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Background and Aims: Magnetic resonance imaging (MRI) plays an
essential role in molecular imaging by delivering the contrast agent into
targeted cells. The aim of this study was to evaluate the use of magnetic
nanoparticles containing iron oxide and silver (Fe3O4@Ag core-shell
nanoprobe) as a contrast agent for the detection of ovarian cancer cell line
ovcar-3.
Materials and Methods: Co-precipitation method was used for synthesis of
Fe3O4Ag nanoprobe which was then characterized by Fourier transform
infrared spectroscopy (FTIR), dynamic light scattering (DLS) and scanning
electron microscope (SEM). To evaluate the ability of this nanoprobe in
detection of the ovcar-3 cell line by MRI, the cells were exposed to different
(5 to 50 µg/mL) concentrations of Fe3O4@Ag nanoprobe before contrast
intensity calculation by MRI.
Results: SEM images revealed that Fe3O4@Ag nanoparticles are spherical,
about 100 nm. FTIR showed strong absorbance picks belonging to the
stretching vibration of Ag and Fe-O. It was found that contrast intensity of
Fe3O4@Ag nanoprobe decreases as concentration decreases. Statistical
analysis revealed significant difference in concentrations of 30, 40 and 50
μg/mL, compared to control (p<0.05). In the presence of Ovcar-3 cells,
higher concentrations (10, 20, and 30 μg/mL) of nanoparticles also
significantly increased contrast intensity in comparison with control
(p<0.05).
Conclusions: This novel magnetic nanoparticle can be used as an effective
contrast agent for improving MRI in detection of ovarian cancer cells. The
sensitivity of this contrast agent may be improved by binding to targeting
molecules such as antibody and aptamer.
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Introduction
In spite of remarkable investment in research

high significance of contrast agents in MRI,

on cancer, it is still the second most common

several studies are currently under way to

cause of death (25 percent of deaths in the

introduce new contrast agents such as magnetic

developed countries) [1]. Early diagnosis and

nanoparticles. Magnetic iron oxide (MIO) has

treatment of cancer can provide significantly

long blood retention time, biodegradability

higher chances of survival. However, current

and low toxicity. It is one of the primary

diagnostic techniques can hardly detect half of

nanomaterials for biomedical applications.

patients with cancer at an early stage [2].

MIO plays a vital role as an MRI contrast

Despite recent advancements in conventional

agent. Generally, superparamagnetic iron

diagnostic modalities, we are still behind

oxide (SPIO) can be detected at micromolar

confident detections regarding sensitivity and

concentrations and can provide sufficient

specificity factors [3]. More than 60% of

sensitivity

patients with breast, lung, colon and ovarian

nanoprobes (MNPs) have exciting possibilities

cancer have hidden or metastatic colonies at

in monitoring response to treatment. The unique

diagnosis [4]. The second most common cancer

physical properties of NPs has nominated them

of the female genital system is ovarian cancer

as excellent candidates for application of

which carries a higher mortality rate than all

biological interactions at cellular and molecular

other gynecologic malignancies [5].

levels [16, 17].

Doppler ultrasonography (US), computed

In this study, a new formulation of magnetic

tomography (CT), and magnetic resonance

nanoparticles containing iron oxide and silver

imaging (MRI) are the most common imaging

was constructed and characterized. The final

methods used to detect ovarian cancer. They

formulation can be shown by Fe3O4@Ag.

enjoy

of

Then, human ovarian cancer cells (cell line

malignancy. Comparison of these methods

Ovcar-3) were exposed to them and imaged by

has shown that MRI has the highest

MRI.

high

accuracy

in

diagnosis

sensitivity and accuracy [6-9]. Although
several imaging methods are available, none

[14-16].

Moreover,

magnetic

Materials and Methods

of them has both sensitivity and accuracy

Human ovarian cancer cell line (Ovcar-3)

required to diagnose ovarian cancer in early

was purchased from the Pasteur Institute in

stages [10]. Currently, only about 25% of

Tehran, Iran. All of the chemicals were of

carcinomas of the ovary can be detected in

analytical grade and purchased from commercial

the early stages. Therefore, finding more

sources. FeCl2.4H2O, FeCl3.6H2O, NaOH, and

efficient methods to improve the conventional

AgNO3 were obtained from Merck, Germany.

diagnostics can significantly improve the

Streptomycin, penicillin G and phosphate buffer

survival rate of the patients [11-13]. Due to

(20 mM, pH=7.8) were purchased from Sigma,

International Journal of Medical Laboratory 2018;5(2): 123-132.

