Neuro-Cell Molecular Research

Research Article

Neuro-Cell Mol Res 2026;3(2):36-46

Antineoplastic Effects of Ankaferd Hemostat on Hep-2 Laryngeal Cancer Cells:

Involvement of Apoptosis and PI3K/Akt/mTOR Signaling

Yaser Said Cetin'",

Mehmet Zeki Erdem?,

Mehmet Berkoz?2

!Department of Otorhinolaryngology, Faculty of Medicine, Yiiziincii Y1l University, Van, Tiirkiye
2Department of Biochemistry, Faculty of Medicine, Yiiziincii Y1l University, Van, Tiirkiye

*Corresponding Author:
Yaser Said Cetin

Department of Otorhinolaryngology,
Faculty of Medicine, Yiiziinci Yil
University, Van, Tiirkiye

Email: dr.yasersaid@gmail.com
ORCID ID: 0000-0002-7684-4600

DOI: 10.66588/NCMR.3.2.01

Received: 14 May 2026
Accepted: 10 August 2026
Published: 31 August 2026

The author(s) - Available online at
www.neurocellmolres.com.tr

This open-access article is distributed
under the terms of Creative Commons
Attribution-Non ~ Commercial 4.0

International License

© 2026. The copyright of this
article is retained by the author(s).

ABSTRACT

To investigate the cellular and molecular effects of Ankaferd Hemostat on human
laryngeal squamous carcinoma Hep-2 cells, with particular emphasis on cell viability,
apoptosis, oxidative stress, cell cycle progression, migration, invasion, and
PI3K/Akt/mTOR signaling.

Hep-2 cells were treated with increasing concentrations of Ankaferd Hemostat (50-
1600 nL/mL) for 24, 48, and 72 h. Cell viability, clonogenic survival, apoptosis, cell
cycle distribution, migration, invasion, nuclear morphology, DNA fragmentation,
intracellular reactive oxygen species (ROS) production, and expression of apoptosis-
and signaling-related proteins were evaluated using established in vitro assays.

Ankaferd Hemostat significantly reduced Hep-2 cell viability and clonogenic
survival in a dose- and time-dependent manner. It induced apoptosis, as demonstrated
by Annexin V/PI staining, nuclear fragmentation, DNA laddering, and activation of
caspase-3 and PARP. Treatment also resulted in G2/M phase cell cycle arrest and
increased intracellular reactive oxygen species (ROS) levels. In addition, Ankaferd
Hemostat inhibited cell migration and invasion and modulated metastasis-associated
proteins by downregulating MMP-2, MMP-9, and VEGF, while upregulating E-
cadherin. At the signaling level, Ankaferd Hemostat suppressed the activation of the
PI3K/Akt/mTOR pathway.

These findings provide preclinical in vitro evidence that Ankaferd Hemostat exerts
multifaceted antineoplastic effects on Hep-2 laryngeal cancer cells by modulating
apoptosis, oxidative stress, cell cycle progression, migratory and invasive behavior, and
intracellular survival signaling. Validation in additional laryngeal cancer models and in
vivo systems is required before the translational relevance can be established.
Keywords: Ankaferd Hemostat, Hep-2 cells, Laryngeal squamous cell carcinoma,
Apoptosis, PI3K/Akt/mTOR signaling
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INTRODUCTION

Laryngeal cancer is a malignant neoplasm of the head and
neck region and is one of the most common malignancies in
this anatomical area [1]. It accounts for approximately 2-5%
of all malignancies and is the second most frequent head and
neck cancer after skin cancer [1,2]. Despite advances in
surgery, radiotherapy, chemotherapy, and combination
treatment strategies, laryngeal cancer remains associated with
substantial morbidity and mortality [3]. Disease recurrence
and distant metastasis continue to pose major clinical
challenges [3].

Ankaferd Blood Stopper (ABS) is a standardized herbal
hemostatic agent that has been widely used for the
management of minor and major bleeding. ABS is composed
of extracts from Urtica dioica (nettle), Vitis vinifera (grape),
Glycyrrhiza glabra (licorice), Alpinia officinarum (galangal),
and Thymus vulgaris (thyme) [4]. Previous studies have
demonstrated that these components exert diverse biological
effects on endothelial cells, erythrocytes, angiogenesis,
inflammation, and cellular proliferation [5,6]. In addition to its
hemostatic properties, accumulating evidence indicates that
ABS exhibits antineoplastic activity against several solid
tumors, including bladder, breast, colon, and bone cancers [4-
7]. At the molecular level, ABS regulates multiple
transcription factors and signaling pathways involved in cell
cycle control, apoptosis, angiogenesis, and immune responses,
including AP-2, CREB, p53, SMAD2/3, and PI3K/Akt-related
pathways [5-7].

