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ABSTRACT
Objective(s): Recently, magnetic nanoparticles coated with different ligands have been utilized in diagnosis, 
drug delivery, and therapy. This study aimed to synthesize,  characterize, and apply Fe3O4 coated with Poly 
Dopamine (PDA) as an MR imaging nanoprobe and its application in metronidazole-resistant helicobacter 
pylori (H.pylori).
Materials and Methods: Fe3O4 nanoparticles were characterized and their cytotoxicity was determined in 
MCF-7 cell lines. Then, coated and non-coated nanoparticles were injected intravenously into  9 xenograft 
BALB/C mice, and the signal intensity of the T2-weighted MR was assessed. Iron concentrations were 
measured by ICP-AES, and histopathological assessment was done on harvested critical organs. Finally, 
The standard disk diffusion method was also used to identify the H.pylori resistance to metronidazole. The 
minimum inhibitory concentrations and the minimum bactericidal concentration of uncoated and coated 
iron oxide nanoparticles were investigated.
Results: The MTT assay showed low cytotoxicity at 512 µg/ml. T2 relaxation times of tumors were lower 
compared to normal tissues. ICP-AES results indicated that the NPs accumulated mostly in the spleen and 
liver. The histopathology study demonstrated that the vital organ tissues had less morphologic abnormality 
and apoptotic changes. The minimum inhibitory and minimum bactericidal concentrations of ION@PDA 
were 16-64 µg/ml and 16-128 µg/ml, respectively. 
Conclusion: Due to the high permeability of nanoprobes in tumors, less cytotoxicity, and its inhibitory effects 
on metronidazole-resistant H.pylori, ION@PDA may be used as a nano contrast agent in MR imaging for 
the detection of MCF-7 cells. 

Keywords: Magnetic Iron Oxide Nanoparticles, Breast Cancer, Magnetic Resonance Imaging, Helicobacter 
pylori

INTRODUCTION
Nanoparticles considered beneficial agents in 

diagnostic imaging, drug delivery, and treatment 
[1][2], have piqued the interest of researchers 

in recent years due to their facilitated synthesis 
process and high surface-to-volume ratio. They 
are proven to enhance the durability of the 
medication in blood circulation, and increase 
its therapeutic efficacy, targeted delivery, and 
drug uptake [3, 4], all of which lead to less drug 
toxicity and diminished related side effects. 
Nanoparticles smaller than 100 nm have 
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demonstrated specialized compatibilities, such 
as the increased likelihood of rapidly absorbing 
and transferring drugs, prompt distribution, and 
successful bonding to biomolecules. The surfaces 
of magnetic nanoparticles conjugated with tumor-
specific biomarkers (nanoprobes) or anti-tumor 
monoclonal antibodies (mAb) offer a distinct 
way to detect and localize the cancer lesions [5] 
while leaving the normal tissues uncompromised 
[6]. Studies are progressing on developing 
nanoprobes for treating cancer via different 
physical and chemical techniques as substitution 
and integrated therapeutic approaches. These 
nanoprobes accumulate at the tumor lesion and 
offer high signal intensity, facilitating the diagnosis 
with increased contrast between cancerous and 
normal tissues [7]. 

Superparamagnetic iron oxide nanoparticles 
(IONs), including Fe3O4, combine the benefits 
of both imaging and therapy in oncology, and 
much work has gone into developing them. 
Various techniques, such as co-precipitation, 
sonochemical, and green synthesis, have been 
employed for synthesizing IONs [8]. Their 
prominent characteristics include plausible size, 
stability, high permeability, biocompatibility, and 
lack of toxicity, which can be further improved 
by adopting a surface modification approach [9]. 
The size and form of IONs play a crucial role in 
boosting the efficacy of cancer cell detection and 
therapy. Moreover, IONs have distinctive features 
for MR imaging, including non-toxicity, magnetic 
properties, and biocompatibility. Transverse 
magnetization vector can be further de-phased by 
IONs, thus, decreased T2 and T2* relaxation times 
result in hyposignal images, which can offer IONs 
as a potent negative MRI agent [10]. 

IONs, as a chemotherapeutic medication, have 
some drawbacks, including low chemical stability, 
cellular penetrability, and significant cytotoxicity. 
Additionally, ION-based tumor therapy falls short in 
delivering the necessary treatment to the tumor’s 
central region due to its limited vascular system, 
which leads to cancer recurrence, especially when 
the hydrodynamic size of nanoparticles is more 
than 60 nm [11]. Moreover, the reticuloendothelial 
system rapidly removes these nanoparticles from 
the vascular system. Some coating substances 
were employed to alleviate this problem and 
produce nanoprobe-based IONs, though they have 
not been fully explored in vivo settings. Numerous 
biomaterials, including anti-cancer proteins, 
enzymes, and antibodies, can be conjugated 
with Fe3O4 NPs. For instance, Fe3O4 nanoparticles 
coated with polyacrylic acid (PAA) and modified 
by 3-amino propanol showed small particle 
size, good dispersion in water, and enhanced T1-
weighted imaging of tumor sites [12]. Another 

study reported the synthesis of Fe3O4@ZIF-8-Zn–
Mn nanoparticles, which demonstrated pH- and 
glutathione-responsive T1–T2 dual-mode contrast 
effects [13]. Despite the advantages of Fe3O4 
nanoparticles including low toxicity, relatively low 
price, and high saturation magnetization, however, 
they have limitations such as the potential for 
magnetic interference with other ions and the 
need for specific coatings to improve stability and 
biocompatibility [14].

