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ABSTRACT 
 

Laryngeal squamous cell carcinoma (LSCC) remains a significant global health challenge, showing minimal 

improvement in survival rates even with advancements in standard treatments. The growing interest in 

phytochemicals as potential anticancer agents has highlighted Alpha-tomatine (AT) a steroidal glycoalkaloid derived 

from tomato plants, because of its strong cytotoxic properties. However, the effects of AT on laryngeal cancer have 

not been explored previously. This study aims to evaluate the anticancer efficacy of AT in HEp-2 human laryngeal 

carcinoma cells and to clarify the molecular pathways involved. AT significantly inhibited cell growth in a dose-

dependent manner, with an IC₅₀ of 29.6 μM. The DCFH-DA staining results showed a marked increase in 

intracellular reactive oxygen species (ROS), underscoring oxidative stress as a crucial factor in cytotoxicity. Cells 

treated with AT exhibited significant mitochondrial membrane depolarization (loss of Δψm) and displayed notable 

apoptotic morphological changes, as evidenced by AO/EtBr and DAPI staining. Results from Annexin V/PI flow 

cytometry indicated a concentration-dependent increase in both early and late apoptotic cell populations. The comet 

assay revealed substantial DNA fragmentation, highlighting the genotoxic effects mediated by reactive oxygen 

species. The findings indicate that AT induces intrinsic apoptosis in HEp-2 cells through mechanisms related to 

oxidative stress, mitochondrial dysfunction, and DNA damage. These results suggest that AT may be a valuable 

phytochemical candidate for further investigation as a treatment for laryngeal cancer. 
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INTRODUCTION 

Laryngeal carcinoma represents a common neoplasm 

of the upper respiratory tract, contributing notably to 

the overall incidence of head and neck malignancies 

worldwide. The majority of instances arise from the 

squamous epithelium located in the glottic, 

supraglottic, or subglottic regions, with laryngeal 

squamous cell carcinoma representing 85-90% of 

total occurrences. The larynx plays a crucial role in 

voice production, swallowing, and safeguarding the 

airway, making this malignancy significant in 

terms of both functionality and clinical outcomes 

(Fu and Lv, 2024; Hut et al., 2025). Recent global 

estimates indicate that laryngeal carcinoma 

impacts around 200,000 individuals each year 

across the globe, resulting in more than 110,000 

fatalities annually (GBD 2019 Respiratory Tract 

Cancers Collaborators, 2021).  

 

Despite the consistent decrease in age-standardized 

incidence and mortality rates over the last thirty 

years, the overall count of laryngeal cancer cases is 

on the rise primarily driven by population growth 

and an increasingly older global demographic (Shi et 

al., 2025). The development of this tumour is 

strongly influenced by several well-established risk 

factors, with tobacco and alcohol use being the most 

significant. Smoking shows a strong dose-dependent 

increase in risk; smokers are 10–15 times more 

likely to develop throat cancer than non-smokers, 

and heavy smokers may face nearly a 30-fold higher 

risk (He+ et al., 2025). Socioeconomic barriers, 

inadequate access to early diagnostic services, and 

the high proportion of patients presenting with 

advanced-stage disease collectively contribute to the 

poorer survival outcomes observed in many low- 

and middle-income countries (Zhou et al., 2025). 

This cancer's survival rates have only slightly 

improved in recent decades despite advancements in 

imaging, surgery, radiation, and chemotherapy. 

Current treatments often cause speech, swallowing, 

and quality of life issues. Due to late diagnosis, 

treatment resistance, and high recurrence rates, 

managing diseases remains difficult (Hut et al., 

2025; Rinkel et al., 2016). 

In recent years, researchers are currently more 

interested in the application of phytochemicals, or 

bioactive substances produced from medicinal plants, 

as potential alternatives or additional drugs in cancer 

therapy (Lekhak and Bhattarai, 2024). 

Phytochemicals possess diverse biological activities, 

including antioxidant, anti-inflammatory, and potent 

anticancer properties mediated through modulation 

of key signaling pathways, induction of apoptosis, 

inhibition of proliferation, and suppression of 

metastasis (Rinkel et al., 2016). Their natural source, 

lower toxicity, and ability to act on multiple 

biochemical pathways make them promising 

therapies for existing issues. 

