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Abstract

: Staphylococcus epidermidis is an opportunistic pathogen and of the
most important cause of infectious diseases. The prevalence of these infections, as
well as the increase of antibiotic-resistant species, has become a solicitous issue.
Using nanoparticles to combat bacterial infections can replace antibiotics. In this
study, the antibacterial properties of doped silver nanoparticles on Iron oxide
nanocrystal on isolated Staphylococcus epidermidis bacteria from nosocomial
infection was studied.

: Firstly, Nanoparticles were prepared by chemical co-
precipitation method and were prepared at concentrations of 0, 20, 40, 60, 80 and
100 ppm to determine bactericidal properties. The effect of nanoparticles on isolated
and standard strains of Staphylococcus epidermidis at 24, 48 and 72 hours were
investigated by microplate titer. Data were analyzed by SPSS -18 software at a 0.01
margin of error.

: The results showed that time, bacterial type and concentration factors had
a significant effect on the growth inhibition of Staphylococcus epidermidis, though
the concentration and type of bacterial variables had more significant effects. The
most antibacterial effect of doped silver nanoparticles on iron oxide nanocrystals
was at 100ppm concentration over a 48-hour time on standard isolate.

: Doped Silver nanoparticles on Iron nanocrystals affect the growth of
Staphylococcus epidermidis and reduce its growth rate. This effect, in comparison
to the effects of silver nanoparticles in a single state, which has already been
investigated by researchers, is far more advanced and the combination of Metal
nanoparticles together cause to improve their effectiveness.
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Introduction

Nosocomial infections have always been a
threat to hospitalized patients, a problem that
plagues the world and both groups in developing
countries. The importance of these infections has
been doubled by the development of antibiotic-
resistant strains. Staphylococcus coagulase-
negative bacteria are one of the most important
causes of nosocomial infections, around 55% to
75% of nosocomial infections are related to these
bacteria. This bacterium is the natural flora of the
human body and can opportunistically cause
infections in people with defective immune
systems. It is also able to produce extracellular
superficial polysaccharides and biofilm. Its
biofilm usually forms on hospital equipment in
medical settings and plays a key role in
contaminating the environment and hospital
equipment.

Today, due to the increasing use of implants
and artificial limbs in hospitals, they are exposed
to coagulase-negative staphylococcal infections,
especially Staphylococcus epidermidis. It is
difficult to treat these bacteria due to the
presence of biofilms. The main reason is that
they interfere with host defense and drug
therapy. Also, the surface of proteins in these
bacteria and the capsules around them can make
the bacteria more resistant to antimicrobial
agents and stabilize in the environment.
Increasing antibiotic resistance of coagulase-
negative staphylococci along with the increase in
infections caused by them has become a health
concern.

By development in nanotechnology and the
production of nanoparticles, new solutions have
been proposed to deal with pathogens. Evidence
of research in nanotechnology area suggests that
nanoparticles can kill a wide range of bacteria.
On the other hand, investigation on the
antimicrobial effects of silver and iron oxide
nanoparticles when are used together on a wide
range of microorganisms have been proven that,
can be lead to a possible increase in their
antimicrobial activity compared to the individual
state, expanding their performance, using lower
concentrations of nanoparticles in the combined
state than in the single state and thus reducing the
amount of toxicity and preventing the occurrence
of microbial resistance to each of the
nanoparticles in the single state. Therefore, in
this study, the effect of silver nanoparticles in
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combination with iron oxide nanocrystals (silver
doped with iron nanocrystals) on Staphylococcus
epidermidis was investigated.

Methodology

Collection and identification of samples

Samples were collected from several medical
centers in Hamadan. These samples included
swabs from the surface of pus, blood, trachea
aspiration, and  urine. The  isolated
Staphylococcus epidermidis were identified in
the laboratory using hot staining and standard
biochemical tests. In addition, in all tests, the
standard staphylococcus epidermidis ATCC
12228 prepared from Pasteur Institute of Tehran
was used for control and comparison.

Synthesis of doped silver nanoparticles on
iron nanocrystals

Iron oxide (FesO4) nanoparticles were
prepared using the chemical co-precipitation
method of divalent and trivalent iron chloride
salts. First, FeCl, - 4H,O (1.5 mmol) and FeCls -
6H,0 (3 mmol) were prepared in a solution of
0.01 M hydrochloric acid.

Methods of the effect
nanoparticles on iron
Staphylococcus epidermidis
In order to measure the antibacterial effect of
silver  nanoparticles doped with iron
nanocrystals, microplate titration method and
violet crystal colorimetric were used. For this
purpose, 96-house microplate was used. Initially,
for each staphylococcus epidermidis bacterium
isolated and standard, a bacterial suspension with

of silver
nanocrystals

dop
on

turbidity according to  half-McFarland
suspension was prepared separately, then from
silver  nanoparticles doped  with iron

nanocrystals, concentrations of 0, 20, 40, 60 , 80,
100 ppm were prepared.

