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Abstract

The aim of this study is to prepare Gold nanoparticles
(GNPs) and investigate their role in vitro as anticancer
agent against MCF-7. The prepared GNPs were
observed through a color change and using SEM.
MCF-7 cells were treated with GNPs at different
concentration and then anti-proliferative activity of
this nanoparticles was studied using MTT assay.
Apoptotic cells were studied using Acrydin Orange
/Ethidum bromide AO/EB daul stain. Our results refer
to therapeutic role of GNPs in breast cancer. The
results of this study suggest that the GNPs could be
used for wide medical applications in future and offer
new drug instead of chemotherapy in treatment of
various types of cancer disease.
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Introduction

Cancer is not a single disease; It only represents a group of
diseases characterized by uncontrolled increase and spread
of abnormal cells. When the spread is not controlled; it can
lead to death®2. In Iraq, cancer is alarmingly at high levels
and blame returns to the mutagenic and carcinogenic agent.
The latest Iragi Cancer Registry revealed that out of
estimated population size of 32,500,000 a total of 21,101
new cases of cancer were registered in 2012 in men 9, 268
cases and 11,833 in women. In addition, there are several
reports of apparent excess rates of cancer with birth defects
in the town of Falujah?*®,

Cancer has been treated by classical therapeutic processes
like surgery; radiation; chemotherapy; immunotherapy;
targeted therapy and hormone therapy?63. There are
therapeutic paths which use Nanotechnology for treatment
of cancer cells, employed the characterization of
cytotoxicity. So, nanotechnology is particularly the
promising field for new applications in medicine'?’.
Nanotechnology deals with materials in the range of size 1 -
100 nm.

Therefore, the advancement in this field, its applications to
the fields of medicines; pharmaceuticals and biological have
revolutionized the twentieth century. So, term
nanobiotechnology was proposed'>!3. Nanoparticles have a
lot of biological applications like: biosensing; biological
separation; molecular imaging; anticancer therapy!! because
their physicochemical and biological characteristics are

79

compared with their bulk one?. Different kinds of
nanoparticles have unique properties, that can be used to
target cancer cells'®. Gold, silver, zinc, oxide, titanium,
magnetic iron oxide and quantum dots nanoparticles are
considered as the one of most basic inorganic nanomaterials
that have important role in the field of biological
applications'®2, In current time gold nanoparticles are
widely used in all the fields, particularly in medicine3!.

Today, gold nanoparticles (GNPs) have been considered as
remarkable nanoparticles in biomedical applications due to
their unrivaled optical properties, electronic and surface
because of the strong and size-tunable surface plasmon
resonance, fluorescence and easy-surface functionalization.
It is worth mentioning that gold nanoparticles have been
widely used in biosensors, cancer cell imaging,
photothermal therapy and also as drug delivery. It can be
useful as a novel radiosensitizer in radiotherapy because the
strong photoelectric absorption and secondary electron
caused by gamma or X-ray irradiation can accelerate DNA
strand breaks. So, they are considered as nano-toxic particles
and still not completely understood*®.

The rapid antioxidant gold nanoparticles (GNPs) technology
presents great promise for future applications due to their
numerous specific surface areas with high diverse surface
activities than bulk gold. Physical and chemical properties
have made (GNPs) or (AuNPs) of great importance in the
development of excellent nano electronic chips and
promising vehicle for biomedical and environmental
applications. AuNPs are established both in vitro and in vivo
nanotoxicities®.

Synthesized AuNPs come in a different sizes and shapes
ranging from 1 - 500 nm, so some rods, spheres, tubes, wires,
ribbons, plate, cubic, hexagonal, triangular, tetrapods etc. are
affected by Gold nanoparticles toxicity®2. Turkevich method
(Citrate reduction method) is one of the main methods used
in the GNPs synthesis. They are popular and convenient
methods, but the products stability and disparity are
limited'’. The toxicity of Gold nanoparticles GNPs has been
manifested at the cellular level. GNPs enter cells in a size
and shape dependent manner”®,

GNPs uptake reaches a maximum when the size is 50 nm.
The uptake of GNPs is consistent with receptor-mediated
endocytosis and the transport reaches to 30 min after
incubation and it is installer, GNPs have ability to enter cells.
Most studies have indicated that they are nearly harmless to
tumor cultured cells>%52, GNPs do not affect on cell
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viability, but affect cell proliferation and cause (DNA)
damage, gold nanoparticles are used in many biomedical
applications  like intracellular gene  regulation®;
chemotherapy?®; drug delivery®4 and optical and electronic
applications®.

Material and Methods

Preparation of  Glutathione  modified Gold
Nanoparticles: An aqueous solution of gold salt (1 mL,
0.025 M) was mixed with Glutathione (GSH) (8 mL, 0.019
M). The pH of the combination was adjusted to be 8. NaBH4
(Sodium Borohydride) solution (2 mg/ mL) was prepared
and added to the mixture. The combination allowed reacting
overnight and then the excess reactants have been eliminated
by way of centrifugation at 10,000 rpm.??