 

Alpha-tomatine (AT) is a natural steroidal 

glycoalkaloid found in the calyx, leaves, flowers, and 

especially the unripe fruits of tomato plants, as well as 

in the roots and tubers of several Solanum species 

(Fujimaki et al., 2022). Traditionally, AT-rich plants 

have been valued for their medicinal properties, with 

many studies reporting strong antitumor and 

anticancer effects (Echeverría et al., 2022). Beyond its 

anticancer potential, AT exhibits multiple 

pharmacological activities, including anti-

inflammatory (Zhao et al., 2015), antibacterial (Tam 

et al., 2021), antimalarial (Chen et al., 2010), 

antioxidant (Silva-Beltrán et al., 2015), 

anticarcinogenic and cardioprotective effects 

(Friedman, 2013). These various activities highlight 

AT's importance as a multifunctional bioactive 

molecule with promising therapeutic applications. 

 

Early investigations revealed that AT exhibits strong 

cytotoxicity against a variety of human cancer cell 

lines, including prostate (PC-3) (Lee et al., 2011), lung 

(A549) (Shih et al., 2009), leukemia HL-60 (Huang et 

al., 2015), breast MCF-7 (Sucha et al., 2013), 

hepatocellular carcinoma (HepG2) and colon (HT-29) 

(Lee et al., 2004). AT significantly inhibited the growth 

and development of human gastric cancer cells, which 

display various differentiation states and resistance to 

cisplatin, by effectively targeting the PI3K-AKT and 

MAPK signaling pathways (Zhang et al., 2020). AT 

significantly reduced the activation of signaling 
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pathways associated with non-small-cell lung cancer and 

modulated the elevated expression of the EGFR protein 

(Brawijaya University, 65145 et al., 2020). 

 

Although AT exhibits several anti-tumor activities in 

numerous cancer cell types, its anticancer potential 

and the associated molecular and biological processes 

in laryngeal carcinoma remain uninvestigated. The 

current study is the first to examine the effects of AT 

on HEp-2 cancer cells, highlighting vital pathways 

such as ROS generation, impairment of mitochondrial 

membrane potential (MMP), nuclear damage, DNA 

fragmentation, and apoptotic changes that lead to cell 

death.  

 

MATERIALS AND METHODS 

Chemicals 

Dulbecco's Modified Eagle Medium (DMEM), Fetal 

bovine serum (FBS), 0.25% trypsin-EDTA, 

antibiotics (streptomycin, penicillin), phosphate-

buffered saline (PBS), ethanol, methanol, dimethyl 

sulfoxide (DMSO), sodium dodecyl sulfate (SDS). 

N, N, N′, N′‐tetramethylene diamine (TEMED), 

bovine serum albumin (BSA), and 2‐

mercaptoethanol were purchased from Hi‐media 

Lab. Alpha-tomatine (≥95% (HPLC), 3‐(4,5‐

dimethylthiazol‐2‐yl) −2,5‐diphenyl tetrazolium 

bromide (MTT), 2,7‐diacetyl dichlorofluorescein 

diacetate (DCFH‐DA), Rhodamine 123, 6‐

diamidino‐2‐phenylindole (DAPI), Ethidium 

Bromide (EtBr), and Acridine Orange (A/O) were 

all acquired from Sigma‐Aldrich. Primary 

antibodies such as p53, Caspase-3, Caspase-9, Bcl2, 

Bax and β-actin and secondary antibodies were 

acquired from Santa Cruz Biotechnology (SCBT) 

and Cell Signaling Technology (CST). 

 

Cell growth and maintenance 

The human laryngeal carcinoma cell line (Hep-2) 

were purchased from the National Centre for Cell 

Science (NCCS), Pune, and cultured in a single 

layer in a T25 cm² flask using DMEM Medium 

containing FBS (10%), glutamine (1%), 100 Ug/mL 

streptomycin-penicillin at 37°C and 5% CO2 in an 

incubator. 

