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Abstract. Topics and Objectives: In this study, the effectiveness of antimicrobial activity of Ag and Cu nanoparticles
against Gram positive bacteria and Gram-negative resistant pathogens and common nosocomial infections were
observed.Methods: At first, in order for the effect of different concentrations of nanoparticles on bacteria in
macrodilution method of 0.01, 0.1, 0.5, 1, 1.5 % of silver and copper nanoparticles (medium + nanoparticles) were
prepared and added to 105 cell/ml of each of the bacteria.Dishes containing the treated cultures (bacteria +
nanoparticles) and control media were placed in a shaking incubator. Then the OD of the treatment and control
cultures + control were determined.Achievements of the paper: In statistical analysis, it was revealed that about
nanoparticles of Ag and Cu, 0.5 percent concentration of bactericidal particles are able to remove almost 100% of
Klebsiella pneumoniae bacteria, Pseudomonas aeruginosa, Staphylococcus aureus and 0.1 percent concentration of
each of the 3 bacteria was bacteriostatic.
Keywords: nanoparticle, macrodilution, bacteriostatic, bactericidal

1. INTRODUCTION
The belief that nanotechnology is another era of science and is an integration of engineering
and biology, chemistry, medicine and physics, is accepted by most scientists [1]. Studies have
shown that the smaller the nanoparticles, they show different and new characteristics and
activities. These features makes the use of nanomaterials to spread rapidly so that in all aspects
of life, such as electrical systems, they are against microbes [2]. Metal nanoparticles are used in
insecticides and bactericidal for years [3]. Some nanoparticles are regarded as a novel approach
to the development of modern pharmaceutical science which are frequently used in biology and
pharmacology studies due to the high potential to perform specific treatment processes. For
example, they are able to destroy 650 cancer cells in less than 4 hours [4].
Nanoparticles have illustrated the lowest level of toxicity in the life cycle and ecosystem,
therefore, the use of these substances to fight against the pathogens can be a proper choice [5].
Metal nanoparticles, on the basis of surface to volume ratio, show different anti-bacterial
characteristic. Gram-positive bacteria in comparison to gram-negative bacteria against metal
nanoparticles, indicate more resistance that can be related to the structure of the cell wall [6].

2. MATERIALS AND METHODS
In this study, first the nanoparticles were prepared and the effect of different concentrations
of [0.01, 0.1, 0.5, 1, 1.5 %] of the pathogens were studied.
_____________
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The studied Nanoparticles were bought from Nanoshell company of America. To check the
sizing of nanoparticles, TEM images were taken with an Electron Microscope of Philips, Model
H987, to determine the size of the nanoparticles. For distributing the nanoparticles in culture
medium, nanoparticles Solution were placed in Cu Shaker before being used, and after
inoculation, the culture was carried out in a shaking incubator. Also the amount of inoculated
nanoparticles was not enough to precipitate or not having uniform distribution.
Diameter of the nanoparticles used in this study Ag: 20nm, and Cu: 20nm the complex
medium of (Complex) LB Lauria Bertani) was used for the growth and storage medium of
bacteria.
three strains were used in this study:
1.Staphylococcus Aureus (ATCC 29213)
2.Klebsiella pneumoniae (ATCC 7881)
3.Pseudomonas aeruginosa (ATCC 31480)
The above strains of scientific research and industrial organizations were prepared by live
freezing.

3. THE EFFECT OF DIFFERENT CONCENTRATIONS OF NANOPARTICLES ON
BACTERIA IN MACRO DILUTION ENVIRONMENT
At first liquid broth (LB) was synthesized and sterilized, after that, the nanoparticles were
weighed by electronic weighing scales by the weights of 0/001 g, 0/01 g, 0/05 g, g 0/10, 0/15 g,
and by adding these particles to 10 ml of liquid broth (LB), the concentrations of 0/01 percent,
0/1 percent, 0/5 percent, 1 percent and 1/5 percent of nanoparticles Ag, Cu, were prepared as
suspension.
Again, to sterilize, the broth was placed in the automatic autoclave by the temperature of 121
° C for 15 min and a pressure of 15 pounds (Lb15) and then was kept in the refrigerator for
cooling. To prepare a new culture of Klebsiella pneumoniae, Staphylococcus aureus,
Pseudomonas aeruginosa bacteria of Mueller-Hinton agar medium (Merck), 34 grams in one
liter of distilled water was used [7].
Then to prepare bacterial suspension, one loop of each strain of bacteria was added into 25
ml of liquid broth (LB), at the next level by SPECT device, concentration containing of optical
density of (OD) 0/05 at the wavelength of 600 nm was prepared, to obtain a final concentration
of 105 cell / ml per ml of each of the samples.
At the next level, by Sampler 2 ml, the concentration prepared from each bacteria, were
added to the concentrations prepared from (liquid broth + nanoparticles) and the same procedure
was used to prepare positive control group with the exception that the nanoparticles were not
added to the liquid broth. the liquid broth without bacteria was used as negative control. The Lid
of the containers containing the treated liquid broth (bacteria + nanoparticles) and the closed
control Liquid broth media and in an incubator shaker at 250 rpm at 37 ° C for 24 h, were
cultured.
After the mentioned period, the optical density at a wavelength of 600 nm was used for
measuring the concentration of the bacteria, and the treated and positive control and negative
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control respectively poured in glass Couettes and the OD was determined. The concentration of
nanoparticles in the bacteria culture medium was used as a Blanc solution to the calibration of
the spectrophotometer. This experiment was repeated three times and the mean values were
reported. Photographs were taken by a digital camera Olympus C2020Z. In all tests, the results
obtained were compared with the control group. SAS software and Student t-test test was used
to determine the significance (P-value <0/01) of their results and evaluation.

