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Abstract
Mesoporous magnetic nanoparticles of haematite were synthesised using plant extracts
according to bioethics principles. The structural, physical and chemical properties of
mesoporous Fe2O3 nanoparticles synthesised with the green chemistry approach were
evaluated by XRD, SEM, EDAX, BET, VSM and HRTEM analysis. Then, their toxicity
against normal HUVECs and MCF7 cancer cells was evaluated by MTT assay for 48 h.
These biogenic mesoporous magnetic nanoparticles have over 71% of doxorubicin
loading efficiency, resulting in a 50% reduction of cancer cells at a 0.5 μg.ml−1 concen-
tration. Therefore, it is suggested that mesoporous magnetic nanoparticles be used as a
multifunctional agent in medicine (therapeutic‐diagnostic). The produced mesoporous
magnetic nanoparticles with its inherent structural properties such as polygonal structure
(increasing surface area to particle volume) and porosity with large pore volume became a
suitable substrate for loading the anti‐cancer drug doxorubicin.
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1 | INTRODUCTION

Cancer is one of the most common diseases that affect many
people worldwide [1]. Cancer is the uncontrolled growth of
cells in the body that starts from a point in the body, and if
diagnosed late, it can affect the whole body [2–5]. Cancer
treatments are done to improve cancer's condition or stop its

progression. Depending on the patient's condition, a treatment
method or a combination of different treatments may be
performed to improve the patient's disease [6]. Surgery and
radiation therapy are common treatments. Killing cancer cells
using chemotherapy [7], immunotherapy [8], hormone therapy
[9] are among the drug treatments [10]. But one of the dis-
advantages of this method is that along with the destruction of
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cancer cells, normal cells are targeted and destroyed [11].
Therefore, research and development of new cancer treatment
methods are needed [12–14]. New developments in science
and technology have significant impact on human health
[15–29] and life [30–36].

Nanostructures have attracted much attention as a new
diagnostic and therapeutic method [37–46]. Targeted delivery
of nanomaterials and combination therapy with current cancer
drugs are among the potential nanosystems in identifying and
destroying cancer cells [47]. Nanosystems do not have the
limitations of cancer treatments such as drug resistance,
adverse side effects, and high treatment costs. Furthermore,
mesoporous nanostructure has been evaluated due to the
direct loading of the drug in their cavities and their targeted
transport capability [48, 49].

Considering their special physicochemical properties,
nanoparticles have attracted much attention in treatment and
diagnosis [50–54] such as Coronavirus disease 19 (COVID‐19)
[55–58], which is very contagious and has quickly spread
around the world [59–65]. Various studies have been con-
ducted on the application of iron nanoparticles in medicine.
Nosrati et al. coated the Fe3O4 nanoparticles with lysine and
then loaded the drug methotrexate [66]. They showed that the
toxicity of loaded nanoparticles against MCF7 cancer cells was
higher than that of high magnetite nanoparticles. In another
study, small and high concentrations of iron nanoparticles
caused mitochondrial damage and increased apoptosis in
MCF7 cancer cells [67]. Alarifi et al. showed that combining
the anti‐cancer drug with Fe2O3 nanoparticles against breast
cancer cells increased apoptosis [67]. Therefore, in this study,
mesoporous iron nanoparticles were synthesised in one step
with phenolic compounds of the plant. XRD investigated the
physicochemical properties of these nanoparticles, SEM,
HRTEM, and BET analyses. Then, the anti‐cancer drug
doxorubicin was loaded into pores of biosynthesised meso-
porous nanoparticles. Finally, the toxicity of biosynthesised
nanoparticles, loaded doxorubicin nanoparticles against normal
HUVECs, and MCF7 cancer cells was evaluated with MTT
assay.

2 | MATERIALS AND METHODS

2.1 | Biological synthesis of mesoporous
Fe2O3 nanoparticles

The surface dust of healthy Mentha piperita leaves was washed
with deionised water. Leaf surface moisture was removed in an
oven at 40°C. Then, 7 ml of deionised water was added per 1 g
of dried leaf powder and shaken at 37°C for 24 h. 4 g of iron
(III) nitrate nano‐hydrate (Sigma‐Aldrich, Fe (NO3)3
9H2O ≥ 98%) was added to 30 ml of extract at 10°C and
completely dissolved with a strainer. Then, 15 ml of deionised
water was added to the mixture and sterilised for 5 minutes,
and then transferred to an autoclave and placed in an oven at
170°C for 13 h. The nanoparticles were then separated via
centrifugation and calcined at 300°C for 3 h [68].

