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Abstract 

The improvement of multi-resistance properties of the bacterial pathogen has recently been discussed as an 

emerging issue. In this regard, iron oxide nanoparticles have attracted the researchers’ attention due to their wide 

application in the realm of medicine. Iron oxide nanoparticles have a high specific surface area that enables 

them to interact with the bacterial surface structure and has considerable antibacterial activity. The current study 

aimed to synthesize a novel antimicrobial agent from iron oxide nanoparticles and determine its minimum 

inhibitory concentration (MIC) on different gram-positive and negative variant bacterial strains isolated and 

characterized from the infected urinary tract of Iraqi elderly patients. This study was conducted from September 

2020 to December 2020 on 75 urine samples collected from the infected urinary tract of elderly patients in the 

ages range of 60-75 years admitted to Al-Yarmouk Medical Hospital, Baghdad, Iraq. Isolation of bacterial 

isolates was carried out using differential and selective media. Afterward, they were characterized and 

confirmed using different biochemical tests and VITEK 2 system, respectively. Magnetic nanoparticles were 

fabricated by co-precipitation of ferric ions (Fe3+) and ferrous ions (Fe2+) in presence of ammonium hydroxide 

solution (25%). The characterization of synthesized nanoparticles was performed subsequently using UV-VIS 

spectroscopy analysis, Scanning Electron Microscope (SEM), Fourier transform infrared spectroscopy analysis, 

X-ray Diffraction analysis (XRD), and Energy-dispersive X-ray spectrum (EDX). The MIC of synthesized 

sonicated Fe3O4NP against different bacterial strains was determined using the broth culture dilution method 

through making serial dilutions of 50, 100, 200, 400, 500, 600, 800, 900 µg/ml from a 5mg/ml nanoparticle 

stock solution. Afterward, the lowest concentration of nanoparticles required to arrest the growth of bacteria was 

determined through the colony-forming unit of each treated bacteria on brain heart infusion agar. In total, 

17bacterial isolates were identified from the infected urinary tract, five bacterial isolates (E. coli, Pseudomanas 

aeruginosa, Staphylococcus aureus, Enterococcus faecalis, and Micrococcus luteus). In addition, two Proteus 

mirabilis strains were identified separately and were tested against synthesized Fe3O4NP to determine the MIC. 

The novel synthesized antibacterial agent showed excellent bioactivity, compared with controls (consisting of 

bacterial suspension without ferrous oxide nanoparticles), and the synthesized antibacterial agent was 

considered significantly active against all the bacterial strains at a p-value less than 0.05. The Fe3O4NP were 

active against gram-negative more than gram-positive bacteria. The MIC of synthesized and characterized 

Fe3O4NPwas applied on seven gram-positive and negative bacterial isolates using bacteria- Fe3O4NP complex. 

Significant effects were observed on all strains, compared with controls, and this complex could significantly 

inhibit gram-negative more than gram-positive bacteria.  

Keywords: Iron Oxide NPs, Bacterial Strains, UTI Elderly Patients, Minimum inhibitory concentration  
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1. Introduction 

Urinary tract infections (UTIs) are one of the most 

infectious diseases with an extensive financial burden 

on society.  UTI is a bacterial infection of the urinary 

bladder, kidney, or collecting system.  This condition 

may be either acute or chronic and may affect any part 

of the upper or lower urinary system (1). UTI is 

common in the Iraqi population and accounts for 23% 

of all infections (2). UTI is one of the most commonly 

diagnosed infections in older adults. It is the most 

frequently diagnosed infection in long-term care 

residents, accounting for over a third of all nursing 

cases home-associated infections (3). It is second only 

to respiratory infections in hospitalized patients and 

community-dwelling adults over the age of 65 years 

(4). UTI is one of the most important recurrent diseases 

worldwide, especially in the Middle East countries and 

the second most common condition in both males and 

females with the rate of 1/2, respectively (5, 6). 

UTI is often caused by Extended-Spectrum β-

Lactamase ESBL-producing gram-negative bacteria, 

such as Escherichia coli (E. coli), Klebsiella 

pneumonia (K. pneumonia), and Pseudomonas 

aeruginosa (P. aeruginosa) (7). Almost all these 

pathogens, such as Proteus mirabilis and Providencia 

are multi-drug resistant and cause clinical problems 

with limited therapeutic options (5, 8). Gram-positive 

organisms, such as methicillin-resistant Staphylococcus 

aureus and Enterococcus are less common overall; 

however, these are started to be considered with 

increasing interest in the healthcare settings and among 

adults with chronic indwelling catheters (9). 