Despite the growing number of studies investigating the
antineoplastic properties of Ankaferd Blood Stopper in various
malignancies, its effects on laryngeal carcinoma remain
unclear [4-7]. To our knowledge, no previous in vitro study
has comprehensively characterized the anti-cancer activity of
ABS in a laryngeal squamous cell carcinoma model. Previous
studies on ABS have primarily focused on growth inhibition,
general cytotoxicity, or other tumor types, whereas the present
study integrates viability and clonogenic assays with
apoptosis, cell cycle analysis, oxidative stress, migration and
invasion, metastasis-associated proteins, and
PI3K/Akt/mTOR signaling in Hep-2 cells. Therefore, this
study aimed to investigate the antineoplastic effects of ABS on
Hep-2 laryngeal cancer cells in vitro and provide a pathway-
level mechanistic characterization of its cellular effects.

METHODS
Ethical Statement and Cell Line

This study was conducted in accordance with the
institutional research policies. Because the study was
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performed exclusively using an established in vitro cell line
and did not involve human participants or animals, formal
ethical committee approval was not required. The human
laryngeal squamous carcinoma Hep-2 cell line was obtained
from the Cell Culture Collection of the Oral and Dental
Diseases Institute Cell Bank (registration no. 92041501).

Cell Line Authentication

The Hep-2 human laryngeal squamous carcinoma cell line
was obtained from a certified cell bank and used within six
months of receipt. The cell lines were expanded and
maintained according to the supplier's recommendations. As
the cells were cultured for less than six months after
resuscitation, additional re-authentication was not performed.
No cross-contamination or morphological abnormalities were
observed during the routine cell culture monitoring.

Cell Culture and ABS Treatment

Hep-2 cells were cultured in Dulbecco's modified Eagle's
medium (DMEM) supplemented with 10% fetal bovine serum
(FBS), 100 U/mL penicillin, and 100 pg/mL streptomycin and
maintained at 37 °C in a humidified incubator with 5% CO..
Cells were seeded at a density of 3 x 10* cells/mL for all
experiments.

Ankaferd Blood Stopper (ABS) stock solution (10 pL/mL)
was prepared in DMEM and further diluted to obtain final
concentrations ranging from 50 to 1600 nL/mL. Untreated
cells cultured in DMEM were used as the control group. The
concentrations  selected for downstream mechanistic
experiments (400, 800, and 1600 nL/mL) were chosen based
on the MTT dose-response profile because they represented a
graded range from moderate to pronounced growth inhibition
while preserving sufficient viable cells for functional and
molecular analyses.

Cell Viability Assay (MTT Assay)

Cell viability was assessed using the MTT assay. Hep-2
cells were seeded into 96-well plates and treated with
increasing concentrations of ABS (50-1600 nL/mL). After
incubation for 24, 48, and 72 h, 10 pL of MTT solution (5
mg/mL) was added to each well, and the plates were incubated
at 37 °C for an additional 3 h. The culture medium was then
removed, and 100 pL of dimethyl sulfoxide (DMSO) was
added to dissolve the formazan crystals formed. Absorbance
was measured at 570 nm using a microplate reader (VersaMax;
Molecular Devices, Sunnyvale, CA, USA). Cell viability was
expressed as a percentage relative to untreated control cells.
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Colony Formation Assay

The clonogenic potential of Hep-2 cells following ABS
treatment was evaluated using a colony formation assay.
Briefly, 500 cells were seeded into each well of a 6-well plate
and allowed to adhere for 24 h. The cells were then treated
with ABS at concentrations ranging from 50 to 1600 nL/mL
for an additional 24 h. After treatment, the cells were washed
with phosphate-buffered saline (PBS) and cultured in fresh
medium containing 10% FBS for 8-10 days to allow colony
formation.

Colonies were fixed with 100% methanol and stained with
crystal violet. Colonies consisting of at least 50 cells were
counted under a light microscope (Euromex, Arnhem,
Netherlands) and photographed with a digital camera (Nikon,
Tokyo, Japan). Colony formation efficiency was calculated
relative to the untreated control group.

