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Abstract

Background: Colorectal cancer (CRC) is one of the most common gastrointestinal cancers worldwide. It is the second leading cause
of death in women after breast cancer.

Objectives: The present study aimed to determine the cytotoxic effects of zinc oxide (ZnO) nanoparticles on colon cancer (SW480)
viability and nitric oxide (NO) level in vitro.

Methods: In this experimental study, the values of 15.62, 31.25, 62.5, 125, 250, and 500 pg/mL of ZnO nanoparticles were considered
to treat SW480 cells for 24 hours. The MTT method was used to determine cell viability. The amount of NO was also measured using
the grease method. An analysis of variance (ANOVA) was used to analyze the data.

Results: Treatment of SW480 cells with ZnO nanoparticles resulted in decreased viability in a dose-dependent pattern. NO concen-
tration significantly increased in response to an effective dose of ZnO nanoparticles (108 pg/mL) compared to the control group (P
< 0.001).

Conclusions: ZnO nanoparticles have cytotoxic effects on colon cancer cells. The cytotoxic effect of ZnO nanoparticles on colon

cancer cells is partly mediated by NO in cancer cells.
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1. Background

Colorectal cancer (CRC) is the second and third most
common cancer among women and men, respectively; it
includes almost 10% of all cancer cases (1). CRC is an iatro-
genic disease with different pathogenic mechanisms and
closely relates to environmental factors, genetic factors,
diet, and lifestyle (2). Intestinal polyp generally causes no
clinical signs in the body, although they may turn into CRC
over time. The signs of CRC are hematochezia, sudden
weight loss, iron deficiency anemia, stomachache, and un-
known and persistent hypogastric pain (3).

Inrecentyears, scientists have sought to control cancer
in different ways, such as chemotherapy, radiotherapy, and
surgical interventions, all of which are effective in cancer
therapy; however, they can cause damage to normal body
cells due to their undesirable and non-selective effects of
individual’s normal cells. Today, the development of medi-
cal nanotechnology, targeted drug delivery, and multipur-
pose inhibitors leads to novel therapeutic methods for in-
hibiting cancer cell proliferation (4). Nanoparticles are
named as particles of dimensions 1to 100 nm and exhibit

different properties on the nanoscale (5). Nanoparticles
with the capability of directed selection (selective cytotox-
icity), increased effectiveness, and reduced side effects on
normal cells become more vital in medical sciences. Ev-
ery nanoparticle has unique properties, which turn it into
a novel and effective tool for cancer treatment (6). Previ-
ous studies have revealed that nanoparticles can be em-
ployed as a proper approach to treat different types of can-
cer, including liver (7), lung (8), prostate (9), gastrointesti-
nal (10), and breast cancers (11). Nanoparticles are highly
soluble due to their small size (5, 12). Some studies in-
dicate that nanoparticles of diameters lower than 10 nm
aggregate effectively and penetrate to the deeper parts of
the tumor. However, other studies show that nanoparti-
cles smaller than 10 nm in diameter lead to a broad range
of toxicity-related issues in normal cells (13). There are
many nonorganic mineral nanoparticles such as zinc ox-
ide (ZnO), cerium oxide, titanium dioxide, copper oxide,
silica oxide, iron oxide, and other nanoparticles that have
strong anticancer properties (14). ZnO has unique prop-
erties, such as high selectivity, biocompatibility, easy syn-
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thesis, and superior capability in oxidative stress induc-
tion. Thus, it is an important tool in the modern treatment
of cancer and overshadows the conventional therapeutic
methodsasa promising anticancer factor (15). Studies have
suggested that nanoparticles can affect different types of
cancer, such as breast, gastrointestinal, and colorectal can-
cers (16-19). According to a study, ZnO nanoparticles, by the
intervention of nitric oxide (NO) mediator, create the max-
imum inflammatory response in cells, which allows reac-
tive oxygen species (ROS) to have the highest intracellular
production. This increase in ROS levels significantly dam-
ages the DNA of cancer cells, stops the cell cycle, and finally
leads to apoptosis and cell death (20). Although studies
have shown that ZnO nanoparticles have significant anti-
cancer effects on colon cancer cells, its mechanism of ac-
tion is not yet clear.

2. Objectives

The aim of this study was to investigate the cytotoxic-
ity effects of ZnO nanoparticles on the viability of SW480
celllines and NO level in the culture medium to determine
whether NO is mediated in the ZnO effect on SW480 cells.

