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  Objectives and Background: Pseudomonas aeruginosa (P. aeruginosa) is a nosocomial opportunistic 

pathogen. Considering the importance of biofilm in the pathogenicity and resistance of these bacteria, efforts 

should be made to find new antibacterial compounds. 

Methods: The Fe3O4 nanoparticles were synthesized by the co-precipitation method and were modified by the 

AgNO3 reductive solution to investigate the influence of Ag-Fe3O4 nanoparticles on the biofilm formation of 

P. aeruginosa. The synthesized nanoparticles' properties were determined by FESEM, DLS, FTIR, XRD, and 

Zeta potential tests.  

Results: FESEM and DLS revealed a cubic and smooth structure with an average size of 44.36 nm. XRD 

analyses confirmed the presence of a magnetite core. FTIR spectrum determined the existence of silver plating 

on the magnetic surface. The Zeta potential results indicated that the magnetic nanoparticles’ surface net 

charge was 24.4 and the surface net charge for silver-modified nanoparticles was -28.3. Finally, after 

separating 40 isolates of P. aeruginosa among 82 clinical isolates as strong biofilm producers, then the 

inhibitory effect of synthesized Ag- Fe3O4 nanoparticles on the formation of biofilms was studied using the 

broth micro-dilution method. 

Conclusions: Accordingly, it was proved that Ag-Fe3O4 nanoparticles can be used to treat biofilm infections 

and were introduced as the new antimicrobial agents. 
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I. INTRODUCTION 

Over the past decades, magnetic iron oxide 

nanoparticles have been of great interest to 

researchers due to their very valuable potential 

applications in various fields including Ferro-

fluids, catalysts, and high-density magnetic 

recording media [1]. Magnetite iron oxide 

nanoparticles are one of the most important and 

acceptable nanoparticles for medical 

applications [2].  

Iron oxide is found in various forms in nature. 

The most common are Magnetite (Fe3O4), 

Magnetite (γ-Fe2O3), and Hematite (α-Fe2O3). 

Magnetite is a common magnetic iron oxide 

that has a cubic inverse spinel structure [3]. 

The preparation of magnetite iron oxide 

nanoparticles in a very narrow size range that 

displays the super-paramagnetic properties is of 

special attention [4]. Iron-oxide nanoparticles 

could generate oxidative stress by ROS 

including superoxide radicals, hydroxyl 

radicals, hydrogen peroxide, and singlet oxygen 

which may cause chemical damage to proteins 

and DNA in bacteria. According to published 

studies, these nanoparticles could reduce 

biofilm formation effectively [5]  

The selection of the preparation method for 

magnetic nanoparticles is dependent on further 

usage. For example, the magnetic carriers in 

nanotechnology and the medical profession 

require a defined composition and size, and 

excellent stability in aqueous conditions in 

organic as well as aqueous solvents in a wide 

range of pH [6]. Thus, several pathways for the 

preparation of Fe3O4 nanoparticles have been 

published in other papers, such as biological 

synthesis [7,8], energy milling [9], reducing 

[10], and ultrasonic-assisted impregnation [11]. 

The co-precipitation method is one of the best 

methods of synthesis due to its simplicity, 

cheapness, and reproducibility [12, 13]. 

After synthesis, Fe3o4 nanoparticles need 

surface modification to make them more 

adequate for bio-systems. Iron oxide 

nanoparticles coated with a thin layer of Au or 

Ag, are a well-known composite system that 

enhances the optical and magnetic properties 

compared to their single-component materials. 

So, many works report on the preparation and 

properties of noble metal/Fe3O4 core-shell 

nanoparticles [14].  

By introducing a positive charge to the surface 

of nanoparticles when such coatings are 

applied, the interplay between the negative 

charges on the cell membrane will increase the 

nanoparticles captured and can lead to easy 

cellular uptake [15, 16]. 

Silver is a well-known substance that has been 

used for centuries as an antibacterial agent [17]. 

Silver has also gained a lot of attention due to 

the increased risk of antibiotic resistance, which 

is the result of the indiscriminate use of 

antibiotics [18].  

The emersion of new strains of antibiotic-

resistant bacteria has become a serious issue in 

public healthcare. Therefore, there is a strong 

motivation to develop new bactericides. Silver 

has an important advantage over antibiotics as 

it kills all pathogenic microorganisms, and no 

organism has ever been reported to resist it [6]. 

In addition, the binding of magnetic 

nanoparticles with silver can preserve the 

optical and magnetic properties of the relevant 

components [19]. 