2.2 | Characterisation of mesoporous Fe2O3
nanoparticles

X‐Ray Diffraction (XRD) analysis was performed using Pan-
alytical's X'PertPro to detect the type of synthesised nano-
particles. XRD analysis was performed at 2θ from 10 to 80°
using 1.54 Å X‐ray wavelength. Scanning electron microscope
(SEM) analysis was performed to determine the morphology
of the nanoparticles and identify chemical compounds using
Sigma VP device, ZEISS Company. High‐resolution trans-
mission electron microscopy (HRTEM) and Brunauer–
Emmett–Teller (BET) analyses were used to determine the
microstructural properties and investigate the synthesised
nanoparticles' surface porosity. HRTEM analysis was per-
formed using a device (Tecnai 20, FEI Company), and BET
analysis was performed using a device (Belsorp mini II,
Microtrac Bel Corp Company). The synthesised nanoparticles
were degassed for BET analysis. Magnetic properties of the
synthesised nanoparticles were determined using vibrating‐
sample magnetometer (VSM) analysis and Lake Shore Model
7400 [35, 36].

2.3 | Loading of doxorubicin to mesoporous
Fe2O3 nanoparticles

0.01 g of mesoporous nanoparticles was added to 5 ccs of
deionised water and then dispersed using an ultrasonic bath.
The nanoparticle suspension was added to a 5 ml stock of 2 M
doxorubicin (Sigma‐Aldrich, C27H29NO11) and sterilised
overnight. The nanoparticles loaded with doxorubicin were
then measured at 480 nm.

2.4 | Cytotoxic assessment of mesoporous
Fe2O3 nanoparticles

Toxicity of doxorubicin, mesoporous Fe2O3 nanoparticles,
doxorubicin‐loaded mesoporous Fe2O3 nanoparticles against
umbilical vein endothelial cells (HUVEC, normal cell), and
MCF7 cancer cells was evaluated by MTT assay for 48 h.
Cells in the culture medium containing 10% Foetal bovine
serum (FBS, Sigma–Aldrich, USA), 1% streptomycin/peni-
cillin antibiotic (100 μg.ml−1 streptomycin and 100 U/ml
penicillin, GIBCO, UK), and 89% Dulbecco's Modified
Eagle's Medium (DMEM; GIBCO Invitrogen, Paisley, UK)
were cultured with high glucose at 37°C and 5% CO2. 24 h
after culturing the cells in 96 well containers (ELISA plate),
in a repeated randomised design, and after changing the
culture medium, cancer cells and normal cells with different
concentrations of doxorubicin, mesoporous Fe2O3 nano-
particles, and doxorubicin‐loaded mesoporous Fe2O3 nano-
particles were treated and incubated for 48 h. The cells
were then washed with phosphate‐buffered saline buffer
(PBS, Sigma–Aldrich, USA) and discarded. Then, 10 μl of
dye 3‐(4,5‐Dimethylthiazol‐2‐yl) −2,5‐diphenyltetrazolium
bromide (MTT, Sigma‐Aldrich, USA) (5 mg.ml−1 in PBS)
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F I GURE 1 X‐Ray Diffraction (XRD) pattern of mesoporous Fe2O3 nanoparticles synthesised using plant extract

F I GURE 2 SEM‐EDAX micrograph of
mesoporous Fe2O3 nanoparticles
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was applied to each well. The plate was incubated at 37°C
with 5% CO2 for 3 h. The MTT medium was extracted,
and the formazan crystals were dissolved by adding 100 μl
(DMSO (CH3)2SO, Sigma–Aldrich) dimethyl sulfoxide to
each well of the plate and then stored in a dark place at
25°C for 15 min. Finally, the absorption of soluble for-
mazan at 570 nm (DYNEX MRX) was measured using a
microplate reader [69].

3 | RESULTS AND DISCUSSION

The XRD diagram of mesoporous Fe2O3 nanoparticles syn-
thesised using plant extract is shown in Figure 1. The peaks
observed in the diagram confirm the structure of Fe2O3

haematite. Synthesised nanoparticles are free of impurities. The
single‐phase nature in synthesised nanoparticles and the sharp
peaks in the XRD pattern are due to the calcination of the
nanoparticles.

Figure 2 shows the surface morphology of mesoporous
Fe2O3 nanoparticles. The synthesised mesoporous Fe2O3

nanoparticles have a spherical morphology. The EDAX
micrograph confirms the presence of iron, oxygen, and carbon.
The carbon elements in the synthesised mesoporous Fe2O3

nanoparticles structure demonstrate organic matter in the plant
extract.

The synthesised mesoporous Fe2O3 nanoparticle's size and
shape with a bright‐field background is shown in Figure 3. The
micrograph confirms the synthesised mesoporous Fe2O3

nanoparticles.

The BET analysis results are shown in Table 1. The average
pore diameters and specific surface area of mesoporous Fe2O3

nanoparticles are 17.9 nm and 30 m2 g−1, respectively. Ac-
cording to the IUPAC classification of nitrogen uptake and
desorption curves, these data confirm the presence of porosity
in the nanoparticles, which is consistent with the HRTEM
results (Figure 4). Hysteresis 3 confirms non‐hard, plate‐like
porosity [16].