3. Methods

The SW480 cell lines were purchased from Pasteur
Institute Cell Bank, Tehran, Iran. The SW480 cells were
cultured in Dulbecco’s Modified Eagle’s Medium supple-
mented with 10% fetal bovine serum (FBS; Gibco, New York,
NY, USA). Streptomycin and penicillin (each 100 pg/mL)
were poured into T-25 tissue culture flasks and placed in an
incubator under 5% CO,, and 95% humidified air at 37°C.
The environment was changed every 2 - 3 days (21). ZnO
nanoparticles (99% purity, 10 - 30 nm, nearly spherical par-
ticles, and 50 g net weight) were obtained from US Re-
search Nanomaterial, Inc. Figure 1 shows a transmission
electron microscopy (TEM) image of a zinc nanoparticle
(Figure 1). All chemicals and solvents were of analytical
grade and produced by Merck (Darmstadt, Germany) or
Sigma-Aldrich (St. Louis, USA) companies. This study was
approved by the Ethics Committee of Hamedan Azad Uni-
versity.

3.1.MIT

Cell viability was measured by the MTT assay. SW480
cells (5 x 10° cells/well) were divided into 96-well plates
and cultured for 24 hours. Different concentrations (15.62,
31.25, 62.5, 125, 250, and 500 pg/mL) of ZnO nanoparti-
cles were prepared in sterile micro-tubes. The cells were
treated with ZnO nanoparticles in the treatment group

and with the same volume of culture medium in the con-
trol group. Twenty-four hours after treatment, the MTT
colorimetric method was used to evaluate the cytotoxi-
city of ZnO nanoparticles. Therefore, 100 pL of culture
medium without calf embryo serum and 10 pL of MTT (5
mg/mL in PBS) were replaced with the previous culture
medium in each well, and the plates were re-incubated.
After 4 hours, the culture medium was removed, and the
cells were lysed with 200 pL of DMSO. The formazan prod-
uct was dissolved, and the absorbance was measured at
570 nm through an ELISA reader (Stat Fax-2100 Awareness,
Mountain View, CA, USA). Relative viability was defined as
the ratio of the treated sample to the control group ab-
sorbance (22, 23). Cell viability was determined using the
following formula:

Viability
Mean OD intest wells — Mean OD in cell freewells

~ Mean OD in control wells — Mean OD in cell freewells

3.2. NO Measurement

To measure the NO amount in the culture medium, af-
ter treatment of SW40 cells with a 50% inhibitory concen-
tration (ICso) dose of ZnO nanoparticles, the supernatant
solution was collected, and NO concentration was mea-
sured using the Griess method that can detect the presence
of nitrite ions in the solution (24). The Griess method in-
volves a 2-step diazotization reaction. In this method, a
NO-derived nitrosating agent (as well as dinitrogen triox-
ide [N,03], which is formed from nitrous acid catalyzed by
nitrite acid) reacts with a sulfonamide to produce a dia-
zonium ion. This ion binds to N-(1-Naphthyl) ethylenedi-
amine dihydrochloride (NED) to form a chromophoric azo
product that absorbs at 540 nm. To measure NO levels, 50
uL of the supernatant solution was added to wells. Then,
50 pL of sulfonamide was added to samples within wells,
and dilution and incubation were performed for 5 to 10
minutes. Next, 50 uL of NED was added to samples within
wells, and incubation was conducted again for 10 minutes.
Finally, the absorption was determined at 540 nm.

3.3. Data Analysis

Alinear regression method was used to calculate ICs,
(25). All statistical analyses were performed using SPSS
version 19 (SPSS Inc, Chicago, Ill, USA). The Kolmogorov-
Smirnov test was used to normalize the data. Data were an-
alyzed using an analysis of variance (ANOVA). P values less
than 0.05 were considered statistically significant.
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Figure 1. Transmission electron microscopy image of colloidal zinc oxide nanoparticles

3.4. Statistical Analysis

SPSS version 19 (SPSS Inc, Chicago, Ill, USA) was used
for statistical analysis. The normality of the studied vari-
ables was evaluated by the Kolmogorov-Smirnov test. Con-
tinuous variables are presented as means and SDs, and clas-
sified variables are presented as numbers (percentages).
Then, due to the dependence of the groups, a repeated-
measures test was used to examine the 3 groups, and the
corresponding post hoc tests were used for significant vari-
ables. A paired t-test was also used to evaluate the 2 groups.
AP-value less than 0.05 was statistically significant.

4. Results

To measure ICs,, the survival percentage of cells (Y-axis)
against different concentrations of nanoparticles (X-axis)
was plotted using a linear regression method (Figure 2),
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and then the IC;, value was estimated based on the as-
sociated line (25). To analyze the data, The Kolmogorov-
Smirnov test was used to normalize the data.