 Poly Dopamine (PDA) is a nature-based bio-
polymer material with considerable features 
and strong tissue adhesion, which was used as a 
ubiquitous coating material for IONs, namely the 
exterior of Fe3O4 [15]. PDA is a molecule with a 
positive charge at low pH, strongly conjugated 
to molecules with a negative charge with high 
permeability [16]. Additionally, PDA has a 
sufficient interfacial consistency, which can coat 
nanoparticles and contribute to enhanced hyper-
signal MR images with high contrast. 

Magnetic resonance imaging can be considered 
a legitimate noninvasive method for early cancer 
diagnosis [17]. Drug delivery imaging is a technique 
that employs both the loading of nanomagnetic-
based probes with particular conjugation and 
guiding these probes to the desired target utilizing 
external magnetic fields [5]. Human epidermal 
growth factor receptor-2 (HER-2) can be seen in 
25-30 percent of patients suffering from breast 
cancer. This receptor demonstrates a target 
point for the nanoparticle in medications. Breast 
cancer cells expressing HER2 are reportedly more 
aggressive; as a result, detecting HER2-positive 
breast cancer in its initial phases can considerably 
boost the survival rate of the suffering patients. 
The intracellular kinase domain of the HER2 gene 
encodes a transmembrane receptor protein (an 
extracellular ligand-bind domain) with tyrosine 
kinase activity; in conjunction with iron oxide 
NPs, the PDA coating functions as a significant 
contrast agent in MR imaging [18]. PDA-coated 
Fe3O4 nanoparticles (ION-PD) were produced, 
and their MR imaging contrast agent capabilities 
were examined. To the authors’ knowledge, no 
published work has evaluated the cytotoxicity and 
in vivo setting of ION-PD as an MRI agent in breast 
cancer cells (MCF-7). 

H.pylori is a spiral-shaped gram-negative 
bacterium responsible for causing peptic ulcer 
diseases and various gastric malignancies 
worldwide [19, 20]. However, the effectiveness 
of current treatment methods is compromised 
due to the emergence of antibiotic resistance 
[21, 22]. Researchers have explored the potential 
of using iron oxide nanoparticles coated with 
poly-dopamine to address this issue. These 
nanoparticles have shown promise due to their 
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biocompatibility and antibacterial properties. This 
study aimed to investigate the effects of iron oxide 
nanoparticles and the antibiotic metronidazole, 
administered at sub-minimum inhibitory 
concentration (sub-MIC), in clinical strains of 
H.pylori that are resistant to metronidazole, as 
well as its potential as a nano contrast agent for 
MR imaging in MCF-7 cells induced BALB-C mice.

MATERIALS AND METHODS
Materials

NaOH, FeCl3, and FeCl2 were obtained 
from Merck Company (Kenilworth, New Jersey, 
USA). Human breast cancer (MCF-7) cells were 
purchased from (Razi Institute, Isfahan, Iran). They 
were then cultured in Dulbecco’s Modified Eagle’s 
Medium (DMEM)/High Glucose supplemented 
with 10 percent Fetal Bovine Serum, 1 percent 
penicillin-streptomycin, and 5 percent CO2 and 
water-saturated air. Phosphate-buffered saline 
(PBS) solution, 3-(4,5-dimethylthiazol-2-yl)-2,5 
diphenyl tetrazolium bromide (MTT), and dimethyl 
sulfoxide (DMSO), DMEM was provided by (Sigma-
Aldrich, Burlington, MA, USA).  The penicillin-
streptomycin was prepared from (Thermo Fisher 
Scientific Ltd., Waltham, Massachusetts, USA) 
supplied. 

Experimental process
 Fig. 1 shows a schematic of the procedure 

of the experiment. Fe3O4 nanoparticles were 
synthesized using the co-precipitation approach 
previously published methods [23]. Briefly, the 
formulation of synthesis is as follows:

8NaOH + 2FeCl3 + FeSO4.(7H2O)
Fe3O4 + 6NaCl + Na2SO4 + 4H2O + 7H2O

This equation prepared NaOH, FeCl3, and FeCl2 
with 0.01, 0.02, and 0.08 molarity, respectively. 
Then, they were poured simultaneously and 
boiled in distilled deionized water. The outcome 
solution was washed and centrifuged to omit any 
impurities.