Preparation of alpha-tomatine 

Alpha-tomatine (AT) was dissolved in 10% dimethyl 

sulfoxide (DMSO) and diluted in complete culture 

medium to achieve final concentrations of 1to100 µM. 

Cells were treated with AT and incubated for 24 h. 

 

Cell cytotoxicity assay 

The human laryngeal carcinoma cell line HEp-2 were 

cultured at concentration 1× 104 cells/well on white 

flat-bottom 96-well plates and treatment with AT at 

concentrations ranging from 1 to 100 µM. After 24-h 

incubation at 37°C, 10 μL of MTT solution (5 mg/mL) 

were added to each well to facilitate low-light 

absorption. After a 4h incubation, the MTT reagent 

was carefully eliminated, and an addition of 100 μL of 

DMSO to each well resulted in the formation of a 

purple formazan crystal structure. The absorbance 

required for cell viability has been measured at 570 

nm with a multimode reader (Molecular Devices, 

USA) (Azhamuthu et al., 2024a). Percentage of 

viability was determined as follows. 

 

            

  
                            

                                          
      

 

Evaluation of intracellular ROS production 

 The DCFH-DA staining method were used to 

measure the amount of ROS (reactive oxygen species) 

in HEp-2 cells after they were treated with AT at 

various concentrations of 10, 20, and 30 µM, and cells 

were maintained for 24 h. Cells in both the control 

and experimental groups were stained with DCFH-

DA (10 µM) and kept at 37°C for 30 minutes in the 

dark place. Intracellular ROS levels were measured at 

485±10 and 530±12.5 nm using a multimode reader 

and the images were obtained using a fluorescence 

microscope (Floid system for cell imaging; Life 

Technologies) (Venkatachalam et al., 2024). 

 

Assessment of mitochondrial membrane 

potential (Δψm) 

Mitochondrial membrane potential was evaluated 

using Rhodamine 123 (Rh-123). Fluorescent dye that 

easily penetrates cell membranes and has a negative 
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charge, enabling its absorption by the mitochondrial 

membrane. Rh-123 cannot penetrate the 

mitochondrial membrane when its potential is 

diminished. HEp-2 cells were grown in a 12-well plate 

and exposed to varying concentration of AT 10, 20 

and 30 µM for 24 h. Rh-123 was used at a final 

concentration of 10 µM and incubated for 30 minutes 

at 37ºC in darkness. The cells were subsequently 

rinsed with PBS and examined using a fluorescence 

microscope (Chao et al., 2012). 

 

DAPI staining with nuclear morphology 

assessment 

DAPI nuclear labelling was employed to assess the 

nuclear morphological alterations induced by AT in 

HEp-2 cells. Cells were grown in 6-well plates, treated 

with 10, 20 and 30 µM AT at 37°C with 5% CO₂ for 24 

h. Following incubation, the cells were stained with 

DAPI at a concentration of 1 mg/mL and kept in the 

dark place for 30 minutes. After the period of 

incubation, the labelled malignant cells expose 

through analysis under a fluorescence microscope 

(Qian et al., 2021). 

 

Assessment of apoptotic morphological 

alterations 

HEp-2 cells were treated with different 

concentrations of 10, 20 and 30 μM of AT for 24 h. 

After incubation, the DMEM medium was removed 

and rinsed twice with PBS. The cells were 

preserved with formaldehyde over 30 min at 4°C. 

Subsequently, the cells were rinsed with PBS then 

treated in 1:1 solution of AO/EtBr for 30 min at 

37°C in the dark place. The number of cells 

exhibiting apoptotic features were determined after 

the stained cells washed with PBS (Gheena and 

Ezhilarasan, 2019). 

 

Annexin-V/propidium iodide (PI) staining 

Annexin-V/PI staining was performed to assess 

early and late apoptosis in HEp-2 cells treated with 

AT (10, 20, and 30 μM) for 24 h. After incubation, 

cells were harvested, washed with PBS, and stained 

with Annexin-V (1 μg/mL) and PI (1 μg/mL) in 

binding buffer for 15 min at room temperature. 

