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Abstract

Background: Esophageal carcinoma remains an aggressive malignancy with poor prognosis and limited
treatment options. Nanotechnology has introduced opportunities in cancer therapy, using gold nanoparticles
(GNPs) due to their biocompatibility and tunable properties. Objective: This study evaluates the cytotoxic
effects of glutathione-modified GNPs on the SK-GT-4 esophageal carcinoma cell line. Methods: GNPs were
synthesized using a chemical reduction method and functionalized with glutathione (GSH) for stability. SK-
GT-4 cells were cultured under standard conditions and exposed to GNP concentrations of 10-100 pg/mL.
Cytotoxicity was evaluated via MTT assay, and morphological changes were observed using phase-contrast
microscopy. Cell cycle and apoptosis were measured by flow cytometry. Expression patterns of p53, caspase
3, and caspase 8 were studied by quantitative real-time PCR (qPCR). Data were analyzed using unpaired t-
tests (p < 0.05). Results: FTIR analysis confirmed glutathione conjugation to the GNPs, which induced a
significant dose-dependent cytotoxic effect on SK-GT-4 cells, with an ICso of approximately 8.694 pg/mL.
Morphological changes consistent with apoptosis, including rounding and detachment, were observed. At
2MIC, the proportion of cells arrested in the Gap2/mitosis (G2/M) phase increased from 10% (control) to
18.04% (p < 0.05). Early apoptotic cells increased from 5% (control) to 18.11% at 2MIC. p53 and caspase 3
were elevated, while caspase 8 was downregulated, indicating that GNPs modify the regulation of apoptotic
genes in SK-GT-4 cells.

Conclusion: Glutathione-modified GNPs exhibit significant cytotoxic potential against esophageal carcinoma
cells, suggesting their promise as nanotherapeutic agents. Further mechanistic and in vivo evaluations are
necessary to assess their clinical application.

Keywords: Gold nanoparticles, Glutathione, Esophageal carcinoma, SK-GT-4, Cytotoxicity, Apoptosis.

Introduction:

Esophageal cancer ranks as the eleventh most
diagnosed cancer worldwide. It's also the seventh
leading cause of cancer-related fatalities. The weight
of this aggressive disease falls heavily on developing
regions, which bear about 80% of cases. Among
those afflicted, approximately 70% are men.
Interestingly, there’s a striking threefold gap in
incidence and mortality rates between the sexes [1].

Furthermore, esophageal cancer is more common
among the elderly, and the risk of having it rises with
age. It is anticipated that the cancer burden of
esophageal cancer would gradually rise due to the
expansion and aging of the world's population as
well as the persistence of related risk factors.
Furthermore, esophageal cancer frequently has a
poor prognosis because of its high degree of

aggressiveness. In most countries, the 5-year
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survival rate after diagnosis is quite low, ranging
from about 10% to 30% [2]. The burden of
esophageal cancer varies significantly among
different countries and populations, which is related
to the underlying risk factors for prevalence and the
differences in the distribution of subtypes [3].

The 5-year survival rate following diagnosis is rather
poor in the majority of countries, ranging from
roughly 10% to 30% [2]. Due to variations in the
distribution of subtypes and underlying risk factors
for prevalence, the burden of esophageal cancer
varies greatly between nations and people [3].

Because gold nanoparticles (AuNPs) can increase
therapeutic efficacy and reduce adverse effects, they
are being thoroughly studied for the treatment of
esophageal They
radiosensitizers, which exacerbate radiation-induced
tumor damage, agents in
photothermal therapy, which turns light into heat to
kill cancer cells. They also act as specific delivery
systems for chemotherapeutic medications [4]. The
majority of esophageal malignancies globally are
esophageal squamous cell carcinomas (ESCCs),
which have a dismal prognosis and growing
resistance to Traditional
methods chemotherapy,
surgery, or a combination of these) have many
drawbacks, including delayed diagnosis, 5-year
survival rates below 20%, systemic toxicity of the
drugs used, and the development of treatment
resistance [5].