4.1. Physical and Microscopic Characterization of the Prepared
ZnO0 Nanoparticles

The physicochemical properties of ZnO nanoparticles
are known to govern their interaction with biological sys-
tems; hence, the study was started by characterizing ZnO
nanoparticles. In the present study, the commercially
available ZnO nanoparticles were used. Gray ZnO nanopar-
ticle powder was prepared from zinc metal by an evapo-
ration process and had a purity of 99.9%, an approximate
concentration of 0.2 - 0.4 g/m3, and a specific surface area
of 0.2 - 0.4 g/m>. The zinc particles produced during the
evaporation process are of high purity, very small, and very
reactive. The size and shape of the zinc particles were de-
termined by TEM. Zinc nanoparticles were spherical with a
size 0f 10 -30 nm.
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4.2. Cell Viability Assay After Exposure to ZnO Nanoparticles

According to the MTT assay, there were no significant
differences between the viability of cells treated with a
15.62 pg/mL dose of ZnO nanoparticles and the control
group. However, there were more viable cells in the sam-
ples treated with a 31.25 pg/mL dose of ZnO nanoparticles
compared to the control group (P < 0.01). Significant cell
viability was observed in cells treated with 62.5, 125, 250,
and 500 pg/mL of ZnO nanoparticles compared to the con-
trol group (P < 0.001; Figure 3).

4.3. NO Production in SW480 Cells Treated with ZnO Nanoparti-
cles

The results of the MTT test showed that ICs, was 108
pg/mL. NO levels of SW480 cells treated with an ICs, dose
of ZnO nanoparticles significantly increased compared to
the control group (P < 0.001; Figure 4).

5. Discussion

Numerous studies have evaluated ZnO nanoparticle ef-
fects on different cell lines, and the results of the present

study are in line with previous studies. Selvakumari et
al. studied the antitumor effect of ZnO nanoparticles on
the MCF-7 cell line in breast cancer; they indicated that
31 pug of this nanoparticle killed 50% of tumor cells (26).
In another study, it was indicated that ZnO nanoparticles
had an impressive antitumor effect on the tumor cells of
glioma (T98G), and in the meantime, no cytotoxicity has
been observed in HEK293 cells. Moreover, it was shown
that ZnO nanoparticles with a genotoxicity effect induce
apoptosis in these tumor cells. Also, the results of more
detailed studies suggested that ZnO nanoparticles affect
the induction of apoptosis through activation of the ROS
pathway. Wahab et al treated the HepG2 liver cancer cell
line and MCF-7 breast cancer cell line with ZnO nanoparti-
cles. Their results showed that 25 pg/mL of this nanopar-
ticle induced apoptosis, and the percentage of viable cells
decreased to lower than10%,and 70 pg/mL of ZnO nanopar-
ticles could decrease the viability of SW40 cells by 50% (27).
ZnO nanoparticles can be absorbed through the respira-
tory system and gastrointestinal wall. These nanoparti-
cles can activate the ROS path of producing free oxygen
radicals and eliminate tumor cells (28). Previous stud-
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Figure 3. Cell viability of SW480 cells treated with different concentrations of zinc oxide nanoparticles. NS indicates no significant difference compared to the control group.
*Shows meaningful difference compared to the control group (** P < 0.01and ***P < 0.001).

ies have indicated that the inclusion of ZnO nanoparti-
cles over tumor cells causes the activation of an isoform
of NO (iNOS) synthesis enzyme and production of NO; this
also leads to the production of interleukin 1 (IL-1), inter-
ferons, and tumor necrosis factor (TNF) (29). All 3 factors
cause inflammation; they stimulate the iNOS enzyme ac-
tivity after entering the tumor cells, create positive feed-
back, and produce more NO. The NO produced by cells goes
through 2 paths; in the first path, it provides the apopto-
sis of cells affecting cell DNA and, then, leads to deeper
penetration of ZnO nanoparticles and more damage to the
cells by the membrane lipid peroxidation (30). NO also can
decrease the proliferation and strength of lymphocytes,
which is responsible for creating the anti-inflammatoryre-
sponse, prohibits the formation of anti-inflammatory fac-
tors, and augments the apoptosis signals; thus, NO causes
more damage to tumor tissue and stops the activity of anti-
inflammatory lymphocytes (28).
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5.1. Conclusions

ZnO nanoparticles have cytotoxic effects on colon can-
cer cells. The cytotoxic effect of ZnO nanoparticles on colon
cancer cells is partly mediated by NO in cancer cells. Over-
all, ZnO nanoparticles have the potential to prevent the
growth of colorectal tumor cells.
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