Flow cytometric analysis was carried out using a 

CytoFLEX S (Beckman Coulter, USA), recording 1 

× 10⁴ events per sample, including both live and 

dead cells. 

 

Analysing DNA damage using comet assay 

Comet assay was utilized for DNA fragmentation 

assessment in HEp-2 cells due to its efficiency and 

reliability in detecting damage to the DNA 

structure. Briefly, HEp-2 cells were grown in 6-well 

plates and treated with AT at doses of 10, 20 and 

30 µM for 24 h. Following treatment, the cells were 

collected, rinsed with chilled PBS, centrifuged, and 

subsequently suspended in PBS while kept on ice. 

Low-melting agarose (1% w/v) was dissolved in a 

boiling water bath at 90–95°C for 20 min and 

subsequently cooled to 37°C. Cells were mixed with 

low-melting agarose at a ratio of 1:10, After comet 

slides were prepared with 50 µl aliquots of the 

mixture. The slides were then put into lysis buffer 

(10× lysis, NaCl, EDTA, H₂O, pH 10) for 30 mins 

(dark place at 40°C), creating a lysis buffer 

incubation during the cold alkaline solution 

treatment. And then put slanted in an 

electrophoresis chamber and run at 1 V for 10-15 

mins. Slides were fixed in 70% ethanol and washed 

multiple times with water. Cells were examined 

and photographed using a fluorescence microscope 

after staining the cellular DNA with ethidium 

bromide (Syed et al., 2018). 

 

Statistical analysis 

The results were obtained in triplicate and 

presented as mean ± SD (n=3). The IC50 (half of 

the maximal inhibitory concentration) was 

determined using GraphPad Prism (GraphPad 

application, Version 10.0.0, San Diego, USA). A 

one- and two-way ANOVA test (α = 0.05) was used 

to compare group means, demonstrating the 

statistical significance determined by Tukey's test. 

 

RESULTS 

AT inhibits cell proliferation in HEp-2 cells 

The MTT assay was utilized to evaluate the efficacy 

of AT as a cytotoxic agent on HEp-2 cells. Fig. 1 
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demonstrates that AT was evaluated on HEp-2 cells 

at concentrations varying from 1 to 100 μM. The 

incubation period was extended by 24 hours, 

illustrating both dose-dependent and time-

dependent cytotoxic effects of AT on HEp-2 cells. 

The cell inhibition rate attained 50% (IC50) at a 

concentration of 29.6 μM following a 24-hour 

incubation under the designated conditions. The 

findings resulted in the selection of AT 

concentrations of 10, 20, and 30 μM for 

subsequent study and analysis. 

 

 

Fig. 1. The effect of AT on HEp-2 cell viability was 

evaluated using the MTT assay after 24 h of treatment 

with concentrations ranging from 1 to 100 µM. The 

results are presented as mean ± SD (n = 3), with ***p 

< 0.001 indicating a statistically significant reduction 

in viability compared with the control group. 

 

AT induced ROS generation in HEp-2 cells 

Early results indicate that AT could possess anticancer 

effects by increasing oxidative damage. The fluorescence 

intensity of DCFH-DA within HEp-2 cells reflected the 

effect of AT on intracellular ROS generation following 24 

hours of treatment. The findings revealed that AT, at 

concentrations of 10, 20, and 30 µM, considerably 

increased ROS generation in HEp-2 cells in a dose-

dependent manner compared to the control group. The 

statistical analyses found that varying concentrations of 

AT 10, 20, and 30 µM enhanced ROS production in 

these tumor cells, with corresponding increases in 

fluorescence intensity compared to the untreated cells. 

The elevated production of reactive oxygen species after 

AT treatment indicates that oxidative stress may have 

triggered apoptosis (Fig. 2A & 2B). 

 

Fig. 2. Effect of AT persuades intracellular ROS in 

Hep-2 cells using the staining method (DCFH‐DA). 

a) The AT‐treated Hep-2 cells exhibit increased 

green fluorescence in a photomicrograph using a 

green light source. b) Bar diagram shows the 

percentage of fluorescence intensity under 

excitation and emission wavelength at 485 ± 10 and 

530 ± 12.5 nm, respectively. Data represent mean 

values ± SD, where n = 3 and ***p < 0.001 when 

compared with control. Scale bar = 100 μM. 