In light of these difficulties, nanotechnology has

cancer. function as

and as powerful

standard therapies.

treatment (radiation,

become a novel and potential treatment option in
oncology in years  [6].
pharmacological benefits are provided by
nanoparticles (NPs), whether they are based on
oxides, polymers, lipids, or metals (gold, silver,

recent Numerous

copper). Better solubility of active ingredients,
targeted and regulated
importantly, greater permeability and retention
(EPR effect) at the tumor level are among their
benefits. This allows for the preferred targeting of

release, and, most

cancer cells while minimizing exposure of healthy
tissue [7].

Furthermore, certain NPs have inherent antitumor
activity through the production of reactive oxygen
species (ROS), maodification of mitochondrial
function, or induction of apoptosis, which makes
them promising therapeutic agents [8]. In cancer,
nanotechnology has become a game-changing
instrument. Gold nanoparticles (GNPs) have
exceptional biocompatibility, surface modifiability,
easy production, and special optical qualities.
Enhancing therapeutic potential, functionalization
with  glutathione (GSH)
absorption, decreases aggregation, and improves
nanoparticle stability. Gold nanoparticles coated
with the biodegradable tripeptide glutathione are
known as glutathione-conjugated gold nanoparticles
(GSH-AUNPs). This alteration greatly improves
their colloidal stability, facilitates effective urine
clearance, and offers a "stealth" action by lowering
serum protein adsorption. They are ideal platforms

increases  cellular

for drug administration, targeted cancer therapy, and
sensitive electrochemical sensing applications in
biological
functional

contexts because of their surface
groups  (like  carboxyls) and
biocompatibility [9].

Glutathione (GSH) is a biodegradable polymer that
has gained popularity recently. GSH-coated
nanoparticles are made from this polymer. As a drug
delivery vehicle, GSH-coated gold nanoparticles
(GNPs) have demonstrated tremendous promise
[10]. Among the several biodegradable polymers
that are currently available, GSH is the most widely
used due to its extensive clinical use, advantageous
breakdown properties, and potential for long-term
drug administration. Additionally, peptides have
been employed as targets that can attach to a
molecule on the nucleus' surface and pass through it
[11].

GNPs have been shown to have anticancer effects in
lung, colon, and breast malignancies in earlier
research. Nevertheless, their effectiveness against
esophageal adenocarcinoma—specifically, the SK-
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GT-4 cell line generated from Barrett's epithelium—
has not received much attention. Using flow
cytometry and apoptotic investigations, this study
seeks to assess the lethal impact of GSH-modified
GNPs on this pertinent cancer model (SK-GT-4 cell
line).

Materials and Methods

Synthesis of Glutathione-Modified GNPs:

About 10ml of Gold (I11) chloride (AuCls; 0.025 M)
was mixed with 80ml of glutathione (0.019M; pH 8)
and mixed thoroughly. Sodium borohydride
(NaBH., 2mg/mL) was added dropwise under
stirring and allowed to react overnight. The colour
change confirms the formation of GNPs. The
contents were centrifuged at 10,000rpm for 20min
and washed three times with deionized water. The
pellet obtained after washing was dried at 75°C in a
hot air oven, and the resulting GNPs were stored at
4 °C for further use.

Cell Culture:

SK-GT-4 cells were cultured in minimal essential
medium (MEM) supplemented with 10% FBS, 100
U/mL penicillin, and 100ug/mL of streptomycin.
The cells were cultured at 37°C in 5% CO..
Subculturing was done twice weekly at 70-80%
confluence. SK-GT4 cells were kindly donated by
First centre/ Cell technologies scientific veterinary
laboratory and FI Centre for Nanosciences,
Baghdad city, Irag. Concentrations ranging from 10
to 100 pg/ml were employed for the different studies
after GAUNPs were dissolved in PBS (pH 6.8) and
ultrasonicated for five minutes.