P. aeruginosa is a gram-negative bacterium 

found in water, soil, plants, and humid 

environments in hospitals. These bacteria are a 

major cause of nosocomial lung infections and 

a source of wound infections, especially in 

thermal burns [20-22]. P. aeruginosa has been 

identified as an opportunistic pathogen. The 

importance of P. aeruginosa is mainly related 

to its high resistance against antibacterial drugs 

and to its inherent resistance to antibiotics, 

which becomes resistant to the drugs during the 

treatment [23]. Survival and virulence of this 

bacterium are related to the biofilms it 

produces. Biofilms are sessile communities that 

form on both biotic and abiotic surfaces [24]. 

An important factor in the stability and 

resistance of P. aeruginosa biofilms is the 

extracellular polymeric substance (EPS), which 

supplies the scaffolding to maintain the colony. 
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The EPS is a complex matrix composed of 

various macromolecules and forms a dense 

structure against antibiotics [24, 25]. 

In this paper, we used a simple route for the 

synthesis of dispersed core-shell nanostructures 

of Ag-Fe3O4. Also, the antibacterial activity of 

the composite magnetic nanoparticles was 

tested on the biofilm of P. aeruginosa. 

II. MATERIALS AND METHODS 

 

A. Materials 

Ferric chloride [FeCl3], ferrous chloride 

[FeCl2], ammonia [NH3], crystal violet, and 

sodium hydroxide [NaOH] were purchased 

from Merck, Germany. All the reagents used 

for the synthesis of Fe3O4 were analytical grade 

and were obtained from Merck. 

B. Bacterial strains and culture media 

82 clinical isolates of P. aeruginosa strains 

from Taleghani Hospital were used in this 

study. Muller Hinton (MH) agar, Tryptic soy 

broth (TSB), tryptic soy agar (TSA), Eosin 

Methylene Blue (EMB), Triple Sugar Iron 

(TSI) Agar, 82 clinical isolates of P. aeruginosa 

strains from Taleghani hospital were used in 

this study. Muller Hinton (MH) agar, Tryptic 

soy broth (TSB), tryptic soy agar (TSA), Eosin 

Methylene Blue (EMB), Triple Sugar Iron 

(TSI) Agar and Simmons Citrate Agar were 

purchased from Merck Company and used as 

culture media.  

C. Identification of P. aeruginosa  

In this study, 82 Pseudomonas strains 

originated from clinical samples (wound, urine, 

phlegm, body fluid, and blood) of hospitalized 

patients from the Taleghani Hospital, Tehran, 

Iran during June-July, 2017. The isolates were 

identified and confirmed by microbiological 

and biochemical tests that included oxidase, 

catalase, sulfide indole motility (SIM), triple 

sugar iron (TSI) agar, oxidation fermentation 

(OF) test, growth at 42˚C, Methyl Red Voges 

Proskauer (MR-VP), as well as pyocyanin 

production in Mueller Hinton agar.  

D. Synthesize of Fe3O4 nanoparticles 

Iron oxide nanoparticles were obtained by the 

precipitation method [26]. 2.307 g ferric 

chloride 6 hydrate (FeCl3·6H2O), and 3.97 g 

ferrous chloride 4 hydrate (FeCl2.4H2O) were 

dissolved in 100 mL of deoxygenated deionized 

water. The mixed solution was heated at 85 °C 

for 30 minutes. A volume of 7.47 ml NH3 was 

adjusted to 100 ml and was added dropwise to 

the solution. After 2 hours of stirring, the 

mixtures were cooled down to room 

temperature, and the magnetic Fe3O4 

nanoparticles were separated by the external 

magnetic field. The particles were rinsed with 

ethanol and distilled water and dried at 40°C 

[27]. The related chemical reaction can be 

expressed as follows equation 1: 

Fe2+ + 2Fe3+ + 8OH- → Fe3O4 + 4H2O    (1) 

E. Surface modification  

0.67 g of AgNO3 was mixed with 100 ml 

ethanol. Also, Silver nitrate concentration was 

fixed to get mass ratio Ag: Fe3O4 = 1:100 and 

added to the AgNO3 solution. The mixture of 

Fe3O4 nanoparticles and silver nitrate was 

sonicated for 15 min. The polypropylene 

container was applied to avoid non-specific 

silvering of the reaction dish. Next, the ethanol 

solution of 19% butyl-amine (as a weak 

reductant agent) was dropwise added to the 

mixture, and the whole of the reagents was 

sonicated at 50 °C for 45 minutes. The 

nanoparticles were separated by the external 

magnetic field and were rinsed with alcohol and 

distilled water. Finally, Ag-Fe3O4 composite 

magnetic nanoparticles dried at 45 °C for 2 

hours in the oven.  