Apoptosis Assay (Annexin V-FITC/PI)

Apoptosis  was  quantified using  Annexin V-
FITC/propidium iodide (PI) double staining, followed by flow
cytometry. Hep-2 cells were treated with ABS (400-1600
nL/mL) for 48 h. Both floating and adherent cells were
collected, washed with PBS, and resuspended in 1x binding
buffer. The cells were stained with Annexin V-FITC (5 pL)
and PI (5 pL) and incubated for 15 min at room temperature in
the dark. Subsequently, 400 uL of 1x binding buffer was
added, and the samples were analyzed using a flow cytometer
(FACSCalibur; Becton Dickinson, USA). A minimum of
10,000 events was acquired per sample. Data were analyzed
using FlowJo software. All experiments were performed in
independent replicates.

Cell Migration Assay (Wound Healing Assay)

The migratory capacity of Hep-2 cells following ABS
treatment was evaluated using a wound-healing assay. Hep-2
cells were seeded into 6-well plates and allowed to reach
approximately 80-90% confluence before treatment. A linear
wound was created using a sterile 10 pL pipette tip, and
detached cells were removed by washing with PBS. The cells
were then incubated with serum-free DMEM containing ABS
at concentrations of 400-1600 nL/mL for 24 h. Images of the
wound area were captured at 0 and 24 h using an inverted
microscope. Wound width was measured using ImageJ
software, and the migration rate was calculated as follows:

Cell Invasion Assay

The invasive potential of Hep-2 cells following ABS
treatment was assessed using a Matrigel-coated Transwell

Neuro-Cell Mol Res 2026;3(2):36-46

Ankaferd Hemostat in Laryngeal Cancer

invasion assay. Briefly, 5 x 10* Hep-2 cells were treated with
ABS (400-1600 nL/mL) for 24 h. Cells were then resuspended
in serum-free DMEM and seeded into the upper chambers of
Millicell inserts with an 8 pm pore size. The lower chambers
were filled with culture medium containing 10% FBS as a
chemoattractant, and the plates were incubated at 37 °C for 16
h.

After incubation, non-invading cells on the upper surface
of the membrane were removed, and the invading cells on the
surface were fixed with 3.7% formaldehyde,
permeabilized with methanol, and stained with 0.5% crystal
violet. Invaded cells were counted in five randomly selected
microscopic fields under a light microscope, and the average
number of invaded cells was calculated per field.

lower

Nuclear Morphology Analysis (DAPI Staining)

Hep-2 cells (3 x 10° cells/well) were seeded onto glass
coverslips in 24-well plates. Cells were synchronized in
serum-free medium for 24 h and then treated with ABS (400-
1600 nL/mL) for 24 h. The cells were fixed with 4%
paraformaldehyde, permeabilized with 0.1% Triton X-100,
and stained with DAPI. Nuclear morphology was examined
using a confocal laser scanning microscope (Zeiss LSM 710;
Carl Zeiss).

DNA Fragmentation Assay

Hep-2 cells were treated with different concentrations of
ABS (400, 800, and 1600 nL/mL) for 48 h. Genomic DNA was
extracted and subjected to electrophoresis on a 2.0% agarose
gel containing ethidium bromide (EtBr). DNA fragments were
visualized under UV illumination using a gel documentation
system.

Cell Cycle Analysis

The cell cycle distribution was analyzed using flow
cytometry. Hep-2 cells were treated with ABS (400, 800, and
1600 nL/mL) for 48 h, fixed with 70% cold ethanol, and stored
at —20°C. The cells were then washed with PBS, treated with
RNase A (100 pg/mL), and stained with propidium iodide (50
pg/mL). The cell cycle phases were analyzed using a
FACSCalibur flow cytometer.

Intracellular ROS Measurement

Intracellular reactive oxygen species (ROS) levels were
measured using 2',7'-dichlorodihydrofluorescein diacetate
(H.DCF-DA). Hep-2 cells were treated with ABS (400, 800,
and 1600 nL/mL) for 22 h, incubated with H. DCFDA for 30
min in the dark, and analyzed using flow cytometry. The
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fluorescence intensity was recorded and expressed in arbitrary
units.