 

AT induced Δψm in HEp-2 cells 

A study examining changes in mitochondrial membrane 

potential (Δψm) in HEp-2 cells has been performed 

using Rh-123 staining (Fig. 3). 

 

 

Fig. 3. Effect of AT on MMP level by Rh‐123 stain 

method. (a) The photomicrograph of AT-treated Hep-

2 cells depicts a decrease in green fluorescence 

intensity with loss of mitochondrial membrane 

potential. (b) The bar graph shows the percentage of 

fluorescence intensity measured using a multimode 

reader. Data represent mean values ± SD, where n = 3 

and ***p < 0.001 when compared with control. Scale 

bar = 100 μM. 
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The evaluation of apoptotic cell death in carcinoma 

cells depends on modifications to Δψm. Fluorescence 

microscopy studies reveal that, in the presence of a 

polarized mitochondrial membrane, untreated cells 

show no early signs of death. The reduced green 

fluorescence suggested that cells subjected to varying 

AT concentrations of 10, 20, and 30 μM displayed the 

most noticeable signs of cell death. As a result, when 

there is a change in Δψm, the fluorescence intensity 

of the Rh-123 label diminishes as the concentration 

increases. The administration of various doses of AT 

to HEp-2 cells led to a significant decrease in green 

fluorescence at all levels, along with a marked change 

in Δψm (Fig. 3A & 3B). 

 

AT induces apoptosis as evidenced by 

morphological changes in HEp-2 cells 

Rh-123 labeling has been utilized to investigate changes 

in mitochondrial membrane potential (Δψm) in HEp-2 

cells. Alterations in Δψm are essential for evaluating 

apoptotic cell death in cancer cells. Research using 

fluorescence microscopy indicates that untreated cells 

do not show early signs of death while the mitochondrial 

membrane remains polarized. In contrast, cells exposed 

to varying concentrations of AT specifically 10, 20, and 

30 μM demonstrated clear signs of cell death, as 

evidenced by the reduced green fluorescence. Therefore, 

as the concentration increases, the fluorescence intensity 

of the Rh-123 label decreases alongside changes in Δψm. 

At all concentrations tested, green fluorescence 

significantly diminished when different dosages of AT 

were applied to HEp-2 cells, resulting in notable 

alterations to Δψm (Fig. 4A&B). 

 

 

Fig. 4. Effect of AT on apoptotic changes using 

AO/EtBr. (a) Dual staining found apoptotic 

morphological characteristic alterations in AT‐treated 

cells. (b) The percentage of apoptotic cells in AT‐

treated Hep-2 cells were measured. Data represent 

mean values ± SD, where n = 3 and ***p < 0.001 

when compared with control. Scale bar = 100 μM. 

 

AT induces apoptosis in Hep-2 Cells as 

determined by Annexin V/PI flow cytometry 

Annexin V-FITC/PI dual staining followed by flow 

cytometry was used to quantify apoptosis in HEp-2 

cells treated with increasing concentrations of AT 

(10, 20, and 30 μM) compared with the untreated 

control. In the control group, most cells remained 

viable (67.28%, Q1-LL), with only a small fraction 

undergoing apoptosis (7.70%, Q1-UR) (Fig. 5A). 

 

 

Fig. 5. Effect of AT on apoptotic induction in Hep-

2 cells using Annexin V/PI staining. Flow 

cytometry analysis showing apoptotic cell 

populations in (A) control and AT-treated cells at 

concentrations of (B) 10 μM, (C) 20 μM, and (D) 30 

μM for 24 h. Quadrant distribution: Q1-LL 

(Annexin V⁻/PI⁻, viable cells), Q1-LR (Annexin 

V⁺/PI⁻, early apoptotic cells), Q1-UR (Annexin 

V⁺/PI⁺, late apoptotic/necrotic cells), and Q1-UL 

(Annexin V⁻/PI⁺, necrotic cells). 