Scanning Electron Microscopic: SEM was used to
visualize the morphology and nanoparticle grain size of gold
nanoparticles. Thin films of gold nanoparticles were
prepared on a cover slide grid by dropping amount of
solution on the cover slide and then allowed to dry at room
temperature before being visualized under SEM.

Cytotoxicity determination using MTT assay: This assay
was done according to Sulaiman et al*?. Briefly, MCF-7
cellline were seeded at 1x 10° cells/mL in 96 well microtiter
plates in RPMI medium. The cells were incubated overnight
for attachment. GNPs, were added in triplicate at different
concentration and incubated for 48 hrs. Thereafter, the cells
were stained with MTT at concentration 2ug/ml. The
samples were incubated at 37°C, after 3 hr DMSO (Dimethyl
Sulfoxide) was added to each well; the absorbance was
measured at 492 nm using microplate reader.

To visualize the shape of cells under inverted microscope,
200 pL of cell suspensions were seed in 96-well micro-
titration plates at density 1x10* cells mL* and incubated for
48 hrs at 37°C. Then the medium was removed and add
GNPs after exposure time, the plates were stained with 50
pL with Crystal violet and incubated at 37°C for 10-15 min,
the stain was washed gently with tap water until the dye was
removed. The cell was observed under inverted microscope
at 100x magnification microscope and photographed with
digital camera.

Acridine orange —Ethidium bromide (AO/EtBr) dual
staining: The induction of apoptosis in MCF-7 cellline was
performed using AO/EtBr dual staining method. Briefly, the
cells in 96- well plates were treated with GNPs and
incubated for 24 hrs. The cells were washed twice using
PBS. Dual fluorescent dyes (10 uL) were added into the cells
at equal volumes. Finally, the cells were visualized under
fluorescence microscopy.t”?®

Statistical analysis: The obtained data were statically
performed using unpaired T test with GraphPad Prism 6,
values were presented as the mean = S.D of the three
replicates of each experiment.?!
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Figure 1: Preparation of GNPs
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Figure 2: SEM image of GNPs

Cytotoxicity %

Figure 3: Cytotoxic effect of GNPs in MCF-7 cell.
1C50=13.56g/mL
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Results and Discussion

Preparation of Gold: The GNPs were synthesized
employing three main steps. The first step involved the
reaction between theiGSHiandiHAuUCIs and then followed
the second step that involved the adjustment of pH to be 8.
Lastly the AuNPs formed by additioniofiNaBH4. Gold salt
had yellow color solution which changed into the red wine
color after adding of NaBHaas in figure 1.

Scanning electron microscope: SEM technique was used
to visualize the size and shape of GNPs. The SEM image of
the synthesized Gold nanoparticles was shown in figure 2.
The image of SEM exhibited spherical shape that formed
with diameter in the range less than 20 nm.

GNPs inhibits growth of MCF-7 cells: The cytotoxic
effects GNPs on the viability of human cancer cell lines
MCEF-7 for 48 hrs were examined as shown in figure 3. The
results showed significant inhibition of cell proliferation in
MCF-7 cell line after 48 hrs. The cell proliferation was
significantly lower when compared to untreated control
cells. After 48 hrs treatment with GNPs at concentrations
6.2, 12.5, 25, 50, and 100 pg/mL, the cytotoxicity effect of
GNPs showed good cytotoxic effect on cell line. The results
indicate that GNPs are considered to be a particularly
valuable source of effective anti-proliferative and cytotoxic
substances. The apoptogenic property was investigated
through morphological changes in MCF-7 cell line using
inverted phase contrast microscope. As seen in figure 4, the
control (untreated) cells showed that the cells maintained
their original morphology form that most of the control cells
were adherent to the tissue culture dishes. In contrast, MCF-
7 cells treated with GNPs exhibited high efficiency on the
proliferation and morphology.

Control cells

Figure 4: Anti-proliferative activity of GNPs against
MCEF-7 cells
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Control cells

Figure 5: GNPs induces apoptosis in MCF-7 cells

Acridine orange —Ethidium bromide (AO/EtBr) dual
staining: The apoptotic cells were evaluated based on DNA
damage. In this study, the efficiency of GNPs, at
concentrations 13.56 pg/mL was studied. The using of AO-
EB dual staining was used to distinct apoptotic signs
characteristics to nucleate alternations. Viable and
nonapoptotic cells were shown green and apoptotic cells
were shown orange or red as they stained with AO — EtBr
figure 5. Exposure of cells to GNPs caused an increase in
membrane disruption and formation of lysosomes vacuoles
compared to untreated control cells. The results investigated
the high ability of GNPs to cause death to the cell due to the
ability of this nanoparticles to penetrate through the cell
membrane and effect on the mMRNA expression level.
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