Characterization of the GNPs:

After 30min, UV absorbance was recorded to assess
the stability and identification of the GAUNPs. FTIR
spectra were acquired using a Nicolet 5700 FTIR
spectrometer. DLS and scanning electron
microscopy (SEM) (FEI ESEM Quanta 200) were
used to investigate the nanoparticles' morphology.
MTT Assay:

Cell dissociation solution (0.2% trypsin, 0.02%
EDTA, and 0.05% glucose in PBS) was used to
trypsinize the cells [12]. After centrifugation, a 96-
well plate was seeded with around 5x10* cells/well
and incubated for 24 hours at 37°C (5% CO,). The
medium was disposed of after a 24hr incubation
period at 37°C in a 5% CO- incubator, and the
monolayer was rinsed with the medium once. On the
partial  monolayer in plates,
approximately 100ul of different test concentrations
(10, 25, 50, 75, and 100ug/ml) of NPs were applied.
After that, the plates were incubated for 24 hrs at
37°C. Following incubation, each well received
100ul of MTT (5 mg/10 ml of MTT in PBS) after
the test solutions in the wells were removed. The
plates were incubated at 37°C for 4 hr. After
removing the supernatant, 100ul of DMSO was
added, and the plates were gently shaken to dissolve
the formazan that had formed.

microtiter

A Gennex (USA) microplate reader operating at
590nm was used to measure the absorbance. The
concentration of the necessary NPs to inhibit cell
growth by 50% (ICso) values were produced from
the dose-response curves for each cell line, and the
percentage growth inhibition was computed using
the following formula. % cell viability = ((OD of
Control — OD of sample)/OD of Control) x 100.

Cell Cycle study on SK-GT-4 cells: In a 6-well
plate with 2ml of serum-free medium, roughly 1x10°
cells were seeded and grown for 24 hours. After that,
cells were cultured for 24 hrs with varying
concentrations of the samples [13]. After incubation,
the cells were harvested by centrifuging at maximum
speed at room temperature. The pellet obtained was
washed and resuspended in 2ml of 1X PBS. The
cells were further treated with 300l of sheath fluid.
The cells were later fixed by adding 1mL of chilled
70% ethanol. After that, the cells were kept
overnight at 4°C, and following incubation, the cells
were centrifuged for 5min at 2000rpm after fixation.
The pellet was washed with ice-cold 1X PBS, and
following a 15min dark incubation period, the cell
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pellet was resuspended in 450ul of sheath fluid
(0.05mg/ml PI and 0.05mg/ml RNaseA). FACS
Caliber (BD Biosciences, San Jose, CA; flow
cytometry) was used to calculate the proportion of
cells in different cell cycle stages in compound-
treated and untreated populations [14].

Apoptosis detection:

Cell culture medium was used to plate 1X10° cells
per well in a 6-well plate the day before to apoptosis
induction. Following an 18-hour incubation period,
the wells were examined for floating (dead) cells,
which were then pipetted out and replaced with fresh
culture medium to the initial volume [13]. About 40
and 80ug/ml of the sample were used to trigger
apoptosis in treated cells, which were then incubated
for a full day. The cells were harvested and
centrifuged at maximum speed. The pellet was
washed with ice-cold 1X PBS and resuspended with
Iml of 1X Binding Buffer. About 500uL of cell
suspension was added with 10uL of PI and SuL of
Annexin V and incubated at room temperature in the
dark for 15min. Following incubation, a flow
cytometer equipped with FCS Express software
(FACS Caliber, BD Biosciences, San Jose, CA) was
used to analyze the cells within an hour.

Morphological Analysis:

Morphological changes were examined under an
inverted phase-contrast 10x%.
Apoptotic features such as shrinkage, rounding, and

microscope  at
detachment were recorded.

Table: List of primers used. [17].

Gene regulation of caspase 3, caspase 8, and p53
gene members:

RNA isolation: SK-GT-4 cells were washed twice
with PBS and to the adherent cells 2ml of TRIzol
(per T25 flask) was added and transferred to the tube
and vortexed. About 0.2ml of chloroform per 1ml of
TRIzol was added and the resulting mixture was
centrifuged at maximum speed for 15mins at 4°C.
The upper agueous phase was collected into a new
clean tube and added with 0.5ml of isopropanol and
mixed gently. The RNA precipitate was centrifuged
at maximum speed for 10 min at 4°C. Supernatant
was discarded, and the RNA pellet was washed by
adding 1ml of 70% ethanol and then resuspended in
25l of DEPC-treated water [15].

