isolates
varied in their resistance to the 14 antibiotics utilized in this study. Therefore, ten multi-drug resistant isolates of
S. aureus were selected and examined their ability to form biofilm using the micro-titter plate method; the results
revealed that eight isolates were strong in biofilm formation and two isolates were moderate. Maceration method
was used to prepare Lepidium sativum aqueous plant leaves extract. Furthermore, NiO/NPs were prepared from
the Lepidium sativum aqueous plant leaves extract and diagnose using ultraviolet (UV) spectroscopy, Field
emission Scanning electron microscopy (FE-SEM), atomic fluorescence microscopy (AFM), X-ray scattering
(XRD) and Fourier transformation infrared spectroscopy (FTIR). In addition, several experiments were conducted
on the nanoparticles, including evaluation of antibacterial activity, biofilm formation and determination of the
minimum inhibitory concentration. The diagnostic results showed that the nanoparticles are spherical in shape,
single or combined, and crystalline for NiO-NPs and an average size of 42.27 nm. As the results showed that the
NiO-NPs in concentration of 64 mg/ml was more effective than the NiO-NPs in concentration of 32 mg/ml,
which gave the highest inhibition zone value of 15.67 mm. Furthermore, The result of the minimum inhibitory
concentration (MIC) values of NiO-NPs on on all S. aureus isolates were 2 mg\ml except isolate 9 which was 4
mg\ml. As for the anti-biofilm activity on S. aureus isolates the results showed of NiO-NPs inhibit 100% in
concentration 2 mg/ml of the biofilm formation From the results obtained in this study, several conclusions were
concluded as the following, Staphylococcus aureus isolates showed high resistance to All antibiotics used in the
study. It can also synthesiz of NiO-NPs by extracted from Lepidium sativum aqueous plant leaves extract, and
the synthesized NiO-NPs have significant antibacterial S. aureus agent, it also inhibits of the formation biofilms
in S. aureus depending on the concentration used. More studies should be conducted about the antibacterial
activities of NiO-NPs on the other microorganisms associated with different human infections, and conduct more
studies of NiO-NPs on immunological and cancer cell lines due to their effectiveness as an antioxidant.

Keywords

NiO-nanoparticles, antibacterial activity, Lepidium sativum, FTIR, AFM, FE-SEM, UV and XRD.

Copyright: Morad S, Yaagoob LA
1959


mailto:Sarab.morad1106a@sc.uobaghdad.edu.iq
mailto:Laith.yaaqoob@sc.uobaghdad.edu.iq
mailto:Sarab.morad1106a@sc.uobaghdad.edu.iq

Morad S, Yaagoob LA: Evaluation of the Biological Activity of Nickel oxide-Nanoparticles as antibacterial ...

The study of science, engineering, and technology at the
nanoscale, or between 1 and 100 nm, is known as
nanotechnology. This cutting-edge technology is
employed in a variety of areas, including chemistry,
materials science, and others of a same kind. Additionally,
numerous varieties of nanoparticles are applied in
medicine as imaging agents or medication carriers.
Different produced liposome nanoparticle kinds are now
employed as vaccination and anti-cancer medication
delivery systems. Additionally, gold nanoparticles are
utilized in home pregnancy test kits [1-2].

Chemical procedures are recognized to be riskier
than green synthesize. This is so that the latter can
produce nanoparticles in a manner that is
acknowledged as being more environmentally
benign and sustainable (NPs) [3]. Some of the
unique green methodologies, such as the emerging
green nanotechnology, have shown to be crucial in
the production of newer nanoparticles. These
alternate approaches, which have shown to be more
successful in producing NPs are those that
incorporate microbes and plant extracts [4].

Explaining the dimensional progression of many
physical traits and some previously undetected
elements is a growing topic of innovative knowledge
production. Basic and applied scientific fields have
been quickly developed inside the empirical
discipline of various nanotechnologies [5].
Nanotechnology is anticipated to accelerate
technological advancements across a range of fields
and has great promise for making a number of
ground-breaking discoveries in the near future [6].

Although there are many metals in nature, but
they are manufactured on a large scale by using a
few of them such as gold, silver, palladium, nickel
and platinum in the form of nanostructures [7].

The biological activity of several metal oxides has
recently been studied, particularly in the biomedical
disciplines. Among these, nickel oxide (NiO) was
found to be reasonably priced, photo-stable, widely
accessible, and not harmful to people when used in
short-term exposure [8]. By analyzing the
manufactured NiO-NPs in vitro, researchers found
that they can primarily be employed as antibacterial
medicines against a wide variety of Gram-positive
and Gram-negative bacteria [9].

