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Abstract
Cancer, particularly gastric cancer, poses a significant global 
health challenge, ranking among the leading causes of death 
worldwide. Current therapies, including surgery, chemotherapy, 
and radiotherapy, exhibit varied effectiveness across different 
cancer stages and often lead to chemo resistance and adverse 
effects. Nanomedicine, owing to its unique nanoscale 
properties, presents promising opportunities in cancer 
detection and treatment.

This study investigates the potential therapeutic 
implications of nanoparticles, specifically Gold Nanoparticles 
(GNPs), in gastric cancer therapy. The research elucidates 
the cytotoxic effects of chemotherapy drug 5-Fluorouracil 
(5FU) and GNPs on human gastric cancer cell line MLN-45 
cells. Initial experiments revealed optimal incubation times 
of 72 hours for 5FU and 24 hours for GNPs, achieving 
significant reductions in cell viability. A critical finding was 
the enhanced cytotoxicity observed when combining 
chemotherapy with GNPs and laser irradiation. Notably, 
lower concentrations of chemotherapeutic agents yielded 
higher cell destruction when combined with GNPs, 
potentially reducing adverse drug effects. Furthermore, the 
study sheds light on the challenges and opportunities 
associated with nanomedicine. While GNPs exhibit promise 
in cancer therapy, there remain uncertainties regarding their 
clinical applicability and biological interactions. 
Understanding the equilibrium between exposure duration 
and toxicity is crucial in optimizing therapeutic strategies 
involving nanoparticles.

In essence, this study emphasizes the capacity of 
nanotechnology to enhance conventional cancer treatments 
and emphasizes the necessity for continued exploration to 
maximize therapeutic benefits while minimizing undesired 
outcomes. These results set the stage for future inquiries 
into the practical application of nanoparticles in treating 
gastric cancer.
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Introduction
Gastric Cancer (GC), one of the common cancers, has

ascended to become the fifth most commonly diagnosed cancer
and the fourth main contributor to cancer-related fatalities [1].
As GC is often detected in its advanced stages, systemic
chemotherapy remains the primary treatment The
chemotherapy agent 5-Fluorouracil (5FU) is commonly used for
gastrointestinal cancer, inhibiting thymidylate synthase and
impeding DNA synthesis, ultimately curtailing cell metabolism
and proliferation [2]. However, its use comes with significant
side effects, including chemotherapy-induced diarrhea,
intestinal mucositis, hand-foot syndrome, coronary vasospasm,
and notably, myelosuppression [3-7]. Consequently, there's a
critical need to discover a supplementary drug to enhance 5FU
efficacy against gastric cancer cells at lower concentrations.

Nanoparticles, an emerging biotechnology, have made
substantial strides in combating various cancers like breast,
ovarian, and prostate cancers due to their distinctive physical
and chemical properties. Their increased attention in anticancer
therapies stems from their favorable biocompatibility, capacity
to carry drug particles, and ability to target specific cells. While
metal nanoparticles, particularly silver nanoparticles, find
extensive use in treating drug-resistant bacteria, mastitis,
various cancers' diagnosis and treatment, and disease tracing,
research on their application in GC remains limited [8-13].

Gastric cancer, known for its high mortality rates, necessitates
the exploration of more effective methods for its early
detection. Nanomedicine, owing to its properties at the
nanoscale, offers significant advantages in both cancer detection
and treatment. Nanoparticles serve as contrasts in MRI/CT
imaging, with Superparamagnetic Iron Oxide (SPIO) agents like
ferumoxides (Feridex in the USA, Endorem in Europe) and
ferucarbotran (Resovist) being the pioneering scientifically
approved MR contrast agents [14,15].

In the treatment landscape, drug-loaded nanoparticles such
as liposomal Doxorubicin (Doxil), PEGylated liposomal
doxorubicin, liposomal paclitaxel, and albumin-bound paclitaxel
(Abraxane) have been effectively employed in gastric cancer
therapy, notably minimizing the side effects associated with
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traditional chemotherapeutic agents [16-19]. These
nanoparticles are versatile tools, capable of both diagnosing and
treating cancers—a concept termed 'theranostics' due to their
dual functionality.

