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Abstract

colorimetric and fluorometric methods.

after 48 hours of incubation (P < 0.05).

the activity of antioxidant enzymes.

Background: Gold nanoparticles (AuNPs), a new cancer treatment, have few side effects.

Objectives: This study aimed to investigate the effect of AuNPs on oxidative stress in HCT-116 colon cancer cells.

Methods: The viability of HCT-116 cells was evaluated using the 3-(4,5-dimethylthiazol-2,5-diphenyl) tetrazolium bromide (MTT)
assay after 24 and 48 hours of incubation with different concentrations of AuNPs (0 - 50 ug/mL). The state of oxidative stress,
total antioxidant capacity (TAC), total oxidative status (TOS), reactive oxygen species (ROS) levels, and the activity of antioxidant
enzymes, including superoxide dismutase (SOD), glutathione peroxidase (GPX), and catalase (CAT), were determined by

Results: Oxidative stress parameters and ROS were significantly increased in cells treated with 25 and 50 pug/mL concentrations
of AuNPs during 24 and 48 hours of incubation compared to control cells (P < 0.001). In contrast, the level of TAC and the activity

of antioxidant enzymes SOD, GPX, and CAT were significantly decreased in the treated groups compared to the untreated cells

Conclusions: This study showed that AuNPs affect HCT-116 cancer cells by increasing ROS and oxidative stress while reducing

Keywords: Colon Cancer HCT-116 Cells, Oxidative Stress, Gold Nanoparticles (AuNPs), Cell Viability

1. Background

One of the most common gastrointestinal cancers
globally is colorectal cancer (1). Colon cancer is the third
most common cancer and is the fourth leading cause of
death worldwide (2). Approximately one million new
cases of colorectal cancer are diagnosed each year, and
nearly half a million people die from this disease (3).
Colorectal cancer has two types: Hereditary (familial)
and sporadic (4). It has been shown that approximately
80% of cases are sporadic, while the remaining 20% are
hereditary (4). Common treatments for colon cancer
include chemotherapy, radiation therapy, surgery, or a
combination of these methods, which are usually
associated with side effects (5). These side effects have
led researchers to design new methods, including

nanoparticle-mediated therapy, to effectively treat
cancer complications (6).

Nanoparticles are less than one hundred nanometers
in size and possess reliable reactivity, structure, and size,
allowing them to have wide applications in medicine
and drug delivery, biotechnology, the food industry,
electronics, mechanical industries, manufacturing, and
materials production (7, 8). Recently, gold nanoparticles
(AuNPs) have received much attention in
nanotechnology and biomedicine due to their unique
properties (9). AuNPs are favored in biomedical studies
for their ability to cross the blood-brain barrier, interact
with DNA, and produce cytotoxic and genotoxic effects.
AuNPs have great potential for cancer treatment,
including stimulating mitochondrial respiratory chain
damage, oxidative stress, and inhibition of adenosine
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triphosphate (ATP) synthesis, leading to DNA damage
and apoptosis (10, 11). The mechanism of AuNP toxicity
has been described as protein denaturation, membrane
damage, DNA damage, and immune response (12).

Oxidative stress can contribute to the cytotoxicity of
AuNPs through the production of reactive oxygen
species (ROS) in various human cancer cells (13). It has
also been shown that some nanoparticles activate
inflammatory cells such as macrophages and
neutrophils, leading to increased ROS production (14).
Many nanoparticles exert their effectiveness by
increasing the production of ROS, thus leading to
oxidative stress (15). Endogenous antioxidants (EnAO)
are enzymes or cofactors that eliminate ROS. Several
combined protection systems are present in the
antioxidant defense system expressed in mammals.
Catalase (CAT), glutathione peroxidase (GPX), and
superoxide dismutase (SOD) are enzymes that play a
vital role in the EnAO specificity of biological systems
against free radicals (16). Several studies have reported
the anticancer properties of AuNPs on cancer cells such
as bladder cancer T24 cells (17), HepG2 cells (18), and
colon carcinoma HT-29 cell line (19). Since free radicals
play an important role in causing oxidative stress and
various diseases, the effect of AuUNPs on oxidative stress
status in the HCT-116 cell line in human colon cancer was
evaluated.