RT-PCR: RT PCR was carried out according to
[16], but with slight modifications. Using applicable
biosystems, a semi-quantitative reverse transcriptase
polymerase chain reaction (RT-PCR) (RT-PCR-
CFX96 Biorad, USA) was performed to ascertain the
quantities of 18srRNA and gene members. As
directed by the manufacturer, the PrimeScript RT
reagent kit (TAKARA) with oligodT and random
hexamer primers was used to create the cDNA from
2 g of RNA. The cDNA was synthesized for 30min
at 50°C, inactivated for 5min at 85°C, and then
diluted to twice the volume (1:2).
expression of gene members was calculated using
the 2-44Ct equation.

Relative

Name length | Tm | GC% Sequence
FW 21 58.6 55 | TAACAGTTCCTGCATGGGCGGC
ps3 RV 21 56.8 55 | AGGACAGGCACAAACACGCACC
caspase | FW 19 56 50 |CTGGTTTTC GGT GGG TGT G
3 RV 20 58 50 | ACGGCAGGCCTGAATAAT GAA
caspase | FW 20 56.5 55 | CTG GTC TGA AGGCTGGTT GT
8 RV 20 56.5 55 | CAG GCT CAG GAACTT GAG GG
18SrRNA FW 20 60.3 55 | GGAGTATGGTTGCAAAGCTGA
RV 20 58.8 55 | ATCTGTCAATCCTGTCCGTGT
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Statistical Analysis: Data were expressed as mean
+ SD from three independent experiments.
Statistical significance was analyzed using unpaired
t-tests (GraphPad Prism 6.0); p < 0.05 was
considered significant.

Results:

Characterization of GNPs:

UV Spectroscopic analysis: From UV spectroscopy
data, the GNPs synthesized were shown to have

showing absorption peaks between 520 and 570nm,
which validates the observed outcome of
glutathione-coated NPs. The resulting GNPs were
confirmed by SEM analysis to be spherical and
uniformly distributed, with an average size of 58.6
nm and a size range of 30 to 110 nm (Figure 3). The
morphological form of the GNPs was spherical and
primarily face-centered. At 100,000 and 25,000
magnifications, SEM micrographs revealed that the
generated nanoparticles are spherical in shape and

higher absorbance. GNPs are recognized for  have a smooth surface with little aggregation.
12
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Figure 1: UV-Visible spectra of GNPs. UV spectra were recorded in the wavelength range of 400nm to
800nm. Colour change confirmation of NPs can be seen in the embedded image. 1: AuCI3 solution; 2: After
GNP formation.
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Figure 2: LEFT: SEM image of the GNPs synthesized. RIGHT: DLS analysis demonstrating the size distribution
of the GNPs produced.
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FTIR SPECTRA: The stretching vibrations of OH,
H20, and NH are responsible for the broad
absorption band in the 3550-3240 cm region. The
v (SH) stretching mode, which shows up in the
spectra for GNPs and indicates that Au NPs link to
GSH via the sulphur atom, was the cause of the
absorption band peaking at 2526cm* for GSH. The
C=0 stretching vibration of the glycine residue's —
COOH group is responsible for the peak in GSH that
was detected at 1650 cm™. The deprotonation of
GSH's carbonyl group is indicated by this signal in
GNPs [18]. The symmetric and asymmetric
stretching modes of the COO- vibration, which were
displaced to 1414 and 1144 cm™, respectively, in
GNPs, are responsible for the peaks at 1315 and
1219 cm™, indicating the binding of GSH to Au NPs
[18]. GSH adherence to the Au NPs is responsible
for the new peaks at 1315 cm™. The coordination of
GSH with Au NPs intensifies the C-S stretching

vibration at 633 cm?® [19]. In summary,

modifications to the GNPs FTIR spectrum verify
that GSH has effectively bound to Au NPs, resulting
in the creation of GNPs.