F. Charactrization of Fe3O4 and Ag-Fe3O4 

nanoparticles 

The structural investigation of Fe3O4 and Ag-

Fe3O4 was studied by recording their powder X-

ray Diffraction (XRD) patterns. A copper anode 

emitting Cu Kα radiation (Panalytical X'Pert 

PRO, Netherlands) was applied to record 

patterns. The morphology of the materials was 

examined by Scanning Electron Microscopy 

(ZEISS SIGMA VP SEM, Germany). Dynamic 
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light scattering (DLS) and the zeta potential 

measurements were done by a Malvern Zeta 

size analyzer instrument (Malvern3600 

Instruments Ltd., Malvern, UK) to investigate 

the size distribution pattern and average particle 

size of the synthesized crystallites. The zeta 

potential measurements were applied in 

samples prepared with distilled water and after 

vigorous stirring. The functional groups present 

on the surface of Fe3O4 and Ag-Fe3O4 particles 

were defined by Fourier transform infrared 

spectroscopy (FTIR) using Thermo Scientific 

Nicolet 380 equipment.  

G. The ability of isolates for biofilm 

formation 

Determination of biofilm formation was carried 

out for all 82 isolates by the microtiter plate 

method. Cultures were inoculated in TSB and 

adjusted to 0.5 McFarland standards. Every 

three wells of a 96-well plate were filled with 

100 μL of bacterial suspension. The negative 

control contained just TSB. Then, plates were 

incubated for 24 hours at 37°C. Afterward, the 

content of each well was rinsed two times with 

200 μL of sterile Phosphate buffered saline 

(PBS), emptied, and left to dry. Then, the plates 

were stained for 10 minutes with crystal violet. 

The excess stain was rinsed with water and air-

dried. In the last step, the wells were filled with 

100 μL of 33% (v/v) glacial acetic acid. The 

optical density (OD) of stained biofilms was 

studied by using a micro ELISA auto reader 

(model 680, Biorad, UK) at wavelength 570 

nm. All tests were repeated three times and the 

final data was then averaged. The description of 

biofilm formation was done according to the 

criteria of Stepanovic et. al. as shown in (Table 

1) [28-30].  

Table 1 Interpretation of biofilm production. Optical 

density cut-off value (ODc) = average OD of negative 

control + 3x standard deviation (SD) of negative control 

Average OD value Biofilm production 

≤ ODc / ODc < ~ ≤ 2x 
ODc 

Non / Weak 

2x ODc < ~ ≤ 4x ODc Moderate 
> 4x ODc Strong 

 

H. Determination of minimum inhibitory 

concentration (MIC)  

The broth micro-dilution method was used to 

determine the MIC. For this purpose, 100 µl 

Mueller-Hinton Broth was pipetted into a 96 

well-plate, and a stock of suspension of Ag-

Fe3O4 nanoparticles was prepared at a 

concentration of 512 μg/ml (5/12 mg of NPs 

were mixed in 10 ml of Mueller Hinton Broth). 

Different concentrations (0.25, 0.5, 1, 2, 4, 8, 

16, 32, 64, 128, 256 and 512 μg/ml) of 

nanoparticles were prepared and 100 µg/ml of 

every concentration mixed with 100 μl of 

bacterial suspension with turbidity equivalent 

to 0.5 Mc-Farland. After 24 hours of 

incubation, 50 μl 2, 3, 5-Triphenyl-tetrazolium 

chloride solution (TTC) solution (0.5% w/v) 

was added to each well. The lowest 

concentration at which color change (red) 

occurred was considered the lowest 

concentration of the nanoparticles that inhibited 

visible bacterial growth. A well-containing 

medium without nanoparticles and bacterial 

suspension was used as the medium control. All 

experiments were carried out two times. All of 

the above steps were also carried out with Fe3O4 

nanoparticles before surface coating. 

I. Investigation of biofilm formation ability by 

strains under the influence of Fe3O4 and Ag-

Fe3O4 nanoparticles 

In the previous step, 40 strains of Pseudomonas 

that formed a strong biofilm were isolated. The 

formation of biofilms in isolated strains at 

different concentrations (8 to 512 µg/ml) of 

Fe3O4 and Ag-Fe3O4 nanoparticles was 

investigated based on the calculation of ODc by 

micro-titer plate method. 