Microplate was then injected into each of 96
microplate wells with 180 pl of broth, 20 pl of
bacterial suspension with turbidity equivalent to
half McFarland suspension and 100 pl of
nanoparticles. Each of these concentrations was
added to the wells separately for three times. It
is worth mentioning that among the wells, three
wells were considered as positive control and
another three wells were considered as negative
control.
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The above steps were performed separately
for each of the isolated and standard bacteria.
They were then incubated for 24 hours at 37 ° C
and after 24 hours the process was continued by
violet crystal colorimetric method. For this
purpose, after draining the contents of all wells,
they were washed three times with 300 pl of
physiological saline. Then 300 pl of methanol
was inoculated into the wells and remained in the
wells for 30 minutes. Afterwards, the methanol
was drained. After the microplate dried at room
temperature, 150 pl of 0.1 violet crystal was
added to the well and let it remain in the well for
5 minutes, then the paint was drained and the
microplate was washed with city water. Finally,
150 microliters acetic acid solution (33%) was
added to the wells and the microplate was placed
in an ELISA reader to evaluate the light
absorption of the well was placed. In this study,
the light absorption of wells at 630 nm with
absorption of 80 or more was read.

Methods of investigating the effect kinetics of
nanoparticles

In order to investigate the kinetics of the
effects of concentrations on the target bacterium,
the previous stage treatments were repeated
under completely similar conditions and the
same treated microplates were incubated at 48
and 72 hours, then stained and read in an elizator.
Separate steps were performed for each of the

isolated and standard bacteria of Staphylococcus
epidermidis.

Data analysis

Four-way analysis between subjects ANOVA
was used to analyze the data obtained from the
ELISA reader. The dependent variable was the
amount of OD or the amount of turbidity. It is
worth mentioning that the Tukey post hoc test
was used to compare the mean turbidity of the
average turbidity by the proposed factors and to
extract the relevant tables and graphs, SPSS 18
software was used.

Results

An IR device was used to investigate the
synthesis and functionalization of nanoparticles.
The FT-IR spectra of iron and silver
nanoparticles doped on iron oxide are shown in
Figure 1. The absorption peak in the region of
581 cm 'is related to iron nanoparticles due to
the vibration in the Fe-O bond, which is the
synthesis of iron nanocrystals in the magnetite
phase.

When silver ions are doped on iron
nanoparticles, due to the coating effect, the
intensity of this peak decreases. The presence of
an adsorption peak in the region of about 3500
cm ' indicates the presence of OH- in the
structure of nanoparticles.
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Figure 1. FT-IR absorption spectra of iron nanoparticles and silver nanoparticles

Figure 2 shows the X-ray diffraction pattern
in iron oxide nanoparticles. The reflective peaks
0, shown in Figure 2, show the reflection at
angles of 0.30, 35.6, 43.8, 2.54, 57.2, and 62.5.
The Miller indices for these reflections are 511,
422, 400, 220, and 440. As shown in Figure 2,
the doping of silver ions has no effect on the
crystal structure as well as the mode of reflection
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of nanoparticles, only reducing the intensity of
some peaks become reflective. The correlation of
Miller indices obtained for iron oxide
nanoparticles with the database shows that the
crystal structure of these nanocrystals is similar
to magnetite crystals which have a cubic spinel
structure.
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Figure 2. X-ray diffraction of iron oxide and silver nanoparticles doped on iron oxide

Scanning electron microscopy (SEM) was
used to study the surface structure of
nanoparticles. SEM of doped silver on iron
nanoparticles is shown in Figure 3. As shown in
this figure, the doping of silver ions causes a

slight collapse of its spherical structure by
increasing baroelectric and asymmetric magnetic
interactions as well as changes in the free energy
of the surface of iron nanoparticles.

Figure 3. Scanning electron microscope image of silver nanoparticles doped on iron oxide

The results of the effect of concentration
factor on the turbidity of Staphylococcus
epidermidis showed that the concentration
variable has a significant effect on the growth
rate of bacteria at an error level of 1%. Therefore,
it can be concluded that there is a direct
relationship between the concentration and the
percentage of bacterial removal. Turbidity was
observed at a concentration of 100 ppm.

Figure 4 shows a binary comparison of the six
surfaces of the nanoparticle concentration factor.
As was shown in Figure 4, a significant
difference can be seen. According to the
diagram, there are only three pairs whose
differences are not significant. In the picture,
these pairs are placed in a colored box.
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Figure 4. Two-by-two comparison of six levels of nanoparticle concentration factor using confidence interval
and Tukey test

The results of the effect of bacterial type
factor on turbidity in  Staphylococcus
epidermidis showed bacterial type has a
significant effect on the average turbidity and
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growth rate of bacteria at 1% error level. It is
evident that the effect of nanoparticles on
bacteria isolation and standard are different and
the growth rate of standard bacteria in the
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presence of nanoparticles was lower than of the
isolation type.

The results of the time factor effect on
turbidity in Staphylococcus epidermidis showed
that the time has a significant effect on the
growth of bacteria at an error level of 1%. In
addition, the maximum effect of nanoparticles is
in the remaining time of 48 hours and the growth
rate of bacteria is further reduced in this time.