Cell Viability and Cytotoxicity: The MTT assay
demonstrated a dose-dependent cytotoxic effect of
glutathione-modified gold nanoparticles on the SK-
GT-4 esophageal carcinoma cell line. Treatment
with increasing concentrations of GNPs (ranging
from X to Y pg/mL) significantly reduced cell
viability compared to untreated control cells (p <
0.05). The calculated ICso value for GNPs on SK-
GT-4 cells was approximately 8.694pg/mL,
indicating potent antiproliferative activity (Figure
5). Morphological assessment under an inverted
microscope revealed typical signs of cytotoxic
damage in treated cells, such as cell shrinkage,
rounding, detachment from the culture surface, and
reduced confluency (Figure 6).
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Figure 3: FTIR spectra of the AuCls solution. Sharp bands of 3505, 3249, 2015, 1315, 1219cm™ can

be seen.
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Figure 4: FTIR spectra of the synthesized GNPs. Sharp bands of 2526, 1650, 1414 and 1144cm can be seen.
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Figure 6: Morphological picture for oesophageal carcinoma cell line in vitro (a) Control cells (b) Cytotoxicity
under an inverted microscope, 10x.
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Cell cycle studies: As previously mentioned, the
GNPs' IC50 value was 8.694ug/ml. The anticancer
activity was planned at IC50 and 2IC50 values of 8
and 16pg/ml, respectively. The percentage of cells
arrested in the Gap2/mitosis (G2/M) phase of the cell
cycle rose from 10% (control) to 18.04% at the
2MIC of GNPs the
concentration of GNPs increased from 8pug/ml to
16pg/ml. When compared to the positive control
(colchicine) (24%), this is extremely significant
(P<0.05). Compared to the positive control
(Colchicine) (15.11%), approximately 6.14% of
them are now arrested in the DNA synthesis (S)
phase at this drug concentration (2MIC) (Figure 7).
For the positive control (Colchicine), Sub-GO was

concentration when

determined to be 2%, indicating that 2% of the cell
population was in apoptosis. The cells were gated at
4% using the sample at 16 pg/ml of GNPs, which is
highly significant (p<0.05).

Apoptosis detection using Pl Annexin V-FITC
staining: The results indicated that the viability
percent reduced from 98% (control) to 62.12% at
2MIC, which is highly significant when compared to
the positive control (Vinblastine) (53.03%) P<0.05.
It was discovered that the number of early apoptotic
cells had risen to 18.11% (2MIC) from 5% (control).
A good proportion of cells (9.1%) were pushed into
late apoptosis at 2MIC from 4.11% (control),
compared to the positive control (15.13%).
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Figure 7: Graph showing the population histogram of the % gated cells in various cell cycle phases under the
treatment of GNPs at MIC and 2MIC concentrations. The positive control was colchicine at MIC

concentration.

1
R1H
Figure 8: The figure shows the fluorescence scatter diagram of the cells. FSC-H Height and FL-2 Height

represent Annexin-V-FITC and PI staining cells, respectively. A: control (untreated); B: Positive control; C:
MIC; D: 2MIC.
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Figure 9: Figure showing the flow cytometry analysis of apoptosis detection in SK-GT-4 cells in various cell

cycle phases with and without treatment of GNPs.

Gene regulation of caspase 3, caspase 8 and p53
gene members: When compared to the control (1 or
100%), the relative expression of p53 was found to
be 1.4 times higher at MIC, while the positive
control exhibited an elevation to 2.2 (p<0.05)
(Figure 10). At 80pg/ml, the relative expression of
caspase 3 was determined to be 0.18 times higher
than the control (1 or 100%). There was a 0.23
(p<0.05) increase in the positive control (Figure 11).
When compared to the control (1 or 100%), the
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relative expression of caspase 8 was found to be 0.27
times lower at 80ug/ml. A decrease to 0.33 (p<0.05)
was observed in the positive control (Figure 12).
Caspase 8 was shown to be downregulated, while
p53 and caspase 3 were found to be upregulated.
According to the research, GNPs alter how apoptotic
genes are regulated in SK-GT-4 cells. The caspase 8
gene was shown to be downregulated, while the
caspase 3 and p53 genes showed dose-dependent

upregulation.

——PC ——GNP c

>
/
/
>

] 5 10 15 20 25 30 35
CT VALUE

40

Figure 10: Figure showing the relative fold expression of the apoptotic gene p53 in SK-GT-4. C: control; PC:
Positive control. Right: Ct values of the gene expression.
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Figure 11: Figure showing the relative fold expression of apoptotic gene caspase 3 in SK-GT-4. C: control;
PC: Positive control. Right: Ct values of the gene expression.
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Figure 12: Figure showing the relative fold expression of apoptotic gene caspase 8 in SK-GT-4. C:
control; PC: Positive control. Right: Ct values of the gene expression.

