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Introduction: The high incidence and mortality rates of liver cancer have raised concerns
about the effectiveness of current treatments. This study aimed to synthesize iron oxide
nanoparticles coated with glucose and conjugated with Safranal (Fe;Os@Glu-Safranal) and
investigate its effect on the viability and expression of the CASP8, CASP9, p53, and CAD
genes in a liver cancer cell line (HepG2).

Materials & Methods: HepG2 cells were treated with different concentrations of the
nanoparticles, and the effect of nanoparticles on cell viability was determined using the MTT
test. After determining the inhibitory percentage of different concentrations of nanoparticles,
the cells were treated with 50% inhibitory concentration of the nanoparticles, their total RNA
was extracted, cDNA was synthesized, and gene expression level was evaluated by real-time
PCR. The statistical tests included one-way ANOVA and paired t-test, which were analyzed
by SPSS V.22 at a level of significance less than 0.05.

Results: The results showed that the FesO.@Glu-Safranal nanoparticle at concentrations
higher than 62.5 pg/ml causes a significant decrease in the survival rate of cancer cells. A 50%
inhibitory concentration of the nanoparticle for liver cancer cell lines was found to be 277 and
458 pg/ml, respectively. This showed that the nanoparticle had stronger cytotoxic effects on
cancer cells. Also, it was observed that treatment of the cells with Fe;O.@Glu-Safranal caused
a significant increase in the expression of the CASP8, CASP9, p53, and CAD genes by 4.27,
2.09, 3.92, and 1.76 folds, respectively, in liver cancer cells (P < 0.05).

Conclusion: Apoptosis induction can be considered the main anticancer mechanism of the
Fe;O.@Glu-Safranal nanoparticle, which is caused in response to direct cell damage or
generated oxidative stress.
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Introduction

penetrate the body's tissues and effectively
influence cells through their large surface area

Liver cancer, the seventh most common
type of cancer and the second cause of cancer-
related deaths worldwide, is known for its
widespread and acute nature (1). Treatment
approaches for this disease often fail due to the
complex treatment process, unwanted toxic side
effects of current drugs, the emergence of drug-
resistant types, and metastasis (3). Researchers
have studied a wide range of nanoparticles,
especially metal nanoparticles, in the field of
cancer detection and treatment since the
emergence of nanotechnology (2,3). Due to
their small size, these substances can easily
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(4). Safranal is one of the most important
metabolites of the saffron plant, which has
many medicinal properties, including anti-
inflammatory, antioxidant, anti-pain, and anti-
cancer effects (5). Previous studies have shown
that this substance can disrupt DNA replication
and repair in some cancer cells and cause cell
death (9). This study aimed to synthesize iron
oxide nanoparticles coated with glucose and
conjugated with safranal (FesOs@Glu-Safranal)
and investigate their effect on the viability and
expression of the CASP8, CASP9, p53, and
CAD genes in a liver cancer cell line (HepG2).
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Methods

All materials and solutions used in this
research were of laboratory-grade purity. Liver
cancer cell line (HepG2) and normal human
fibroblast cells (HEK293) were obtained from
the cell bank of Pasteur Institute of Iran.
Nanoparticle fabrication was done according to
the method reported in study (10), which
evaluated the physical and chemical properties
of FesO,@Glu-Safranal nanoparticles, FT-IR
(Fourier Transform Infrared), XRD (X-ray
Diffraction), measurement of adulteration
potential, and imaging of transmission electron
microscopes (TEM) and scanning electron
microscopy (SEM), and the elemental
composition was analyzed by X-ray diffraction
spectroscopy (EDS-mapping) test. HepG2 cells
were treated with different concentrations of the
nanoparticles, and the effect of nanoparticles on
cell viability was determined using the MTT
test. After determining the inhibitory percentage
of different concentrations of nanoparticles, the
cells were treated with 50% inhibitory
concentration of the nanoparticles, their total
RNA was extracted, cDNA was synthesized,
and gene expression level was evaluated by
real-time PCR. The statistical tests included
one-way ANOVA and paired t-test, which were
analyzed by SPSS V.22 at a level of significance
less than 0.05.

Results

T Based on the FTIR spectrum, the peaks
for FeoOs and Safranal show that the
FeoOs@Glu-Safranal nanoparticle was made
correctly. Electron microscope imaging showed
that FesOs@Glu-Safranal nanoparticles are
spherical, and their size is in the range of 17-49
nm. The MTT test showed that the FeoOs@Glu-
Safranal nanoparticle lowers the survival rate of
cancer cells by a large amount when the
concentration is higher than 62.5 pg/ml. A 50%
inhibitory concentration of the nanoparticle for
liver cancer cell lines was found to be 277 and
458 ug/ml, respectively. This showed that the
nanoparticle had stronger cytotoxic effects on
cancer cells. Also, it was observed that
treatment of the cells with FesOs@Glu-Safranal
caused a significant increase in the expression
of the CASP8, CASP9, p53, and CAD genes by
4.27,2.09, 3.92, and 1.76 folds, respectively, in
liver cancer cells (P < 0.05).

Conclusion
EtThe findings showed that the

synthesized nanoparticle made it much less
likely for cancer cells to survive and increased
the expression of the CASP8, CASP9, CAD, and
p53 genes. Besides, it can be concluded that the
activation of apoptosis is the most likely
mechanism of the anticancer effect of the
Fe;O4@Glu-Safranal nanoparticle in studied
cells.
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