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Abstract

Background: Staphylococcus aureus (S. aureus) is well known as a Gram-positive pathogen that is leads to many chronic and
recurrent infectious conditions such as skin infections. The microbial organism showed high resistance to some antibiotic
classes. Extremely low frequency electric field (ELFEF) shows promising effect with antimicrobial activity. Nanoparticles
represent a powerful tool against microbial growth.

Methods: Because of lack of ways of protection mechanisms against S. aureus the present study conducted first: S. aureus
characteristics such as the growth curve, biofilm formation and antimicrobial susceptibilities and resistance mechanisms,
second: the effect of reduced graphene oxide @ magnetite nanocomposite (rGO@Fez:04) and extremely low frequency
electric field (ELFEF) as inhibition mechanisms for S. aureus growth rate.

Results: S. aureus was affected by using rGO@FesO4 showing high growth inhibition of S. aureus in comparison with
ELFEF which represent lower inhibitory effect than rGO@FesO4 while the emerging between ELFEF and rGO@FesO4 shows
impressive results as a great factor in the inhibition of S. aureus and it was shown by screening its susceptibility test and
biofilm formation ability.

Conclusion: The rate of S. aureus growth inhibition was sustained by using both rGO@Fe3O4 and ELFEF as antimicrobial
factors for slowing down or inhibiting S. aureus microbial viability as a pathogen.

Keywords:
S. aureus, susceptibility test, biofilm formation, rGO@Fe3O4, and extremely low frequency electric field.

parameters (cell development and practicality) and
microorganism antimicrobial affectability depending
on physical parameters of the electric field frequency
connected i.e the time of the exposure, and/or the sort
of microorganism utilized [9, 10, 11, 12].

The effects of ELFEFs on bacteria was investigated
as an essential need to find out the chance of
controlling the sensitivity of bacteria at resonance

1. Introduction

A wide range of infectious diseases is
caused by Staphylococcus aureus such as bacteremia,
skin infections, endocarditis, pneumonia, abscesses,
osteomyelitis and food poisoning [1].
Antimicrobial resistance is a great threatening for
public health, due to improper utilize of anti-infective
drugs in human and animal wellbeing as well as

nourishment generation. Multidrug-Resistant Strains
(MDR) developed due to the frequent improper use
of antibiotics that leads to bacterial evolution
spreading in human populations [2].

Extremely low frequency electric field direct effect
was verified by many studies such as the biological
functions of living organisms [3, 4]. Many studies
observed cell responses caused by exposure to
ELFEF [5, 6, 7, 8]. It has been considered that ELF-
EF can negatively or positively inflences functional

frequency [13, 14]. So, in the present study an
alternative methods was used for the treatment of
bacterial infections. Lately, efforts were made to
control  cellular  activities of  pathogenic
characteristics and growth rate of S. aureus by using
electric field of extremely low frequency with
different frequencies [15].

The first step in the impressive developing
nanotechnology field is nanomaterials because of
their incredible tiny size dependent properties that
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make the nanomaterials of higher priority in many
areas of life necessities [16].

The eruption of COVID-19 virulent disease may
further enlarging antimicrobial resistance as a result
of the massive employ of antibiotics to treat patients
tainted with extreme intense Respiratory disorder
Coronavirus 2 (SARS-COV-2) [17, 18]. Given the
quick rise of drug-resistant S. aureus but a need of
antibiotic-development pipeline, elective techniques
are critically required to combat antibiotic-resistant S.
aureus. Recently, employing nanoparticles in
technological industries is considered as one of the
potential techniques to prevail over antibiotic
resistance in bacteria [2].

Nanoparticles (NPs) of different metals and their
oxides, such as Ag, ZnO, Fe203, Fe304, AI203,
TiO2, and CuQ, inhibit antibacterial activity against
Gram-negative and Gram-positive bacteria, in
addition to the antifungal activity [19].