Western Blot Analysis

Total protein was extracted from Hep-2 cells using RIPA
buffer, and the protein concentrations were determined using
a BCA protein assay kit. Equal amounts of protein were
separated by SDS-PAGE and transferred onto PVDF
membranes. The membranes were blocked with 5% non-fat
milk. Primary and secondary antibodies used for western
blotting were obtained from Santa Cruz Biotechnology (CA,
USA), Cell Signaling Technology (MA, USA), and Invitrogen
(Carlsbad, CA, USA). Primary antibodies targeted Bax, Bcl-2,
cleaved caspase-3, caspase-3, cleaved PARP, PARP, phospho-
PI3K, PI3K, phospho-Akt, Akt, phospho-mTOR, mTOR,
MMP-2, MMP-9, E-cadherin, VEGF, and B-actin. Following
incubation with the appropriate secondary antibodies, protein
bands were visualized using a chemiluminescence detection
system and quantified by densitometry analysis. Bax, Bcl-2,
MMP-2, MMP-9, E-cadherin, and VEGF signals were
normalized to B-actin; cleaved caspase-3 and cleaved PARP
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were normalized to total caspase-3 and total PARP,
respectively; and phospho-PI3K, phospho-Akt, and phospho-
mTOR were normalized to their corresponding proteins.

Statistical Analysis

Quantitative assays were repeated independently at least
three times (n > 3), with technical triplicates performed within
each experiment, where applicable. The apoptosis assay was
performed in five replicate experiments, and the invasion
assay was performed in quintuplicates within each experiment.
Data are presented as the mean + standard deviation (SD).
Statistical analyses were performed using IBM SPSS Statistics
version 22.0 (IBM Corp., Armonk, NY, USA). Normality was
assessed using the Shapiro-Wilk test, and homogeneity of
variances was assessed using Levene's test. For comparisons
among multiple treatment groups, one-way analysis of
variance (ANOVA) followed by Tukey's post hoc test was
used after verifying parametric assumptions. The MTT time-
course experiment was analyzed using two-way repeated-
measures ANOVA to assess the effects of ABS concentration
and incubation time, followed by Tukey's multiple-
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Figure 1. ABS-induced reduction in Hep-2 cell viability assessed by MTT assay. Data are presented as mean £ SD from
n > 3 independent experiments, with technical triplicates within each experiment. Statistical significance was assessed
using two-way repeated-measures ANOVA followed by Tukey's multiple-comparison test. *, **, and *** indicate p <
0.05, p <0.01, and p < 0.001 versus the untreated control at the same time point, respectively; #, ##, and ### indicate p
< 0.05, p < 0.01, and p < 0.001 versus 24 h at the same ABS concentration, respectively; 1, 11, and 17171 indicate p <
0.05, p <0.01, and p < 0.001 versus 48 h at the same ABS concentration, respectively.
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comparison procedure. All tests were two-sided, and statistical
significance was set at p < 0.05.

RESULTS
Effects of ABS on Hep-2 Cell Viability

The effects of ABS on Hep-2 cell viability were evaluated
using the MTT assay. ABS treatment significantly reduced cell
viability in a dose- and time-dependent manner compared with
the untreated control group (Figure 1). Treatment with
increasing concentrations of ABS (50-1600 nL/mL) resulted
in a progressive decrease in cell viability at 24, 48, and 72 h (p
< 0.05). The most pronounced cytotoxic effects were observed
at 48 and 72 h, particularly at higher ABS concentrations.
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Figure 2. Effect of ABS on the clonogenic survival of Hep-2 cells. (A)
Representative colony formation images. (B) Quantitative analysis of
colony formation. Data are presented as mean £ SD from n > 3
independent biological experiments, with technical triplicates where
applicable. Statistical significance was assessed using one-way
ANOVA followed by Tukey's post hoc test; *p < 0.05, **p < 0.01, and
***p < 0.001 versus untreated control.