ION-PD was synthesized by combining 80 mg 
of Fe3O4 nanoparticles with 80 mg of dopamine 
hydrochloride (Sigma, Aldrich, Burlington, MA, 
United States) and 40 ml Tris Base buffer (pH 8.5). 
It was shaken for 24 hours at room temperature. 
The NPs were then rinsed numerous times with 
deionized water and methanol.

Characterization
Since different methods cause different 

crystallite sizes, unlike particle size, X-ray 
powder diffraction (XRD) is used to characterize 
the physiochemical properties of the Fe3O4 
nanoparticle samples and their crystal structure, 

according to the Debye Scherrer formula, as 
follows [24, 25]: 

Where d is nanoparticles crystalline size;  is 
wavelength and  is full width at half maximum.

All nanoparticle characterization features such 
as the size distribution of the synthesized NPs were 
obtained by transmission electron microscopy 
(TEM), the optical absorption spectra of the NPs 
dispersed in water were recorded using the UV–
visible spectrophotometer, and the accuracy 
coating of PDA to iron oxide was measured by 
Fourier Transform Infrared (FTIR) spectroscopy 
were reported by the authors in published papers 
previously [10, 23, 24]. 

Cell Culture and Cytotoxicity Assay
The viability of MCF-7 cancer cells was 

assessed using a standardized MTT assay [26]. 
To determine the cytotoxicity of ION and ION-
PD on the MCF-7 breast cancer cell line, an MTT 
assay was done. Various doses of ION and ION-
PD (32, 64, 128, 256, and 512 µg Fe/ml) were 
subjected to the cells following 24, 48, and 72 h 
incubation. In a 96-well plate, 1.5104 cells per well 
were seeded and incubated for 24, 48, and 72 h 
at 37°C in DMEM high glucose medium (%5 CO2). 
The cells were then cultured in 200 ml media with 
ION and ION-PD at varying doses and incubation 
periods. At 24, 48, and 72 h, MTT assays were 
performed with IONs at 32, 64, 128, 256, and 512 
μg/ml levels. The cells were then treated with 
ION-PD, and MTT assays were performed at 24, 
48, and 72 h at doses of 64, 128, 256, and 512 μg/
ml. To determine cell viability, the absorbance of 
each well was quantified at 630 nm with an ELISA 
reader (Stat Fax 2100, Awareness Tech., Palm City, 
Florida, USA).

Animals
BALB/C mice (age: 6-7 weeks; average weight: 

20 g) were used in this experiment. They were 
procured from the Jahad Daneshgahi Institute 
(Isfahan, Iran). They were kept in an isolated 
animal housing with controlled humidity and 
temperature at the School of Medicine, Isfahan 
University of Medical Sciences, in compliance 
with the Guide for the Care and Use of Laboratory 
Animals [27]. The Institutional Animal Care and 
Ethics Committee of Isfahan University of Medical 
Sciences authorized the mouse study by the ethical 
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code of IR.MUI.MED.REC.1400.236 and and IR.ARI.
MUI.REC.1400.063. They were randomly sorted 
into three groups (Control, ION, ION-PD) and 
were given daily sterilized normal mouse food and 
water. To induce cancer in the mice, all of them 
were administered with 100 ml MCF-7 cancer cells 
diluted with PBS into their lower right flank of 
breast tissue. The tumor lesions were observable 
after two weeks post-injection with 5-6 mm width 
(mean weight of tumors: 250 mg). Three weeks 
into the tumor implantation, the ION and ION-PD 
group received an intravenous injection of 0.5 mg 
Fe/kg body weight of the corresponding agent. 
To do so, the ION and ION-PD were dissolved in 
deionized water to the injection level of 100 ml. 
The ION group was injected with 128 μg/ml of 
ION, while the ION-PD group was administered 
256 μg/ml of ION-PD. One cancer-induced mouse 
was chosen as a control group with no ION or ION-
PD injection.

MR imaging
MRI exams were conducted at 12 and 48 hours 

following ION-PD administration. The mice were 
sedated with 100 mg/kg of xylazine and ketamine, 
and a 1.5 T MRI equipment was used to examine 
them (Siemens ARENA, Munich, Germany). 
Using the multi spin-echo pulse sequence, T2-
weighted images were acquired with the following 
parameters: TE = 24, 36, 48, and 60 ms, TR = 3000 
ms, slice thickness = 3.5 mm; FA = 150°; FOV = 
2.5×2.5 mm; and matrix size = 256×256.