Graphene nanoparticles can be described as one of
carbon nanostructures (CNSs) which include
fullerene, carbon nanotubes (CNTSs), graphene and
diamond-like carbon (DLC) have powerful wide-
range antibacterial activities. Physical abrasions and
structural damage to the bacterial cell walls and cell
membranes may be caused by Carbon nanostructures.
Graphene nanoparticles shaped in many forms have
been listed, which includes graphene oxide (GO),
reduced graphene oxide (rGO), graphite and
graphene nano-sheets. In general GO has potent
antibacterial action. Also both size and surface area
of carbon nanomaterials are essential parameters
influencing their antibacterial action; that is, the
improvement of the activity of interaction between
GO and bacteria can be determined by rising the
surface area of nanoparticles with a decrease in size
[16].

Graphene nanoparticles are materials that well known
with their potential of excitation because of their
different applications such as in environmental
energy , Nano catalysis, electrochemistry and
experimented nowadays as inhibitory materials
against  pathogenic  microorganisms such  as
Staphylococcus aureus [20].

In general, the antimicrobial performance of the
nanoparticles counts on their composition, surface
modification, intrinsic properties, and the type of
microorganism. It has been introduced that carbon-
based nanomaterials origin harm to bacterial
membrane as a result of an oxidative stress [16].
Nanoparticles are taken up by cells and subsequently
unleash ions intracellularly, causing cell death [21].

2. Materials and Methods:
2.1 Micro-organism growth conditions:

In this study S. aureus were supplied and
collected from the Animal Health Research Institute
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(AHRI) and Central Public Health Laboratories of
Army forces , the strains used in this study were S.
aureus with ATCC 6538, lot Number 20219416 were
identified using VITEK 2 compact system.

S. aureus colonies were diluted in a sterile test tube
containing 5 ml of Tryptic Soy Broth (TSB) from
(Technopharmchem,  Haryana, INDIA) and
thoroughly mixed. Incubatation of samples were done
(plue pard incubator, model PHO50A, lItaly) at 37°C
for 18 h. The suspension was then streaked onto a
Mannitol Salt Agar plate (Oxoid, Basingstoke,
Hampshire, England) and incubated at 37°C for 18 h.
Typical presumptive S. aureus colonies characterized
with golden yellow pigmentation were then
subcultured into Tryptic Soy Agar plate (TSA) and
incubated at 37°C for 18 h [22].

Bacterial growth was investigated via two ways
turbid metrically measuring absorbance or by
counting colonies developed on agar plates (standard
plate count). The bacterial growth study showed,
standard calibration curve was plotted between the
absorbance of the samples at 600 nm (using clean
broth medium as reference sample) [23, 24] and the
concentrations of the cells (CFU/mL) by plate
counting method [25, 26].

e  Exposure system:

The broth subculture was made by inoculating two
colonies of S. aureus from TSA plate into a sterile
test tube containing 5 ml of sterile tryptic soy broth
(TSB), the micro-organism was then incubated at
37°C for 24 h. S. aureus concentrated to 0.5
McFarland standard, 20 ul of the suspended
microorganism was supplied into 1.5 ml broth media
tube. The study divided into three groups:

Negative control tube which represented by blank
sample tube contained only 1.5 ml of TSB without
organism. Positive control contained 1.5 ml TSB
inoculated with the organism and the last group in
this section that consist of number of test tubes
containing bacterial inoculum were arranged to be
exposed to different electric frequencies ranging from
0.1 Hz to 30 Hz for 30 min so as to determine growth
inhibition resonance frequency, each experiment was
carried out in triplicates and the average was
considered. Each culture tube was incubated at 37°C
for 24 h. The number of colony forming units (CFU)
was used to quantify our results and was determined
by plate counting technique [23]. Suitable dilutions
of the bacterial cells were utilized to inoculate TSA
plates. Fresh bacterial cultures were used throughout
the experiments [12]. Alike conditions were set to the
control samples as the exposed ones. Growth curves
of bacterial cell cultures were gained by repeating
measurements of optical density (OD) taken at 600
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nm each hour by spectrophotometer (Spectro UV-
Vis Auto UV-2602).