In the last two decades, the metal oxides of the 

transition metals (TM) have been used in a very wide 

range of applications, such as sensors, adsorbents, 

catalysts, conductors, magnetic, and super conductors 

due to their unique and exceptional physic-chemical 

characteristics that enable them to be used in 

electrochemistry, environmental science, and biology 

(10, 11). Iron oxide is one of the TM oxides with 

special morphology and other properties in its 

nanoscale structure that enable it to have variant 

applications. This element can act as an antimicrobial 

agent in treating and preventing infectious diseases in 

animal and human beings, which enables the 

researchers to adopt it as a new class of materials in 

nanobiotechnology, biomedical, and pharmaceutical 

industries (12). 

The high specificity of iron nanoparticles produced 

via certain biosynthesis methods lies in their interaction 

with the surface of the bacterial structures, other than 

their small size, that enable them to attract bacteria cells 

at the molecular level (13). 

Cohen (14) showed that the use of antimicrobial 

agents plays an important role in reducing the effect of 

infectious diseases and decreasing the percentage of 

death. In addition, many studies and researches 

indicated that NPs can be used as antibacterial agents 

and showed that their impacts may vary depending on 

their structure. Therefore, these have different 

influences on the pathogenic bacteria by limiting their 

activity and preventing them from developing diseases 

(15). However, Masadeh and Karasneh Masadeh, 

Karasneh (16) suggested that using metal oxide NP 

scan be applied as an antibacterial agent. Accordingly, 

iron oxide (Fe2O3) and cerium oxide (CeO2) 

nanoparticles can be used as antibacterial agents against 

gram-negative and gram-positive bacteria. Moreover, 

the obtained results showed that these nanoparticles can 

interfere with the action of antibiotics. 

Das, Diyali (10) found that FeNPs caused damage, 

destructed the mitochondria membrane of 

Staphylococcus aureus, and were clinically approved as 

an antibacterial agent. 

The current study aimed to isolate and identify gram-

positive and gram-negative bacteria from urine samples 

of elderly Iraqi patients with UTI. Moreover, the MIC 

of the prepared iron oxide NPs was determined against 

the growth of these isolates.  

2. Material and Methods 

2.1. Sample Collection 

Urine samples (n=75) were collected from UTI 

elderly patients in the age range of 60-75 years 
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admitted to Al-Yarmouk Medical Hospital, Baghdad, 

Iraq, from September 2020 to December 2020. 

Midstream and catheterized urine samples were put in 

sterile wide-mouthed containers and immediately 

transported to the laboratory for further investigation.  

2.2. Isolation and Identification of Bacteria 

Samples were immediately cultured on the surface of 

MacConkey agar media, which were used to differentiate 

gram-negative from gram-positive bacteria, as well as on 

blood agar media for isolation of gram-positive bacteria. 

Cultures were incubated aerobically at 37oC for 18-24 h. 

Macroscopic features of bacterial colonies were described 

by shape, color, arrangement, and the height of colonies 

on these media. Moreover, the microscopic features of 

bacterial cells were observed after they were stained with 

gram stain under a light microscope. 

2.3. Biochemical Tests 

All tests were conducted according to the procedure 

explained in the study conducted by M Tille (17). 

Different biochemical tests (e.g., urea, oxidase, 

catalase, indole, citrate utilization, Kligler’s Iron Agar, 

hemolysis on blood agar, coagulase, bile esculin agar, 

and deoxyribonuclease tests) were performed to 

identify different gram-positive and negative bacteria. 

The identified bacteria were confirmed using VITEK 2 

system. Proteus mirabilis isolate was isolated and 

identified separately from the total bacterial isolates in 

Al-Yermook Teaching Hospital Lab, Baghdad, Iraq. 

Moreover, a standard strain of Proteus mirabilis was 

isolated from UTI patients and identified by molecular 

technique. Furthermore, phylogenetic analysis was 

conducted based on the method described by Al-

Mudallal N. H. A. L., Khudair A. M. (18). 