4. FINDINGS
4.1. The effects of nanoparticles (Cu) on the studied bacteria at LB medium:
According to the statistical analysis of the optical density from the SPECT of the treated
medium, it was found that the concentration of 0/01 percent of Cu nanoparticles did not have
significant antibacterial effect on the studied bacteria, however, concentrations of 0/1% and
0/5%, had a large inhibitory effect on the growth of bacteria in the treated groups compared
with the control group. At the concentration of 0/5% of Cu nanoparticle of all three bacteria
were bactericidal and more than 80% of the bacteria have gone away. Similarly, with increasing
of the concentrations of Cu nanoparticles, the bactericidal effect increases. By concentration of
0/5% Cu nanoparticles fatality rate compared with the control group in the Klebsiella bacteria
has been 91% and in the Staphylococcus aureus bacteria has been 72%. At this concentration,
the Cu nanoparticles had the largest effect on Pseudomonas bacteria so that compared to the
control group, this bacteria shows 94% reduction in the growth. Also Cu nanoparticles at the
concentrations of 0/1% has been able to remove 76% of Klebsiella bacteria, 69% of staph
bacteria and 83% of Pseudomonas bacteria. In total Cu nanoparticles had the largest effect on
Pseudomonas bacteria So that at the concentration of 0/1% the bacteria has 83% reduction in the
growth, and at the concentration of 0/5% it shows 94% reduction in growth. Also the effect of
Cu nanoparticles on the Pseudomonas bacteria at the concentration of 1% had the bactericidal
effect to 98%. This result was slightly different from the results of Adams et al. so that
according to their study, the growth inhibitory concentration obtained in 48% of Pseudomonas
species at the concentration of 1000 mgL of nanoparticle Cu, [8].
In this case, the main reason for the difference in two studies can be the size of the
nanoparticles and the culture and strain differences so that the size of the nanoparticles is found
to be effective in their toxicity [9].
Minimal impact of Cu nanoparticles was seen on the Staphylococcus aureus bacteria so that
the bacteria at the concentrations of 0/1 % of Cu had 69% reduction in growth that compared to
other Bacteria shows the minimum sensitivity and maximum resistance. Also, the bacteria at the
concentration of 0/5% of nanoparticles Cu, showed 72% reduction in growth compared to the
positive control group that compared to the concentration of 0/1 % did not have much
differences in mortality of bacteria. However, the concentration of 1% of Cu on the bacteria was
effective and the bactericidal effect was high and compared to the control group, 92% of the
bacteria are gone. The results of the determination of antibacterial nature of nanoparticles
showed a direct correlation between the concentration of nanoparticles and bacteria removal
rates.
These results are statistically significant (P-value< 0/01), on the basis of the obtained data, it
was found that removal of the studied bacteria by various nanoparticles, is different. (Table 1)
and (Figure 1)
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Table 1. Changes in optical density of the studied bacteria, from the effect of different concentrations of Cu
nanoparticles at the LB medium

Cu
C
K 1.115
S 1.203
p 1.250

0.01
1.104
1.150
1.010

0.1
0.275
0.376
0.204

0.5
0.065
0.092
0.043

1
0.034
0.047
0.028

1.5
0.009
0.099
0.007

Figure 1. Effect of different concentrations of Cu nanoparticles on pathogenic Klebsiella pneumoniae (K),
Staphylococcus aureus (S), Pseudomonas bacteria (p) at LB medium.

4.2. The effects of nanoparticles (Ag) on the studied bacteria at LB medium:
According to the statistical analysis of the optical density from the SPECT of the treated
medium, it was found that the concentrationof 0/01 percent of Cu nanoparticles did not have
significant antibacterial effect on the studied bacteria, however, concentrations of 0/1% and
0/5%, had a large inhibitory effect on the growth of bacteria in the treated groups compared
with the control group. At the concentration of 0/5% the bactericidal rate of Ag nanoparticle
was strong and reaches almost 100%. 0/1%concentration of these nanoparticles bacteriostatic
are bacteriostatic. The nanoparticles at concentrations of 0/1% have the most inhibitory effect
on Pseudomonas aeruginosa and have destroyed These bacteria at the rate of 92%. Ag
nanoparticles had the minimal effect on Staphylococcus aureus bacteria so that at the
concentration of 0/1% of nanoparticles Ag, this bacteria showed 72% reduction in the growth.
The mechanism of nanoparticles Ag is in this way that Cellular respiration in the presence of
various concentrations of Ag nanoparticles in different bacterial groups presents a similar
pattern and that is the gradual reduction of cellular respiration is parallel with the increasing
concentration of Ag nanoparticles, so that at the concentration of MIC for each bacterial,
respiration rate is the lowest [10]. The results of the determination of antibacterial nature of Ag
nanoparticles showed a direct correlation between the concentration of nanoparticles and
bacteria removal rates(Table 2), (Figure 2). By increasing the concentration of nanoparticles,
bactericidal activity was added, which is in correspondce with previous studies. These results
are statistically significant (P-value< 0/01)
Table 2. Changes in optical density of the studied bacteria, from the effect of different concentrations of Ag
nanoparticles at the LB medium.