Materials and methods

Synthesize of nickel oxide-nanoparticles by
Lepidium sativum aqueous plant leaf extract

Preparation of Lepidium sativum aqueous
plant leaves extract

The Lepidium sativum leaves were removed,
carefully cleaned, and chopped into small pieces.

Then, 100 g of leaves were soaked with 500 ml of
distilled water at 60 °C for 4 to 5 hours. The extract
was then filtrated using a centrifuge for ten minutes
at 10,000 rpm; the filtrate was used to prepare NPs

[8].

Synthesize of nickel oxide-nanoparticles

All substances and reagents employed in the
manufacture of NiO-NPs were bought from Sigma,
Ltd, UAS, and the process given by Ezhilarasia et
al. [9], ], 1000 gram of young plant(Lepidium
sativum ) clean and mixed with distilled water in(60
°C)for 5 hours .Then mixing very well with blender
(fruits mixer) and leave it 24 hours in room
temperature. the extract was then filtrated using a
centrifuge for ten minutes at 10,000 rpm.the liquid
filtrate will be ready for prepare manganese oxide-
nanoparticles . 25gram of nickel (II) sulphate
(NiSO4.6H,0) was dissolved in 250 ml deionized
distilled water and dispersed by an ultra-sonication
bath for 10 minutes. The extract placed in a beaker
glass for 24 hours inside the shaker ; the extract
was then filtrated using a centrifuge for ten minutes
at 10,000 rpm. The precipitate was collected and
placed in glass dishes in an incubator for 48 to 72
hours in order to dry and grind it, thus the
nanoparticles was ready to use. Then, various
concentrations of the synthesized NiO-NPs were
prepared.

Nanoparticles Characterization Techniques

UV-Visible Absorption Spectroscopy (UV-VIS)
double-beam spectrophotometers were used to
measure the absorbance spectra of the NiO-NPs
solution. Atomic force microscopy (AFM)
measurements of the average diameter crystalline
size were used to show the generated NiO-NPs 2D
and 3D topologies. Field emission scanning
electron microscopy (FE-SEM) was used for
further characterization. The X-ray diffraction
patterns were used to determine the crystal structure
(XRD). Fourier transformation infrared
spectroscopy (FTIR) (Shimadzu) analysis was
utilized to investigate the characterization of
functional groups on the surface of NiO-NPs by
plant extracts. As per standard procedures, the
samples were created by spreading them out on a

glass slide. Following that, the sample was
examined; the preparation of NiO-NPs was
performed in the Biotechnology Department,

Nanotechnology Laboratory / College of Science /
University of Baghdad / Iraq, while the
characterization was conducted in the Chemistry
Department / College of Science / University of
Baghdad / Iraq.
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Evaluation of antibacterial activity

Preparation of bacterial isolates

In this study, the isolated bacteria
Staphylococcus aureus were collected From March
2021 to the end of November 2022, 150 samples of
both sexes, ranging in age from 1 to 60 years were
randomly selected from 65 male and 85 female
patients who had infected burns and wounds at
various hospitals. Before to the trials, all of the
study's confirmation tests were carried out in the
lab, where the diagnosis was verified using the
VITEK-2 System. The bacteria were then activated
by growing in nutrient broth and cultured for 24
hours at 37 °C to be utilized in studies to determine
antibiotic activity.

Antibiotic susceptibility test

The Kirby-Bauer technique, as specified by the
World Health Organization [10], was used to
evaluate antibiotic susceptibility for 14 different
antibiotics. Picking 1-2 isolated colonies of bacteria
from the original culture and introducing them into
a test tube containing 4 ml of normal saline
produced a bacterial suspension with moderate
turbidity compared to the 0.5 McFarland turbidity
standard provides an optical density comparable to
the density of a bacterial suspension 1.5x 10® colony
forming units (CFU/ml). A portion of the bacterial
suspension was transferred and gently and uniformly
spread over Mueller-Hinton agar medium, then left
for 10 minutes. Following that, the antimicrobial
discs were firmly put on the agar to ensure contact
with the agar. The plates were then inverted and
incubated for 24 hours at 37°C. According to the
Clinical Laboratories Standards Institute, inhibition
zones formed around the discs were measured in
millimetres (mm) using a metric ruler [11].