Inductively coupled plasma atomic emission 
spectroscopy measurements

Inductively coupled plasma atomic emission 
spectroscopy (ICP-AES) is an agent bio-distribution 
indicator test equipment (Perkin Elmer Optima 
7300 DV type, Waltham, Massachusetts, USA). 
Mice were euthanized with ketamine (Dublin, 
OH, USA) 12 and 48 hours post-injection. 
Consequently, their essential organs were 

Fig. 1. Schematic steps (1, 2, 3) of the study.
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harvested, including the liver, kidney, spleen, and 
tumor. They were subjected to an ICP-AES test 
after the acid digestion. Based on the published 
literature, the acid digestion technique was used 
[28]. In brief, a 50-100 mg tissue sample was put in 
a polyethylene vial, 0.3 ml of %70 perchloric acid 
was cautiously poured, and the components were 
thoroughly mixed. After adding 0.6 ml of %28 
hydrogen peroxide, the sterile vial jars were kept 
in the shaking bath for 1 h at room temperature. 
Then the stock solution was diluted to 2 ml with 
distilled water, and the contents of the glass vials 
were leached using a 0.45 mm membrane filter to 
become clear and colorless. Finally, the samples 
were analyzed using ICP-AES.

Histopathologic tissue study
To assess the histopathologic features of vital 

organs, the harvested tissues were fixed in a 
10-percent formalin solution and immunostained 
using hematoxylin and eosin. Then, the images 
were taken using a ×40 magnified microscope 
(Amscope7X-45X, Irvine, California, USA).

Bacterial study design
Study design

The study design involved a cross-sectional 
approach, and patients visiting the endoscopy 
department of Al-Zahra Hospital in Isfahan, 
Iran, were included. A total of 110 gastric biopsy 
samples were collected.

Patients and specimens
The patients included in the study had clinical 

symptoms of gastrointestinal disorders and had 
not received prior antibiotics for H.pylori infection 
in the two weeks preceding the study. Two pieces 
of antral gastric tissue were obtained from each 
patient, one used for rapid urease testing and the 
other placed in sterile tubes containing brain heart 
infusion (BHI) broth supplemented with glucose. 
These samples were then sent to the microbiology 
laboratory for further processing. The study 
included 66 women aged 18-70 years (average 
age: 53) and 44 men aged 15-48 years (average 
age: 39) [29, 30].

Bacteria strain and culture conditions
The biopsies were completely crushed between 

two sterile slides, and the extract obtained was 
grown in 3% (w/v) Columbia blood agar base 
(Oxoid, UK) mixed with 1.2% (w/ v) BHI (Oxoid, 
UK) containing 7% (v/v) sheep blood, 10 mg/mL 
vancomycin, 10 mg/mL amphotericin, 2500 U/L 
polymyxin B sulfate salt, 5 mg/mL trimethoprim, 
10 mg/mL nalidixic acid (all purchased from Sigma, 
USA), under microaerophilic conditions (5%~6% 
O2, 8%~10% CO2, 85% N2) at 37 C for 5 days.

Determining antibiotic sensitivity (Disc diffusion)
A modified disc diffusion method was 

employed to determine the antibiotic sensitivity 
of the H.pylori isolates. Bacterial suspensions 
were prepared, streaked onto Müller-Hinton 
agar supplemented with sheep blood, and 
incubated with antibiotic discs in a microaerophilic 
environment at 37°C for 3-7 days. The susceptibility 
testing and interpretive criteria were based on 
CLSI guidelines, with an inhibition zone of ≥16 mm 
indicating sensitivity to metronidazole. In the test 
mentioned, a standard strain 26695 of H.pylori 
was used as a control [31].

Minimum Inhibitory Concentration (MIC)
Antibacterial properties of Fe3O4 nanoparticles 

and Fe3O4@PD AND metronidazole were evaluated 
using the broth microdilution method to determine 
the minimum inhibitory concentration (MIC) 
against bacteria grown in laboratory conditions. 
To achieve this goal, Brucella broth with 10% 
fetal bovine serum was added to each well of 
the 96-well microtiter plate along with different 
concentrations of antimicrobial substances under 
our investigation. Then, H.pylori was added to 
each well with a final volume concentration of 
5x10^5 CFU/ml, and the plates were incubated 
for six days in a microaerobic atmosphere at 37 °C. 
The MIC was determined as the lowest antibiotic 
concentration inhibiting the visible.

Minimum Bactericidal Concentration (MBC)
To measure the minimum bactericidal 

concentration, we culture 100 microliters of the 
suspension from the wells of the upper MICs 
on Columbia blood agar medium for 5 days in 
microaerophilic conditions and at 37 degrees. The 
MBC was the lowest concentration, killing ≥99.9% 
of the original inoculum. All tests were performed 
in duplicate.

Statistical analysis
All statistical tests were conducted using 

IBM SPSS (IBM Corp. Released 2019. IBM SPSS 
Statistics for Windows, Version 26.0. Armonk, NY: 
IBM Corp, USA). Mann-Whitney tests were used 
to compare the means of two independent groups 
with non-normal distributions. One-way ANOVA 
was also utilized to see if the ION and ION-PD 
were responsible for any substantial cytotoxicity. 
The threshold for statistical significance was set at 
P = 0.05.