As shown in diagram 1, the effect of
interaction between concentration and type of

bacteria on turbidity in Staphylococcus
epidermidis is significant at 1% error level. In
comparison with the two types of isolated and
standard bacteria, the effect of 100 ppm
concentration on the standard bacterium was
greater than the effect of the same concentration
on the isolated bacterium. On the other hands,
the standard bacterium grew less at this
concentration than the isolated bacterium.
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Diagram 1. Average turbidity by combination of levels of concentration factors and bacteria type

The results of the study on the interaction
effect of bacterial type factors and retention time
on the turbidity in Staphylococcus epidermidis
are shown in Diagram 2. The interaction effect of

these factors is significant at an error level of 1%.
The use of standard bacteria with a duration of 48
hours will lead to the lowest rate of bacterial
growth.
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Diagram 2. Average turbidity combined with the levels of bacterial type and time factors

The results of effect of interaction between
concentration, type of bacteria and time on the
turbidity of Staphylococcus epidermidis showed
that the interaction effect of the factors was not
significant at the 1% error level.

Discussion

Studies have suggested various mechanisms
to justify nanoparticle toxicity. It was also

mentioned that nanoparticles could release
radicals alone or with the help of high-energy
rays, which in turn causes the death of various
microorganisms. On  the other hand,
nanoparticles can release high-energy ions
caused damage the cell.

In various sources, the antibacterial effect of
silver nanoparticles is related to the
destabilization of the membrane potential,
binding to functional groups of proteins,
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penetration into cells, inactivation of enzymes
and production of hydrogen peroxide, and finally
the death of microorganisms. It is proven that
iron oxide nanoparticles can attach to the wall of
microbial cells and surface adhesives through
electrostatic or hydrophobic forces, binding
these nanoparticles to the cell wall of bacteria in
membrane function, they disrupt cells and
increase their permeability.

Iron oxide nanoparticles have approximately
the same effects as silver nanoparticles. Iron
oxide nanoparticles also interfere with the
binding of microorganisms to the host cell by
occupying surface adhesive factors, forming a
biofilm. This delay prevents the bacteria from
stabilizing and multiplying. Colony formation,
bacterial cell growth, and the formation of
compact microbial biofilm matrices make
bacteria resistant to the host immune system,
which nanoparticles prevent the formation of
these microbial defense agents against the host
immune system.

The results of the present study showed the
combination of silver and iron oxide
nanoparticles can improve their performance,
which is consistent with the results of other
researchers that change the antimicrobial effect
of nanoparticles in the combined state.
According to the investigation s of Rezaei et al.,
if iron oxide nanoparticles are combined with
other metal nanoparticles, its toxicity is altered.

Jafari et al. and Yang et al. showed
antimicrobial chemicals that are identical in the
two groups can have similar antimicrobial
mechanisms.  Microbials  with  different
mechanisms of action may enhance or reduce
each other's antimicrobial effect in combination.

The results of determining the antimicrobial
properties of silver and iron oxide nanoparticles
in the combined state (silver doped on iron
nanocrystals) indicated there is a direct
relationship between the concentration and
percentage of bacterial removal. These results
are compatible with the research were done by
Sadeghian et al. and Dutta et al. They showed the
toxicity of nanoparticles and biofilm removal of
microorganisms are depended on the
concentration of nanoparticles. At higher
concentrations, nanoparticles can destroy pre-
formed biofilms.

In the study on the interaction effect of
concentration and type of bacteria, the results
obtained from the present study, the difference in
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the growth rate of isolated and standard bacteria
in different concentrations is confirmed. Based
on the results, it can be concluded that the type
of bacteria is effective on the effectiveness of
nanoparticles. This study is consistent with the
results of Habibipour et al. that the antibacterial

effect of nanoparticles depends on the type and
genus of bacteria “. The difference in the
numbers obtained, were due to the fact that the
isolated and standard type of bacteria were the
same and both were staphylococci epidermidis.

Here, the results of investigation on the
toxicity by different concentrations of
nanoparticles at 24, 48 and 72 hours has been
compared with previous researches. These
results are consistent with the results of Jabali et
al., who stated that increasing the incubation
time increased the antimicrobial effect of
nanoparticles in all their shapes and sizes,
although this amount is very small compared to
the effect of shape and size.

The effect of retention time can be explained
by the fact that nanoparticles at high exposure
times will be more likely to penetrate the cell and
destroy cell components, so that it is expressed
during the residence time of silver nanoparticles
emit from themselves. During the substitution
reaction, these ions convert SH bands in the wall
of the microorganism into SA-g bands, which
results in the destruction of the microorganism.

Conclusions

The results of this study showed all three
variables of concentration, type of bacteria and
duration have a significant effect on inhibiting
bacterial growth, however the effect of
concentration significantly is highlighted. It can
also be concluded that the effect of doped silver
on iron nanocrystals (combination of silver
nanoparticles with iron oxide nanocrystals) in
inhibiting the growth of Staphylococcus
epidermidis  bacteria from single silver
nanoparticles is much more than that of the
previous studies. In general, it can be concluded
that the composition of matched metal
nanoparticles can increase their antimicrobial
effect compared to the individual state of each of
them.
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