Assessment of biofilm formation

According to instructions to Patel et al. [12], S.
aureus ability to quantitatively produce biofilms was
evaluated. All isolates were cultured over-night in
Brain Heart Infusion Broth at 37°C. Each isolate
was added to tryptic soy broth (TSB), which
contains 1% glucose, and well mixed. The turbidity
of a suspension of the bacterial isolate was set to
McFarland No. 0.5.

To a sterile, 96-well microtiter plate with a flat
bottom, a volume (200 ul) of each isolate's culture
was added in triplicate. With their covers on, the
plate was incubated for 24 hours at 37°C under
aerobic conditions. To get rid of the unattached
bacteria after the incubation time, the planktonic
cells were twice washed with distilled water. 200 pl

of 100% methanol was used to fix the adhering
bacterial cells in each well for 20 min at room
temperature. 200 ul of 0.1% crystal violet was
poured into each well and left there for 15 minutes
to stain the adherent cells. After the staining process
was finished, the additional stain was removed by
repeated washing with distilled water (2—3 times).
To ensure that the plate was dry, it was dried at
room temperature for around 30 minutes. Next,
33% acetic acid was applied to remove the stain.

An ELISA auto reader operating at a wavelength
of 630 nm was used to measure optical density
(OD) values. All test results were computed, and
the average of the OD values of the sterile medium
was removed. Cut off value (ODc) was computed,
and it may classify isolates as producing biofilms or
not [13].

ODc: Average OD of negative control + (3 Y
standard deviation (SD) of Negative control),

OD isolate: Average OD of isolate — ODc. By
the calculation of cutoff value (ODc), the result of
biofilm is detected as below:

OD = ODc (no biofilm production).

ODc < OD =2 Y ODc (weak biofilm production).
2 Y ODc < OD =4 49 ODc (moderate biofilm
production).

44 ODc < OD (strong biofilm production).

Study the antibacterial activity of nickel
oxide-nanoparticles

Agar well diffusion method

The agar well diffusion method was employed for
the determination of this study. Mueller- Hinton
agar plates were swabbed (sterile cotton swabs) with
broth culture (0.5 McFarland standard) of bacteria.
Wells (6 mm diameter) were made in each of these
plates using a sterile cork borer. 100 pl from each
concentration (32 and 64 mg/ml) of the NiO-NPs
were put in each hole by using a micropipette and
allowed to diffuse at room temperature for 30 min.
The plates were incubated at 37°C for 24 hours. The
diameter of any resulting zone of inhibition was
measured in millimeters [14].

Determination of Minimum Inhibitory
Concentration (MIC) of nickel oxide-
nanoparticles

The 96-well microtiter plate was used to determine
the (MIC) of the NiO-NPs using the broth
microdilution technique. The NiO-NPs working
solution was prepared in broth at 64 mg/ml, and serial
two-fold dilutions of NiO-NPs were prepared directly
on the plate to make concentrations of (0.25, 0.5, 1, 2,
4, 8, 16, 32) mg/ml. 200 pl of the prepared NiO-NPs

1961



Morad S, Yaagoob LA: Evaluation of the Biological Activity of Nickel Oxide-Nanoparticles as antibacterial ...

put into the first row A wells. In columns, rows B to H
contained 100 pl of the broth alone. Using a
micropipette, twofold serial dilutions were performed
methodically down the columns (from rows A to H).
100 pl was withdrawn from the starting concentrations
in row A and transferred to the next row with the 100
ul broth, which was appropriately mixed, and the
operation was repeated until the last row (H), when the
last 100 pl was discarded. This brings the final volume
in all the test wells with the NiO-NPs to 100 pl except
the column which had 200 pl of the broth that served
as sterility control. 100 pl of the 1.5410° CFU/ ml
bacterial inoculum was transferred into all the wells
except the negative control.

Microtiter plates were incubated for 24 hours at 37°C.
Following incubation, 20 pl of resazurin dye was added
to each well and leave for 30 minutes to see whether any
color changes occurred. The Minimum Inhibitory
Concentrations of the NiO-NPs at which no color
changed from blue to pink in the resazurin broth test
were measured visually in broth micro dilutions [15].

Study the anti-biofilm activity of nickel
oxide-nanoparticles

The anti-biofilm activity of NiO-NPs was tested
using a 96-well microtiter plate. The NiO-NPs working
solution was created at 32 mg/ml for the NiO-NPs to
make the concentrations (32, 16, 8, 4, 2, 1, 0.5 and
0.25) mg/ml. Only the first wells in row A contained
200 pl of each sample, whereas rows B through H had
100 pl of the broth. Twofold serial dilutions were
carried out methodically down the columns (from rows
A to H). 100 pul was drawn from the starting
concentrations in row A and transferred to the next row
with the 100 pl broth, which was properly mixed, and
the operation was repeated until the last row (H), at
which time the last 100 pl was discarded. Each well
received 100 pl of the 1.54Y10° CFU/ ml bacterial

inoculum, with the exception of the negative control.
The same procedure as indicated in the paragraph was
used (Assessment of biofilm formation).