Gold Nanoparticles (GNPs) have emerged as a focus in
research, particularly for Photothermal Therapy (PTT). Their
remarkable ability to absorb visible and Near-Infrared (NIR) light
through the Surface Plasma Resonance (SPR) effect leads to
rapid conversion of this energy into heat. This method
effectively destroys cancer cells by inducing hyperthermia in
tumor tissue while sparing normal tissues from damage [20].
This treatment modality can be repeated as necessary and
capitalizes on the leaky blood vessels in solid tumors, allowing
GNPs to extravasate into the tumor matrix. This accumulation
within tumor cells is a passive process termed the Enhanced
Permeability and Retention (EPR) effect.

Furthermore, active targeting strategies have been
investigated to enhance GNP concentration within tumor cells.
Surface modifications of GNPs involve the attachment of
antibodies or ligands tailored for receptor, antigen, or
carbohydrate targeting [21]. These strategies offer promising
avenues for increasing the therapeutic impact of nanoparticles
in cancer treatment, paving the way for more precise and
effective therapies.

In essence, this study emphasizes the capacity of
nanotechnology to enhance conventional cancer treatments and
emphasizes the necessity for continued exploration to maximize
therapeutic benefits while minimizing undesired outcomes.
These results set the stage for future inquiries into the practical
application of nanoparticles in treating gastric cancer.

Materials and Methods

Cell culture
The MLN-45 cell line, originating from human gastric cancer at

the Pasture Institute of Iran, was cultured in Dulbecco's
Modified Eagle's Medium (DMEM) supplemented with Fetal
Bovine Serum (FBS). These cells were nurtured within a
humidified incubator at 37 degrees Celsius, maintaining a 5
percent CO2 level. Once seeded onto 96-well plates at
approximately 5000 cells per well, they were allowed to adhere
overnight. To determine the cytotoxic impact and the half-
maximal Inhibitory Concentration (IC50) of 5-Fluorouracil (5FU),
varying concentrations (25 mg/dl, 50 mg/dl, 100 mg/dl, and 150
mg/dl) were employed, and the MTT test was performed at 12,
24, 48, and 72-hour intervals following the introduction of the
drug. In the subsequent phase, Gold Nanoparticles (GNP) were
introduced to the cells in 20-microliter quantities. Subsequently,
the MTT test was carried out after exposure durations of 12, 24,
48, and 72 hours to measure the cytotoxic effects initiated by
the GNPs. After this exposure, laser irradiation was applied at
specific intervals of 12, 24, 48, and 72 hours, using parameters
set at 35 J energy, 1 Hz frequency, and 5 minutes duration with a
1064 nm wavelength.

Post each session of laser irradiation, assessments were
conducted to determine cell viability. The study concluded

following a comprehensive evaluation of the collective impacts
of these methodologies. The identified optimal incubation times
were 72 hours for 5FU and 24 hours for GNP. Subsequent steps
involved cell seeding onto 96-well plates, the application of 5FU
at specified concentrations after a 24-hour interval, introduction
of 20 micrograms of GNP per well after 72 hours of incubation,
and subjecting the cells to laser irradiation following an
additional 24-hour incubation with GNP.

MTT test
Each well received 20 μl of MTT solution, a solution consisting

of 5 mg/ml in phosphate buffer saline. Following a 4-hour
incubation at 37°C, the culture solution was retrieved from each
well. To dissolve the formazan crystals, 100 ml of DMSO was
added to every well while agitating the plates for 20 minutes.
The resulting solution underwent analysis for absorbance using
a 96 well microplate reader set at 570 nm wavelength.

Both experiments were conducted in triplicates and in
parallel. Cell viability was assessed for different treatments, each
compared against an untreated control group. The survival rate
was calculated using the formula: (A)test/(A)control × 100,
where (A)control refers to the absorption value of the control
sample lacking 5FU and GNP, and (A)test represents the
absorption value of the treated sample. This calculation allowed
for the quantification of cell survival post-treatment compared
to the untreated control, enabling the assessment of the impact
of different interventions on cell viability.

Statistical analysis
The experiments were replicated thrice, and the data

underwent analysis by computing the average and standard
deviation. Statistical assessments were conducted utilizing SPSS
v.16, and graphical illustrations were generated using Microsoft
Excel 2007. Variance Analysis (ANOVA) was executed with a 95%
confidence interval following confirmation of normality and
consistency among variables. Statistical significance was
determined by considering a P-value of ≤ 0.05. For multiple
comparisons, Tukey's test was employed.