RESULTS
Characterization

The XRD peaks of the ION size are shown in Fig. 
2 with the recorded peaks of 575 nm for ION and 
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539, 1634, 2080, and 3435 nm for ION-PD, based 
on our previous studies [23] [24]. 

Authors previously reported the distribution 
and structural morphology of the ION@PD by  TEM, 
showing a size of 15-20 mm [10, 23]. UV-visible 
spectrophotometer was also used for evaluating 
the ION@Pd’s optical absorption spectra in MilliQ 
water [10, 23, 24]. To confirm the integrity of the 
coating, FTIR was conducted on the ION@PD [10, 
32], and it demonstrates two absorption peaks at 
roughly 1600 and 3500, which can correspond to 
the coating overlapping.

In vitro cytotoxicity 
In terms of cytotoxicity, ION-PD exhibited 

lower cytotoxicity than ION, with a large margin. 
The cell viability of MCF-7, with a threshold of 
%80, is depicted in Fig. 3. Based on the findings, 
the maximum cytotoxicity of ION was identified at 
256 µg/ml in 24 h incubation time with a survival 
chance of %79, while ION-PD exhibited lower 
cytotoxicity at 512 µg/ml in the same period. 
However, the concentrations of 128 µg/ml and 
256 µg/ml were considered cytotoxic both in 48 
h and 72 h incubation time for ION and ION-PD, 
respectively. The overall cell viability decreased as 

Fig. 2. X-ray diffraction ION (X-ray Tube Anode: Co, Wavelength: 1.7890ºA (Co Kα) Filter.
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Fig. 3. Cell viability of MCF-7 exposed to different levels of ION and ION-PD in 24, 48, and 72 h of incubation. 
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the incubation time increased in ION and ION-PD. 
The general cell viability ranged between %60 and 
%95 for all concentrations and incubation times. 
In the lower concentrations, the cell’s viability 
was stable as the incubation time increased, 
which can be explained by the mitosis cell-division 
cycle not hindered by the cytotoxicity of ION and 
ION-PD. Finally, the concentrations with the least 
cytotoxicity were chosen for in-vivo studies, 256 
and 128 µg Fe/ml for ION-PD and ION, respectively. 
The optimum concentration of 256 µg/ml was 
employed for further experimental procedures 
such as in vitro, ex vivo, and nanoparticle 
biodistribution assessments

Ex vivo MR imaging
Sensitive organs such as the liver, spleen, 

kidney, and tumor were chosen to distinguish the 
efficacy of ION-PD as a negative contrast agent in ex 
vivo T2W MR imaging. 12 h and 48 h post-injection 
mice were sacrificed, the beforementioned 
organs were harvested, and an MR exam was 
conducted. As Fig. 4 suggested, injecting ION and 
ION-PD lowered the signal intensity of tumors 
and other critical organs, showing the meaningful 
accumulation of ION and ION-PD in these organs. 
The aggregation of ION and ION-PD in the organs 
of 48 h post-injection mice was significantly higher 

compared to 12 h post-injection mice. Notably, the 
signal intensity reduction in the ION-PD group was 
higher than in the ION group, making it a reliable 
contrast agent in T2 images.

In vivo MRI
The signal intensity of ION and ION-PD as 

negative contrast agents were evaluated using 
an MRI exam. Cancerous and control mice were 
first anesthetized, then the ION and ION-PD 
were injected intravenously with a 5 mg Fe/kg 
body weight ratio. The time interval between 
administration before the MR imaging was set 
to be 12 and 48h. ION and ION-PD’s diagnostic 
efficacy was determined by acquiring T2-weighted 
MR images using a fast spin echo sequence. The 
localized tumor site, in 12h and 48h post-injection, 
can be seen in the color map and MRI images in 
Fig. 5. 

Aggregation of the ION-PD in the tumor was 
made plausible via binding to its specified receptor 
ligands of HER2. Therefore, the ION-PD exhibited 
protracted preservation in the tumor because of 
cellular endocytosis, decreasing the T2 relaxation 
time. The signal intensity values in the ION-PD 
group at 12 h and 48 h post-injection demonstrate 
an overall reduction compared to other groups 
(Fig. 6). This incident can be elaborated by the 

Fig. 4. Ex vivo T2W MR images of organs
1: 48 h ION-PD kidney, 2: 48 h ION kidney, 3: 12 h ION-PD kidney, 4: 12 h ION kidney, 5: 48 h ION-PD tumor, 6: 48 h ION tumor,7: 12 
h ION-PD tumor, 8: 12 h ION tumor, 9:48 h ION-PD spleen, 10: 48 h ION spleen, 11: 12 h ION-PD spleen, 12: 12 h ION spleen, 13: 48 

h ION-PD liver, 14: 48 h ION liver, 15: 12 h ION-PD liver, 16: 12 h ION liver.
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binding role of Poly-dopamine as a synergistic 
motivator in uptaking ION-PD as an MR imaging 
nano contrast agent.

