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Apoptosis Introduction: Breast cancer is the most important and widespread type of
Breast Cancer cancer in women's population.

Ll Cyireinsin Aim:This study was conducted to synthesize zinc oxide nanoparticles

Zinc Oxide Nanoparticle

conjugated with gingerol (ZnO@CPTMS-Gingerol) and evaluate their
anticancer effects on breast cancer cells.

Materials and Methods: To synthesize ZnO@CPTMS-Gingerol
nanoparticles, one gram of ZnO@CPTMS nanoparticles was dispersed in 30
ml of dry toluene. One gram of gingerol and 10 ml of triethylamine were added
to the reaction mixture and refluxed for 24 hours. The product was washed
twice with a mixture of distilled water and ethanol (1:1), and the final product
was dried at 100°C for 24 hours. Physicochemical properties of
ZnO@CPTMS-Gingerol nanoparticles were studied by FT-IR, XRD, DLS,
EDS, zeta potential measurement, and electron microscope imaging. The
inhibitory effects of different concentrations of ZnO@CPTMS-Gingerol
nanoparticles on MCF-7 breast cancer cells and HEK293, as normal cells, were
evaluated by the MTT test. To perform this experiment, cells were prepared in
96-well cell culture plates with a density of 104 cells/well, and then were
treated with concentrations of 15.625, 31.25, 62.5, 125, 250, and 500 pg/mL
of ZnO@CPTMS-Gingerol. After incubating the cells for 24 hours at 37°C,
0.2 ml of MTT solution was added to each well. The wells without
nanoparticles treatment were considered as controls. After incubation for 4
hours, the supernatant was removed, and 100 pl of DMSO solution was added
to each well. After pipetting, the optical density was read at 570 nm using an
ELISA Reader. To determine the percentage of apoptotic and necrotic cells,
5x10° cells were treated with ZnO@CPTMS-Gingerol nanoparticles for 24
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hours with half inhibitory concentration (IC50). Then, the treated and control
cells were stained with annexin V and propidium iodide (PI) dyes. Finally, cell
analysis was done by a flow cytometer. Data analysis was done using device
software and dividing the points recorded in the two-dimensional curve into
four regions including Q1 to Q4. The experiments were performed in three
replicates, and the results were expressed as mean + standard deviation.
Statistical analysis including t-tests, and one-way ANOVA was performed
using SPSS. A p<0.05 was considered significant.

Results: Based on the results, the synthesized nanoparticles exhibited a
spherical morphology and an approximate size of 10 to 50 nm. The surface
charge of these particles in aqueous medium was -30.4 mV. The nanoparticles
were free of elemental impurities. FT-IR analysis revealed functional groups
of ZnO@CPTMS-Gingerol nanoparticles. The evaluation of the crystal
structure of ZnO@CPTMS-Gingerol nanoparticles by XRD showed that the
peaks at values of 20 equal to 31.84, 34.52,36.33, 47.63, 56.71, 62.96, 68.13,
and 69.18 degrees are related to the hexagonal phase of ZnO nanoparticles.
Treatment of breast cancer cells showed that ZnO@CPTMS-Gingerol
nanoparticles have dose-dependent inhibitory effects, and the 50% inhibitory
concentration (IC50) was 117pg/ml. The exposure of breast cancer cells to
ZnO@CPTMS-Gingerol nanoparticles increased the population of cells with
early and late apoptosis and necrotic cells.

Conclusion: This study showed that ZnO@CPTMS-Gingerol nanoparticles
can inhibit the proliferation of breast cancer cells by inducing apoptosis and
cell necrosis, and this capability can be considered in the design of effective
nanomedicines in the treatment of breast cancer.
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