2.4. Chemical Synthesis of Fe3O4NP 

The magnetic nanoparticles were fabricated using co-

precipitation of ferric ions (Fe3+) and ferrous ions (Fe2+) 

in the presence of ammonium hydroxide solution 

(25%), according to the method described by  

Alzahrani (19). This was performed by dissolving 4.58 

g of FeCl2.4H2O and 8.93 g of FeCl3.6H2O in 80 mL  

 

distilled water. The mixture was then heated to 80°C 

with vigorous stirring (1,100 rpm). Subsequently, 10 

mL of ammonium hydroxide (NH4OH) solution was 

added to the mixture. The reaction was allowed to 

continue for 30 min to ensure the complete growth of 

nanoparticle crystals under the same conditions. The 

resulting suspension was then cooled down to room 

temperature and washed with distilled water several 

times. Eventually, the magnetic nanoparticles were 

isolated using an external magnetic field, dried in a hot 

air oven (Memmert, Germany) at 50 °C, and then 

weighted by digital balance. 

2.5. Characterization of Fe3O4NP 

2.5.1. UV-VIS Spectroscopy Analysis  

The UV analysis was carried out by scanning the 

prepared solution of Fe3O4NP using a UV-Vis 

spectrophotometer in the range 190-900 nm (20). 

2.5.2. Scanning Electron Microscopic (SEM) 

The molecule size and morphology of Fe3O4NPs and 

the SEM analysis were determined at the Materials 

Research Department of the Ministry of Science and 

Technology, Baghdad, Iraq. Thin sample films were 

prepared on a cover slide grid by dropping a very small 

amount of the sample on the cover slide, which was 

then dried at room temperature (21). 

2.5.3. Fourier Transform Infrared (FTIR) 

Spectroscopy Analysis  

The FTIR analysis was performed on chemical bonds 

of the prepared Fe3O4NPs through scanning at 

wavelength ranges 400-4000 cm-1. The FTIR assay was 

conducted in the Applied Chemistry Division, 

Department of Applied Sciences, University of 

Technology, Baghdad, Iraq. 

2.5.4. X-ray Diffraction (XRD) Analysis  

The XRD assay was performed in Central Service 

Laboratory, College of Pure Science Education, IbnAl-

Haytham University, Baghdad, Iraq. The XRD 

measurements were determined after sedimentation of 

the sample on a glass slide in a 1cm2 area. The  

operation was conducted at a voltage of 40 kV and a 
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current of 30 mA with Cu radiation at a scan range of 

5.0000-80.0000 degrees (20). 

2.5.5. Energy-Dispersive X-ray Spectrum (EDX)  

The EDX is a qualitative and quantitative X-ray 

micro-analytical technique that provides information on 

the chemical composition of a sample for elements with 

atomic number Z>3. The EDX analysis was performed 

at the Materials Research Department, Ministry of 

Science and Technology, Baghdad, Iraq (22). 

2.6. Determination of Minimum Inhibitory 

Concentrations of Fe3O4NPs 

2.6.1. Preparation of Bacterial Isolates 

The MIC of Iron oxide NPs was determined against 

gram-positive and negative bacteria. Briefly, bacterial 

cell growth suspension after overnight incubation at 

37oC in 5ml brain heart infusion broth was adjusted to 

0.5 McFarland turbidity (equivalent to 1.5×108Colony-

forming unit [CFU]). Afterwards,0.1 ml of bacterial 

cell growth suspension was added to 9.9 ml brain heart 

infusion broth to reach the concentration of 1.5 x 106 

CFU representing bacterial growth stock culture.  

2.6.2. Preparation of Fe3O4NP 

The Fe3O4NP0.001 gram was dissolved in 2 ml of 

dimethyl sulfoxide to get a concentration of 5mg/ml. 

The solution was then placed in an ice bath and 

exposed to ultrasound waves for 5 min using a 

sonicator until it became colloidal. 

2.6.3. Minimum Inhibitory Concentration of 

Fe3O4NPs 

The MIC of synthesized sonicated Fe3O4NPagainst 

different bacterial strains were determined using the 

tube dilution method in culture broth via making serial 

dilutions (50, 100, 200, 400, 500, 600, 800, 900 µg/ml) 

from a 5 mg/ml stock of nanoparticles with bacterial 

growth stock culture incubated for 24 h at 37oC.The 

MIC was then determined through the observation of 

the lowest concentration of nanoparticles required to 

arrest the growth of bacteria after determining the CFU 

of each treated bacteria on brain heart infusion agar,  

 

 

compared with the untreated control that was prepared 

with the same bacterial stock using distilled water 

instead of iron oxide colloidal solution. 