2. Methods

2.1. Chemicals

Fetal Bovine Serum (FBS) from Azmayar, Bioidea, Iran;
Dulbecco’s Modified Eagle’s Medium (DMEM) from
Kiazist, Iran; Phosphate Buffered Saline (PBS) from
DNAbiotech, Kiazist, Iran; and Dimethyl Sulfoxide
(DMSO) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) from Sigma, USA, were
obtained.

2.2. Gold Nanoparticles (Au Nanoparticles)

Gold nanoparticles as citrate-stabilized AuNPs with
approximate dimensions of 20 nm and a concentration
of 100 ug/mL were purchased from the Iranian
Nanomaterials Company (NANOSANY, Mashhad, Iran).
The characteristics of the gold nanoparticles are: Au in
deionized water, purity: 99.95%, APS: 18 - 22 nm, SSA: 14

m?/g, bulk density: ~1.25 g/cm?, true density: 19.32 g/cm?,
melting point: 10°C (nano-powder far below this point),
boiling point: 2966°C, and morphology: Spherical.

2.3. Cell Culture

HCT-116 cells were purchased from the Pasteur
Institute of Iran. The cells were cultured using high-
glucose DMEM, 10% FBS, and 1% antibiotic penicillin-
streptomycin in an incubator at 37°C, 5% CO,, 95%

relative humidity, and pH 7.40. The cells were harvested
at 70 - 80% confluency, detached from the flask using
trypsin-EDTA, and centrifuged at 1300 rpm for 7 minutes.
The cell residue was then suspended in a culture
medium. The viability of the cells was determined using
trypan blue dye with a hemocytometer slide and an
optical invert microscope (Nikon Eclipse TS 100). Cells
with more than 90% viability were used for the
subsequent tests.

2.4. MIT Assay

The MTT assay was conducted to assess the
cytotoxicity of AuNPs. Tetrazolium salt is converted to an
insoluble purple formazan compound in DMSO solvent.
The absorption of the purple dye was measured at 570
nm using a microplate enzyme-linked immunoassay
(ELISA) reader. The cells were detached from the flask by
adding trypsin, and cell count was performed using a

hemocytometer slide. Then, 5x10% cellsjwell were
seeded in 96-well plates and kept for 24 hours, followed
by treatment with AuNPs at dosages ranging from 1.55 to
50 pg/mL. The treated cells were incubated for 24 and 48
hours, and their viability was assessed by the MTT
method. After incubation, the media of the wells were
replaced with 10 yL of MTT solution. The microplates
were incubated in the dark for 3 - 4 hours, then the cell
medium was completely displaced, and 200 pL of DMSO
solution was added to each well. After 15 minutes of
incubation at 37°C, the absorption of the microplates
was read at 570 nm using an ELISA reader (RT-2100 C
Microplate Reader, China). The experiments were run in
triplicate. The cell viability was calculated using the
following formula:

Viability (%) = [(OD of the AuNP treated cells — OD of
the blanks) x 100] [ (OD of the untreated cells — OD of the
blanks).
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2.5. Preparation of Cell Lysate for Determination of Oxidative
Stress

To assay the activity of antioxidant enzymes CAT, GPX,
and SOD after 24 and 48 hours of treatment of HCT-116
cells with AuNPs, the cell culture medium was removed,
and 1 mL trypsin was added to each flask and incubated
at 37°C for 3 minutes. After detaching the cells from the
bottom of the flask, 2 mL media were added to the flask
to counteract the effects of trypsin. The resulting
suspension was then transferred to a falcon tube and
centrifuged at 1500 rpm for 5 minutes, and the
supernatant was discarded. The cells were washed with
cold PBS buffer to remove trypsin. The cell pellet was
dissolved in a cold PBS buffer containing a protease
inhibitor cocktail and subjected to three freeze-thaw
cycles. After 15 minutes, the suspension was centrifuged
at 12000 rpm at 4°C, and the supernatant was separated
and kept at-80°C.