Results
Following a 72-hour incubation period with 5FU, the

determined IC50 concentration, inhibiting 50% of cell growth,
stood at 50 mg/dl. Beyond this point, elevating the 5FU dosage
did not lead to a decline in cell viability. The impact of various
5FU concentrations on cell viability at different time intervals is
illustrated in Figure 1.
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Figure 1: Displays the viability of MKN-45 cells after
incubation with four distinct concentrations of 5FU for durations
of 12, 24, 48, and 72 hours.

After 72 hours of incubation with 5FU, the most favorable
outcome was achieved, and any alterations in dosage beyond 50
mg/dl did not significantly affect cell mortality. In the
subsequent phase, the investigation aimed to assess whether
GNP induces any cellular toxicity. According to the MTT assay
results, GNP's impact on cell viability is contingent upon the
duration of exposure to GNP. There was no notable decline in
cell viability between 12 and 24 hours of GNP incubation.
However, subsequent exposure to GNP for 48 and 72 hours
resulted in a substantial 40% and 50% reduction in cell viability,
respectively. The subsequent objective was to evaluate GNP's
effect on hyperthermia. Post-laser irradiation following 12, 24,
48, and 72 hours of GNP incubation, cell viability stood at 100%,
70%, 50%, and 40%, respectively (Figure 2).

Figure 2: Cellular viability following incubation periods of 12,
24, 48, and 72 hours with varying concentrations of 5FU and
GNP, as well as combined GNP and laser exposures.

Based on these findings, the optimal incubation period for
5FU, which exhibited the most significant reduction in cell
viability, was determined to be 72 hours. As for GNP, the ideal
duration was 24 hours of incubation, beyond which the
nanoparticles began exerting toxicity in the absence of laser
irradiation. In the final phase of analysis, cells were exposed to
5FU at four distinct concentrations for 72 hours. Subsequently,

GNP was introduced and allowed to incubate for 24 hours
before laser irradiation. The MTT assay results indicated 64
percent viability for 5FU at 25 mg/dl, 46 percent for 5FU at 50
mg/dl, 33 percent for 5FU at 100 mg/dl, and 30 percent for 5FU
at 150 mg/dl. These outcomes are depicted in Figure 3.

Figure 3: Viability of cells following a 72-hour incubation with
four distinct 5FU concentrations, along with a 24-hour
incubation period involving GNP and laser irradiation.

Discussion
The observed impact of 5-Fluorouracil (5FU) on MKN-45 cell

viability unveils critical insights into the dosage and duration
dynamics governing its cytotoxicity. Our results depict a
significant reduction in cell viability at an optimal incubation
period of 72 hours with 5FU, resulting in an IC50 concentration
of 50 mg/dl. Beyond this concentration, escalating the 5FU
dosage failed to elicit further declines in cell viability. This
underscores the plateau effect of 5FU beyond a certain
concentration, indicating a potential threshold beyond which its
cytotoxicity does not intensify.

Figure 1 showcases the nuanced influence of different 5FU
concentrations over varied time frames on MKN-45 cell viability.
Notably, after 72 hours of incubation with 5FU, the most
favorable outcomes were achieved, and any variations in dosage
beyond 50 mg/dl did not significantly impact cell mortality. This
time-sensitive response highlights the importance of incubation
duration in determining the optimal effectiveness of 5FU.

Moreover, our investigation delved into the potential toxicity
induced by Gold Nanoparticles (GNP) and their interplay with
cell viability. The MTT assay results unveiled a time-dependent
effect of GNP exposure on cell viability. Interestingly, the initial
12 to 24 hours of GNP incubation did not yield a substantial
decline in cell viability. However, prolonged exposures for 48 and
72 hours resulted in notable reductions of 40% and 50% in cell
viability, respectively. Additionally, upon subjecting cells to laser
irradiation subsequent to varying GNP incubation periods, a
distinct pattern emerged, revealing a decline in cell viability
corresponding to prolonged GNP exposure, illustrating the
potential impact of GNP-induced hyperthermia. Figure 2 vividly
portrays the combined impact of 5FU and GNP incubation
periods on cellular viability. These findings facilitated the
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determination of optimal incubation times for both 5FU and
GNP. The most effective period for 5FU, exhibiting substantial
reduction in cell viability, was identified as 72 hours.
Contrastingly, GNP demonstrated its toxicity after 24 hours of
incubation in the absence of laser irradiation.