Magnetic behaviour of synthesised nanoparticles at room
temperature and in a magnetic field −20,000 ≤ H (Oe) ≤ 20,000
is shown in Figure 5. TheVSMcurve confirms the ferromagnetic
properties of mesoporous Fe2O3 nanoparticles. Mesoporous
Fe2O3 nanoparticles have a magnetic saturation of 0.6 emu/g.

In drug delivery reviews, drug loading is a separate and
essential step. At this stage, various biocompatible polymers
are used to load the drug on the surface of nanoparticles. In
this study, the inherent porosity of mesoporous Fe2O3 nano-
particles made the loading of the anti‐cancer drug doxorubicin
without the coating polymer easy and inexpensive. To confirm
the loading of the anti‐cancer drug by synthesised mesoporous
Fe2O3 nanoparticles, UV–vis spectroscopy analysis was per-
formed on doxorubicin, mesoporous Fe2O3 nanoparticles, and
mesoporous Fe2O3 nanoparticles loaded with doxorubicin. As
shown in the figure, mesoporous Fe2O3 nanoparticles showed
strong light absorption in the range of 520 nm. The
displacement of the peak to the 475 nm region in the loaded
mesoporous Fe2O3 nanoparticles spectrum confirms the
dielectric bonding of the mesoporous Fe2O3 nanoparticles
with doxorubicin. Also, mesoporous Fe2O3 nanoparticles with
a loading efficiency of 70% are a new carrier in concert therapy.

F I GURE 3 High‐resolution transmission electron microscopy
(HRTEM) micrograph of mesoporous Fe2O3 nanoparticles

TABLE 1 Specific surface area
(Brunauer–Emmett–Teller [BET]) of
mesoporous Fe2O3 nanoparticles

Nanoparticles BET surface area m2/g−1 Pore volume cm3g−1 Pore size nm

Fe2O3 30 0.1 18 � 0.2

F I GURE 4 Nitrogen adsorption–desorption isotherms of
mesoporous Fe2O3 nanoparticles
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This study evaluated the toxicity of mesoporous Fe2O3

nanoparticles and drug‐loaded mesoporous Fe2O3 ones against
MCF7 cancer cells and HUVECs normal cells with MTT assay.
According to Figure 6, mesoporous Fe2O3 nanoparticles are
less toxic to normal HUVECs and MCF7 cancer cells than
doxorubicin. As a result, synthesised nanoparticles with low
toxicity are considered safe for the body cells. The toxicity of

doxorubicin‐loaded mesoporous Fe2O3 nanoparticles on
normal HUVECs cells at a 1 μg.ml−1 concentration is negli-
gible and, with increasing attention, has high toxicity on
normal cells the body. Also, mesoporous Fe2O3 nanoparticles
loaded with doxorubicin at a 0.5 μg.ml−1 concentration
reduced MCF7 cancer cells by 50%. As shown in Figure 6,
there is a significant difference between the toxicity of doxo-
rubicin and doxorubicin‐loaded mesoporous Fe2O3

nanoparticles.
Based on XRD, TEM, and BET data, the rhombic and

hexagonal crystal structure with good porosity has resulted in
the high loading of biogenic mesoporous Fe2O3 nanoparticles.
In addition, the polygonal structure of these nanoparticles has
increased the surface area to particle volume, which has been
critical in the optimal loading of doxorubicin. Despite the safe
nature of mesoporous Fe2O3 nanoparticles, a good result was
obtained in MTT evaluations. Therefore, the use of meso-
porous Fe2O3 nanoparticles in drug/gene delivery creates a
great revolution. Their special advantages as mesopores with
large pore volume and their purposeful control due to their
magnetic properties make them nanosystems for diagnosis and
treatment. As mentioned, due to the presence of plant organic
matter in the nanocarrier structure, these particles are not very
toxic to cancer cells. Therefore, to use the synergistic effect of
nanoparticle toxicity and anti‐cancer drug toxicity, it is rec-
ommended to use mesoporous Fe2O3 nanoparticles in drug
delivery.

F I GURE 5 Vibrating‐sample magnetometer (VSM) curve of
mesoporous Fe2O3 nanoparticles

F I GURE 6 Cytotoxic effects of mesoporous
Fe2O3 nanoparticles, DOX, and DOX‐loaded
mesoporous Fe2O3 nanoparticles against MCF7 and
HUVECs cell lines (* p‐value < 0.01)
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4 | CONCLUSION

In this study, haematite mesoporous Fe2O3 nanoparticles were
synthesised in one step by the green chemistry method. Pro-
duction of mesoporous Fe2O3 nanoparticles is of low‐cost and
centuries‐old due to its porosity nature and green chemistry
method. Also, the manufactured nanoparticles have low
toxicity on normal cells of the body, so they are considered safe
drug carriers in treatment and diagnosis. The toxicity of
doxorubicin‐loaded mesoporous Fe2O3 nanoparticles on
breast cancer cells at low concentrations is important as a new
therapeutic agent.
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