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mortality worldwide. Nepeta species, known for their distinct aroma and taste, have
garnered attention in the food industry. Given their phenolic compounds, this study aimed
to evaluate the cytotoxic effects of Nepeta binaludensis and N. glomerulosa extracts on
the AGS gastric cancer cell line and assess changes in BAX gene expression.

Methods: Both species were collected from the Binalud Mountains in Khorasan, and
their hydroalcoholic extracts were extracted through the maceration technique. The
amounts of caffeic acid and Rosmarinic acid were measured using HPLC. The cytotoxic
effects of the extract were evaluated employing the MTT assay, and apoptosis induction
was assessed by DAPI staining. Changes in BAX gene expression were measured using
real-time PCR.

Results: The IC50 values after 48 hours were 3.70 mg/mL for N. binaludensis extract
and 6.92 mg/mL for N. glomerulosa extract. Apoptosis induction was observed under
both treatments, but N. binaludensis extract, which contained higher Rosmarinic acid,
significantly increased BAX expression compared to the control group.

Conclusions: Thus, these extracts may inhibit gastric cancer cell growth, with N.
binaludensis showing greater efficacy through BAX-mediated apoptosis induction
compared to N. glomerulosa.
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Objective

Gastric cancer represents a major global health burden, ranking as the fifth most frequently
diagnosed malignancy and the third leading cause of cancer-related mortality worldwide. In
2018 alone, approximately 1.03 million new cases and 783,000 deaths were reported. This
burden is especially pronounced in parts of Asia, including Iran, where gastric cancer is the
most prevalent malignancy among men and the third most common in women. Its incidence
and mortality are influenced by genetic susceptibility and lifestyle factors such as high salt
intake and the consumption of processed foods. A critical factor contributing to the high
mortality rates is the frequent diagnosis of gastric cancer at advanced stages, when therapeutic
interventions are often less effective. Current therapeutic strategies, including surgery,
radiotherapy, chemotherapy, and targeted therapies, often have limited efficiency in advanced
disease stages. This highlights the urgent need for novel and more effective treatments.

Natural products and plant-derived compounds are increasingly being explored as potential
sources of anticancer agents. Among these, the genus Nepeta (Lamiaceae), with over 250
species globally and 69 endemic species in Iran, has drawn scientific interest due to its rich
phytochemical profiles and traditional medicinal usage. These plants are recognized for their
distinct aromas and tastes, leading to their use in the food industry as flavoring agents. Beyond
culinary applications, many Nepeta species have a long history in traditional Iranian medicine,
employed for treating ailments of the nervous, digestive, and respiratory systems.
Nepetalactones are among the notable phytochemicals in Nepeta species.

Nepeta binaludensis Jamzad is a rare and aromatic plant that is endemic to northeastern Iran
and traditionally used to treat sicknesses like headaches, migraines, digestive issues, and
rheumatism. Scientific investigations have revealed its richness in phenolic and flavonoid
compounds, such as rutin, caffeic acid, and rosmarinic acid, which are associated with its
antimicrobial and antioxidant activities. Nepeta glomerulosa Boiss. is another herbaceous
annual species found in mountainous regions of Iran and Afghanistan, that traditionally used
for pneumonia, skin and digestive disorders, and as a sedative and analgesic. Its extracts contain
alkaloids, saponins, and phenolic compounds, including caffeic acid and rosmarinic acid, which
have confirmed antioxidant and antitumor properties.

A key molecular target in cancer therapy is the BAX gene, a pro-apoptotic member of the BCL2
protein family. The BAX protein plays a crucial role in initiating programmed cell death
(apoptosis) by forming heterodimers with anti-apoptotic proteins like BCL2. The balance
between BAX and BCL2 is a critical determinant of a cell's fate when exposed to apoptotic
stimuli. The primary objective of the present study was to evaluate the cytotoxic effects of the
two Nepeta species extracts on the AGS human gastric cancer cell line and to investigate the
underlying molecular mechanisms, with a particular focus on changes in BAX gene expression.

Methods

The plant materials of N. binaludensis and N. glomerulosa were collected from the Binalud
Mountains in Khorasan province, Iran. Hydroalcoholic extracts were prepared from the dried,
ground flowering aerial parts of each species using a maceration technique with 80% ethanol.
The resulting extracts were then concentrated and dried. Phytochemical analysis of these
extracts was conducted using HPLC to quantify specific phenolic compounds, namely
quercetin, caffeic acid, and rosmarinic acid. This allowed for a correlation between the chemical
composition of the extracts and their observed biological activities.
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The cytotoxic potential of the Nepeta species extracts was assessed against the AGS human
gastric adenocarcinoma cell line using the MTT assay. AGS cells were treated with various
concentrations of each extract for 24, 48, and 72 hours. Cell viability was measured by
spectrophotometer, and the 1Cso value — the concentration of extract causing a 50% reduction
in cell viability — was determined for each extract at each time point. DAPI staining was
performed to determine if the observed cytotoxicity was due to apoptosis. AGS cells were
treated with the ICso concentrations of each extract for 48 hours. Nuclear morphology,
indicative of apoptosis (e.g., chromatin condensation, nuclear fragmentation), was then
visualized using fluorescence microscopy.

To explore the molecular mechanisms, changes in the expression of the pro-apoptotic BAX
gene were quantified using real-time polymerase chain reaction (RT-PCR). AGS cells were
treated with the ICso concentrations of the extracts for 48 hours. Total RNA was extracted,
converted to cDNA, and BAX mRNA levels were measured relative to the GAPDH reference
gene using SYBR Green chemistry. Statistical analyses, including one-way ANOVA, Tukey's
test, and T-tests, were employed to evaluate the significance of the findings, with a P-value <
0.05 considered significant.