As depicted in the graph, the measured 
mean and standard deviation of signal intensity 
of breast tumors treated with ION-PD exhibit a 
larger reduction in 48 h compared to 12 h post-
injection time (~5 percent decrease). Additionally, 
ION-PD decreased signal intensity by 8 percent 
in contrast to ION. Interestingly, the distribution 
pattern of ION-PD in the tumor was more uniform 

than ION due to its specialized targeting capacity, 
promoting cellular internalization. These results 
demonstrated that ION-PD nanoprobes potentially 
used T2 contrast agents in breast cancer. The color-
map images indicated that the cold spot regions 
corresponded to the lower signal intensity.

Fe concentration measurements
To assess the biodistribution of ION and 

characterize their targeting competency in the 
acid-digested critical organs of 12 h post-injection 

Fig. 5. Color map and MR images of ION and ION-PD samples. The first two upper mice were inject with ION-PD, 
and the red arrows are pointing out the aggregation sites of nanoprobes. The other two were injected with ION.

Fig 6. Comparison of Signal intensity for 12 h, and 48 h sample in the tumors.
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cancerous mice, an ICP-OES test was conducted. 
This quantitatively-analysis test measured the iron 
uptake in retrieved tissues of examined animals 
at 12 h after ION and ION-PD administration. The 
results indicated that the spleen met the highest 
concentration of ION and ION-PD with 15.74 
and 9.093 mg/l, respectively (Fig. 7). Moreover, 
The ION and ION-PD distribution in the liver was 
8.36 and 6.57 mg/l. Tumor and kidney uptake of 
ION-PD was higher than liver and spleen. ION-PD 
absorption for tumor and kidney was 4.82 and 
7.322, while ION uptake was 4.421 and 5.268. A 
higher amount of ION in the liver than ION-PD 
was justifiable due to the clearing function of the 
liver. The significant amount of ION in the liver 
indicated that the liver is an organ via which the 
ION nanoparticle will be expelled from the body. 
These findings demonstrated using ION-PD as an 
MR imaging probe for particular breast cancer 
cells.

Histopathologic tissue study
The liver and tumor tissues were obtained 12 

and 48 hours post-injection and immunostained 
using the hematoxylin and eosin methods. The 
image shows mild to severe levels of pathology in 

the liver and tumor cells (Fig. 8). Longer exposure 
of tissues to ION and ION-PD inflicts more severe 
damage. 

Bacterial study
Isolation and identification of H.pylori

Among 110 biopsy samples collected from 
suspected patients, 60 samples (54.55%) 
were confirmed to be H.pylori based on their 
morphology observed under a microscope, colony 
shape, and positive results in catalase, oxidase, 
and urease biochemical tests.

Disc diffusion
The antibiotic susceptibility test for 60 H.pylori 

isolates was determined by the disk diffusion 
method for the antibiotic metronidazole. 20 
isolates (33.33 %) of the examined strains were 
considered resistant due to having a growth 
inhibition zone of less than 16 mm. We used 12 of 
the 20 metronidazole-resistant H.pylori strains for 
further tests.

Minimum inhibitory determination
The minimum inhibitory concentration (MIC) 

results forION AND ION-PD and metronidazole 
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Fig. 7. Accumulation of ION and ION-PD in various organs of cancerous and control mice, 12 h post-injection.

Fig. 8. Microscopic images of tumor and liver 12 h and 48 h post-injection. Hematoxylin and eosin stained ×40 magnification. 
a: control tumor, b: control liver, c: 48 h ION-PD liver, d: 48 h ION liver, e: 12 h ION-PD liver, f: 12 h ION liver, g: 12 h ION tumor, h: 12 

h ION tumor, i: 48 h ION-PD tumor, j: 48 h ION tumor.
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ranged from 4 to 32 and 8 to 64 micrograms/ml 
and 16 to 128 micrograms/ml, respectively [Table 
1].

After culturing the suspensions in the wells 
above the MICs on the Columbia blood agar 
medium, the results of the minimum bactericidal 
concentration of uncoated and polydopamine-
coated nanoparticles were reported in the range 
of 4-64 and 16-128, respectively.

DISCUSSION
IONs bond through van der Waals interaction, 

requiring a shell to protect them from the 
environment, so various organic or mineral 
components coat their surface depending on their 
purpose. Since the coatings operate as parts of the 
ION surface exposed to various biological stimuli, 
they must be biocompatible with no related 
cytotoxicity. Several studies were carried out 
to utilize polymer-coated IONs with anti-cancer 
medications, and their results demonstrated that 
coated IONs were particularly suited for carrying 
and delivering therapeutics to target areas [33]. 
Materials having cell viability of more than 80 
percent are considered biocompatible. Our study 
employed polydopamine as a coating agent for 
Fe3O4 nanoparticles. Coated IONs, such as Fe3O4@
PDA, demonstrated lower cytotoxicity for two 
reasons: 1. their coating was biocompatible; 
and 2. the coating reduced the adsorption sites 
for proteins, ions, and other environmental 
components [34].

