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A B ST R AC T

In this research attempted to prepare hematite (α-Fe2O3) and silver doped
hematite nanoparticles (Ag-doped α-Fe2O3 NPs) by using the aqueous extract
of Prosopis farcta fruit. The synthesized NPs were identified through the results
of X-ray Diffraction (XRD), Field Energy Scanning Electron Microscopy (FESEM),
Raman, Energy Dispersive X-ray (EDX), and Vibrating Sample Magnetometer (VSM)
technics. Accordingly, the NPs contained a spherical shape with a size range of 4050 nm. Also, we surveyed their cytotoxic against human breast cancer (MCF-7)
cell line, which showed a potential functionality at the concentration of 80 μg/
mL. Therefore, the synthesized NPs can be proposed as an applicable candidate
for medical applications.
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INTRODUCTION
The science of nanotechnology has helped in
facilitating the diagnosis and treatment of diseases
[1, 2]. Magnetic nanoparticles proved to contain a
great ability for improving the diagnosis and cure
of various illness, especially cancer [3, 4]. Their
application as contrast enhancers in conventional
magnetic resonance imaging, as well as nanocarriers
in modern drug delivery systems, attracted the
interest of many researchers in recent years.
* Corresponding Author Email: rmoarefpour@gmail.com

Valuable and desirable results were achieved by the
performed assessments on the targeted transfer of
chemotherapy agents to cancer cells with the help
of magnetic nanoparticles throughout in vitro and
in vivo conditions [3]. In addition, these particles
were exerted for the treatment of cancer through the
method of heating, as well as in the transferring of
nucleic acids, plasmids, and siRNA to cells [3].
Providing the early-stage diagnosis of diseases
is a very important factor in the improvement
of treatment methods. Nowadays, the exerted

This work is licensed under the Creative Commons Attribution 4.0 International License.
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

A.A. esmaeilzadeh et al. / Cytotoxic study of green synthesized pure and Ag-doped

treatments for the diagnosis of cancer are usually
based on detecting the induced changes in cells and
tissues, which can be also conducted by clinical trials
and conventional imaging techniques [5]. However,
the goal of scientists is to succeed in identifying
cancer upon the occurrence of the first molecular
changes [5-8]. Iron oxide nanoparticles are currently
the only magnetic nanomaterials that are used as
a carrier in drug delivery and a contrast agent in
clinical medicine for magnetic resonance imaging
[3]. According to the performed experiments on
iron oxide nanoparticles over several years, these
particles do not cause any immediate or long-term
toxic effects on the body and also, their functionality
on cells can be enhanced by the presence of certain
nanoparticles with nanocarriers [3].
Breast cancer is the important type of cancer
in womenfolk [9, 10]. The available common
cancer cure involved radiation therapy, surgery,
and chemotherapy, that often result in annihilating
the healthy cells, while causing the risk of toxic
impacts and side effects [10]. In recent years, the
lack of radiotherapy and chemotherapy for the
progressive forms of cancer, it is necessary to
discover new techniques to control cancer, which is
one of the applications of NPs, especially iron oxide
nanoparticles [11].
In recent years, a lot of attention was invested
in the synthesis of nano-sized iron particles due to
their extended capabilities as a result of increasing
their surface area and surface activity in nanoscale
[12-16]. Considering the importance of iron oxide
nanoparticles in medical and non-medical fields,
researchers attempted the production of these
nanoparticles through green synthesizing methods.
Iron oxide nanoparticles are widely exerted as
catalysts and sensors, as well as for magnetic storage
and drug delivery implementations [17].
Biosynthesizing techniques that implicate
the usage of plant extracts are simple, efficient,
cost-effective, and applicable approaches that
can stand as suitable alternatives to conventional
preparation methods for increasing the production
of nanoparticles [18]. Plants contain biomolecules
such as carbohydrates, proteins, and coenzymes
that can provide a great potential for reducing
metal salts into nanoparticles and maintain their
stabilization [18]. Therefore, this study attempted
to synthesize pure and Ag-doped α-Fe2O3 NPs
through aqueous extract of Prosopis farcta fruit,
and in the following examined their cytotoxic
activity on breast cancer cell line.
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MATERIALS AND METHOD
prepare of Prosopis farcta
The fruit of P. farcta was acquired, washed, and
dried at room temperature to be powdered and
weighed. Then, distilled water was added to the
fruit powder in the ratio of 10:1 to be shaken for
10 h. The mixture filtered and resulted extract was
exerted for the synthesis of nanoparticles.
prepare of α-Fe2O3 NPs
To start the prepare of Fe2O3 NPs, 15 mL of
extract was volumed to 50 mL with distilled water.
Then, iron (III) chloride (FeCl3, 1M) solution was
added to the extract and stirred at 80 ˚C for 4 h.
Once the pH of solution was regularized to 11 using
sodium hydroxide (NaOH, 1 M, Merck) solution,
the resulting mixture dried at 90 °C. The resulted
powder calcined at 500 ˚C for 1:30 h to achieve the
powder nanoparticles of iron oxide.
prepare of Ag-doped α-Fe2O3 NPs
For the synthesis of Ag-doped α-Fe2O3, 15 mL
of the extract taken at 70 ˚C of water bath to be
afterwards volumed to 50 mL by distilled water.
Then, FeCl3 (0.1 M, Merck) was adjoined to
extract solution. After a few minutes, silver nitrate
(Ag(NO3), 0.025 M, Merck) was added and mixed
with the reaction container for 2 h at 75 ˚C. Once
the pH of solution was compatible by usage of
sodium hydroxide (NaOH, 1M, Merck, pH=11),
obtained solution placed in oven at 90 ˚C for 12 h.
Subsequent to being dried, the resulted precipitate
was calcinated at 500 ˚C for 1:30 h to achieve brown
powder of Ag-dop-α-Fe2O3 NPs.
Cytotoxic test
Breast (MCF-7) cancer cells purchased from
the Pasteur Institute (Tehran, Iran) for toxicity
assessment of α-Fe2O3 and Ag-doped α-Fe2O3
nanoparticles. The cells cultured in DMEM (4.5 g/L)
with 10% (v/v) FBS, 100 mg/mL of streptomycin,
and 100 units/mL of penicillin within a CO2 (5%
CO2, 37 °C) incubator. The cells were taken into
culture plates until to reaching 80% of growth. On
the next day, diverse concentrations of NPs (5-320
µg/mL) were separately added and then, the cells
were incubated at 37 °C for 24 h. After the incubation
completed, MTT solution in PBS (5 mg/mL) added
to each well and another incubation process was
performed for 3 h at 37 °C. The absorbance (Abs) of
dissolved formazan was evaluated at 570 nm using
plate reader (Stat FAX303). The outcomes reported
Nanomed Res J 7(4): 370-377, Autumn 2022
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Fig. 1. XRD spectra of pure and Ag-dop-α-Fe2O3 NPs