 

AT treatment resulted in a clear dose-dependent 

increase in apoptotic cell populations. At 10 μM, 

both early and late apoptosis increased markedly, 

with late apoptotic cells reaching 33.09% (Q1-UR) 

(Fig. 5B). Increasing the concentration to 20 μM 

further elevated apoptosis, with 46% of cells in the 

late apoptotic quadrant (Fig. 5C). At 30 μM, the 
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majority of cells (57.17%) shifted to late apoptosis, 

indicating substantial apoptotic induction (Fig. 

5D). Overall, these results demonstrate that AT 

potently triggers apoptosis in HEp-2 cells in a 

concentration-dependent manner. 

 

Effect of AT induces nuclear condensation in 

HEp-2 cell line 

We evaluated the effect of AT treatment on nuclear 

condensation in HEp-2 cells following exposure to 10, 

20, and 30 µM for 24 h. Untreated control cells showed 

no signs of nuclear condensation, as indicated by the 

low-intensity DAPI fluorescence typical of healthy 

nuclei. In contrast, cells treated with lower 

concentrations of AT exhibited mild increases in DAPI 

fluorescence, reflecting early apoptosis. Higher 

concentrations of AT induced a pronounced rise in DAPI 

intensity, corresponding to late-stage apoptotic changes. 

Overall, AT treatment resulted in markedly enhanced 

nuclear condensation and fragmentation in HEp-2 cells 

compared to the controls (Fig. 6). 

 

 

Fig. 6. Shows apoptotic morphological changes DAPI 

staining were observed in control and AT treated 

cells. The different concentration (10, 20 and 30 μM) 

of AT treated Hep-2 cells shows increased fragmented 

nuclei and membrane blebbing. Scale bar = 100 μM. 

 

 

Fig. 7. (a) The standard fluorescent microscopic 

image of AT‐treated Hep-2 comet cells following 

alkaline gel electrophoresis is displayed due to DNA 

damage. (b) The percentage of tail DNA shows DNA 

damage in AT‐treated Hep-2 cells, were calculated by 

CASP software. Data represent mean values ± SD, 

where n = 3 and ***p < 0.001 when compared with 

control. Scale bar = 100 μM. 

 

Assessment of DNA damage by comet assay 

Comet assay analysis revealed a progressive increase in 

DNA fragmentation in HEp-2 cells following AT 

treatment at 10, 20, and 30 μM (Fig. 7A & 7B). This was 

evidenced by a concentration-dependent reduction in 

comet head DNA and a corresponding increase in comet 

tail DNA. The highest level of DNA damage was 

observed at 30 μM. In contrast, the control group 

exhibited intact DNA, characterized by well-defined 

comet heads with negligible or absent tails. 

 

DISCUSSION 

The current investigation demonstrates that α-

tomatine possesses significant anticancer properties 

against HEp-2 cells via various associated 

mechanisms, including inhibition of cell proliferation, 

enhancement of oxidative stress, impairment of 

mitochondrial function, initiation of apoptosis, and 

induction of DNA damage. The MTT assay results 

demonstrated that AT significantly inhibited the 

proliferation of HEp-2 cells in a clear dose-dependent 

manner, with an IC₅₀ value of 29.6 μM after 24 

hours. Prior studies have demonstrated that AT 

possesses significant cytotoxic properties against 

diverse cancer cell lines, with IC50 values around 1.67 

μM in PC-3 prostate cancer cells. Breast cancer MCF-

7 cells demonstrate IC50 value 7.17 μM (Lee et al., 

2011; Sucha et al., 2013). The initial reduction in cell 

viability guided the selection of optimal working 

concentrations of 10, 20, and 30 μM for subsequent 

experiments.  

 

The main factor contributing to AT-induced 

cytotoxicity is oxidative stress, evidenced by the 

significant increase in intracellular ROS generation 

following DCFH-DA staining. Increased amounts of 

ROS are known to induce intrinsic apoptosis, 

which typically results in mitochondrial 

depolarization and increased DNA fragmentation 

(De Haan et al., 2022; Kim and Xue, 2020). 
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The results of the ROS assay support this oxidative 

mechanism.  