ION’s cytotoxicity is governed by its 
sizes, dimensions, chemical compositions, 
morphologies, surface structures, surface electric 
charges, density, and solubility [35]. IONs can 
induce oxidative stress (OS) via the Fenton reaction 
[H2O2 + Fe2→ Fe3 + HO- + HO•], which is considered 
the most prevalent source of reactive oxygen 
species (ROS) in biological systems. Increased 
oxidative stress and inflammatory products such 
as cytokines can cause mitochondrial collapse and 

DNA mutation, resulting in tissue necrosis. The 
mechanisms by which IONs generate ROS are still 
unknown, and it is hypothesized that disruption 
of the well-structured electronic configuration 
of the nano-sized material surface creates 
reactive electron donor or acceptor sites, forming 
superoxide radicals [36]. Additionally, uncoated 
IONs are cytotoxic, and their excessive dosages 
induce further tissue damage owing to OS [37]. 
Our findings demonstrated that the cytotoxicity 
of ION is dosage and time-dependent. The IC50 
concentration, the least amount of ION-PD 
concentration required to mortify 50 percent of 
cancerous cells, was 128 µg/ml at 72 h incubation 
time. Thus, MCF-7 cell viability was more than 
60 percent at all concentrations and incubation 
times (24, 48, and 72 h). Consequently, there 
was no indication of ION-PD toxicity, indicating 
the biocompatibility of the nanoprobe, with no 
significant changes at 48 and 72 h incubation, 
aligning with previous studies [38-40]. The 
maximum cytotoxicity is reported at 512 µg/ml, 
with viability of roughly 83 percent. MTT assay 
findings revealed that MCF-7 cells had the best 
survival rates at 128 µg/ml after 72 hours. At 24 
h and 48 h, the ION-PD molecule is preferentially 
absorbed by the tumor. This strategy proved 
feasible in breast cancer diagnosis and can be used 
to achieve excellent T2-W MR images at an early 
stage.

IONs are more magnetically susceptible than 
their oxidized counterparts; thus, they are better 
suited for MRI contrast agents. The mechanism 
in which Fe3O4 nanoparticles create contrast lies 
in the interaction they form with the surrounding 
tissues. The water molecules in the second sphere 
of this compound interact with the bulk water, 
affecting the rotational correlation time of the 
water molecules residing in the extracellular 
space. This phenomenon will cause a decrease in 
the T1, and T2 relaxation time of the surrounding 
water and thus faster recovery of hydrogen 

Sample No. MIC of Metronidazole MIC of Fe3O4 MBC of Fe3O4 MIC of Fe3O4@ MBC of Fe3O4@ 
1 16 4 8 16 16 
2 32 8 16 16 32 
3 64 4 4 32 32 
4 16 16 32 64 128 
5 16 4 16 16 32 
6 16 4 32 32 64 
7 128 16 32 64 128 
8 64 8 8 32 128 
9 16 4 8 16 32 

10 32 32 32 64 128 
11 128 8 64 32 128 
12 16 8 16 16 32 

 

Table 1. MIC and MBC concentrations for Fe3O4 nanoparticles and Poly-dopamine coated-nanoprobes for 12 strains of H.pylori: 
broth microdilution method.

MIC: minimum inhibitory concentration; MBC: minimum bactericidal concentration



212

M. Ghaderian et al. / Fe3O4@Poly-dopamine,a novel nano contrast agent

Nanomed. J.12(2): 202-215,  Spring 2025

spins in the spin-spin and spin-lattice networks, 
eventually leading to diminished signal intensity 
[41]. However, the extended impact of iron oxide 
nanoparticles on the spin-spin relaxation time is 
greater than the spin-lattice, which then makes 
it more applicable as a T2 weighted contrast nano 
agent. The introduction of the poly-dopamine 
as a coating to the nanoparticles enhances the 
T2-reduction effect even further, resulting in 
lesser signal intensity than ION and creating 
dark-appearing images. Based on the uptake 
concentration of ION-PD, it can be concurred that 
the spleen has the highest transverse relaxation 
rate (R2), followed by the liver, kidney and tumor. 
IONs present new possibilities for localized 
detection of breast cancer biomarkers, which 
can enhance breast cancer prognosis at an early 
stage [37]. The applicability of molecular imaging 
as a diagnostic modality for breast cancer can 
be determined by the access rate of ION to the 
tumor vascular system. However, one of the major 
obstacles in using MRI to diagnose breast cancer 
is determining how to increase the deposition 
of certain contrast agents on the breast tumor 
(specific antigen). This study showed that ION-PD 
could decrease the signal intensity of MR images 
and be considered a potential breast cancer 
contrast agent for T2-W MR images.