Figure 1. XRD spectra of pure and Ag-dop-α-Fe2O3 NPs
as mean ± SD. The viability of cured cells estimated
by the below equation.
Viability (%) = (Abs of treated cells /Abs of
control)* 100
RESULTS AND DISCUSSION
XRD
The x-ray diffraction of α-Fe2O3 and Ag-doped
α-Fe2O3 NPs are showed in Fig. 1. The diffraction
pattern of α-Fe2O3 exhibited peaks in the 2θ
positions of 25.21, 34.12, 35.58, 41.18, 49.51, 53.71,
58.86, and 61.28˚ that were related to the (021),
(104), (110), (113), (024), (116), (018), and (214)
planes. These Miller indices indicated the presence
of hematite nanoparticles (α-Fe2O3) (JCPDS card
no. 39-1346) [4]. According to Fig. 1, the diffraction
pattern of Ag-doped α-Fe2O3 NPs displayed some
additional peaks in the 2θ position of 38.1, 43.2,
65.4, and 72.1˚, which implied the presence of silver
atom throughout the crystalline structure of doped
NPs. Based on the detected diffraction peak at
2θ˚=35.58˚, the crystalline particle size of α-Fe2O3
was calculated by the usage of Debye-Scherer’s
equation be 34.50 and 41.59 nm for α-Fe2O3 and
Ag-doped α-Fe2O3 NPs, respectively. According
to the comparison between the ion radius of silver
Nanomed Res J 7(4): 370-377, Autumn 2022

(1.26 Å) and Fe (0.645 Å), the crystalline size of
doped nanoparticles was larger than the pure
nanoparticles.
FESEM and EDX
The particle size and morphology of synthesized
pure and Ag-dop-α-Fe2O3 NPs observed through
the SEM images (Fig. 2). Accordingly, pure and
doped nanoparticles contained a spherical shape
and the particle sizes of 40 and 50 nm for pure and
Ag-dop-α-Fe2O3 NPs, respectively. In conformity
to Fig. 2, the doping of silver into the hematite
structure resulted in reducing the particle size,
which was also indicated by PXRD findings. The
EDX outcomes are presented in Fig. 3, which
clearly certifies the presence of doped silver in the
nanoparticles.
Raman
The Raman of synthesized pure and Ag-dopα-Fe2O3 NPs exhibited at Fig. 4. Raman spectrum
of α-Fe2O3 NPs displayed bands at 296, 414, and
667 cm-1. The bands at 296 and 414 cm -1 are in
correspondence to phonon A1g and Eg modes. Peak
at 667 cm-1 depended to the attendance of iron
oxide NPs. The Raman diagram of Ag-dop-α-Fe2O3
NPs displayed the appearance of a peak at 598 cm-1,
372

A.A. esmaeilzadeh et al. / Cytotoxic study of green synthesized pure and Ag-doped

Fig. 2. FESEM spectra of pure and Ag-dop-α-Fe2O3 NPs
Figure 2. FESEM spectra of pure and Ag-dop-α-Fe2O3 NPs