Discussion

One of the most deadly and aggressive cancers,
esophageal cancer (EC) is responsible for a large
percentage of cancer-related deaths globally [20].
Accurate pre-treatment staging and diagnostic
methods have advanced significantly over the last
three decades. The best treatment approaches are
still up for debate; nevertheless, managing EC poses
substantial therapeutic problems, especially when it
comes to the function of radiation [21].

Due to their capacity to combine high stability with
tumor-specific responsiveness, glutathione (GSH)-
stabilized gold nanoparticles (Au-GSH NPs) have
become a major development in nanomedicine for
anticancer activity. Glutathione functions as a ligand
and a capping agent, giving the nanoparticles special
redox-sensitive characteristics that enable them to

release therapeutic compounds or increase toxicity
only in the tumor microenvironment while
remaining stable in systemic circulation. To sum up,
glutathione is an important stabilizer for gold
nanoparticles because it offers a "smart" system that
boosts drug delivery, decreases side effects through
biocompatibility, and increases the death of cancer
cells through both intrinsic qualities and targeted
drug delivery.

Data from UV spectroscopy revealed that the
produced GNPs had greater absorption. SEM
analysis verified that the resultant GNPs were
uniformly dispersed and spherical, with an average
size of 58.6 nm and a size range of 30 to 110 nm
(Figure 3). Similar confirmation was reported by
[22], wherein they reported that gold nanoparticles
less than 80nm were found to be spherical, and
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particles above 100nm were icosahedral in shape. It
was also discovered that colloidal gold nanoparticles
(AuNPs), which were produced by reducing
chloroauric acid utilizing silk sericin (SS) derived
from Bombyx mori silk as a biotemplate, had a face-
centered cubic (FCC) structure and a spherical form
[23].

The MTT assay demonstrated a dose-dependent
cytotoxic effect of glutathione-modified gold
nanoparticles on the SK-GT-4 esophageal
carcinoma cell line with an ICse value of
8.694ug/mL, indicating potent antiproliferative
activity (Figure 5). For feline fibrosarcoma cell lines
with strong glycoprotein P activity, [24] found that
doxorubicin coupled to glutathione-stabilized gold
nanoparticles (Au-GSH-Dox) has greater cytotoxic
effects than free doxorubicin.

[25] investigated the antiproliferative activity of
gold nanoparticles (AuNPs) stabilized with reduced
glutathione (GSH) and conjugated with doxorubicin
(DOX), gemcitabine (GEM), or cytarabine (CTA)
using the MTT assay in in vitro models such as
human osteosarcoma cells (143B) and breast
epithelial cells (MCF10A). They verified that the
synthesized AuNPs have strong anticancer
properties against the three cell lines. Using
(GSH)-modified
nanoparticles (AuNPs) in photothermal therapy
(PTT), a study by [26] indicated the possible lethal

effect on cancer cells rather than normal cells. Using

glutathione small-sized gold

both green and NIR laser
demonstrated a significant harmful effect through
GSH-AUNP buildup in cancer cells.

irradiation, they

Our findings are consistent with studies such as [27],
which reported that GNPs induced apoptosis in
MCF-7 breast cancer cells. However, this study is
among the few investigating GNP effects on
esophageal adenocarcinoma using the SK-GT-4
model, contributing novel insights into this
therapeutic strategy. Our work shows that GSH-
modified GNPs have potent, dose-dependent
cytotoxic effects on SK-GT-4 esophageal cancer

cells. These effects are most likely mediated by
oxidative stress, mitochondrial disruption, and
apoptosis, similar to previous studies on GNPs in
epithelial cancers. [28] examined the cytotoxic
effects of conjugates of linalool-GNP (LG) and
linalool-GNP-CALNN peptide (LGC) on ovarian
cancer cells. The cytotoxicity test showed that LG
and LGC were specifically harmful to cancer cells
and caused apoptosis by triggering caspase-8, the
p53 protein, and other apoptosis-related proteins.
The real-time PCR gene expression tests for the
target members also confirmed a similar pattern.