2.2 Synthesis of reduced graphene oxide @
magnetite nanocomposite

The surface of graphene oxide nanosheets (GO) is
extremely loaded with oxygen groups as hydroxyl (-
OH) and carboxylic (-COOH) groups which are
active sites for nucleation and growth of magnetite
nanoparticles on its surface. A solvothermal
technique was employed to reduce GO to graphene
and in situ change of Fe3+ ions to spherical
magnetite nanoparticles in the same time forming
graphene coated with magnetite nanocomposite
rGO@Fe30;4 . In a solvothermal technique, 0.5 g GO
was done utilizing modified Hummers technique [27]
exfoliated with sonication in 80 mL ethylene glycol
(99.999% Sigma-Aldrich) for 1 hour at 40°C. Then,
1.6 g of ferric chloride (SigmaAldrich, MW=162.21)
and 3.2 g sodium acetate (Alfa Aesar) were added
with stirring at room temperature. The mixture was
transferred into a Teflon-lined stainlesssteel
autoclave at 200°C for 6 hours, then kept to cool to
room temperature for 24 hours at room temperature.
The black precipitate of rGO@Fes;O4 was created,
centrifuged and washed many times with deionized
water, then at final dried at 60°C in a vacuum oven to
avoid the oxidation of magnetite nanoparticles. [28,
29].
. Characterization of rGO@Fez0a4
Spectral absorption of the prepared rGO@Fes04
measures were done utilizing a double beam UV-Vis-
NIR  spectrophotometer (Cary 5000, Agilent
Technologies, Santa Clara, CA, USA). Morphology
of rGO@Fe;0s was investigated employing
Transmission Electron Microscopy (TEM) with a
Joel JEM JE 1200EXII transmission electron
microscope (Tokyo, Japan). Few drops of dilute
prepared rGO@Fe304 solution were deposited on
carbon-coated copper grid and kept to dry at room
temperature. Zeta potential measures were done by
zeta sizer (Nano ZS, zeta sizer, Malvern, UK) based
on the dynamic light scattering technique.
e S.aureus treated with rGO@Fes3O4:

For the experimental culture, cells from stocks stored
at —80 °C were propagated by sub culturing onto
TSA (tryptic soy agar) plates and incubated overnight
at 37 °C. From these, a loop full of the overnight
bacterial growth was inoculated into sterile tubes
containing 5 mL of TSB liquid media in an orbital
shaker at 220 rpm and 37 °C for 16 h. Bacterial
culture were diluted between 1.5 x 108 cells/ml in
TSB medium or adjust the suspension to 0.5
McFarland standard then rGO@Fes;O4 suspension
was made and sustained with TSB with concentration
of 500 pg/ml DMSO then a sterile tubes with 5ml
TSB used as blank tube, second tube inoculated with
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S. aureus, third tube inoculated with S. aureus used
to be exposed to 0.8 Hz for 30 min , fourth tube
contained TSB treated with rGO@Fes;04 inoculated
with S. aureus, the fifth tube contained TSB treated
with rGO@Fe;04 with S. aureus to be exposed to 0.8
Hz for 30 min and adjust all tubes to 0.5 McFarland
standard on the spectrophotometer. The growth curve
was plotted by incubating with shacking over nigth
each tube in 37°c for 24 h and the OD was taken for
each tube each hour for 24 hours. This experiment
was done in triplicate.