III. RESULTS AND DISCUSSION 

A. Investigation of Fe3O4 and Ag-Fe3O4 

nanoparticles 

Scanning microscopy images (Fig.1), show the 

morphology of iron oxide (Fe3O4) and Ag-

Fe3O4 nanoparticles (Ag-Fe3O4). SEM images 

showed the cubic structure of nanoparticles 

with a smooth surface and the average size of 

Fe3O4 nanoparticles was about 40 nm. The 

image of the nanoparticles after surface 
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modification also shows a cubic structure that 

has increased in size.  

 
Fig. 1 SEM images of a) Fe3O4 particles and b) Ag-

Fe3O4 composite particles. 

The EDS spectra of synthesized Fe3O4 (Fig. 2) 

indicated the obvious peaks of Fe and O and 

revealed that it is composed of Fe (83.2%) and 

O (16.8%) elements. The results showed the 

purity of the synthesis Fe3O4. 

 
Fig. 2 EDS image of Fe3O4. 

Accurate information about the size distribution 

of Fe3O4 and Ag-Fe3O4 was received from the 

DLS measurements. The Fe3O4 particles had an 

average size of 39.75 nm and the peaks with 

maxima at approximately 44.36 nm size were 

reported for Ag-Fe3O4 nanoparticles (Fig. 3). 

Unsoy et. al. in 2012, reported mean diameters 

of iron oxide nanoparticles 18 nm. Since 

nanoparticles with a size below 100 nm can 

penetrate cells, these particles are acceptable 

[31].  

 
Fig. 3 DLS spectrum of size distribution observed for 

a) Fe3O4 and b) Ag-Fe3O4 nanoparticles. 

(Figure 4) shows typical powder XRD patterns 

of Fe3O4 and Ag-Fe3O4 composite particles. 

The experimentally obtained patterns were 

identified through comparison with standard 

Fe3O4 and Ag patterns (PDF standard cards). 

The X-ray diffraction pattern of obtained 

magnetite shows reflection planes (220), (311), 

(222), (400), (422), (511), and (440) which can 

be indexed as planes of Fe3O4 (PDF, no. 19-

0629). This indicated that the synthesized 

nanoparticles were pure Fe3O4. After Ag 
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coating, four additional peaks were observed at 

38.28, 44.4, 64.59, and 77.51, corresponding to 

(111), (200), (220), and (311) planes of silver, 

respectively, with cubic structure. Bani Asadi et 

al. in 2014, also synthesized iron oxide 

nanoparticles. As a result of the XRD test from 

this study, the space between the d-value plates 

with the values between the crystallographic 

plates extracted from the data of the standard 

issue code 19-0629 of the standard panel 

discriminant committee is close to that of Fe3O4 

as confirmed by the present study [32]. 

 
Fig. 4 XRD spectra of a) Fe3O4 nanoparticles and b) 

Ag-Fe3O4 core-shell nanoparticles. 

The Zeta potential curve (Fig. 5) for the 

synthesized Fe3O4 nanoparticles indicated that 

the pure surface charge of Fe3O4 is 24.4. The 

charge of the nanoparticles after the surface 

modification was also measured and the zeta 

potential of -28.3 was recorded for these 

particles. This result shows that the colloidal 

solution of silver-modified iron nanoparticles is 

well-established. 

 
Fig.5 The zeta potential of a) Fe3O4 and b) Ag-Fe3O4 

nanoparticles. 

FTIR studies (Fig. 6) showed the presence of a 

powerful absorption line in both coated and 

pure Fe3O4 located at 579 cm−1 that was 

attributed to the stretching vibration of  

Fe-O in tetrahedral sites. The peaks at 1618-

3415 cm−1 are assigned to the bending of the O-

H stretching vibration. The absorption peak at 

1271 cm-1 is assigned to the bending of N–H 

and C–N of butyl-amine which indicates there 

are some butyl amine residues present in the 

core-shell nanoparticles. In the research of 

Hasanzadeh et al in 2014, in the graphs of the 

FTIR spectrum of the iron oxide nanoparticle, 

the absorption band was observed around the 

wavelength of 573 cm-1 in the uncoated iron 

oxide nanoparticles which related to the Fe-O 

stretching vibration in Fe3O4, which is close to 

the present study and confirms the presence of 

magnetite nanoparticles [33]. 