Effects of ABS on Colony Formation

The long-term antiproliferative effect of ABS on Hep-2
cells was assessed using a colony formation assay. ABS
treatment markedly reduced the number and size of colonies
compared with the control group (Figure 2). Quantitative
analysis revealed a significant dose-dependent decrease in
colony formation efficiency in ABS-treated cells (p < 0.05),
indicating a strong inhibitory effect of ABS on the clonogenic
survival.
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Figure 3. ABS-induced apoptosis in Hep-2 cells assessed by Annexin
V-FITC/PI staining. (A) Representative flow cytometry plots. (B)
Quantitative analysis of early apoptosis, late apoptosis, and necrosis.
Data are presented as mean + SD from five replicate experiments (n
= b). Statistical significance was assessed using one-way ANOVA
followed by Tukey's post hoc test for each cell-death category; *p <
0.05, **p < 0.01, and ***p < 0.001 versus the corresponding
untreated control.
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Figure 4. Effect of ABS on the migratory capacity of Hep-2 cells
assessed by a wound-healing assay. (A) Representative images at 0
and 24 h. (B) Quantitative analysis of migration. Data are presented
as mean + SD from n > 3 independent biological experiments, with
technical replicates where applicable. Statistical significance was
assessed using one-way ANOVA followed by Tukey's post hoc test; *p
< 0.05, **p < 0.01, and ***p < 0.001 versus untreated control.
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ABS Induces Apoptosis in Hep-2 Cells

Apoptosis induced by ABS was analyzed using Annexin
V-FITC/PI double staining and flow cytometry. As shown in
Figure 3A, ABS treatment significantly increased the
proportion of apoptotic cells compared to that in the control
cells. Quantitative analysis demonstrated that the total
apoptotic rate (early + late apoptosis) increased from 1.5 +
0.2% in control cells to 24.6 + 1.7%, 38.1 £ 3.2%, and 66.3 +
4.8% in cells treated with 400, 800, and 1600 nL/mL ABS,
respectively (Figure 3B; p < 0.05).

ABS Suppresses Migration of Hep-2 Cells

The effect of ABS on the migratory capacity of Hep-2 cells
was examined using a wound-healing assay. Representative
images showed delayed wound closure in ABS-treated cells
compared with control cells (Figure 4A). Quantitative
analysis confirmed that ABS significantly inhibited cell
migration in a dose-dependent manner after 24 h (Figure 4B;
p <0.05).
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Figure 5. Effect of ABS on the invasive capacity of Hep-2 cells
assessed by a Matrigel-coated Transwell assay. (A) Representative
images of invading cells. (B) Quantitative analysis of invasiveness.
Each condition was assayed in quintuplicate within each
experiment; quantitative data represent at least three independent
experiments (n 2 3). Statistical significance was assessed using one-
way ANOVA followed by Tukey's post hoc test; *p < 0.05, **p < 0.01,

and ***p < 0.001 versus untreated control.

ABS Inhibits Invasion of Hep-2 Cells
The invasive potential of Hep-2 cells following ABS
treatment was assessed using a Matrigel-coated Transwell
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invasion assay. As shown in Figure 5A, the number of cells
invading the Matrigel-coated membrane was markedly
reduced in the ABS-treated groups compared to that in the
control group. Quantitative analysis revealed a significant
dose-dependent decrease in the number of invading cells
following ABS treatment (Figure 5B; p < 0.05).

ABS Concentrations (nLImL)
1600

Figure 6. Nuclear morphological alterations in Hep-2 cells following
ABS treatment, as visualized by DAPI staining. Images are
representative of n > 3 independent biological experiments. This
figure is qualitative; no inferential statistical test was applied.

ABS Alters Nuclear Morphology and Induces DNA
Fragmentation
Nuclear morphology was evaluated using DAPI staining to

assess apoptotic nuclear changes. Control cells exhibited
uniformly stained nuclei with intact morphology, whereas
ABS-treated cells showed marked nuclear condensation and
fragmentation, indicative of apoptosis (Figure 6).

Consistent with these findings, DNA fragmentation
analysis revealed a characteristic DNA ladder pattern in ABS-
treated Hep-2 cells, whereas no fragmentation was observed in
control cells (Figure 7), further confirming apoptosis
induction by ABS.

ABS Concentrations (nL/mL)

M 0 400 800 1600

Figure 7. Dose-dependent DNA fragmentation in Hep-2 cells
induced by ABS treatment. The gel image is representative of n 2 3
independent biological experiments. This figure is qualitative; no

inferential statistical test was applied.
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Number of cells

Effects of ABS on Cell Cycle Distribution

The impact of ABS on cell cycle progression was evaluated
using flow cytometry. ABS treatment significantly altered the
cell cycle distribution compared to that in the control cells
(Figure 8A). Quantitative analysis demonstrated a dose-
dependent increase in the proportion of cells in the G2/M
phase, accompanied by a corresponding decrease in the G0/G1
and S phase populations (Figure 8B; p < 0.05), indicating that
ABS induced G2/M cell cycle arrest.
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Figure 8. Effects of ABS on cell cycle distribution in Hep-2 cells. (A)
Representative flow cytometry histogram. (B) Quantitative
analysis of cell cycle phases. Data are presented as mean # SD from
n 2 3 independent biological experiments. Statistical significance
was assessed using one-way ANOVA followed by Tukey's post hoc
test for each cell-cycle phase; *p < 0.05, **p < 0.01, and ***p < 0.001

versus the corresponding untreated control.