2.3 Disc diffusion susceptibility test:

The CLSI disk diffusion technique 2021 was
employed to investigate the antibiotic sensitivity test
for all pathogenic S. aureus isolates. Incubation for
24 h in 37°c for each isolate inoculated in Mueller—
Hinton brot. The bacterial suspension was adjusted to
match the 0.5 McFarland standard utilizing sterile
saline solution. Spreading of each saline suspension
was done onto the surface of Mueller Hinton agar
plates with a sterile swab, and paper disks
impregnated with antibiotics were dispensed onto the
surfaces of Mueller—Hinton agar plates that were at
least 24 mm apart from the center of each other
utilizing a multi-disk dispenser. The diameters of the
inhibition zones were measured utilizing a caliper
and interpreted using standard break points
accordingly to the Clinical and Laboratory Standards
Institute on Antimicrobial Susceptibility Testing to
categorize antibiotics as susceptible, intermediate,
and resistant [30]. The bacterial isolate of S. aureus
was applied to susceptibility testing using fifteen
different antibiotic discs namely (Vancomycin [VA
30ug], Tetracycline [TE 30ug], Trimethoprim-
sulfamethoxazole [SXT 25pg], Imipenem [IPM
10pg] , Cefoxitine [CXN 30pg], Ciprofloxacin [CIP
Sug], Cefepime [ FEP 30pg], Gentamycin [CN
10pg], and Linzolide [ LNZ 30pg]. S. aureus
standardized bacterial suspension (1.5 x 108 cfu /ml)
was divided into four groups (three samples per
each); control, sample exposed to inhibitory
frequency 0.8 Hz, sample treated with rGO@Fe30s.,
sample treated with rGO@FesOs at exposure
frequency 0.8 Hz , The effect in each sample after the
first hour of log phase in the bacterial growth curve
for 30 minutes. At the end of the exposure period,
samples of control and exposed groups were used to
be inoculated in Mueller-Hinton agar plates. The
inoculated plates were incubated at 37°C for 24 hrs.
The mean diameter of each inhibition zone were
measured [24].

2.4 Biofilm Formation Assay:
Biofilm interactions of S. aureus were adjusted to

OD600 = 0.5 McFarland in TSB and then further
diluted 1:100 in TSB Glucose. A total of 100 pL of
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the bacterial suspension(s) were added to 96 wells
microtiter plates .The plates were incubated for 24 h
at 37 °C [31]. For each well the content was removed
and washed three times after incubation with 250 pl
of Phosphate Buffered Saline solution (PBS, Thermo
Fisher Scientific). Staining of adherent cells was
done with 0.1% crystal violet [32] solution for 15
min. then; rinsing off excess stain was done by filling
the wells with sterile distilled water. The adhering
dye was dissolved with 30% acetic acid. The OD of
wells was investigated at 570 nm using Reader
(ChroMate Awareness Technology INC) by [33].

. For rGO@Fes30q4:

A 96-well flat-bottom microplate (Falcon) was used
for the biofilm evaluation by adding 100 pl of 108/ml
bacteria in Tryptic soy broth (TSB). Incubation for 4
h was then performed at 37 °C in a gentle shaker (25
rpm). Afterwards, substitution of the medium was
done with fresh TSB so as to get rid of cells that do
not adhere to the well. Incubation of the plate was
repeated at 37 °C with gentle shaking for 24 h. after
that, wells were washed three times with 0.9% NaCl,
and biofilms were maintained at 60 °C for 1 h. each
well was supplied with Crystal violet (CV, 0.3%), 15
minutes later, excess CV was removed by putting the
plate under running water. Once the plate was well
dried at 60 °C, addition of 100 pl of 95% EtOH was
done to the wells to liberate the CV from the biofilm.
For the OD, 590 nm was the wavelength used in
reading each well [34].

e Categorization of isolates based on biofilm
forming capacity:

The following criteria were used for biofilm
gradation in clinical isolates.
ODcut = ODavg of negative control + 3 x standard
deviation (SD) of ODs of negative control.
1. OD < ODcut = Non biofilm former (NBF)
2. ODcut < OD < 2 x ODcut = Weak biofilm former
(WBF)
3.2 x ODcut < OD <4 x ODcut = Moderate biofilm
former (MBF)
4. OD >4 x ODcut = Strong biofilm former.

In this study, All experiments with clinical isolates
were done in quadruplet, i.e., each isolate were
inoculated in 16 wells simultaneously and repeated
thrice (on different days), and then, OD values were
averaged and SD was calculated [35].