Fig. 6 FTIR spectra of Ag-Fe3O4 nanoparticles. 
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B. MIC of Fe3O4 and Ag-Fe3O4 

nanoparticles for strong biofilm producer’s P. 

aeruginosa  

 

According to the micro-titer plate results, 

among 82 isolates of P. aeruginosa, 40 isolates 

were detected as strong biofilm producers and 

selected for further experiments. Mohammadi 

Mehr et al. in 2004, examined 42 clinical 

specimens of P. aeruginosa using micro-titer 

plate and electron microscope images. This 

study considered the micro-titer plate method 

easier and more economical for diagnostic use 

[34]. 

MIC of Fe3O4 and Ag-Fe3O4 were determined 

for these 40 isolates of strong biofilm producers 

P. aeruginosa. The MIC results indicated that 

the Fe3O4 nanoparticles showed minimum 

inhibition against 6 isolates (15%) at the 

concentration of (256 μg/ml), 14 isolates (35%) 

at the concentration of (512 μg/ml), and 20 

isolates (50%) at the concentration of (>512 

μg/ml). Also, the MIC results illustrated that the 

MIC of the modified Fe3O4 nanoparticles were 

as follows: 1 isolate (2.5%) =8 μg/ml, 1 isolate 

(2.5%) =16 μg/ml, 3 isolates (7.5%) =32 μg/ml, 

3 isolates (7.5%) =64 μg/ml, 10 isolates (25%) 

=128 μg/ml, 10 isolates (25%) =256 μg/ml, 9 

isolates (22.5%) =512 μg/ml and 3 isolates 

(7.5%) more than 512 μg/ml which represents 

the stronger anti-biofilm effect of silver 

modified iron oxide nanoparticles than 

uncoated Fe3O4.  

(Fig. 7) shows the results of the relative 

frequency of strong p. aeruginosa strains MIC 

under the influence of iron oxide nanoparticles 

and Ag-Fe3O4 nanoparticles. The MIC of strong 

biofilm producer P. aeruginosa affected by iron 

oxide nanoparticles was a very high 

concentration of these nanoparticles (256 μg 

/mL) in 15% of the strains studied. While the 

MIC of silver-modified nanoparticles was 

obtained at a very low concentration so that 

2.5% of the strains at a concentration of (8 

μg/mL), the lowest concentration of the study, 

inhibited biofilm growth. 

45% of the strains in the concentration below 

(256 μg/mL), the first concentration in the 

unmodified nanoparticles affected bacterial 

biofilms, have inhibited the growth of the 

biofilm of this bacterium. In other words, 

silver-modified nanoparticles have the effect of 

inhibiting the growth of bacterial biofilms at 

lower concentrations. The graph shows that the 

growth of 50% of the strains studied was 

affected by the highest concentration of iron 

oxide nanoparticles, while only 7.5% of the 

strains treated with silver-modified 

nanoparticles required such a high 

concentration to inhibit biofilm growth. These 

results showed the stronger anti-bacterial effect 

of Ag-Fe3O4 nanoparticles than uncoated Fe3O4 

on P. aeruginosa biofilms. Nangmenyi et al. in 

2011, used silver-modified iron nanoparticles 

to control water contamination. The results of 

this study also proved that the presence of silver 

and iron simultaneously increases their 

antimicrobial properties [35]. 

 
Fig.7 The results of the relative frequency of strong 

p. aeruginosa strains MIC under the influence of iron 

oxide and Ag-Fe3O4 nanoparticles. 

C. Biofilm formation of P. aeruginosa 

strains under the influence of Fe3O4 and Ag-

Fe3O4 nanoparticles 

 

The results of the biofilm formation study in 40 

isolated strong producer biofilm strains of P. 

aeruginosa under the influence of iron oxide 

nanoparticles and silver-modified iron oxide 

nanoparticles are summarized in (Fig. 8). 

As can be seen, the inhibition of biofilm 

formation in different strains has been affected 

by different nanoparticles; in fact, the degree of 

resistance of each clinical strain to treatment is 

different. Also, silver-modified iron 
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nanoparticles had a much stronger effect in 

inhibiting biofilm formation, so that at the 

lowest concentration of Fe3O4 nanoparticles, 

37.5% of the strains still form strong biofilms, 

while at this concentration of Ag-Fe3O4 

nanoparticles, the amount of strong biofilm is 

reduced to 25%. With increasing the 

concentration of nanoparticles in both groups, a 

decrease in strong biofilm formation and an 

increase in inhibition of biofilm formation is 

observed. Finally, even at the highest 

concentrations of iron nanoparticles, 7.5% of 

the strains formed a strong biofilm, whereas due 

to the concentration of 32µg/ml of Ag-Fe3O4 

nanoparticles, this amount of strong biofilm 

was formed, and at a concentration of 

512µg/ml, in all the strains were inhibited. The 

results of this study showed that if modified 

silver-coated iron oxide nanoparticles are used, 

lower concentrations of these nanoparticles are 

required to inhibit the formation of bacterial 

biofilm.  