The liver and tumor cells of the mice were 
immunostained using the H&E method and were 
observed by microscope. As Fig. 8 suggested, 
longer exposure of cells to ION and ION-PD 
caused more severe tissue damage. The nucleus 
integrity of the 48 h post-injection hepatocyte was 
lost, altering into the bi-nuclear cell. Cytoplasm 
became opaque, and overall cell volume was 
increased. Portal vein dilation was also observed, 
resulting from ION-induced vascular lesions. The 
damage inflicted by ION-PD to hepatocytes was 
significantly lower, including no vascular dilation, 
less cell volume, and granular appearance. 12 
h post-injection, hepatocytes treated with ION-
PD exhibited arranged nuclei with more lucent 
cytoplasm and less cell volume.

The size, charge, and delivery route of 
IONs can each affect their circulation period, 
and bio-aggregation outlines in the different 
organs. The spleen usually sequesters large 
nanoparticles (>200 nm) through mechanical 
clearance followed by phagocytosis, while 
smaller particles (<10 nm) are swiftly removed 
via extravasation and glomerular filtration. Upon 
in vivo ION administration, it was encountered 
by the macrophages of the Reticuloendothelial 
System (RES). The efficacy of RESION’ss clearance 
is based on the size and chemical composition 
of the IONs, which can influence macrophage 
activation and particle internalization. IONs can be 

internalized via phagocytosis, scavenger receptor-
mediated endocytosis, fluid-phase endocytosis, 
and diffusion [42]. IONs promote the activation 
of phagocytotic, cytoskeletal, and cytokine-
releasing functions of macrophages [43]. The high 
accumulation rate of ION-PD in the liver and spleen 
demonstrated that the nanoprobe is detoxified 
through the blood circulation system by the spleen 
and liver [44], indicating the biocompatibility of 
ION-PD. Typically, upon ION-PD’s intracellular 
internalization via endocytosis, they became 
clustered within lysosomes and degraded into 
iron ions by a range of hydrolyzing enzymes at 
low pH according to endogenous iron metabolism 
pathways [45, 46]. However, ION aggregation in 
the kidney was higher than in the spleen and liver, 
which can be justified by the lesser filtration rate of 
coated nanoparticles in the glomerulus compared 
to non-coated nanoparticles. Similarly, the ION 
deposition in the tumor was higher than ION-PD 
due to angiogenesis and excessive vascularization 
of the tumor, which results in more ION deposition 
through afferent arteries. The previous study 
confirmed these results, in which radiolabeled 
IONs were utilized as a new type of nanoprobes 
and were thoroughly or partially filtered in mice, 
with minimal absorbance by the liver and other 
organs of the RES.

Moreover, the findings demonstrated 
considerable accumulation of ION-PD in the 
tumor at 12 hours post-injection. The mean ION 
content was notably higher at 12 h post-injection 
than in the control group. The mean iron content 
in the liver was substantially higher than in the 
other organs. The ION load in the breast cancer 
cell line (MCF-7) was %35 higher than the control 
group. This result indicated that the breast cancer-
targeted nanoprobe (ION-PD) demonstrates its 
high affinity for indirectly diagnosing MCF-7 cells 
and anti-HER2 antibodies. Studies are underway 
to produce nanoparticles for cancer treatment 
utilizing numerous physical and chemical 
techniques as an alternative and integrated 
treatment technology [11].

In this experiment, we tried to evaluate the 
toxicity of  ION and ION-PD on both eukaryotic 
(MCF-7 cancerous cell line) and prokaryotic 
(H.pylori) cells. The iron oxide nanoparticles had 
pronounced antibacterial effects on H.pylori; 
however, the polydopamine coating substantially 
lowered its toxicity. The MBC and MIC had no toxic 
effects on cancerous cell lines. The results obtained 
in our study align with previous studies, which 
reported MIC values ranging from 4 to 32 [47, 48]. 
However, it is important to note that our antibiotic 
sensitivity test was conducted on metronidazole-
resistant strains, necessitating higher starting 
concentrations for MIC determination in our 
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research. This could be attributed to the activity of 
reactive oxygen species resulting from the absorption 
of metal ions through the cell membrane, followed 
by direct interaction with functional groups of 
proteins and nucleic acids, such as mercapto (-SH), 
amino (-NH), and carboxyl (-COOH). Additionally, 
nanoparticles’ type, size, and dispersion are crucial in 
their impact on cellular efficacy (14).

CONCLUSION
The Fe3O4@Poly-dopamine nanoprobe was 

evaluated in vivo and ex vivo to detect the human 
epidermal growth factor receptor overexpressed in 
MCF-7 breast cancer cells. In breast cancer tumor-
induced mice, the ION-PD considerably reduced 
signal intensity. Overall, the Fe3O4@Poly-dopamine 
has the potential to be implemented as an MR 
imaging nanoprobe for the identification of breast 
cancer (MCF-7) cells. In addition, the effects of ION-
PD to inhibit the growth of H.pylori are notable. 
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