Statistical analysis

This study employed one-way analysis of
variance (ANOVA). Using SPSS version 23, the
correlations and significance of the differences were
assessed, and p values < 0.01 were used to indicate
statistically ~ significant  differences.  Standard
deviation was used to represent the data as mean =*.

Results and Discussion

Antibiotic susceptibility test

The results of the current investigation revealed that
all S. aureus isolates varied in their resistance to the 14
antibiotics utilized in this study, which have been
selected in accordance with (CLSI, 2019), which were
tested for antibiotic sensitivity (Table 1). All (20)
bacterial isolates showed resistance to the antibiotics
Vancomycin, Azithromycin, and Ceftazidime, with a
percentage of 100%. However, the percentage of
bacterial resistance to antibiotics Imipenem and
Cefotaxime were (90%). Additionally, with percentages
of 65%, 55%, and 50%, respectively, the bacterial
isolates demonstrated a rather high resistance to the
antibiotics Amikacin, Trimethoprim, and Norfloxacin.
The bacterial isolates under study recorded a relative
sensitivity to some antibiotics, which are Gentamicin
and Tobramycin, with a percentage of 65%,
respectively, followed by Tetracycline, Ciprofloxacin,
Trimethoprim/sulfamethoxazole and Levofloxacin with
a percentage of 60%, 55%, 55% and 50%, respectively.
Therefore, ten isolates of S. aureus that are highly
resistant to antibiotics were selected for this study.

Table (1): Number of isolates and percentage of Staphylococcus aureus resistance to a number of
antibiotics

Resistance Intermediate Sensitive Total
Antibiotics Symbaol (R (S) (%a)
No. (%0} No. (%) | No. | (%)

Cefotaxime (30 ug) CTX 18 o0 0 0 2 10 20 (100)
Imipenem {10 ug) IPML 18 S0 o o 2 10 20 {100y
Ciprofloxacin {10 ugy CIP 8 40 1 5 11 55 20 {100y
Levofloxacin (3 ug) LEW o 45 1 5 10 S0 20 {100y
Trimethoprim (10 pug) TV 11 55 1 5 B a0 20 (100}
Aamikacin (10 pg) AT 13 65 1 5 6 30 20 (100)
Vancomycin (10 ug) A 20 100 ] ] 1] 5] 20 (100)
Azithromycin (15 ug) AFN 20 100 o ] 1] 5] 20 (100)
Tetracycline (10 ug) TE g 40 ] ] 12 60 20 (100)
Gentamyein (10 ug) CHN & 30 1 5 13 65 20 (100)
Ceftazidime (30 ug) CAZ 20 100 o o o 5] 20 (100)
Norfloxacin (10 pa)y PP 10 50 o o 10 30 20 (100
g 40 1 5 11 55 20 (100
e o)
Tobramyem (10 pg) TOB =] 30 1 5 13 65 20 (100)

The current study was considered to be
somewhat consistent with some of the results of
local and international studies. The researchers,
Basil AbdulRazzaq et al. [16] found that
Staphylococcus aureus isolated from different
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clinical models from Baghdad hospitals, that this
bacterium was resistant to Azithromycin with a
percentage of 61.4%, Gentamicin  24%,
Levofloxacin  30%, Tetracycline 52.8%, and
Vancomycin 14.2%.



History of Medicine, 2023, 9(1): 1959-1969

Detection of biofilm formation
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Biofilm production is a frequent strategy employed
by bacteria to survive under harsh environmental
conditions. Bacteria may form biofilms in water
systems and on groups of abiotic surfaces often
utilized in such systems, as well as in natural aquatic
habitats [17]. The Microtiter plate was used to
detect the quantitative of biofilm formation in order
to quantify biofilm strength. The findings showed
that all isolates had high biofilm formation except
for isolates 9 and 10, which had moderate biofilm
formation, The 10 best selected isolates as shown in
(Table 2).