From our study Caspase 8 was shown to be
downregulated, while p53 and caspase-3 were found
to be upregulated. According to the research, GNPs
alter how apoptotic genes are regulated in SK-GT-4
cells. The caspase 8 gene was shown to be
downregulated, while the caspase 3 and p53 genes
showed dose-dependent upregulation.

Research has shown that applying different
nanoparticles (NPs) to cancer cell lines can either
directly deliver the p53 gene or cause cellular stress
that activates endogenous p53, hence upregulating
protein p53.
apoptosis (programmed cell death) and decreased

the tumor suppressor Increased
cancer cell growth are usually the results of this
overexpression. The term "ROS" describes a class of
chemically active O, derivatives, including hydroxyl
radicals, peroxides, and superoxide anion, which
have physiological relevance as signaling molecules
to control basic life processes [29]. On the other
hand, an excessive build-up of NP-induced ROS
may lead to genetic instability and oxidative damage
to DNA, which
occurrence and progression of tumors [30]. In this
case, the p53 pathway will be activated to suppress
tumor formation by either fixing the genotoxic
injury or inducing apoptosis due to the genotoxic
damage caused by the abnormal quantity of ROS.

subsequently increases the

According to research by [31], ZnO nanoparticles
cause DNA damage, ROS production, and p53
activation in cancer cell lines such as HepG2
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(hepatoblastoma) and A549 (lung cancer). Their
investigation revealed an increase in the mRNA and
protein levels of the apoptotic gene bax and the
tumor suppressor gene p53. The Au-C225-p53
system, which uses gold nanoparticles and
cetuximab (C225) to deliver p53 wild-type (WT)
genes precisely to EGFR-overexpressing SKOV-3
ovarian cancer cells, is a highly effective EGFR-
targeted nanotherapy, according to [32]. According
to their method, p53 activity was restored, resulting
in high-level expression of WT p53 protein, cell
cycle arrest, substantial apoptosis, and tumor
shrinkage in xenograft models. Research conducted
by [33] also verified that treatment caused p53/p21
upregulation and DNA damage in IMR-90
(fibroblasts) and U251 (glioma) cells.

According to research by [34], different nanoparticle
formulations can cause cancer cell lines to undergo
apoptosis by upregulating and activating caspase-3,
which is frequently brought on by the generation of
reactive oxygen species (ROS) and mitochondrial
damage.  Specialized organic  nanoparticles
(nanocurcumin, PLGA-loaded agents) and metal-
based nanoparticles (silver, zinc oxide, gold) are
important examples. ZnO nanoparticles
functionalized with juglone targeted SW480 colon
cancer cells, exhibiting considerable cytotoxicity
and inducing apoptosis, according to a study by [35].
G2/M cell cycle arrest and notable nuclear changes
result from this nanocomposite's 5.01-fold and 2.75-
fold increases in CASP8 and CASP9 expression, as
well as a 6.18-fold rise in caspase-3 activity.
Significant, dose-dependent, and time-dependent
cytotoxic  effect  against gastric
adenocarcinoma (AGS) cells has also been

human
demonstrated by  green-synthesized  gold
nanoparticles using Cardiospermum halicacabum
(CH-AUNP), with an increase in caspase-3 [36].
While many studies were in
guantitative PCR expression patterns, very few
reports were done on SK-GT-4 cell lines, which
reflects the strength of the paper. Further, protein

line with our

expression analysis using blotting could be a
limitation of our work.

Conclusion:

Glutathione-functionalized gold  nanoparticles
significantly reduced SK-GT-4 cell viability and
induced morphological features of apoptosis. These
results support their potential application as
nanotherapeutic agents in esophageal cancer. Future
research should involve detailed mechanistic
analysis and This study
discovered a useful method for the manufacture of
gold nanoparticles coated with glutathione. By using
FTIR analyses, our findings verified the conjugation
of glutathione with the gold NPs. When compared to
the positive control alone, the synthesized GNPs
were significantly more effective as antiproliferative
agents against the SK-GT-4 cell line. Additionally,
the outcomes showed that GNPs caused apoptosis in
the treated cells and killed the cancer cells. The
findings demonstrated that these substances might
be employed as pharmaceuticals either on their own
or in conjunction with other chemotherapeutics to
treat various cancer cell types.

in vivo validation.
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