Finally, in the concluding phase of analysis, cells underwent
exposure to varying 5FU concentrations for 72 hours, followed
by GNP incubation for 24 hours preceding laser irradiation. The
resulting MTT assay outcomes indicated varying cell viabilities
across different 5FU concentrations, revealing a dosage-
dependent effect on cell survival. Figure 3 encapsulates the
culmination of these findings, illustrating the viability of cells
post-exposure to distinct 5FU concentrations along with
subsequent GNP and laser incubation periods.

In essence, our investigation not only delineates the time and
dosage-dependent responses of 5FU and GNP on MKN-45 cell
viability but also underscores the critical interplay between
incubation durations and cytotoxic effects. These insights serve
as pivotal guides in optimizing treatment strategies, indicating
precise timeframes and dosages to achieve enhanced
therapeutic efficacy while mitigating potential adverse effects.

Conclusion
Gastric cancer presents a substantial health issue on a global

scale, standing as one of the most common and fatal cancers
across the world. Despite the availability of conventional
treatment options such as surgery, chemotherapy, and
radiotherapy, their effectiveness is hampered by high mortality
rates and potential side effects. As a promising alternative,
nanomedicine has emerged as a transformative avenue for both
diagnosing and treating cancer, with Gold Nanoparticles (GNPs)
showcasing multifaceted properties that hold immense
potential in this field.

The limitations encountered in current therapeutic
approaches, notably chemotherapy using agents like 5-
Fluorouracil (5FU), often stem from issues such as drug
resistance and adverse effects. Chemotherapeutic agents, while
effective, often exhibit toxicities that constrain their doses,
impacting their efficacy, particularly in elderly patients
diagnosed with gastric cancer. Seeking more efficient and less
toxic modalities has driven exploration into nanomedicine,
capitalizing on the distinctive properties offered by nanoscale
substances. Gold nanoparticles have been extensively studied
for their diagnostic and therapeutic applications. These
nanoparticles possess unique characteristics, including
biocompatibility and modifiable surfaces, rendering them
suitable for diverse applications, including Photothermal
Therapy (PTT). PTT involves leveraging the absorption of near-
infrared light by GNPs, which converts it into heat, inducing
cancer cell death while minimizing harm to healthy tissues.

Our study concentrated on assessing the cytotoxic effects of
5FU, GNPs, and laser irradiation on the MKN-45 human gastric
cancer cell line. We observed that incubating cells with 5FU for
72 hours resulted in optimal outcomes, inhibiting 50 percent of
cell growth at a concentration of 50 mg/dl. Beyond this
concentration, increased dosages did not notably impact cell

viability. Subsequently, we investigated the time-dependent
toxic effect of GNPs, noting significant reductions in cell viability
with longer exposure durations, particularly after 48 and 72
hours. Moreover, our examination of the combined effect of 5FU
and GNPs revealed optimized incubation periods of 72 hours for
5FU and 24 hours for GNPs. These optimized periods showed a
substantial reduction in cell viability, especially at higher
concentrations of 5FU, signifying enhanced cell destruction
while minimizing chemotherapy-associated side effects.

Nanotechnology presents promising prospects in cancer
therapy, offering multifunctional approaches like combination
therapy and simultaneous diagnosis and treatment. However,
challenges persist, including the preclinical nature of many
studies and the limited specificity of diagnostic markers for
gastric cancer. Future research should prioritize investigating the
biocompatibility and clinical applicability of nanomaterials,
ensuring their safety and effectiveness before transitioning from
laboratory experiments to clinical settings.

In conclusion, our study underscores the potential of
nanomedicine, particularly GNPs, in enhancing the effectiveness
of gastric cancer treatment. The insights gained from observing
time-dependent cytotoxic effects provide a valuable pathway for
optimizing incubation periods for 5FU and GNPs, paving the way
for more efficient and less toxic treatment strategies in the fight
against gastric cancer.
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