 

Rhodamine 123 staining was employed to evaluate the 

effect of α-tomatine (AT) on mitochondrial membrane 

potential (Δψm) in HEp-2 cells. Rh-123 is a cationic 

and lipophilic fluorescent dye that primarily 

accumulates in mitochondria with intact and highly 

polarized membranes, resulting in high fluorescence 

under normal conditions. HEp-2 cells treated with AT, 

there was a significant reduction in Rh-123 

fluorescence, indicating mitochondrial depolarization. 

The loss of Δψm represents an early and crucial event 

in the intrinsic apoptotic pathway, signaling a 

breakdown in mitochondrial integrity (Lu et al., 2018; 

Zorova et al., 2022). The AT-induced depolarization of 

mitochondria demonstrates its capacity to disrupt 

mitochondrial function, highlighting the role of 

mitochondrial-mediated apoptosis in the cytotoxic 

response observed in HEp-2 cells. 

 

The application of AO/EtBr staining for morphological 

evaluations yielded distinct visual indicators of 

apoptosis. The AT treated cells displayed 

characteristics indicative of both early and late stages 

of apoptosis, such as membrane blebbing, chromatin 

condensation, and distinct orange/red fluorescence 

patterns. The observed morphological transitions 

became more pronounced as AT concentration raised, 

indicating the advancement of apoptotic processes 

(Annamalai et al., 2016). Similar results were observed 

with DAPI staining, where AT-treated cells exhibited 

significant nuclear condensation and fragmentation 

key indicators of late-stage apoptosis. The enhanced 

nuclear fluorescence observed at elevated 

concentrations confirmed considerable chromatin 

disruption, supporting the findings related to the 

induction of apoptosis (Azhamuthu et al., 2024b). 

 

Annexin V-FITC, a phosphatidylserine-binding 

probe, can be conjugated to fluorescent tags and 

used alongside propidium iodide (PI), a dye that 

penetrates only non-viable cells, for flow cytometric 

detection of apoptotic and dead cells (Pumiputavon 

et al., 2017). In this study, flow cytometry of 

untreated HEp-2 cells revealed minimal Annexin V-

FITC and PI staining, confirming that most cells 

remained viable. In contrast, exposure to increasing 

concentrations of AT for 24 hours resulted in a 

marked shift in cell populations. A dose-dependent 

rise in Annexin V- and/or PI-positive cells was 

observed, demonstrating that AT efficiently triggers 

apoptosis in HEp-2 cells. 

 

The Comet assay provided additional confirmation of 

the genotoxic effects resulting from AT treatment. 

HEp-2 cells exhibited a progressive enhancement in 

comet tail length alongside a decrease in comet head 

DNA, signifying significant DNA strand breaks. This 

pattern reflects the oxidative DNA damage induced by 

reactive oxygen species, which is frequently linked to 

intrinsic apoptotic pathways. The most significant DNA 

fragmentation was observed at the highest 

concentration 30 μM, which aligned with increased 

levels of reactive oxygen species and mitochondrial 

impairment (Kúdelová et al., 2013). The 

comprehensive experimental results indicate that α-

tomatine holds significant promise as a therapeutic 

candidate for laryngeal cancer. This finding indicates 

that it requires additional in vivo validation and a 

deeper investigation into its mechanisms to enhance its 

potential for clinical application. 

 

CONCLUSION 

This investigation reveals that AT displays potent 

anticancer properties against HEp-2 laryngeal 

carcinoma cells via various interconnected 

mechanisms. AT reported a dose-dependent 

inhibition of cell proliferation and markedly increased 

intracellular ROS levels, resulting in oxidative stress. 

This change was associated with mitochondrial 

depolarization, morphological changes indicative of 

apoptosis, and a rise in Annexin V/PI-positive cells, 

thereby confirming the activation of intrinsic 

apoptosis. The comet assay demonstrated significant 

DNA fragmentation, highlighting the genotoxic 

effects linked to the increase in ROS levels. The 

findings collectively represent AT as a promising 

candidate for additional investigation as a therapeutic 

agent in the context of laryngeal cancer. 
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