2.7. Statistical Analysis 

The statistical analysis was performed using SPSS 

software (Version 27). Data were presented in simple 

measures of frequency, percentage, mean, standard 

deviation, and range (minimum-maximum values). The 

significance of difference was tested using Student’s t-

test for the difference between two independent means. 

The significance of the difference between different 

bacterial species was used to test Least significant 

difference. Ap-value equal to or less than 0.05was 

considered statistically significant (23, 24).  

3. Results 

3.1. Isolation and Identification of Bacteria 

The data in figure 1 represent the growth of isolated 

bacteria on the surface of MaCconkey agar and blood agar 

media. Out of75 urine samples, no growth was observed 

in 58samples and the quantitative count of bacteria was 

less than105 CFU in one urine specimen. Only 17bacterial 

isolates were isolated on these media and they were 

examined in terms of colonial morphology, colors, 

arrangements, and heights, as well as their ability or 

inability to ferment lactose. Microscopic examination of 

these isolates performed after their viability was 

confirmed by gram staining, and they were differentiated 

to either gram-positive cocci or gram-negative rods. 

3.2. Biochemical Tests 

The obtained results are presented in tables 1 and 2 

and figures 2 and 3. 

 According to the biochemical tests and VITEK 2 

system conformational reports of all 17bacterial 

isolates, 5 bacterial isolates were chosen to undergo 

MIC testing (E. coli, Pseudomanas aeruginosa, 

Staphylococcus aureus, Enterococcus faecalis, and 

Micrococcus luteus). Two Proteus mirabilis strains 

were identified separately as well. 
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Figure 1. The growth of isolated bacteria on the surface of MaCconkey agar and Blood agar 

Table 1. Biochemical tests of gram-negative bacterial isolates 

 

 

Bacterial isolates 

 

Gramstain 

 

Citrate 

test 

 

Lactose 

fermentatio

n 

 

Indol test 

(Peptone 

water) 

 

 

Kigler iron 

agar test 

 

Urease 

test 

 

Oxidase 

test 

 

Catalase 

 

E .coili - - + + A\A+ GAS - - + 

P.aerugenosa - + - - K\K_ - + + 

 

Table 2. Biochemical tests of gram-positive bacterial isolates 

 

Gram positivebacteria 

isolate 

Gram 

stain 

Citrate 

test 

 

Lactose 

Fermentat

ion 

Oxidase Catalase 
Coagulase 

Bile 

Esculin 

test 

DNAase 

Enterococcus feacalis 

 
+ _ + _ _ _ + _ 

Staphylococcus aureus 

 

+ + No growth _ + + _ + 

Micrococcus luteus + + No growth + + + _ _ 

 

 

Figure 2. Some biochemical tests used in the identification of bacterial isolates (Esculin, Catalase, Citrate, Kligler iron, and Indole tests) 
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3.3. Chemical Synthesis of Fe3O4NP 

The weight of dried magnetic Fe3O4NPs was 

determined to be 14.5 grams, according to the 

procedure mentioned in 2.4 (Figure 3). 

3.4. Characterization of Fe3O4NPs 

The UV-Visible spectra of Fe3O4NPs were 

determined (Figure 4). The technique has been used to 

verify the formation of iron oxide nanoparticles. The 

peak of iron oxide NPs was observed at 274 nm. 

Moreover, FTIR spectroscopy is used to determine 

the functional groups in the prepared solid materials as 

shown in figure 5. 

On the other hand, XRD is used to determine the 

crystal structure and particle size of prepared crystalline 

nanomaterials (Figure 6). 

The EDX is used as a diagnostic tool to identify the 

elementary components of the chemical composition of 

the prepared samples. The EDX spectrum of iron oxide  

NPs is presented in figure 7. The peaks of iron and 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

oxygen elements were observed, indicating the 

formation of iron oxide compounds. The iron, oxygen, 

and carbon ratio were determined to be 69.4 wt %, 14.9 

wt %, and 8.8 wt %, respectively. 

Furthermore, the SEM was used to provide 

information about the surface morphology and particle 

size of the prepared samples (Figure 8). 

3.5. Determination of MIC of Fe3O4NPs 

As indicated by the data presented in table 3 and 

figure 9, the Fe3O4NP have an antibacterial effect 

against all bacterial isolates, compared with controls. 

Moreover, the lowest MIC of synthesized Fe3O4NP was 

determined to be 550 µg/ml. 