2.5 Dielectric Techniques:

The dielectric measurements were fulfilled
for the samples in the frequency range 45Hz — 5MHz
(beta dispersion range) using a Loss Factor Meter
(type HIOKI 3532 LCR Hi TESTER, version 1.02,
1999, Japan), with a sample cell type PW 9510/60,
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manufactured by Philips, Japan. The sample cell is
formed of glass, provided two squared platinum
black electrodes of 0.64 cm? area (A) and separated
by 1 cm apart (d). For measurements, the cell is
intrigued in a glass beaker containing the bacterial
sample so as the sample suspension covers the whole
volume between the cell electrodes. During the
measurements, the sample in glass beaker between
the electrodes was kept at a constant temperature of
24 + 0.1°C. The capacitance (C) of the samples was
measured at each frequency (f) and the resistance (R)
was recorded. Each run was taken three times and the
average was considered. The relative permittivity (),
loss tangent (tan &), dielectric loss (¢), conductivity
(o) and relaxation time (z) of the samples were
calculated for each frequency using the following
relations:

&= Cd/eoA (1)

where ¢o is permittivity of free space.

tan 6 = 1/2zfRC=¢"/¢ )
0=2nf€" g ?3)
= 1/2nfc (4)

where fc is the frequency at the midpoint of the
dielectric dispersion curve [24].

2.6 Statistical analysis:

The bacterial growth data for estimation of
the results were made by calculating arithmetic
means and standard deviations for antibiotic
susceptibility results and dielectric measurements.
All these measurements have been done and
compared for exposed and unexposed samples using
Student’s t -test done and ANOVA analyses, the level
of significance was set at P<0.05 [36].

3. Results:

3.1. Bacterial growth curves:

Figure 1a reveals the percentage of growth inhibition
of varies frequencies ranging from 0.1Hz to 30Hz
with respect to control sample containing unexposed
S. aureus. The difference from control was
significant at frequencies ranging from (0.2 to 30Hz)
and for frequencies ranging from (0.8 to 1Hz) was
highly significant (P < 0.0001) while for 0.1Hz was
not significant at (P < 0.05). Figure 1b shows the
growth curve characteristics for control and treated S.
aureus by 0.8Hz. The difference from control was
highly significant. Figure 1c integrated the change in
cellular growth curve of S. aureus exposed to 0.8Hz,
S. aureus sample treated with rGO@FesO4 and S.
aureus sample treated with rGO@Fes;04 exposed to
0.8Hz with respect to control sample. The difference
from control was highly significant with rGO@Fe3;04
and rGO@Fe304 exposed to 0.8Hz electric field.
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Fig.1a: Growth curve inhibition percentage of exposed samples with respect to control sample of S. aureus
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3.2  Synthesis  of
characterization
Confirmation  of  successful  preparation  of
rGO@Fe304 was obtained with The UV-visible- NIR
optical absorbance spectra (Figure 2a), at about 260

rGO@FesOs and its
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nm characteristic peak and the solution has high
background dark color with a broad absorption band
from UV, visible and NIR spectral region.

After solvothermal reduction, layered structures were
displayed from graphene sheets and became very thin
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and clear vision of the folding nature was obsereved.
The graphene sheets are exfoliated and cannot restack
any more, Fig.2b shows the typical TEM image of
rGO@Fes04 nanocomposite, the FesO4 spheres are
uniformly decorated and firmly anchored on the
wrinkled graphene layers with a high density and
serve as a stabilizer separate graphene sheets against
the aggregation.

The surface of rGO@FeszO4 is mostly negatively
charges due to coating with poly ethylene glycol
which was noticeably concluded from zeta potential
measurements by DLS, figure 2c The average surface
potential was -22.2 mV allow it to creat steady
solution in water and assist its absorption by cellular
membrane.

3.3 Bacterial susceptibility test analysis:

The antibiotic susceptibility test results for
control, exposed to 0.8 Hz, and treated samples with
rGO@Fe:04 are detailed in Table 1. Significant
difference between unexposed and exposed samples

0.6

1]
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6E-16
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730

and treated samples with rGO@Fe3;04 were observed,
figure 2 demonstrates the comparison between the
four different samples for each antibiotic used.

3.4. Biofilm Measurements:

To confirm the impact of 0.8Hz ELFEF on
the Staphylococcus aureus biofilm formation,
bacterial cultures in microtiter plates were exposed
for 30 min, and treated samples with rGO@Fe3O,
compared to the relative non-exposed controls. The
results revealed the inhibition of the biofilm activity
at 0.8Hz as shown in Table 3.