Ag
K
S
p

C
1.438
1.427
1.496

0.01
1.216
1.360
1.117

0.1
0.298
0/399
0.107
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0.5
0.015
0.041
0.019

1
0.005
0.028
0.008

1.5
0.002
0.017
0.005

NABIPOUR, ROSTAMZAD

Figure 2. Effect of different concentrations of Ag nanoparticles on pathogenic Klebsiella pneumoniae (K),
Staphylococcus aureus (S), Pseudomonas bacteria (p) at LB medium.

In the present study, we evaluated the antibacterial effects of Ag and Cu on gram-positive
and gram-negative bacteria, which are resistant to nosocomial infections. The findings of the
present study agree with the previous studies, which are dealing with the antibacterial effects of
nanomaterials. The nanoparticles lead to the peroxidation of the phospholipid multi-ring
compounds of the membrane Lipid of bacteria and therefore the integrity of the cell membrane
reduces, and normal cellular activities in a healthy cell structure such as the respiratory activities
disappear and cell death becomes unavoidable. Norns et al. in 2010 in a research entitled "
Colloidal Silver as a New Antimicrobial Agent " reported that antibacterial activity of Colloidal
silver has superior effect against Escherichia coli and Salmonella typhimurium compared with
other antibiotics [11]. The results of the antibacterial effect of silver nanoparticles in the Norns
study is consistent with this study.
Shrivastava et al. in 2010 examined Nanosilver antibacterial effect on Staphylococcus aureus
and Salmonella Typhimurium and showed that Nanosilver antibacterial effect of the particles is
dependent on the dose, and these are more effective against gram-negative bacteria than Grampositive bacteria [12], which is in correspondce with the results of this research.
Hvtay Lee et al. In 2012, in a study entitled "Evaluation of antibacterial polyethylene pipe
with high-density of nanosilver coating " concluded that HDPE -Ag Pipes have a potential antibacterial ability [13], which corresponded with the results of this research.
Dutta R.K in 2012 in their study entitled Synthesis and evaluation of potential antibacterial
properties of zinc oxide, determined that the Antibacterial nature of the silver nanoparticles is
influenced by its concentration [14], which is in correspondce with the results of this research.
In the study of Selvam et al. in 2012 it was found that the rate of growth inhibitory
concentrations of bacteria varies depending on the type of bacteria [15], which is in
correspondce with the results of this research.
Matthews et al. In 2010, in a study entitled "Application of nano antibacterial drugs in the
diagnosis and medical treatment", stated that Ag nanometer scale can be used to treat and
completely inhibits the growth of high percentage of Gram-positive and Gram-negative
bacterial species [16], which is in correspondce with the results of this research.
Hvmbrtv et al. In 2010, evaluated the inhibitory effects of silver nanoparticles on the bacteria
that show big drug resistance, and observed that Ag nanoparticles have significant bacteriostatic
effect on these bacteria [17], which is in correspondce with the results of this research.
Yin Guang Li et al. In 2007, in a study entitled "Synthesis of nano-silver colloids and their
antimicrobial effect" declared that large parts of the bacteria were destroyed by treatment by Ag
nanoparticles, in addition, with low concentrations of Ag nanoparticles, growth inhibition is
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created that results in a significant reduction in the amount of live bacteria compared to the
control sample [18], which is in correspondce with the results of this research.
Possible reaction mechanisms and the interaction of nanomaterials with biological
macromolecules is in this way that nano materials release ions that react with proteins on the
surface of bacterial cells (-SH) Thiel. These proteins have bulge from the membrane of bacterial
cells, and result in the transfer of nutrients from the cell walls. nanomaterials disable these
proteins, reduce the membrane permeability and eventually lead to cell death [19].

5. CONCLUSION
In total, the results of the present study prove a number of issues:
1. The metallic nanoparticles have very effective antibacterial properties.
2. The effect of colloidal nanoparticles, is dependent on concentration.
3. The effect of colloidal nanoparticles in the mentioned bacteria is in the form of fatality
not inhibitory, so that in all bacteria MIC is equal to MBC.
4. In the present study Staphylococcus aureus were the most resistant strains, and
Vashrshya coli were the most sensitive strains, compared to the bactericidal properties
of the nanoparticles.
5. The solution of colloidal nanoparticles release in the form of microscopic particles and
can easily penetrate into the cells of bacteria.
6. Ag and Cu nanoparticles, which are made based on the biological effects of
nanoparticles, can be used to treat infections and diseases created by S. aureus and p.
Aeruginosa and K. pneumoniae.
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