The level of gram-negative bacteria was 

148.0±60.5x103cfu after treatment with Fe3O4NP, 

compared with controls (16.6±12.23x106cfu). The P-

value between gram-positive and negative bacteria was 

recorded to be 0.218, compared with controls 

(0.0001*). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Dried magnetic nanoparticles isolated using an external magnetic field  
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Figure 4. UV/V is spectra of iron oxide Fe3O4NPs 

 

 

Figure 5. FTIR of iron oxide NPs 
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Figure 6. XRD pattern of iron oxide NPs 

 

Figure 7. EDX to iron oxide NPs 

 

Figure 8. SEM of iron oxide NPs 
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Bacterial Isolates 
(MIC) of Ferrous oxide 

nanoparticles (µg/ml) 

Ferrous oxide NP 

exposed 

(CFU x 103) 

Not treated 

(Control x 106) 
P-value 

Enterococcus fecalis 700 150±16.7(135-168) 80±14.6 (66-95) 0.011* 

Pseudomonasaerginosa 550 52±3.0 (49-55) 35±4.58 (30-39) 0.006* 

Micrococcus 850 160±8.5 (152-169) 75±10.8 (63-84) 0.007* 

Staph. aureus 800 30±6.6 (23-36) 66±6.56 (59-72) 0.003* 

Proteus mirabilis (1) 850 200±14.8(183-210) 4.7±0.58 (4-5) 0.005* 

Proteus mirabilis (2) 

(standard) 
850 180±9.8 (172-191) 9.7±0.58 (9-10) 0.001* 

E coli 850 160±12.3(151-174) 17±2.65 (14-19) 0.008* 

 

*Significant difference between two independent means using Students’ t-test at 0.05 level. 

-Data were presented as Mean±SD (Range) 

Cfu (colony forming unit) 

Table 4. Antibacterial activity of Iron oxide nanoparticles against gram-positive and gram-negative bacteria 

 

Bacterial Isolates Ferrous oxide NP exposed (CFU x 103) Not treated (Control x 106) P-value 

Gram +ve 113.3±63.4 (23-469) 73.7±11.4 (59-95) 0.0001* 

Gram –ve 148.0±60.5 (49-210) 16.6±12.23 (4-39) 0.0001* 

P-value 0.218 0.0001*  

 

*Significant difference between two independent means using Students-test at 0.05 level. 

-Data were presented as Mean±SD (Range) 

 

 

Figure 9. Antibacterial activity of ferrous oxide nanoparticles against gram-positive and negative bacterial isolates determined by 

statistical analysis, compared with controls 

 

Table 3. The minimal inhibitory concentration of Fe3O4NP against bacterial isolates, compared with controls 
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4. Discussion 

A symptomatic UTI is generally defined by the pres-

ence of urinary tract-specific symptoms in the setting of 

significant bacteriuria with a quantitative count of ≥105 

CFU/ml in one urine specimen. Asymptomatic 

bacteriuria (ASB) is defined as the presence of bacteria 

in the urine, without clinical signs or symptoms 

suggestive of a UTI (25, 26). UTI and ASB are highly 

prevalent in older adults; however, the risk factors for 

developing symptomatic UTI in the aging population 

are different from those in a younger population. Age-

associated changes in immune function, corticosterol 

and indwelling urethral catheters, exposure to 

nosocomial pathogens, and increasing number of 

comorbidities put the elderly at an increased risk for 

developing infection (27).The high incidence of  urine 

samples with no growth (n=58) from the total 75 

samples can be explained by the possibility that 

patients may have been given antimicrobial drugs that 

inhibit the growth of bacteria or to the presence of 

candida spp. or anaerobic bacteria that grow on another 

types of media and specific incubation environmental 

conditions. In addition, the quantitative count of 

bacteria was less than≥105CFU in one urine specimen. 

Both gram positive and negative bacteria isolated in 

this study included E. coli, Staphylococcus aureus, 

Enterococcus faecalis, Pseudo Manas Aeruginosa, and 

Micrococcus luteus in descending order of prevalence. 

The fact that Staphylococcus spp.is a normal flora of 

the perianal and vaginal region may account for the 

high prevalence of Staphylococcus spp. Abdulrahman 

(28) showed that the distribution of microbial species 

caused UTIs in the Duhok, Iraq,in2014 and 2015, and 

the common uropathogens in this study included E. coli 

(52%), followed by S. aureus(11%).While the results of 

another study conducted in the city of Duhok, Iraq, 

revealed that Enterococcus faecalis is the second most 

common uropathogen in this region(29). 