Table (2): Biofilm forming of S. aureus isolates

8. aureus
isolates
Biofilm
forming

SL | 82 | 83 | M4 | S5 | s6 | ST|SS 89 S10

Strong | Strong | Strong | Strong | Strong | Strong | Strong | Strong | Moderate | Moderate

(S): 5. anreus isolates, Control negative (Cut off) = 0.2

Characterization of nickel oxide-

nanoparticles

The following approaches have been used to
evaluate the morphological, structural, and optical
characteristics of synthesized NiO-NPs:

UV-Visible spectroscopy

Lepidium sativum aqueous plant leaves extract
was combined with NiSO4.6H,0O, which caused a
change in colour. The stimulation of the metal
nanoparticles’  generated  Surface  Plasmon
Resonance (SPR) vibrations led to the colour shift
that was seen. The free electron that results from
the conduction and valence bands of metal
nanoparticles being near to one another is what
causes the SPR. In the synthesis of NiO-NPs, a
typical peak value is produced by the collective
oscillation of free electrons of metal nanoparticles
in resonance with the light wave. The colour shift
made it simple to monitor the process and UV-Vis
spectroscopy verified it.

nnnnn eoo.00 s00.00 100000

Figure (1): UV-Visible spectral analysis of Lepidium
sativum aqueous plant leaves extract

Figures 1 and 2 show the UV-Vis spectra of
aqueous plant extracts containing NiO-NPs. The
modest absorption peak at 300 nm demonstrates the
interaction of numerous chemical molecules with
mineral ions [18].

The type, size, and morphologies of the NPs
generated, the dielectric constant of the medium
and temperature, as well as their inter-particle
distances, all have a remarkable impact on the
surface Plasmon resonance absorbance [19].

Nanoparticles have UV-visible absorption
properties [20]. With a rise in NP concentration,
the UV-visible absorption intensity of NPs typically
rises [21]. In the present study the absorption
spectrum was recorded between 250 nm and 1100
nm. In addition, it is observed that the nickel oxide-
nanoparticles (NiO-NPs) surface Plasmon
resonance band centered at 319 nm in comparison
with UV Test for Lepidium sativum aqueous plant
leaves extract 270 nm.

Field emission scanning electron

microscopy (FE-SEM)

The shape and morphology of the generated
green nanoparticles were examined using (FE-
SEM), one of the extensively utilized methods for
characterizing  synthetic = nanoparticles. The
observations show that nanoparticle morphology is
very varied, with a wide range of sizes and shapes.

"BH3= 3591 nm

&€
< P
%51 = 5155 nm
‘\' D

Dz S%85w18 nm

D4 = 26.45 nm

MIRA3 TESCAN

Figure (2): UV-Visible spectral analysis of NiO-NPs
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A Field emission scanning electron microscopy
(FE-SEM) has been used to study the surface of
NiO-NPs. According to FE-SEM investigation, the
particles for NiO-NPs are round and nanoscale in
size, Figure 4.

The FE-SEM examination of the NiO-NPs
prepared with Lepidium sativum aqueous plant
leaves extract is shown the surface characteristics
of the NiO-NPs sample. The NiO-NPs are
arranged as regular beads in the FE-SEM image,
and it is obvious that they are nanometer-sized. The
particles are nearly spherical in shape, have uniform
sizes, and were found to have an average size of
about 42.27 nm, which suggests that the green
synthesis method is a successful way to create nickel
oxide-nanoparticles. The result was in agreement
with Anitha et al. [23] observations of the
morphology of the NiO-NPs generated using leaf
extract from Thespesia  populens. The
measurements demonstrated the spherical nature of
the NiO-NPs. This study is also agreement with
Altaee et al. [24] who used FE-SEM to analyse the
shape of NiO-NPs prepared using aloevera leaf
extract. The measurements showed that the NiO-
NPs were spherical objects with a diameter ranging
from 10 to 40 nm.

Figure (4) FE-SEM image showed the shape and
size of NiO-NPs.

Atomic force microscopy

Atomic force microscopy (AFM) research
revealed that NiO-NPs were spherical, either
individually or in aggregates, in both two- and
three-dimensional perspectives, and that the
average dimeter particle size for NiO-NPs prepared
using Lepidium sativum aqueous plant leaves
extract was 36.5 nm, Figure 3.

The results were consistent with those of Rahdar
et al. [22] who found that the average NiO-
nanoparticle size was determined from an AFM
picture is 56 nm.

(200)

(111)

Figure (3): Atomic force microscopy analysis of NiO-
NPs (A): Three-dimensional of NiO-NPs, (B): Two-
dimensional of NiO-NPs, (C): AFM diagram of size

range of NiO-NPs.
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X-ray diffractometer (XRD)

The X-ray diffractometer (XRD) is a powerful
technology for crystalline material characterization that
offers information on structures, phases, preferred crystal
orientations, and other structural factors such as average
grain size, crystallinity, strain, and crystal defects [25].