ABS Increases Intracellular ROS Levels

Intracellular ROS production following ABS treatment
was assessed using H.DCF-DA staining and flow cytometry.
ABS treatment resulted in a significant dose-dependent
increase in intracellular ROS levels compared to the control
group (Figure 9A). Quantitative analysis confirmed a marked
increase in ROS fluorescence intensity in ABS-treated cells
(Figure 9B; p < 0.05).
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Figure 9. ABS-induced intracellular ROS production in Hep-2 cells.
(A) Representative flow cytometry plots. (B) Quantitative analysis
of ROS levels. Data are presented as mean #+ SD from n = 3
independent biological experiments. Statistical significance was
assessed using one-way ANOVA followed by Tukey's post hoc test;
*p < 0.05, **p < 0.01, and ***p < 0.001 versus untreated control.

Effects of ABS on Apoptosis- and Signaling-Related
Protein Expression

The effects of ABS on apoptosis-related protein expression
were examined using western blot analysis. ABS treatment
significantly increased Bax expression and decreased Bcl-2
levels compared to the control group (Figure 10A). Moreover,
ABS markedly increased the levels of cleaved caspase-3 and
cleaved PARP, confirming activation of the apoptotic pathway
(Figure 10B).

ABS Suppresses PISK/Akt/mTOR Signaling

To investigate the molecular mechanisms underlying the
anticancer effects of ABS, we analyzed the PI3K/Akt/mTOR
signaling pathway. ABS treatment significantly reduced the
phosphorylation levels of PI3K, Akt, and mTOR in a dose-
dependent manner, whereas total protein levels remained
largely unchanged (Figure 11A and 11B; p < 0.05), indicating
the inhibition of this key survival pathway.

Effects of ABS on Metastasis-Related Proteins

The effects of ABS on the expression of metastasis-
associated proteins were further evaluated. ABS treatment
significantly downregulated MMP-2, MMP-9, and VEGF
expression, whereas E-cadherin expression was increased
compared with that in the control cells (Figure 12A and 12B;
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p < 0.05), suggesting that ABS suppresses the metastatic
potential of Hep-2 cells.

Ankaferd Hemostat in Laryngeal Cancer

This is consistent with previous studies that reported the
antiproliferative effects of ABS and its botanical components
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Figure 10. Effects of ABS on apoptosis-related protein expression in Hep-2 cells. (A) Representative Western blot images
and quantitative analysis of Bax and Bcl-2 normalized to -actin. (B) Representative Western blot images and quantitative
analysis of cleaved caspase-3/caspase-3 and cleaved PARP/PARP ratios. Data are presented as mean + SD from n > 3
independent biological experiments. Statistical significance was assessed using one-way ANOVA followed by Tukey's post
hoc test; *p < 0.05, **p < 0.01, and ***p < 0.001 versus untreated control.
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DISCUSSION

In this in vitro study, ABS reduced Hep-2 cell viability and
clonogenic survival, induced apoptosis and G2/M cell cycle
arrest, increased intracellular ROS production, inhibited
migration and invasion, and modulated apoptosis-, metastasis-
, and survival-related proteins. These findings extend previous
observations of ABS antineoplastic activity in other
experimental tumor models by providing an integrated
functional and pathway-level assessment using a laryngeal
carcinoma cell model [4-9].

The dose- and time-dependent reduction in viability and
marked suppression of colony formation indicate both acute
cytotoxic stress and impaired long-term clonogenic capacity.

Neuro-Cell Mol Res 2026;3(2):36-46

in several tumor models [13,14]. Importantly, the present
study links these growth-inhibitory effects to multiple
downstream cellular mechanisms, rather than viability alone.