Recently, iron NPs have attracted much attention due 

to their unique properties, including super 

paramagnetism, surface-to-volume ratio, greater 

surface area, and easy separation methodology. Iron 

oxide magnetic NPs with appropriate surface chemistry 

are prepared by various methods, including wet 

chemical, dry processes, or microbiological techniques 

(30, 31). The investigation of iron and iron oxide NPs 

in biological and material sciences is booming in recent 

years due to their various chemical and physical 

properties. They exhibit multiple potential applications 

in magnetic fluids, magnetic micro-devices, MRI, 

magnetic hyperthermia, water purification, and drug 

delivery (32, 33). Significant size-dependent structural 

and optical properties of colloidal iron and iron oxide 

NPs correspond to electrical structure and quantum size 

effects of NPs. Moreover, the respective synthesis 

method of iron oxide NPs can affect their size and 

crystal structure as well. The most effective, cheap, and 

simple technique to obtain magnetic particles is the 

precipitation technique for obtaining iron oxide 

particles (34). 

In this study, magnetic nanoparticles were fabricated 

by coprecipitation of Fe2+
 and Fe3+ salts from an 

aqueous solution by the addition of ammonium 

hydroxide solution as a base. The fabricated magnetic 

nanoparticles have super magnetic properties which 

make them susceptible to magnetic fields and lead to 

their easy separation from the solution (19). 

Comprehensive surface characterization techniques, 

such as surface morphology, chemical composition, 

and spatial distribution of the functional groups are 

used for a better understanding of surface properties of 

Fe3O4NP (35). Fundamental techniques employed to 

investigate magnetic NPs include X-ray diffraction 

analysis, FTIR, TEM, SEM, atomic force microscopy, 

X-ray photoelectron spectroscopy, vibrating sample 

magnetometry, and thermal gravimetric analysis (36). 

In this study, FTIR spectroscopy is used to determine 

the functional groups in the prepared solid materials as 

presented in Figure 6. The transmission FTIR spectra 

of iron oxide NPs is in a range of 400-4000 cm−1. The 

appearance of a weak absorption peak at 3414 cm−1is 

due to the stretching vibration of the hydroxyl groups, 

indicating the absorption of water molecules on the 

surface of the prepared sample. However, the apparent 
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absorption peak at 1639.49 cm−1 is due to the O-H 

bending vibration. Eventually, the strong absorption 

peak at 877.61 cm−1 is due to the Fe-O bonds vibration. 

On the other hand, XRD is used to determine the 

crystal structure and particle size of prepared crystalline 

nanomaterials (Figure 7). The XRD pattern of iron 

oxide NPs exhibited the diffraction peaks of 2θ=30.77∘, 

36.42∘, 43.48∘, 54.53∘, 56.78∘, and 62.28∘, 

corresponding to the planes of 220, 311, 400, 422, 511, 

and 440, respectively. The nonappearance of other 

peaks in the spectrum indicates the high purity of the 

iron oxide NPs (37). 

Furthermore, SEM was used to provide information 

about surface morphology and particle size of the 

prepared samples as shown in Figure 9. The 

microscopic images revealed the formation of spherical 

nanoparticles of different sizes and distributions. The 

average particle size of iron oxide NPs is from35.36 to 

61.21 nm. The increase in the rate of particle 

agglomeration was due to the electrostatic interaction 

between the layers of nanoparticles. 

Moreover, great attention has been paid to iron oxide 

nanoparticles for their use in designing therapeutics, 

targeted drug delivery, and other biomedical 

applications due to such features as large surface area, 

small size, lower nanotoxicity, appealing magnetic 

properties, and harmlessness for the environment (38, 

39). The antibacterial activity of the synthesized 

Fe3O4NP was tested against seven bacterial variant 

isolates for determination of MIC according to the CFU 

counting results that had been calculated for all bacteria 

on the surface of brain heart infusion agar. The results 

were then compared with CFU counting results of the 

untreated control for each bacterial isolate. The data 

presented in Tables 3-4 indicate that Fe3O4NP have 

antibacterial activity against all the bacterial isolates. 

