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Introduction: Breast cancer is a significant global cause of cancer-related mortality,
highlighting the urgent need for new drugs to combat this prevalent disease. This study was
designed to investigate the anticancer effect of copper oxide nanoparticles conjugated with
lapatinib and its effect on the expression of the caspase-8 gene in a breast cancer cell line.

Materials & Methods: Copper oxide nanoparticles were synthesized from a CuCl. solution,
treated with D-glucose, and then linked to lapatinib. The physicochemical properties of the
nanoparticles were analyzed using FT-IR, XRD, EDS, DLS, zeta potential measurement, and
electron microscope imaging. The effect of the nanoparticles on the viability of breast cancer
(MDA-MB-231) and normal (MRC-5) cells was evaluated using the MTT test, while the
expression of the caspase-8 gene was measured via real-time PCR. Statistical differences were
analyzed using one-way ANOVA in SPSS V.22, with a p-value less than 0.05 considered
statistically significant.

Results: The study found that copper oxide nanoparticles conjugated with lapatinib had a
spherical morphology, a surface charge of -14 mV, and a particle size of 426.3 nm in aqueous
medium. These nanoparticles had concentration-dependent inhibitory effects on cancer and
normal cell lines, with a 50% inhibitory concentration of 75 and 120 pg/ml, respectively, and
a 3.24-fold increase in caspase-8 gene expression.

Conclusion: Copper oxide nanoparticles linked with lapatinib were more effective at stopping
cancer cells than normal cells, and by boosting the levels of caspase-8, they trigger the external
pathway of cell death in cancer cells.
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Introduction

Nanotechnology offers promise in cancer
treatment, utilizing nanoparticles smaller than

Breast cancer is a leading cancer type in
women globally, with over 26.2 million new
cases annually and nearly 700,000 deaths (1). Its
diverse phenotypes complicate treatment,
especially for drug-resistant and metastatic
forms (1). Surgery is the primary intervention,
but anticancer chemotherapy is crucial for
eliminating cancer cells and microscopic
tumors (2). Research focuses on developing
effective drugs and targeted delivery systems to
enhance efficacy and reduce side effects (3).

100 nm for improved drug delivery and stability
(3). Copper oxide (CuO) nanoparticles, in
particular, show potential due to their
antibacterial, antifungal, antioxidant, and
anticancer properties (4). Copper, an essential
trace element, supports enzyme functions and
immune responses, which can inhibit cancer
cells by disrupting the cell cycle and inducing
apoptosis, partly through increased oxygen free
radical production (5). Additionally, they serve
as drug carriers, improving drug stability and
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targeted delivery (4, 5). These advancements
highlight the growing role of nanodrugs in
cancer therapy (5). This study was designed to
investigate the anticancer effect of copper oxide
nanoparticles conjugated with lapatinib and its
effect on the expression of the caspase-8 gene in
a breast cancer cell line.

Methods

In this study, copper oxide nanoparticles
coated with d-glucose and loaded with the drug
lapatinib  were synthesized, and their
physicochemical and biological properties were
investigated. For synthesis, first, a copper
chloride solution was prepared, its pH was
adjusted, and it was stirred at high temperature
to form Copper oxide nanoparticles. Then, these
nanoparticles were coated with d-glucose and
loaded with lapatinib. Separation and drying
were performed in different stages using a
centrifuge, oven, and freeze dryer. The
properties of the nanoparticles were analyzed
using electron microscopes (TEM and SEM),
DLS testing for particle size, a zeta sizer for
surface charge, EDS spectroscopy for elemental
analysis, FT-IR for surface functional group
identification, and XRD for crystal structure
investigation. The study looked at how
nanoparticles affect the growth of breast cancer
cells (MDA-MB-231) and normal cells (HDF)
using an MTT assay. Cells were incubated in
the presence of different concentrations of
nanoparticles, and their viability was measured
by optical absorption assay at 570 nm. Also, the
expression of the caspase-8 gene as one of the
apoptosis genes was investigated using real-
time PCR. RNA extracted from treated cells
was converted to cDNA and compared with the
reference gene GAPDH. Statistical differences
were analyzed using one-way ANOVA in SPSS
V.22, with a p-value less than 0.05 considered
statistically significant.

Results

Copper oxide nanoparticles conjugated
with lapatinib had a spherical morphology with
a size of 17-55 nm and no elemental impurities.
The surface charge of the nanoparticle was -14
mV, and the particle size in aqueous medium
was 426.3 nm. Copper oxide nanoparticles
conjugated with lapatinib had concentration-
dependent inhibitory effects on the studied cells,
and the 50% inhibitory concentration in cancer
and normal cell lines was 75 and 120 pg/ml,
respectively. The expression level of the

caspase-8 gene in cancer cells treated with the
nanoparticles increased 3.24-fold.

Conclusion

Copper oxide nanoparticles linked with
lapatinib were more effective at stopping cancer
cells than normal cells, and by boosting the
levels of caspase-8, they trigger the external
pathway of cell death in cancer cells.
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