2.6. Measurement of Reactive Oxygen Species (ROS) by
Fluorimeter

In this method, 25000 HCT-116 cells were seeded in
each well. After 24 hours of incubation at 37°C and 5%
CO,, cells were treated with different concentrations of
AuNPs. After incubation for 24 and 48 hours, the
medium was removed, and the cells were washed with
the medium. Then, 100 pL of reagent
dichlorodihydrofluorescein diacetate (DCFDA) was
added to each well and incubated for 45 minutes at
room temperature. Immediately after incubation, the
fluorescence was measured at EX/Em = 485/528 nm
(Multi-Mode Reader, Bio-Tek Instruments, Winooski,
USA). DCFDA oxidized working solution and H,0, were
used as a positive control. All steps were performed
away from light.

2.7. Total Antioxidant Capacity (TAC) Level Measurement

Total Antioxidant Capacity (TAC) was measured
manually using the Ferric Reducing Antioxidant Power
(FRAP) method. In this method, the antioxidant

compounds in the samples reduce ferric (Fe3') to

ferrous (Fe?*), producing a blue color. The UV spectrum
was documented using a spectrophotometer (One/Once,
ScientificThermo, UV-Vis Spectrophotometer) at 593 nm.
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2.8. Total Oxidant Status (TOS) Level Measurement

Total Oxidant Status (TOS) levels in the serum were
determined by the oxidation of ferrous (Fe?*) to ferric

(Fe3*) and the measurement of ferric ions using xylose
orange at 546 nm.

2.9. Oxidative Stress Index (0SI)

The Oxidative Stress Index (OSI) indicates the state of
oxidative stress in the cell, which is obtained by dividing
TOS by TAC: OSI (Oxidative Stress Index) =TOS | TAC.

2.10. Measurement of Superoxide Dismutase (SOD) Enzyme
Activity

Superoxide dismutase (SOD) enzyme activity was
measured according to the kit protocol (Kiazist, Iran).
SOD is an antioxidant enzyme that neutralizes
superoxide ions, effectively preventing oxidative stress.
The kit measures SOD enzyme activity using both
colorimetric and fluorometric methods at 520 - 570 nm.

2.11. Measurement of Catalase (CAT) Enzyme Activity

The activity of catalase (CAT) in the cells was
measured using the kit protocol (Kiazist, Iran). In this
experiment, CAT exhibits peroxidase activity in the
presence of methanol, which is then stopped by an
inhibitor. The produced formaldehyde reacts with
purpald to produce a purple color, and its absorbance
was observed at 540 nm.

2.12. Measurement of Glutathione Peroxidase (GPX) Activity

The activity of glutathione peroxidase (GPX) in cell
lysates was measured using the kit (Kiazist, Iran). The
amount of dye production is inversely related to
enzymatic activity. By adding more reduced glutathione
(GSH), the enzyme converts it to its oxidized form
(GSSG), and the amount of remaining GSH produces a
yellow color with maximum absorbance at 340 nm.

2.13. Statistical Analysis

One-way ANOVA (analysis of variance) and Tukey's
test, using GraphPad Prism 8.0.3, were employed to
evaluate the differences between the groups. The results
were reported as mean (+) standard deviation (SD). All
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experiments were performed in triplicate, and the
statistical significance level was considered P < 0.05.

3.Results

3.1. Effects of Gold Nanoparticles (AuNPs) on the Viability of
HCT-116 Cells

The effect of different concentrations (1.55, 3.1, 6.25,
12.5, 25, and 50 pg/mL) of AuNPs on HCT-116 colon cancer
cells was evaluated using the MTT assay at 24 and 48
hours. According to Figure 1, cell viability decreased
after 48 hours with increasing nanoparticle
concentrations compared to the control group.
Specifically, concentrations of 12.5, 25, and 50 yg/mL of
AuNPs reduced the viability of HCT-116 cells to 68.41 £
1.04%, 51.43 £ 1.44%, and 30.89 + 0.84%, respectively.