124

Downloaded from ijml.ssu.ac.ir at 20:13 IRST on Monday September 27th 2021

DETECTION OF OVARIAN CANCER USING Fe3O4Ag NANOPROBE AND MRI
Germany. Fetal bovine serum (FBS) and

After magnetic separation, the nanoprobe

Dulbecco’s

Medium

was washed three times using phosphate

(DMEM) as a culture medium and other

buffered saline (PBS) (pH 7.4) to remove the

supplements were obtained from Gibco, USA.

unbound fraction. Finally, the nanoprobe was

Synthesis of Fe3O4@Ag nanoprobe

resuspended in 1 mL PBS buffer (pH 7.4) and

As is seen in figure 1, 1M of FeCl2.4H2o and

stored at 4 °C [18, 19]. The morphology of

1M of FeCl3.6H2o were prepared and stirred at

Fe3O4@Ag nanoprobe was observed using

room temperature. Then, serial concentrations

scanning electron microscope (SEM) (Hitachi

of NaOH (1-10-3 M) were added drop-wisely to

S-4800 II, Japan). The IR spectra were taken

serial concentrations of FeCl2:FeCl3 (1-10-3 M)

using Nicolet Magna 550 Fourier transform

at room temperature. Fe3O4 nanoparticles were

infrared

separated using an external magnetic field, and

applying spectroscopic-grade KBr. The size and

washed with deionized water. Then, NaOH (1

zeta potential of NPs were assessed by dynamic

M) was added to precipitated nanoparticles, and

light scattering (DLS) (Nano-ZS 90, Malvern

serial concentrations of AgNo3 were added.

Instrument,

Later, they were washed with deionized water

contrast image of final nanoparticle was

and added (100 mg/mL) to the Fe3O4@Ag

measured by MRI apparatus (M13, USA).

Modified

Eagle’s

spectroscopy

United

(FTIR)

Kingdom).

(USA)

Also,

by

the

pellet before stir for 1h at room temperature.

Fig. 1. Schematic procedure of [Fe3O4@Ag] nanoprobe synthesis

Cell culture

and 10 μM ethylenediaminetetraacetic acid

Ovcar-3 cells are adapted with DMEM and

in PBS [20].

RPMI culture media. In this research, they

Intervention and MRI imaging

were grown in DMEM medium supplemented

About 10,000 cells per well were seeded into

with 10% heat-inactivated FBS, penicillin

96-well plate, and incubated for 24 h in a

(100 U/mL), and streptomycin (100 μg/mL) at

humidified incubator with a CO2 concentration

37C in humidified atmosphere with 5% CO2.

of 5%. Then, different concentrations of

The cells were separated using 0.1% trypsin

Fe3O4@Ag nanoprobe (5 µg/mL to 30 µg/mL)
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were added to the incubated cells. After 4 h,

less than 0.05 were considered as statistically

the medium was replaced with a fresh

significant. This study was approved by the

medium. Then, 96-well plate containing

Ethics

different concentrations of nanoprobe was

University of medical sciences, Yazd, Iran.
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imaged by MRI apparatus. In the next step,
total color of each well was calculated

Committee

of

Shahid

Sadoughi

Results

(Total color=ƴ R2+G2+B2) [21]. Gd++ ion at

Characterization

concentration of 50, 30 µg/mL was used as

Scanning electron microscope (SEM) was

positive control.

used to determine the size and morphology

Statistical analysis

of the prepared Fe3O4@Ag nanoprobe. Figure

All tests were performed three times, and results

2 shows that the nanoparticles have a spherical

were reported as mean±standard deviation (SD).

morphology with size of about 100 nm. Figure

To detect significant differences between the

3 shows that the mean size of the

groups, one-way ANOVA method was used. For

synthesized [Fe3O4@Ag] NPs was 142.9 nm

this purpose, SPSS software (SPSS 16 Inc.,

by DLS technique. The zeta potential of

Chicago, IL, USA) was applied, and p values

[Fe3O4@Ag] nanoprobe was near -34.5 mv.