3.5. Dielectric Measurements:

Properties of molecules are affected majorly
by the dielectric behavior of microorganism such as
S. aureus, the following dielectric data, shown in
Table2 shows the differences of relative permittivity
and conductivity between control and exposed
microorganism at inhibitory frequency of 0.8 Hz,
treated microorganism with rGO@Fe30..

c Zeta Potential Distribution

400000

300000

200000

Total Counts
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0 100 200
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Figure 2: rGO@Fes304 (a) UV-visible absorption curve (b) TEM image (magnification 500 nm) (c) Zeta
potential.
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Table 1: the mean inhibition zone diameter (mm) and percentage of inhibition with respect to control
sample of different antibiotic agents for the control, exposed and treated samples with rGO@Fe30..

Antibiotic Disc

Cell wall inhibitor S 21+ 9.50% S23+1.51 -9.50% 1 19+2 -4.76% 1 20+3
Vancomycin 0.836
(VA 30mg)
Protein Synthesis | 114.4+ 0% | -9.72% R 1310 -9.72% R 130
Inhibition (Anti- 1.07 14.4+1.07
30S ribosomal
subunit) (TE 30mg)
S 33.8% 1.10% S 0.50% S 34+1 3.55% S 35+2
Folic acid 2.727 34.2+2.85
Synthesis Inhibitors
(sxt 25mg)
Cephalosporins R 18.6+ 1% R 18.8+1.9 -19.35% R 15+2 -13.97% R 16+1
(2nd generation) 1.720
(CXN 30mg)
DNA Synthesis S 32.6x 1.80% S -17.70% S27+0 -11.04% S 29+2
Inhibitors 2.993 33.2+2.53
(Fluoroquinolones-
2nd generation)
(CIP 5mg)
Cephalosporins 126.8+ -1.49% | -10.40% 124+1 -2.98% 1 261
(4th generation) 2.374 26.4+2.56
(FEP 30 mg)
Protein Synthesis 112.2+ 6.55% 1 13+0.89 -9.83% R 1140 -9.80% R 1140
Inhibition 1.2
(Aminoglycosides)
(CN 10mg)
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Cell wall inhibitors | S 48.4+ 2.80% S -7.02% S 4542 -16.32% S 40.5£1.5
(Carbapenems) 1.72 49.8+1.24
(IPM 10mg)
Anti-50S ribosomal | S 37.2+ 5.37% S -0.50% S 36+1 -8.60% S 34x1
subunit 0.583 39.2+1.095
(LNZ 30mg)

Note: S refers to Susceptible, | refers to Intermediate & R refers to Resistance.

Table.3: Biofilm Mean for control sample, exposed sample to 0.8Hz and treated samples with rGO@Fe30..

S. aureus samples OD cut off Biofilm Mean Biofilm SD
S. aureus control sample 1.797 * 1.98* +0.01
S. aureus treated with 0.8 Hz 2 1.76 +0.078
S. aureus treated with rGO@Fe304 2.31 2.14 +0.09
S. aureus treated with rGO@Fe3;04 & 0.8 Hz 2.58 2.27 +0.046

Weak Biofilm (*)
any drop off in the dielectric loss in the sample. The

The curves of dielectric relaxation for s. aureus values of n, and ¢ were obtained from the curves for
groups ar demonstrated in figure.4 (a, b, and ¢). The all samples from all groups as given in Table (2), the
findings show a dielectric dispersion in the frequency difference is not significant (NS) (p > 0.05) while the

range indicated. The data also showed an elevation in difference is highly significant (HS) (P<0.0001)
the electrical conductivity which is accompanied with

Dielectric of S.aureus
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Fig.4a Dielectric of control sample in which conductivity represented by tond=C) and permittivity represented
by—perm ]
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Fig.4b Dielectric of s. aureus exposed sample to 0.8Hz
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Dielectric of S. aureus treated with rGO@Fe;0,

and 0.8 Hz
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Fig.4c Dielectric of S. aureus treated sample with rGO@Fes04and exposed to 0.8 Hz

Table 2. Dielectric parameters for control sample, samples exposed to 0.8 Hz for 30 min, and treated sample
with rGO@Fe;04 and exposed to 0.8 Hz.