The XRD pattern of the NiO-NPs prepared
using Lepidium sativum aqueous plant leaves
extract is shown in Figure (5). By comparing the
XRD peaks with the JCPDS dataset (card No:47-
1049), the (111), (200), (220), and (311) planes
were identified, clearly indicating NiO-NPs with a
cubic structure [26]. The Debye Scherer formula
was used to compute the NiO-NPs average
crystallite size of the particles from the XRD peak,
and the result was 94.47 nm.

The results exhibit nickel oxide XRD patterns. It
was discovered that nickel oxide had extremely high
and sharp crystalline peaks. Another work's
crystalline peak was likewise replicated in the same
figure [27]. According to the XRD measurements
obtained by Gupta et al. [28], the crystalline size of
NiO-NPs is 12.

Figure (5): XRD pattern of NiO-NPs

Fourier Transform Infrared (FTIR)
Spectroscopy Analysis

The most significant and popular analytical
technique for determining the presence of particular
functional groups in the produced nanomaterial is
FTIR spectroscopy [29].

In certain cases, spectra as low as 400 cm™ (25 pm)
were recorded using Fourier Transform Infra-Red
(FTIR) spectrophotometers. These spectra were in the
range of 4000 cm™ to 670 cm™ (2.5 um to 15 m). The
results of the FTIR Spectra of the Lepidium sativum
aqueous plant leaves extract revealed the presence of
different functional groups such as Phenolic— OH
group stretching, C-H stretching, N-H bend, C-C
stretching and C-N stretching. The peaks near 4000
t03200cm—1and 2941 were assigned to O—H stretching
and aldehydic C—H stretching, respectively [30], which
corresponds to carboxylic acids, primary amines, and
alkanes [31]. The peak at 1641 cm™ is (N-H) due to
carbonyl stretching in proteins [32], the peak 1384 cm”
! corresponding to the C—C stretching bond indicates
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the presence of aromatic compounds and the N—O
symmetric stretching that demonstrated the presence of
the nitro compounds, respectively [33], the peaks 1109
and 1055 were assigned to (OH) and (C-H, C-0)),
respectively [34]. The small peaks situated around 1000
cm’! represents the presence of ester. The Smallest
peaks 600 cm™ and less indicate the presence of C-Cl
stretching of alkyl halides. They had prominent bands
of absorbance at peaks (3369.14, 2921.96, 1608.52,
1404.08, and 1029.92) ¢cm™. In addition, the FTIR
Spectra of the NiSO4.6H,O had a prominent band of
absorbance at peak 1093.56 cm™ Moreover, the FTIR
spectroscopy showed that samples analysis had
prominent bands of absorbance at peaks (619.11,
1093.56, 1573.81, 1649.02, and 3365.55) cm ! for the
NiO-NPs. The peak (1093.56) in the FTIR Spectra of
the NiO-NPs is the same peak found in the
NiSO4.6H,O sample, and was not found in the
Lepidium sativum aqueous plant leaves extract.
Therefore, this indicates the formation of NiO-NPs
(Figure 6).

A variety of secondary metabolites found in
plants, including terpenoids, sugars, polyphenols,
alkaloids, proteins, and phenolic acids, are essential
for the creation of metal nanoparticles [35].

Results indicate that metal nanoparticles may bind
to free carbonyl groups in amino acid residues of
proteins found in plant leaf extract while encasing or
capping the latter to avoid their aggregation. Certain
biological components, including proteins, can reduce
metal ions while also stabilizing metal nanoparticles in
an aqueous environment. Shankar et al. [36] discovered
proteins and secondary metabolites in the water-soluble
fractions of Geranium leaves and proved that
terpenoids contribute to metal ion reduction and metal
ion oxidation to carbonyl groups. According to FTIR
study, the chlorophyll ester C=0 group acts as a
reducing agent, while another protein is involved in the
surface capping of metal nanoparticles of Geranium
leaf extract. Proteins and other ligands contained in
plant extracts were discovered to be responsible for the
creation and stability of nanoparticles [37].