Fig. 2. The SEM image of [Fe3O4@Ag] nanoprobe.
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Fig. 3. DLS graph of [Fe3O4@Ag] nanoprobe. The mean size of the synthesized [Fe3O4@Au] NPs was 142.9 nm

FTIR was used to investigate the presence of

3425, 2927, 1631, and 1431 cm−1, which

Ag and Fe in the NPs. FTIR spectrum is

belong to the stretching vibration. In addition,

presented in Figure 4 which confirms the

two other absorption peaks at 586 and 540

existence of Ag and Fe in the [Fe 3 O4 @Ag]

cm−1 belong to the deformation vibration of

NPs. In the spectrum of [Fe 3 O4 @Ag] NPs,

Ag and Fe-O.

there are four strong absorbance picks at
95
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Fig. 4. The FTIR spectra of [Fe3O4@Ag] NPs. There are four strong absorbance picks
at 3425, 2927, 1631, and 1431 cm−1, which belong to the stretching vibration, while
the other two absorption peaks at 586 and 540 cm −1 belong to the deformation
vibration of Ag and Fe-O.
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MRI images

there is a significant difference compared to

In order to investigate the utility of different

the control (p<0.05).

concentrations of [Fe3O4@Ag] NP as a

Figure 6a displays T1-weighted images of ovcar-

contrast agent, they were imaged by MRI.

3 cells after 4 h incubation with [Fe3O4@Ag]

Figure 5a shows T1-weighted MRI images of

nanoprobe at different concentrations. Figure 6b

serial concentrations of Fe3O4@Ag nanoprobe.

illustrates MRI contrast intensity of Ovcar-3

Figure 5b illustrates MRI contrast intensity

cells after 4 h incubation with [Fe3O4@Ag]

of different concentrations of [Fe3O4@Ag]

nanoprobe at different concentrations obtained

nanoprobe obtained by total color formula.

by total color formula. As shown in Figure 5,

It is clear that contrast intensity decreases

the contrast intensity has increased as the

as concentration is reduced. The results

concentration increases. There were significant

demonstrated

of

differences between concentrations of 10, 20,

50 μg/mL, the contrast intensity is the highest.

and 30 μg/mL compared to the control

Statistical

(p<0.05).

that

analysis

at

concentration

revealed

that

for

concentrations of 30, 40, and 50 μg/mL,

a

b

Fig. 5. MRI image of [Fe3O4@Ag]NPs in different concentrations (a). MRI contrast
intensity as a contrast agent obtained by total color formula (b). For concentration of 30,
40, and 50 μg/mL, there was significant difference compared to control (P < 0.05). Gd++
was used as positive control.
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a

b

Fig. 6. T1-weighted imaging of Ovcar-3 cells after 4 h incubation with [Fe3O4@Ag] nanoprobe at
different concentrations (a). MRI contrast intensity as a function of NPs concentration for Ovcar-3 cell
treated with Fe3O4@Ag nanoprobe (b). There were significant differences between concentrations of 10,
20, and 30 μg/mL vs. control (P < 0.05). Gd++ was used as positive control.

Discussion
In this research, a novel nanomagnetic

and therapeutic molecules. In this study, the

iron/silver

was

co-precipitation method was used to synthesize

designed, synthesized, and characterized

Fe3O4@Ag. Here, they were simply dispersed

by FTIR, DLS and SEM. The results revealed

in PBS, which can be due to dextran coating.

that

negatively-

It must be noted that some precipitation

charged 100 nm spheres. Theoretically, these

of particles was observed after 24 h. In this

specifications make it suitable for diagnosing

study, its ability to detect Ovcar-3 cells

epithelial ovarian cancer cells by MRI. Further

was assessed with the MRI technique. The

analysis confirmed its high contrast intensity

results showed that the new formulation

in MRI. MNPs could be synthesized by several

of magnetic nanoparticle acts as a contrast

methods such as co-precipitation, thermal

agent. This phenomenon was seen for both

decomposition, sol-gel reaction, sono chemical,

naked Fe3O4@Ag and Fe3O4@Ag/Ovcar-3.