Similarly, the MTT test results after 24 hours of
incubation with 12.5, 25, and 50 pg/mL of AuNPs showed
reduced viability of HCT-116 cells to 90.59 +1.50%, 83.30 +
3.05%, and 59.98 * 2.81%, respectively, compared to the
untreated cells. These results indicate a decrease in the
survival of HCT-116 cells in the presence of AuNPs, which
is largely time- and concentration-dependent.

24h 48h

Cellviability%

25

X
I &@\
& «@
AuNPs concentration (pg/mL)

Figure 1. Effect of gold nanoparticles on viability of HCT-116 colon cancer cells. The
results are shown as mean * SD of three individual experiments (** P < 0.01, *** P <
0.001) compared with the control group (N =3).

As shown in Figure 2, there is a significant difference
(P < 0.001) between the 24 and 48-hour incubation
periods. With increasing concentration and incubation
time of AuNPs, we observed more inhibitory effects.
Using the nonlinear regression method in Prism
GraphPad version 8, the inhibitory concentration (IC50)
obtained from the MTT test was estimated to be 24.90
ug/mL at 48 hours.
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Figure 2. Comparison of the effects of different concentrations of gold
nanoparticles (AuNPs) on the viability of 116-HCT colon cancer cell at 24h and 48h

3.2. Effects of Gold Nanoparticles (AuNPs) on Morphological
Changes of HCT-116 Cells

As shown in Figure 3C and D, after 48 hours of
treatment with AuNPs at concentrations of 25 and 50
yg/mL, morphological changes were observed,
including the deformation of adherent epithelial-
shaped cells into round and suspended cells. These
changes were more pronounced than in the control
group and the group treated with a concentration of
12.5 pg/mL of AuNPs.

Figure 3. Morphology of HCT-116 colon cancer cells after treatment with gold
nanoparticles for 48h. A, Control group (untreated cells) cells; B, HCT-116 cells treated

with a concentration of 12.5 ug | mL; C, HCT-116 cells treated with a concentration of
25 pg/mL; D, HCT-116 cells treated with a concentration of 50 pg [ mL.

3.3. Effects of Gold Nanoparticles (AuNPs) on Reactive
Oxygen Species (ROS) Production

Reactive Oxygen Species (ROS) levels were measured
using a fluorimeter at 24 and 48 hours. As shown in

Compr Health Biomed Stud. 2023; 2(1): e145183.
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Figure 5. Effect of gold nanoparticles on oxidative stress in HCT-116 colon cancer cells. The results are shown as mean + SD of three individual experiments, ** P < 0.01, *** P <
0.001 compared to the control group (N = 3), ### P < 0.001, ## P < 0.01 Compared with other groups. A, Total oxidative state (TOS); B, Total antioxidant capacity (TAC); and C,

Oxidative stress index (OSI)

Figure 4, treatment with AuNPs significantly increased
ROS production in HCT-116 cells (P < 0.001). At 24 hours,
ROS levels increased at a concentration of 50 pg/mL
compared with those in untreated control -cells.
Additionally, there was a significant increase in ROS
levels at a concentration of 50 pg/mL compared to cells
treated with a concentration of 12.5 ug/mL. However, in
cells treated with concentrations of 12.5 and 25 pg/mL,
there was no significant difference compared to the
control group. At 48 hours, the ROS level increased
significantly in cells treated with 25 and 50 pg/mL
concentrations compared to the control group.
Treatment with a concentration of 12.5 ug/mL of AuNPs
also showed an increase in ROS levels compared to the
control group. Moreover, the increase in ROS levels at
concentrations of 25 and 50 ug/mL compared to cells
treated with 12.5 ug/mL was significant.

Compr Health Biomed Stud. 2023; 2(1): e145183.
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Figure 4. Effect of gold nanoparticles on reactive oxygen species (ROS) production in
HCT-116 colon cancer cells. The results are shown as mean + SD of three individual
experiments ** P < 0.01, *** P < 0.001 compared to the control group (N =3), ## P <
0.01, ### P < 0.001 compared with other groups.