Zepidimm s=tivam

NiSOu.6H: O

NiO-NPs

Figure (6): FTIR Spectra Pattern of Lepidium
sativum aqueous plant leaves extract, NiSO4.6H20
and NiO-NPs

Antibacterial activity of nickel
oxide-nanoparticles

Well diffusion method

The  well-diffusion method evaluated the
antibacterial activity of the nanoparticles used in this
study on S. aureus. The results showed that the NiO-
NPs in concentrations 64 mg/ml was more effective
than the NiO-NPs in concentrations of 32 mg/ml,
which gave the highest inhibition zone value of (15.67
* 0.57) and (12.33 £ 0.57) mm, respectively, the S.
aureus isolate 3, with a significant difference (P<0.01),
as seen in (Tables 3).

Metal nanoparticles' true antibacterial activity's
exact mechanism is still unclear. There are, however, a
number of papers outlining the potential mechanism
behind its antibacterial action. It has been discovered
that the antibacterial activity of metal nanoparticles
greatly depends on a number of factors, including the
particle's size, shape, and surface charge [38].
Particularly in Gram negative bacteria, nanoparticles
may readily penetrate the bacterial cell wall and bond
with it. Once inside, they inhibit protein synthesize,
inactivate the DNA and enzymes, and ultimately cause
the bacterial cell to die. Moreover, the huge surface
area of nanoparticles allows for robust microbial
contact. [39].

Table (3): Antibacterial activity of NiO-NPs on S.
aureus isolate

Ni-NPs
No of isolates LSD value
32 mg/ml 64 mg/ml

51 11 .67=0.57 15 33=0.57 2_1T70**

S 11.33=0.57 14.33=0.57 2. 170%*

Sa 12 33057 15.67=0.57 2 170%**

Sa S 33=0.57 11.67=0.57 2 170%*

Ss 9. 332057 11.67=0.57 2. 170%*

Ss 11 33=0.57 14 .67=0.57 2 170%*

S7 11.67=0.57 15332057 2 170%*

Ss 11 33=0.57 14.67=0.57 2_1T70**

So 9 332057 11.67=0.57 2 170%*

S 10 11.67=0.57 15.33x0.57 2 170%**

LSD value 1.341%* 1.341%* |

== (P=0.01)

(S): S aprens
The numbers in the table mention to inhibition zone measured in (mm)

By diverting the cell membrane and causing the cell
enzymes to be disrupted, nickel oxide-nanoparticles
have demonstrated effective prevention of bacterial
growth [40]. Abbasi et al. [41], Geranium wallichianum
was used as a reducing and capping agent to create
ecologically friendly NiO nanoparticles. The NiO
nanoparticles used in their investigation were 21 nm in
size and shown antibacterial activity against several
bacterial strains at doses ranging from 700 to 21.875
g/ml. Bhat et al. [42] synthesized face-centered cubic
structure of NiO nanoparticles with 30 nm average size
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by co-precipitation method. In their study, K.
pneumonia and B. subtilis showed maximum zone of
inhibition (15 mm) at 40 mg/ml concentration, and
minimum inhibitory concentration 62.5 pg/ml.

This study found that the concentration-dependent
antibacterial effects of produced NiO-NPs
increased with an increase in concentration and
inhibited cellular activity. NiO entered the cell and
was poisonous enough to render it inert and dead,
which was followed by lysis [43]. Reactive oxygen
species (ROS) are produced as a result of the
penetration of NiO nanoparticles through bacterial
cell membranes, which damages cell components
[44]. The size, shape, dose, stability, morphology,
and duration of therapy are the primary factors that
determine the antibacterial capability of
nanoparticles [45].

Determination of the (MIC) of the nickel
oxide-nanoparticles

The MIC of the nanoparticles was ascertained
utilizing the 96-well microtiter plate and the broth
microdilution technique. The MIC of the antibacterial
agent S. aureus has been established using a technique

utilizing the oxidation-reduction colorimetric indicator
resazurin. Resazurin may be easily seen with the naked
eye and the MIC can be established even without the
use of a spectrophotometer. Resazurin is blue in its
oxidized state but becomes pink when reduced by living
cells [46].

The result of the MIC values of the NiO-NPs
on all S. aureus isolates were 2 mg\ml except isolate
9 which was 4 mg\ml, as shown in (Tables 4) and
(Figure 7).

This result shows that the NiO-NPs utilized in
this work had efficiency that was concentration
dependent, which is consistent with reports of other
metal oxide nanoparticles from other studies. [47].
Also, it has been shown that the sizes of
nanoparticles significantly influence how effective
they are against bacterial [48]. This nanoscale size
has a variety of morphologies with large surface
area, charge, adsorption, and chemical reactivity
that allow them to interact with biological systems
effectively and inhibit them significantly [49]. As a
result, we infer that the nanoscale diameters of
NiO-NPs were critical to their antibacterial
efficacy.