. . . B Conductivity
Experimented Samples Dielectric increment Ag(ee — g0) & x 10-2 at 3 MHz (s/m)
Control 105932387005518+5.9 2.077793 + 0.00852
Treated sample with 0.8 Hz 252436305+4.2x10° 1.984371+0.011
Treated sample with
rGO@Fe:04at 0.8 Hz 280331755.9+0.0 1.86+0.0

4. Discussion and Conclusion:

The main goal of this study is to inspect
extremely low frequency also revealing the impact of
adding Nano particles as reduced Graphene Oxide to
Staphylococcus aureus during the exposure that
affects the Staphylococcus aureus growth. This
technique was used to detected the difference
between the inhibitory effect of extremely low
electric frequency 0.8Hz on Staphylococcus aureus
and the inhibitory effect of 0.8Hz adding to
Nanoparticles such as Graphene Oxide. The results of
the inhibitory frequency and Nanoparticles used may
lead to distinguish changes in molecular structure of
the microorganism at the log phase that caused to
affect its cellular division, as the growth curves of the
exposed Staphylococcus aureus differ from the
control sample starting from the log phase as showed
in fig.9c. there is a destructive resonance interference
of the applied square wave at 0.8 Hz for S.aureus
with the bioelectric signals produced along the
microbial cellular division. These applied waves
could be the reason for the ions to deflect from their
regular way of cellular division, and then lead the
process to deteriorate. The biological cellular
membrane is composed of phospholipids bilayers
molecules imbedded in between protein molecules
(intrinsic and extrinsic), the effect of exposures to
resonance frequency 0.8Hz may cause the
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disturbance of the intermolecular forces between the
macromolecules forming the cellular membrane [37].
Analysis of the influence of graphene on the
morphology and ultrastructure of the cell showed
damage to the bacterial structure cell wall and cell
membrane treated with rGO. Bacterial cell can suffer
from disorders of membrane integrity that can
prevent respiration, transport across the membrane
and osmotic balance [38]. Our findings are in
agreement with the findings of earlier investigations
reporting the inhibitory effects of ELF and reduced
Graphene Oxide Nanoparticles on growth and
viability of Staphylococcus aureus and dependence of
this effect on exposure time [39, 40]. This results lead
to a conclusion that permittivity of microorganism
cell membrane transformed leading to changes in
inner cell constituents, while the changes occurred in
the log phase stage. Indicating that adding Graphene
Oxide Nanoparticles to microorganism during
exposure to 0.8Hz may cause changes to the cell
membrane permittivity due to exposure by the
inhibitory frequencies including the influence of
reduced Graphene Oxide Nanoparticles as in Figs
11a,11c. The antibacterial action of rGO and other
carbon-based nanomaterials in studied investigating
the impact of exposure time and concentration [40].
The antibacterial activity of GO susceptibility test
specially with Trimethoprime sulfamethoxazole
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(sxt25mg). Antibiotic susceptibility test concerned
with inhibitors of cell wall synthesis showed an
observed difference in diameterzone confirming the
effect of inhibitory frequency combined with rGO
Nanoparticles on cell wall this fact agreed with [41].
The construction and evaluation for Nanoantibiotics
in the inhibition of bacterial growth was confirmed,
even in planktonic or sessile forms. Incapability of
antimicrobial agents to infiltrate into the biofilm
network, leading to the progress of resistant
microbial strains, may be defeated via the application
of nanostructures exhibiting antibiofilm action [42,
43]. The prospective of antibacterial applications of
graphene-based nanocomposites has remarkable
considerable  employments  [44, 45]. rGO
Nanoparticles showed a destructive effect on biofilm
formation of Staphylococcus aureus and this fact in
agreement with [46, 47].

There is a noticeable change of exposed S.
aureus samples at 0.8Hz exposed for 30min also there
is a significant decrease in s. aureus activity treated
with rGO@Fez0, exposed to ELFEF 0.8Hz than the
treated sample with rGO@Fe30;4 only, and this was
shown clearly with susceptibility test and biofilm
test.
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