3.4. Effects of Gold Nanoparticles (AuNPs) on Oxidative
Stress Indices

The results of oxidative stress indicators, including
TAC, TOS, and OSI, in cells treated with different
concentrations of AuNPs at 24 and 48 hours compared
to the control group are shown in Figure 5. The data
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Figure 6. Effect of gold nanoparticles on anti-oxidant enzymes in HCT-116 colon cancer cells. The results are shown as mean + SD of three individual experiments** P < 0.01, ***P <
0.001 compared with the control group (N = 3), ### P < 0.001, ## P < 0.01 Compared with other groups. A, Catalase (CAT); B, Glutathione peroxidase (GPX); C, Superoxide

dismutase (SOD)

from this study indicate that, with the treatment of HCT-
116 cells by AuNPs, the levels of ROS, TOS, and OSI
increased with both higher concentrations and longer
incubation times. Additionally, treatment with AuNPs
significantly (P < 0.001) reduced TAC levels in all treated
groups compared to the control group.

3.5. Effects of Gold Nanoparticles (AuNPs) on the Activity of
Antioxidant Enzymes

As shown in Figure 6, the activity of antioxidant
enzymes in HCT-116 cells decreases in a concentration-
and time-dependent manner due to AuNP treatment.
The decrease in HCT-116 cell viability is associated with
increased oxidative stress, consistent with the results
obtained from the MTT assay.

4. Discussion

An imbalance between oxidants and antioxidants, in
favor of oxidants, potentially leads to oxidative stress
(20). The study of oxidative stress is medically necessary

because it is associated with many human diseases,
including cancer (21). In this study, the potential of
AuNPs in increasing ROS production was evaluated by
the fluorometric method. This study showed a
concentration-dependent increase in ROS production in
cells treated with AuNPs. It was observed that with
increasing concentration and incubation time of HCT-
116 cells, ROS production increased. Consistent with our
results, the study by Enea et al. in 2020, which was
performed on renal cell carcinoma treated with AuNPs,
also observed increased intracellular ROS (22).
Additionally, a study by Martinez-Torres et al. in 2018
showed that AuNPs induced cell death in cervical and
breast cancer cell lines due to oxidative stress through
ROS production (23). These findings suggest that these
nanoparticles can cause ROS accumulation in cells,
leading to cell death due to oxidative stress.

In a study by Akbarzadeh Khiavi et al. in 2020, the
effect of AuNPs on the SW-480 colon cancer cell line was
investigated, showing an increase in ROS production

Compr Health Biomed Stud. 2023; 2(1): e145183.
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dependent on the concentration (24). Similarly, a study
by Chakraborty et al. in 2020 found that MG63 cells
treated with AuNPs showed an increase in ROS
production with increased mitochondrial
depolarization (24, 25).

To further evaluate the state of oxidative stress in
HCT-116 cells, TAC and TOS levels were determined in the
study groups. The results showed a significant increase
in TOS levels after 48 hours of incubation of cells with
AuNPs. In addition, the TAC level in treated cells was
significantly reduced, which was consistent with the
results of the MTT and ROS assays. Metin Budak in 2019
analyzed the effects of different nanoparticles on the
induction of oxidative stress in the HT-29 colon cancer
cell line, and their results showed that the performance
of nanoparticles in causing oxidative stress after 48
hours is higher than after 24 hours (26). After measuring
the enzyme activities of ROS, TAC, and TOS, results
showed that HCT-116 cancer cells in the presence of dose-
and time-dependent AuNPs exhibit increased ROS
production, elevated TOS levels, and decreased TAC
levels. This indicates an increase in the activity of
oxygen-free radicals. One of the characteristics of cancer
cells is their ability to adapt and create a redox balance
by increasing ROS levels, which provides resistance to
oxidative stress inducers compared to normal cells. As a
result, cancer cells continue to proliferate and develop
resistance to oxidative stress inducers. Due to the
inherent capacity of nanoparticles to promote ROS
production, this increase can be partially neutralized by
the antioxidant system (27).

