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The average crystalline size of the zinc oxide nanoparticles was approximately 90 + 2 nm. The
human breast cancer cells (MCF-7, obtained from National Cancer Institute of Thailand) were cultured in
completed cell culture medium (DMEM supplied with 10 % fetal bovine serum, 1% L-glutamine and 1%
antibiotics/antimycotics) under the standard culture conditions (37 °C with 5% carbon dioxide).

The MCF-7cells in stationary phase at approximately 1.0 x 107/mL in the 24-well plate formats
were left to stick onto the bottom surface of the well plates for 24 h before the nanoparticle exposure. The
MCF-7cells were treated with a serial concentration of the oxide nanoparticles (0 = the controlled cells,
2.5, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560 Llg/mL) under the ultraviolet irradiation in the ultraviolet
chamber (UVC at wavelength of 254 nm) for another 24 h. Iron (II) chloride tetrahydrate and 3-(2-
pyridyl)-5,6-diphenyl-1,2,4-triazine-4',4”-disulf0nic acid sodium salt were filled after the treatment. The
UV-Vis absorption spectroscopy was then performed in the wavelength of 400 — 700 nm under the room
temperature of about 20 °C. The ferrous ion chelating (%) was then calculated as follows: ferrous ion
chelating (%) = (absorbance of the tested cells/absorbance of the controlled cells) x 100. Each sample was
carried out under five independent tests and the mean values were reported.

In order to confirm the presence of apoptosis, we will check the morphological changes of the
cells as follows. The MCF-7 cells upon the treatment were washed by phosphate buffer solution (PBS
with 0.1 M at pH = 7.4). The MCF-7 cells were then suspended with 400 LLL serum and stained with 100
L of typsin solution. The specimen was loaded onto the hemacytometer to quantify cell amounts. The
staining images were also qualitatively observed using the phase contrast light microscope. The cell
viability (%) was thus expressed as follows: cell viability (%) = (amount of the tested cells/amount of the
controlled cells) x 100. Each sample was tested at least five independent experiments and the mean values

were reported.
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Since the ferrous ion has visible absorption property and its absorption is dependent of the
concentration of the ferrous ion, we can introduce the ferrous ion served as a probe in order to check the
potential activity of the zinc oxide nanoparticles on the ferrous ion chelating to the cells. Once the MCF-7
cells are incubated with a variety of the concentrations of the zinc oxide nanoparticles under the ultraviolet
irradiation for 24 h, the solutions treated with the ferrous ion are detected by absorption study. The

absorption peak is about 535 nm.

25
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0 4 | | |
400 450 500 550 600
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Fig. 1 UV—Vis absorption spectroscopy results after treating the MCF-7 cells with different concentrations
of the zinc oxide nanoparticles under the ultraviolet irradiation for 24 h.
A 9 L (or A,B,C,D,E,F,G,H,LJ,K,L) represent the zinc oxide nanoparticles with concentration of (0 = the

controlled cells, 2.5, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560 LLg/mL, respectively.
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In Fig. 1, curve ‘“°‘A”’ represents the absorbance of the controlled cells (zinc oxide nanoparticles =
0 Hlg/mL) under the ultraviolet irradiation for 24 h. When the tested cells are incubated with increasing
concentrations of the zinc oxide nanoparticles from 2.5 lg/mL to 2560 Jlg/mL under the ultraviolet
irradiation for 24 h, the obvious decreasing absorbance show in curve “‘B’’ to “L”, respectively, indicating
the least amount of zinc oxide nanoparticles remained outside the cells. Similarly, the relation between

ferrous ion chelating and concentration of the zinc oxide nanoparticles is also displayed in Fig. 2.

100 //Q = X — <
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g ||
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[ |
- |
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5 |l
:’g-" 40 4
E ol
{
20 -
3
0 T T T T T
0 500 1000 1500 2000 2500 3000

ZnO Concentration (ng/mL)

Fig. 2 Ferrous ion chelating with respect to the zinc oxide nanoparticles concentration.

The size of nanoparticles, which is comparable to naturally occurring biological molecules, is a
unique feature that makes them well suited for the biological applications. The nano-sized zinc oxide
allows its internalization into the cells, and allows it to interact with biomolecules within or on the cells,
enabling it to affect the cellular responses in a selective manner. Then, the zinc oxide nanoparticles can
efficiently improve the permeation of the cell membrane and are diffused into the cancer cells.

Consequently, the photocatalytic attacks inside the MCF-7 cells is possible.
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Fig. 3 The cell viability of the MCF-7 cells incubated with different concentrations of the zinc oxide

nanoparticles under the ultraviolet irradiation for 24 h.

The assessment of the normal or apoptotic cells is dependent of the morphological
characterization. The normal cell (like a smooth cell) and apoptotic cell (like a condensed or fragmented
chromatin) are very easy to distinguish. The apoptotic is not dominant in the controlled cells. In Fig. 3,
the survival fraction of the MCF-7 cells is then plotted with respect to a variety of the concentrations of the
zinc oxide nanoparticles in the presence of ultraviolet irradiation for 24 h. The lethality of the MCF-7 cells
is visibly dependent of the amount of the zinc oxide nanoparticles. The cell survival of the MCF-7 cells
treated by the zinc oxide nanoparticles tends to decrease when increasing concentrations of the zinc oxide
nanoparticles up to 2560 Llg/mL. The higher the dosage the greater the cell mortality, showing a dose-
dependent effect. This indicates that under the ultraviolet irradiation the amount of zinc oxide

nanoparticles can cause more amounts of apoptosis on the MCF-7 cells.
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Now we discuss one possible explanation of improvement in the anti-cancer activity by the zinc oxide
nanoparticles under the ultraviolet irradiation. The band gap energy of the crystalline zinc oxide calculated
according to the Mott model is 3.32 eV at ambient conditions [13]. Ultraviolet contains sufficient energy
to introduce the electrons to the conduction band and remain behind the holes in the valence band. These
electron/hole pairs are able to enhance a series of photochemical reactions in the zinc oxide aqueous
environment, generating the reactive oxygen species. At the surface of the excited zinc oxide
nanoparticles, the holes can interact with hydroxyl ions or water in order to produce the hydroxyl radicals.
The electrons can interact with oxygen in order to generate the superoxide radial anion. Therefore, we
suggest that the zinc oxide nanoparticles under the ultraviolet irradiation possibly enhance a formation of
the reactive oxygen species. The generated reactive oxygen species causes the damage of DNA and lead
extensive cytotoxic membrane to damage via the lipid peroxidation or protein denaturation. They finally

can promote the mortality of the MCF-7 cells.
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This work report on a potential application of the zinc oxide nanoparticles in the biomedical
application in the cancer therapy. The experimental result demonstrates that the ultraviolet irradiation can
induce the growth inhibition of the cancer cells by photocatalysis activity of the nano-sized zinc oxide.
This ultraviolet irradiation supress the viability of the MCF-7 cells incubated with different concentrations
of the zinc oxide nanoparticles, suggesting a concentration-dependent effect. Furthermore, the zinc oxide
nanoparticles can induce the levels of the oxidants generation, such as the reactive oxygen species,

proposed as the common mediators for apoptosis.
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