Results

The results of the phytochemical analysis revealed notable differences in the phenolic profiles
of the two Nepeta extracts. Quercetin was not detected in either N. glomerulosa or N.
binaludensis extracts. The caffeic acid content was comparable between the two species,
measuring 0.75 mg/g in N. binaludensis and 0.86 mg/g in N. glomerulosa. However, a
significant difference was observed in rosmarinic acid concentration: N. binaludensis extract
contained a significantly higher amount (20.82 mg/g) compared to N. glomerulosa extract (1.41

mg/g).

The MTT assay demonstrated that both extracts exhibited dose-dependent cytotoxic effects on
AGS cells. The ICsp values indicated that N. binaludensis extract became more potent with
longer exposure, with 1Cso values of 6.18 mg/mL (24 h), 3.70 mg/mL (48 h), and 2.26 mg/mL
(72 h). In contrast, N. glomerulosa extract showed its lowest 1Cso (highest potency) at 24 hours
(4.94 mg/mL), with values of 6.92 mg/mL at 48 hours and 6.88 mg/mL at 72 hours. Overall, N.
binaludensis extract exhibited a more pronounced reduction in cell viability.

DAPI staining provided morphological evidence of apoptosis. AGS cells treated with the ICso
concentrations of both extracts for 48 hours exhibited characteristic apoptotic features,
including reduced cell number, chromatin condensation, and nuclear fragmentation, compared
to the uniform nuclei of untreated control cells.

The analysis of BAX gene expression revealed that treatment with N. binaludensis extract (3.70
mg/mL for 48 hours) led to a significant 1.83-fold increase in BAX mRNA levels compared to
the control group (P=0.01). While N. glomerulosa extract (6.92 mg/mL for 48 hours) resulted
in a 1.30-fold increase in BAX expression, this change was not statistically significant.

Conclusions

In conclusion, this study demonstrates that hydroalcoholic extracts of both Nepeta binaludensis
and Nepeta glomerulosa possess cytotoxic properties against AGS human gastric cancer cells.
However, N. binaludensis extract exhibited significantly stronger and more sustained cytotoxic
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and pro-apoptotic effects. This superior anticancer activity is strongly correlated with its
substantially higher content of rosmarinic acid. Mechanistically, the enhanced efficacy of N.
binaludensis is linked to its ability to significantly upregulate the expression of the pro-
apoptotic gene BAX, thereby promoting programmed cell death in the cancer cells. These
findings underscore the therapeutic potential of N. binaludensis as a source for anticancer
compounds. Given the traditional use of Nepeta species in food, their demonstrated anticancer
properties may also enhance their nutritional and flavoring value, potentially leading to the
development of functional foods or nutraceuticals for gastric cancer prevention or adjunctive
therapy. Further research, including in vivo studies and bioactivity-guided fractionation, is
warranted to fully elucidate the therapeutic potential of N. binaludensis and its active
constituents.
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Table 1. Primer sequences and product lengths at an annealing temperature of 58 °C

Gene Forward Reverse Length
product (bp)
GAPDH CTCATTTCCTGGTATGACAACG CTTCCTCTTGTGCTCTTGCT 122
BAX TGCCTCAGGATGCGTCCACC CCCCAGTTGAAGTTGCCGTC 175
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Figure 1. The amounts of two phenolic components i.e., Caffeic acid and Rosmarinic acid, in N.
binaludensis and N. glomerulosa extracts
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Table 2. ICs level under the influence of N. binaludensis and N. glomerulosa extract after 24, 48 and 72
hours of treatment

Extract types Parameters 24 h 48 h 72h
ICso(mg/ml) 6.18 3.70 2.26

N. binaludensis 95% CI (ICso) 4.62-8.15 3.25-4.18 1.75-2.86
R? 0.87 0.98 0.93
ICso(mg/ml) 4.94 6.92 6.88

N. glomerulosa 95% CI (ICs0) 3.85-6.28 5.54-8.56 5.37-8.69
R? 0.91 0.91 0.90
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Figure 2. The significant comparison of mean differences in cell viability percentage, as determined by
one-way ANOVA, after 24, 48, and 72 hours of treatment. A) Cell viability percentage under N. binaludensis
extract treatment. B) Cell viability percentage under N. binaludensis extract treatment (Significant compared

with control: ****p < 0.0001)
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Figure 3. AGS Gastric Cancer Cells Stained with DAPI Dye (Left: scale 0.25 mm; Right: scale 0.5 um):

A) Control cells: The number of cells is high. B) Control cells at higher magnification: The nuclei are
uniform. C) Cells treated with N. binaludensis extract: The number of cells is lower compared to the control;
the red sections are remnants of the extract.

D) Cells treated with N. binaludensis extract at higher magnification: The non-uniformity of nuclear genetic
material is indicated by arrows. E) Cells treated with N. glomerulosa extract: The number of cells is lower
compared to the control; the pink sections are remnants of the extract. F) Cells treated with N. glomerulosa
extract at higher magnification: The non-uniform nuclei indicate the onset of apoptosis.
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Figure 4. BAX gene expression changes in AGS gastric cancer cells under the treatment with 3.70 mg/mL
of N. binaludensis extract and 6.92 mg/mL of N. glomerulosa extract after 48 hours. (** P=0.01; ns: non-
significant)
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