To investigate the effect of AuNPs on antioxidant
indices, the activity of SOD, GPX, and CAT enzymes was
evaluated. The activity of these enzymes in the presence
of AuNPs showed a significant decrease compared to
untreated cells, with increasing concentration and
incubation time. Similarly, in a study by Nellore et al. in
2012, the incubation of PC-12 cell lines with AuNPs
increased MDA and LDH levels, decreased non-protein
thiol and glutathione (GSH) levels, and reduced the
activity of antioxidant enzymes SOD, CAT, and
glutathione S-transferase (28). Furthermore, in the study
by Domsa et al. in 2020, the activity of SOD and CAT in
the Caco-2 cell line was measured under the influence of
AuNPs. observed that CAT activity was
significantly reduced compared to the control group,
and the antioxidant activity of superoxide dismutase

It was

Compr Health Biomed Stud. 2023; 2(1): e145183.

was also considerably reduced with AuNP treatment. In
a study by Zhang et al. in 2020 on the SH-SY5Y cell line,
an increase in oxidative stress and a decrease in the
activity of key antioxidant enzymes, including
glutathione peroxidase (GSH-Px), SOD, and CAT, were
observed after prolonged exposure to coated AuNPs (29,
30). Additionally, the importance of antioxidant enzyme
activity in cancer was highlighted in a study by Mateo et
al. in 2014, which demonstrated that oxidative stress
helps AuNPs increase cytotoxicity. In this study, two cell
lines (HL-60 and HepG2) were exposed to AuNPs of
different sizes (30, 50, and 90 nm) (12). In both cell lines,
glutathione levels were reduced by the different sizes of
AuNPs after 72 hours. However, the enzyme activity of
SOD decreased only in the HepG2 cell line, and ROS
activity increased in both cell lines. In contrast, a 2015
study by Kumar et al. investigated the effect of
biologically synthesized AuNPs on the A431 cell line.
Oxidative activity and antioxidant enzyme activity were
measured using the FRAP method (31). In this study,
exposure to AuNPs increased the activity of antioxidant
enzymes and TAC, leading to apoptosis in the A431 cell
line. The differences observed in the results of oxidative
stress parameter measurements between the
mentioned study and the present study could be due to
physicochemical differences in the nanoparticles or
different responses of the cell lines used.

Cancer cells generally have a higher antioxidant
capacity and require small molecules that can reduce
antioxidant defense capacity by increasing ROS levels
(32, 33). The results of the present study indicate that
AuNPs can increase TOS levels and decrease TAC, in
addition to increasing ROS production. This, in turn,
affects the activity of antioxidant enzymes, including
SOD, GPX, and CAT, in HCT-116 cancer cells. As the
concentration of AuNPs increases, enzyme activity
decreases further, leading to apoptosis or programmed
cell death. Therefore, AuNPs have significant potential to
be used as an anticancer therapy for colon cancer.
Further studies are needed to investigate the pathways
involved in AuNPs toxicity in colon cancer cell lines.

4.1. Conclusions

Our results showed that gold nanoparticles (AuNPs)
can reduce the viability and induce apoptosis in HCT116
colon cancer cells in a time- and concentration-
dependent manner. Specifically, AuNPs at a
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concentration of 50 pg/mL induced significant oxidative
stress compared to the control group in the HCT116 cell
line. This study aimed to assess the importance of AuNPs
in increasing oxidative stress, reducing the activity of
antioxidant enzymes, and decreasing cell survival in
colon cancer cells.

Our findings illustrate that AuNPs can increase TOS,
enhance ROS production, reduce the activity of
antioxidant enzymes such as CAT, SOD, and GPX, and
decrease TAC in this cell line. It is suggested that the
anticancer effects of AuNPs and the oxidative stress
induced by AuNPs be investigated in other cancer cell
lines. Additionally, other factors involved in oxidative
stress, such as glutathione peroxidase, xanthine oxidase,
glutathione reductase, H,0,, superoxide anion, etc., as

well as the toxicity of AuNPs in in vivo studies, should be
considered for further investigation.
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