Fig. 3. EDX spectra of pure and Ag-dop-α-Fe2O3 NPs

Figure 3. EDX spectra of pure and Ag-dop-α-Fe2O3 NPs
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Fig. 4. Raman of pure and Ag-dop-α-Fe2O3 NPs

Figure 4. Raman of pure and Ag-dop-α-Fe2O3 NPs

which was attributed to A1g mode and signified the
α-Fe2O3 sample. According to previous study [12],
the Raman spectrum exhibited two modes for the
α-Fe2O3 nanoparticles including A1g (595 cm-1) and
Eg (422 cm-1), while the observed shift throughout
the graph was pertinence to the presence of silver
in the sample’s structure.
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VSM
The magnetic effect of the synthesized pure
and Ag-dop-α-Fe2O3 NPs investigated through
results of VSM technique (Fig. 5). As it is displayed
in Fig. 5, the magnetic saturation (Ms) of α-Fe2O3
NPs was 1.5 emu/g. According to similar work,
α-Fe2O3 contained a magnetic saturation (Ms)
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Fig. 5. VSM of pure and Ag-dop-α-Fe2O3 NPs

Figure 5. VSM of pure and Ag-dop-α-Fe2O3 NPs

value of 1.8 emu/g [12]. The small hysteresis loop of
α-Fe2O3 NPs is indicative of its superparamagnetic
behavior. Since paramagnetic substances are a type
of soft magnetic, their easy magnetization, they
rapidly miss their magnetic moments upon the
removal of applied magnetic field [19]. According
to the survey of Bepari et al on the magnetic effect
of Fe2O3 NPs, the Ms content of these NPs has a
straight linkage to their particle size and shape
anisotropy [20]. The saturation magnetization of
Ag-dop-α-Fe2O3 NPs was determined to be 0.16
emu/g (Fig. 5). Apparently, the presence of silver in
the structure of nanoparticles caused a decrease in
the saturation magnetization of samples.
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Cytotoxic performance
We studied the cytotoxic activity of pure and
Ag-dop-α-Fe2O3 NPs on MCF-7 using a MTT test.
MTT, as a determinant of cytotoxicity and cell
viability, was estimated to assign the rate of cellular
metabolic performance in cured mitochondria
cells. This test was functioned with the NPs
concentrations of 0-200 µg/mL in 24 h of treatment
time (Fig. 6). Based on Fig. 6, the cytotoxic of
synthesized pure and Ag-dop-α-Fe2O3 NPs on
the cancer cell of MCF-7 were observed at the
concentrations of 320 and 80 µg/mL. Accordingly,
the Ag-dop-α-Fe2O3 NPs were able to annihilate
50% of the cells and performed a complete
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Fig. 6. Cytotoxic activity of pure and Ag-doped α-Fe2O3 NPs on MCF-7 cell line.

Figure 6. Cytotoxic activity of pure and Ag-doped α-Fe2O3 NPs on MCF-7 cell line.
annihilation at concentrations above 80 µg/mL. Fig.
6 depicts the conditions of normal and cancer cells
before and after being treated with the synthesized
nanoparticles in different concentrations. The
toxicity effects of synthesized nanoparticles can be
clearly perceived, which resulted in the destruction
and death of cells.
The potential cytotoxicity of nanoparticles is
caused by their ROS or Reactive oxygen species
[21]. Therefore, oxidative stress can be an
applicable scale for comparing the toxic effects
of nanoparticles [22]. According to most of the
related studies, iron oxide nanoparticles at the
concentration range of 100 µg/mL and above
can cause toxic effects on different cell lines [23],
which is consistent with the outcomes of this work.
Metal nanoparticles can produce toxins in human
tissues and cell cultures, which increases the rate
of oxidative stress and inflammatory products
such as cytokines, and ultimately leads to the
inducement of cell death [24]. Here, the degree
of toxicity was observed to be increased as a result
of enlarging the applied concentration, which is
consistent with the findings of other assessments.
Nevertheless, the conduction of in-depth studies
is required to obtain a better comprehension on
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the real mechanism behind the cytotoxic activity
of synthesized nanoparticles.
CONCLUSIONS
This paper introduces an inexpensive, efficient,
and fast synthetic path for producing the pure and
Ag-dop-α-Fe2O3 NPs by extract of Prosopis farcta
fruit. The traits of synthesized NPs determined by
many methods such as XRD, Raman, and FESEM.
According to the obtained results, the particle sizes
were about 40 and 50 nm for α-Fe2O3 and Ag-doped
α-Fe2O3 NPs, respectively. In addition, the particles
were observed to be nearly spherical. According to
the hysteresis loop, the saturation magnetization
(Ms) of α-Fe2O3 and Ag-dop-α-Fe2O3 NPs was
expressed to be 1.5 and 0.16 emu/g, respectively.
The high potential of α-Fe2O3 and Ag-dop-α-Fe2O3
NPs in preforming cytotoxic activities against
breast cancer (MCF-7) cells approved by outcomes
of MTT. So, the synthesized nanoparticles can be
proposed as potential choice for being exerted in
advanced medical approaches.
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