and polyol methods. They can be modified with

It was found that this nanoprobe produces

biocompatible coatings as well as targeting

bright T1-weighted MRI images at different

129

the

(Fe 3O4 @Ag)

nanoparticles

core-shell

are
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concentrations. The results also demonstrated

enhancements for the different breast cancer

that [Fe3O4@Ag] nanoprobe, at concentration

cell lines (BT-474, SKBR-3, MDA-MB-231,

of 50 µg/mL, has the best contrast intensity.

and MCF-7) were proportional to the

Interestingly, contrast intensity decreased as

HER2/neu expression level in vitro. When

concentration decreased. There were significant

Herceptin-nanoparticles were administered

differences between concentrations of 30, 40,

to mice bearing breast tumor allograft

50 μg/mL as compared with the control

by intravenous injection, the tumor site

(p<0.05). Also, contrast intensity increased as

was detected in T2-weighted magnetic

the

were

resonance images as a 45% enhancement drop,

significant differences between concentration of

indicating a high level of accumulation of

10, 20, and 30 μg/mL in the case vs. the control

the contrast agent within the tumor sites

group (p<0.05).

[24]. Unterweger et al. worked on non-

Yang et al. developed new targeted iron

immunogenic-coated superparamagnetic iron

oxide nanoparticles using a recombinant

oxide nanoparticles. It was a biocompatible,

peptide containing amino-terminal fragment

size-tunable contrast agent for MRI. To address

of urokinase-type plasminogen activator

concerns associated with hypersensitivity

(uPA) conjugated with magnetic iron oxide

reactions to injectable nanoparticulate agents,

nanoparticles (ATF-IO). That nanoprobe

they analyzed complement activation-related

targets uPA receptor, which is overexpressed

pseudoallergy (CARPA) upon intravenous

in breast cancer cells. Results of the MRI

administration of SPIONdex in a pig model.

study showed strong contrast by a 3T MRI

In vitro, SPIONdex did not induce hemolysis,

scanner. Their results suggested that ATF-IO

complement or platelet activation, plasma

nanoparticles have potential to target breast

coagulation, or leukocyte procoagulant activity,

cancer [22]. Rasaneh et al. modified magnetic

and had no relevant effect on endothelial

nanoparticles with Trastuzumab antibody to act

cell viability or endothelial-monocytic cell

as a new contrast agent for breast cancer. Signal

interactions. Furthermore, SPIONdex did not

intensity of SKBr3, a type of breast cancer cell

induce CARPA even upon intravenous

line by T2-weighted MRI indicated high-signal

administration of 5 mg Fe/kg in pigs. Their

intensity compared to the control [23]. Chen

findings suggest that due to their excellent

et al. investigated targeted Herceptin-iron oxide

biocompatibility, safety upon intravenous

nanoparticles for noninvasive imaging of

administration and size-tunability, SPIONdex

HER2/neu receptors using MRI. They found

particles may represent a suitable candidate for

that

a new-generation of MRI contrast agents [25].

concentration

increased.

Herceptin-nanoparticles

There

were

well-

dispersed in solutions of various pH range, and

Our

had no hysteresis, high saturation magnetization

nanoprobe may be a promising MRI contrast

(80 emu/g), and low cytotoxicity to a variety

agent offering the possibility of sequential

of cells. Notably, the magnetic resonance

imaging for early detection of ovarian cancer.

International Journal of Medical Laboratory 2018;5(2): 123-132.

findings

suggest

that

Fe 3 O4 @Ag
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However, the acceptance of the clinical

nanoprobe is proportional with the image

radiologists will be decisive to validate the

contrast intensity. So, we suggest Fe3O4Ag

diagnostic and prognostic value of the new

nanoprobe as a new candidate for future studies

iron oxide-based contrast agents in clinical

on accurate localization of cancer cells. The

trials and to ensure their broader and more

sensitivity of this contrast agent may be

efficient implementation in standard practice.

improved by binding it to targeting molecules
such as antibody and aptamer.

Conclusions
In this study, a novel magnetic nanoparticle
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