Based on the p-values, standard strains of Proteus 

mirabilis were the most affected bacteria at MIC 850 

µg/ml (P=0.0001) (2), while Enterococcus faecalis 

represented the least affected bacterial isolate by the 

Fe3O4NP (P=0.011) at MIC of 700 µg/ml. The lowest 

MIC for synthesized Fe3O4NP (550µg/ml) was 

determined against Pseudomonas aeruginosa with 

52±3.0 x103CFU, compared with untreated control 

(35±4.58 x106CFU). However, the highest MIC (850 

µg/ml) was determined against Micrococcus luteus, 

Proteus mirabilis (1), Proteus mirabilis (2) standard, 

and E. coli with CFU of 160±8.5 x103, 200±14.8 x103, 

180±9.8 x103and 160±12.3 x103, respectively, 

compared with CFU of untreated control at 75±10.8 

x106, 4.7±0.58 x106, 9.7±0.58 x106, and 17±2.65x106, 

respectively. According to the results, MIC of Fe3O4NP 

represented a better inhibitory effect against P. 

aeroginosa, while according to the CFU P-values, these 

nanoparticles represented a better antibacterial effect on 

Proteus mirabilis (2) standard strains. In addition, 

Fe3O4NP exhibited significant antibacterial efficacy 

against gram-negative bacteria, compared with gram-

positive bacteria, according to the CFU of gram-

negative and positive bacteria in comparison with 

untreated control. 

Das, Diyali (10) determined the bactericidal activity 

of iron oxide nanoparticles against Staphylococcus 

aureus, Proteus vulgaris, and Psedomonas aeruginosa, 

as the nanoparticles that exhibit bactericidal activity 

against all bacterial isolates and the most affected 

bacteria was Staphylococcus aureus with MIC of 12.5 

μg/mL. It was observed that the IONPs displayed a 

little less activity compared to the streptomycin as a 

standard medication, indicating that it can be used as 

antibacterial drug due to increased resistance to existing 

antibiotics of various microorganisms. Madhu, 

Jaianand (40) estimated the antibacterial properties of 

IONP against gram positive and negative bacteria (41) 

and concluded that this NP affected the growth of both 

types of bacteria; however, it could inhibit gram 

positive more than gram negative bacterial strains. 

Prodan, Iconaru (41) determined the antimicrobial 

activity of the iron oxide NPs on strains belonging to 

common bacterial pathogens, the Gram-negative P. 

aeruginosa and E. coli, Gram-positive E. faecalis and 

B. subtilis, and a yeast strain of C. krusei with MIC 
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experiment for the sensitive bacterial strains. A 

bactericidal effect has been observed at low 

concentrations of iron oxide NPs (i.e., from 0.039 to 

0.01mg/mL) against E. faecalis and P. aeruginosa and 

from 0.02 to 0.01 against E. coli. The IO-NPs exhibited 

no inhibitory effect on C. krusei and B. subtilis growth, 

irrespective of the tested concentration. 

Metal oxide nanoparticles, including magnetite, 

proved to have inherent antimicrobial properties which 

occur or are enhanced when the materials are in then a 

0 meter size and in relation to the surface area (42). 

Since nanoparticles can be smaller in size than bacterial 

pores, they have a unique ability to cross the cell 

membrane, disrupt its function, or interfere with nucleic 

acid or protein synthesis (43). The increment nature of 

reactive oxygen species (ROS) observed in all aerobic 

bacteria upon treatment of IONPs, the bacterial cell 

may cause the damage of iron-sulfur clusters as well as 

IONPs, thereby release ferrous ion. The Fe2þ ions can 

then react with H2O2 through the Fenton reaction to 

produce hydroxyl radical which can destroy bacteria’s 

DNA, lipid, and proteins (44). This phenomenon 

manifests bactericidal activity in IONPs through 

oxidative stress which blocks the synthesis of proteins 

and causes a restriction in further growth of the 

organism. The bactericidal efficiency of IONPs 

increased with an increase in concentration and acts as 

a dose-dependent medicine. Therefore, the inhibited 

growth of the bacterial species is the reflection of 

damage and destruction to the cell membrane and is 

indicative of antimicrobial activity and cell destruction 

activity induced by nanomaterials that penetrate the 

cytoplasmic membrane (10). 

The MIC of synthesized and characterized 

Fe3O4NPwere determined using the bacteria-ferrous 

oxide NPs for seven gram-positive and negative 

bacterial isolates and significant antibacterial effects 

were estimated on all strains, compared with untreated 

control. Eventually, this complex could significantly 

inhibit gram-negative more than gram-positive bacteria.  
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