Apoptosis was supported by concordant Annexin V/PI
findings, nuclear condensation and fragmentation, DNA
laddering, increased Bax expression, reduced Bcl-2
expression, and the activation of caspase-3 and PARP. These
changes are consistent with the established Bcl-2-family and
caspase-mediated apoptotic mechanisms [22]. ABS also
increased intracellular ROS, consistent with prior evidence
that redox perturbation can contribute to DNA damage and
apoptosis in cancer and ABS-exposed cells [20,21]. Recent
NCMR studies have demonstrated a close coupling between
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Figure 11. Inhibitory effect of ABS on PI3K/Akt/mTOR signaling pathway activation in Hep-2 cells. (A) Representative
Western blot images. (B) Quantitative analysis of phospho-PI3K/PI3K, phospho-Akt/Akt, and phospho-mTOR/mTOR
ratios. Data are presented as mean + SD from n > 3 independent biological experiments. Statistical significance was
assessed using one-way ANOVA followed by Tukey's post hoc test; *p < 0.05, **p < 0.01, and ***p < 0.001 versus
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Figure 12. Effect of ABS on metastasis-related protein expression in Hep-2 cells. (A) Representative Western blot images.
(B) Quantitative analysis of MMP-2, MMP-9, VEGF, and E-cadherin expression normalized to f-actin. Data are
presented as mean + SD from n > 3 independent biological experiments. Statistical significance was assessed using one-
way ANOVA followed by Tukey's post hoc test; *p < 0.05, **p < 0.01, and ***p < 0.001 versus untreated control.

ABS Concentrations (nL/mL)

Neuro-Cell Mol Res 2026;3(2):36-46

44



ROS/oxidative stress and apoptotic signaling. Akay et al.
reported ROS-associated caspase activation and apoptosis in a
gastric cancer cell model, whereas Aydogan et al. described
parallel increases in ROS, mitochondrial depolarization, and
apoptosis in human cardiomyocytes [23,24]. Although these
models differ from laryngeal carcinoma, they support the
broader mechanistic relationship between redox imbalance
and programmed cell death observed in this study.

Cell cycle analysis demonstrated a dose-dependent
accumulation of cells in the G2/M phase. G2/M arrest is an
established mechanism through which anticancer agents can
limit cell division, and similar cell cycle effects have been
reported for several plant-derived polyphenolic compounds
[16-19]. Together with the clonogenic assay, these findings
suggest that ABS suppresses proliferative capacity through
both cell cycle disruption and induction of apoptosis.

ABS significantly inhibited cell migration and invasion.
These functional effects were accompanied by the
downregulation of MMP-2, MMP-9, and VEGF and the
upregulation of E-cadherin, a pattern consistent with reduced
extracellular matrix remodeling, angiogenic signaling, and
invasive potential [6,11]. The agreement between functional
migration/invasion assays and metastasis-associated protein
expression strengthens the evidence for an anti-invasive effect
in this in vitro model system.

At the signaling level, ABS reduced the phosphorylation of
PI3K, Akt, and mTOR without a corresponding reduction in
total protein abundance. Because PI3K/Akt/mTOR signaling
supports tumor-cell survival, proliferation, metabolism, and
resistance to apoptosis, its suppression provides a plausible
mechanistic link among the observed growth inhibition,
apoptosis, and altered [457]. In
combination with increased ROS and pro-apoptotic signaling,
these findings suggest a coordinated disruption of redox
homeostasis and pro-survival signaling rather than a single
isolated cellular effect.

This study has several limitations. All experiments were
performed in a single established Hep-2 cell line under in vitro
conditions; therefore, cell line-specific effects cannot be
excluded, and the findings should not be extrapolated directly
to clinical efficacy. The study also lacked a non-malignant
laryngeal epithelial comparator, and the upstream molecular
targets of ABS and its individual bioactive constituents were
not manipulated directly. Confirmation in additional laryngeal
squamous cell carcinoma cell lines, non-malignant controls,
three-dimensional or organoid systems, targeted pathway
modulation experiments, and in vivo models is required to
establish reproducibility and translational relevance.

invasive behavior
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CONCLUSION

The present findings provide preclinical in vitro evidence
that ABS modulates multiple tumor-related processes in Hep-
2 laryngeal carcinoma cells, including cell viability and
clonogenic survival, apoptosis, G2/M cell cycle progression,
intracellular ROS generation, migration and invasion,
metastasis-associated proteins, and the PI3K/Akt/mTOR
signaling pathway. These results identify biologically relevant
mechanisms but do not establish their therapeutic efficacy.
Validation in additional laryngeal cancer cell lines, non-
malignant controls, and in vivo experimental models is
required before the translational potential of ABS can be
assessed.
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