Studies to date have shown that the effect of 

nanoparticles on bacterial biofilms depends on 

a variety of factors, including biofilm 

properties, biofilm mass volume, pore size, 

number and type of bacteria, and electric charge 

of the biofilm as a biopolymer. Also mentioned 

are nanoparticle properties such as nanoparticle 

type, particle size distribution, and particle 

surface electric charge. Therefore, in 

investigating how nanoparticles affect bacterial 

biofilms, we are faced with various factors. 

Since the pore diameter of the biofilm is 

reported to be about 50 nm, particles of this size 

or smaller are expected to have better 

permeability and thus greater toxicity. 

Since the surface charge of the biofilm mass is 

reported to be negative in most cases, positively 

charged particles due to electrostatic attractions 

are likely to have a better ability to penetrate 

bacterial biofilms. The role of proteins that bind 

to nanoparticles is also important in creating 

toxicity and antibacterial properties. In 2016, 

Javanbakht et al. examined two types of 

magnetic iron particles modified with the amine 

group for positive charge and the carboxyl 

group for negative charge. Their studies 

showed that the toxicity of positively charged 

nanoparticles was higher than that of neutral 

nanoparticles and the toxicity generated by 

neutral nanoparticles was higher than that of 

negatively charged nanoparticles. They argued 

that the result was better absorption of 

positively charged particles into the bacterial 

biofilm and less absorption of negatively 

charged nanoparticles due to electrostatic 

repulsions [36].  

Since in the present study the positive charge is 

related to iron oxide nanoparticles and the 

negative charge is related to silver-modified 

iron oxide nanoparticles and the mechanism of 

the effect of iron and silver on bacterial biofilms 

is different, it becomes more difficult to discuss 

this. Iron oxide nanoparticles are more bound to 

the surface of the biofilm and less penetrate the 

biofilm. Negative charging of 

exopolysaccharides prevents the binding of 

silver-modified nanoparticles to the negatively 

charged surface of the biofilm and increases the 

penetration of silver-modified nanoparticles 

into the biofilm. A high surface-to-volume ratio 

releases more silver ions and produces activated 

oxygen, killing the biofilm of the bacterium. 

 
Fig.8 The results of the relative frequency of strong 

p. aeruginosa strains biofilm formation under the 

influence of different concentrations of Fe3O4 and 

Ag-Fe3O4 nanoparticles. 

IV. CONCLUSION 

One of the most important pathogenic species 

that can produce biofilms is P. aeruginosa. A 

biofilm is a structured consortium of bacteria 

embedded in a polymer matrix consisting of 

polysaccharides, proteins, and DNA. Bacterial 

biofilms cause chronic infections because they 

show increased tolerance to antibiotics and 

disinfectant chemicals as well as resisting 
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phagocytosis and other components of the 

body’s defense system. P. aeruginosa is an 

opportunistic gram-negative bacterium that is 

found in water and soil and can survive with 

low levels of nutrients and grow in 

temperatures ranging from 4-42°C. These 

characteristics allow it to attach itself and 

survive on medical equipment and other 

hospital surfaces. Infections due to P. 

aeruginosa are difficult to eradicate because of 

their elevated intrinsic resistance as well as 

their capacity to acquire resistance to different 

antibiotics [33, 34]. In conclusion, a simple 

method of the preparation of magnetic Fe3O4 

nanoparticles was used. Fe3O4 nanoparticles 

were synthesized by a chemical co-

precipitation route with a size of 40 nm. 

Afterward, the obtained nanoparticles were 

coated with Ag. The results showed that Ag-

Fe3O4 nanostructures could inhibit the biofilm 

formation of P. aeruginosa at examined 

concentrations in this study. Also, the results 

showed a stronger anti-bacterial effect of Ag-

Fe3O4 nanoparticles than uncoated Fe3O4 on P. 

aeruginosa. Also, this study showed that under 

the influence of Ag-Fe3O4 nanoparticles, strong 

biofilms of P. aeruginosa, were either 

destroyed or converted to weaker levels which 

means that, Ag-Fe3O4 nanoparticles can be used 

to treat biofilm infections and were introduced 

as the new antimicrobial agents. 
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