Table (4): MIC of NiO-NPs on S. aureus isolate

Belate | S1 s2 53 s4 58 56 57 S8 50 s10
NiNPs
MIC 4
mg/ml
(S): 8. anrens
No of Before After treatment (Ni NPs mg/ml)
isolates | treatment 0.25 0.5 1 2 4 8 16 32
(control)
Sy Strong Moderate Wealk Wealk No Biofilm | No Biofilm | No Biofilm | No Biofilm | No Biofilm
Sz Strong Moderate Weak No Biofilm | No Biofilm | No Biofilm | No Biofilm | No Biofilm | No Biofilm
Ss3 Strong Moderate Weal No Biofilm | No Biofilm | No Biofilm | No Biofilm | No Biofilm | No Biofilm
Ss Strong Moderate Weak No Biofilm | No Biofilm | No Biofilm | No Biofilm | No Biofilm | No Biofilm
S5 Strong Moderate Weak Weak No Biofilm | No Biofilm | No Biofilm | No Biofilm | No Biofilm
Ss Strong Moderate Weak No Biofilm | No Biofilm | No Biofilm | No Biofilm | No Biofilm | No Biofilm
S7 Strong Moderate Wealk Weak No Biofilm | No Biofilm | No Biofilm | No Biofilm | No Biofilm
Sg Strong Moderate Wealk No Biofilm | No Biofilm | No Biofilm | No Biofilm | No Biofilm | No Biofilm
So Moderate | Moderate Weak Weak No Biofilm | No Biofilm | No Biofilm | No Biofilm | No Biofilm
S0 Moderate | Moderate Wealc No Biofilm | No Biofilm | No Biofilm | No Biofilm | No Biofilm | No Biofilm

(S): S. aureus, Controlnegative (cut off)=0.2

Figure (7): MIC of NiO-NPs on S. aureus isolate

(St): Staph. aureus isolate, (C+): Control positive
(Bacteria + Media), (C-): Control negative (Media
only)

Anti-Biofilm activity of nickel oxide-
nanoparticles

A tightly packed group of microbial cells known
as a biofilm attaches to and develops on living or
nonliving surfaces, and it surrounds itself with
secreted polymers. Due to treatment resistance,
biofilm-associated infections are sometimes difficult
to treat [50], Thus, it is crucial to find novel and

1966

potent compounds that prevent the development of
bacterial biofilms.

Nickel oxide-nanoparticles inhibited 100% of
the biofilm formation of S. aureus in 2 mg/ml, as
shown in (Table 5).

The development of biofilms has been linked to
bacteria's development of antibiotic resistance [51].
When exposed to NiO-NPs, biofilm formation was
lost, which suggests virulence when interacting with
and colonizing host tissue. The observed reduction
of biofilm development is in line with researches by
[52] and [53], they showed that the capacity to
suppress biofilm formation and bacterial motility
depend on concentration.
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Electrostatic interactions are set off when nickel
ions produced from NiO-NPs attach to the cell
membrane of microorganisms, these interactions
affect cellular function [54]. Moreover, these
harmed cell membranes are more vulnerable to
subsequent interactions, which increases NiO-NPs
penetration and intracellular organelle leakage [8].
These consecutive procedures strengthen the
nanoparticles' antibacterial properties. Additionally,
as NiO-NPs interact, ROS is produced. ROS has a
high propensity to interfere with the microbial
electron transport chain, damage DNA by rupturing
phosphate and hydrogen bonds, denaturize proteins
by changing their tertiary structures, and cause
oxidative stress to the mitochondria [55]. Although
nanoparticles (metal/metal oxide) can readily enter
through the bacterial cell membrane and cause the
death of the bacterial cell, soluble nickel
compounds assault the bacterial cell membrane
from the outside [56].

mg',m,Stl Sty Sta ’St4 sts St

St; Sty Ste Sty G Gt
’ \ -_; N
% 0,0,0.8,

\ \\/’ ) ] :
- /\(‘,,_\y- \\l,-\'l\(/«.ﬁ/\

S\ AL A .

Table (5): Biofilm formation of S. aureus before and
after treatment with NiO/NPs

Conclusion

According to the results of the current study, it
can be concluded that the green synthesize method
is a successful method to prepare NiO-NPs, and the
synthesized NiO-NPs have significant antibacterial
S. aureus agent, it also inhibits of the formation
biofilms in S. aureus depending on the
concentration used.
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