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ABSTRACT

Background: Patients with head and neck squamous cell carcinoma (HNSCC) suffer from 
poor prognosis despite advancements, primarily due to toxicity and resistance associated with 
conventional chemotherapeutics such as cisplatin (CDDP). Graviola extract (GE), also known as 
Annona muricata, is a natural compound with anticancer properties and favorable safety profile. 
This in vitro study aimed to investigate the cytotoxic, antiproliferative, and pro-apoptotic potential 
of GE, CDDP, and their combination (CDDP+GE) on HEp-2 cells derived from HNSCC.

Methods: Cytotoxicity was assessed using MTT assay, and IC50 values were determined 
for the GE, CDDP, and CDDP+GE treatment groups compared to the untreated control. HEp-
2 cells were subsequently treated with the predetermined IC50 doses for further investigations. 
Immunocytochemistry and RT-qPCR were conducted to evaluate the expression of Ki-67 and Bcl-
2. Statistical analysis was performed using one-way ANOVA followed by Tukey’s post-hoc test, 
with significance set at p < 0.05.

Results: All treatment groups significantly reduced HEp-2 cells viability compared to the 
control (p < 0.0001). The combination group (CDDP+GE) exhibited enhanced cytotoxicity (IC50 
= 28.47 ± 0.03 µg/mL) compared to GE alone (73.99 ± 0.29 µg/mL) or CDDP alone (2.88 ± 0.30 
µg/mL). Immunocytochemical and gene expression analyses revealed decreased Ki-67 and Bcl-2 
expression across all treated groups, with the lowest levels observed in the CDDP+GE group (p < 
0.0001), indicating synergistic and antiproliferative and pro-apoptotic effects.

Conclusions: GE combined with CDDP offers strong antiproliferative and apoptotic effects on 
HEp-2 cells, indicating its potential as an adjunct or alternative treatment for HNSCC.
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INTRODUCTION 

Head and neck squamous cell carcinoma 
(HNSCC) is a diverse group of human epithelial 
malignancies that remain associated with high rate of 
recurrence and poor prognosis. Its treatment remains 
challenging due to the limited efficacy, high toxicity, 
and resistance of the traditional chemotherapeutic 
agents (1, 2). Cisplatin (cis-diamminedichloroplatinum 
II, CDDP) is a frequently utilized conventional 
chemotherapeutic agent in the treatment of HNSCC, 
owing to its effectiveness to target and damage 
dividing cancerous cells. Nonetheless, its clinical 
utility is frequently restricted by the development of 
dose-dependent systemic toxicities, along with the 
risk of acquired drug resistance (3).  

Naturally occurring compounds have 
demonstrated promising anticancer activities, 
characterized by favorable safety profiles and 
selective toxicity towards cancer cells, while exerting 
minimal effects on normal tissues (4, 5). Annona 
muricata L., a medicinal plant commonly known as 
Graviola extract (GE), belongs to the Annonaceae 
family. GE has been used for its antimicrobial, anti-
inflammatory, and anticancer properties (6). Globally, 
this plant is used traditionally in herbal medicine 
for traditionally used for its anti-inflammatory, anti-
diabetic, and anticancer properties (7-9). According 
to ethnobotanical reports, GE is frequently used in 
anticancer therapy; this may be due to its specific 
cytotoxicity (10). Several in vitro and in vivo studies 
have investigated its anticancer effects and the 
underlying mechanisms across a range of cell types 
and tissues (11-15). 

This study aims to evaluate the cytotoxic, 
antiproliferative, and pro-apoptotic therapeutic 
potential of GE (Annona muricata) extract versus 
CDDP, either individually or in combination, 
on HEp-2 cells, an in vitro model of HNSCC, 
providing a basis for its potential use as an adjunct 
or alternative therapeutic agent in its management.

MATERIALS AND METHODS

This in vitro study was conducted at the Faculty 
of Medicine, Al-Azhar University, Cairo, Egypt. The 
current study does not include human participants 
therefore it was exempt from ongoing review; it 
was not subject to ethical approval by the British 
University in Egypt’s Ethical Committee, Faculty 
of Dentistry, The British University in Egypt. Three 
separate replicates were used for the studies, and the 
data is the mean of the three.

Cell Line Culturing

Human epithelial cell line of HNSCC (HEp-2 
cells) were obtained from the International Center 
for Advanced Research (ICTAR), Cairo, Egypt 
and cultured in DMEM [Catalog # 11995065, 
ThermoFisher-Scientific, MA, USA] with 10% 
heat-inactivated FBS, [Catalog # 10082147] and 
1% penicillin-streptomycin [Catalog # 15140122]. 
Cells were incubated at 37°C with 5% CO2 and 
subcultured at about 80% confluence using 0.25% 
trypsin- EDTA [Catalog # 25200056]. Cell status 
was repeatedly monitored via Olympus CKX53 
inverted-phase microscopy [Olympus Corporation, 
Tokyo, Japan].

MTT Cytotoxicity and IC50 Value

HEp-2 cells were seeded with growth media 
in 96-well-plates with density of 3 × 10³ cells/
well in incubator for 48 hours of treatment at 
37°C. The effect of different treatments including 
GE [Annona muricata; Nutrics®, UK], CDDP 
[cis-diamminedichloroplatinum II; Cisplatin®; 
Saint-Priest, France], and mixed GE and CDDP 
(CDDP+GE) on cell viability of HEp-2 cells were 
assessed compared to negative control untreated 
cells. Wells received 2.5 mg/ml MTT reagent 
[Catalog # M5655, Sigma-Aldrich, MO, USA] for 4 
to 6 hours of incubation. The medium was washed, 
and the formazan crystals were subsequently 
dispersed in DMSO [Catalog # D2650, Sigma-
Aldrich].
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GraphPad Prism [Software 10.0 for Windows, 
MA, USA] was used to determine each treatment’s 
half-maximal inhibitory concentration (IC50). The 
subsequent tests were then conducted using the 
IC50 values of each group. 

Real Time-Quantitative Polymerase Chain  
Reaction (RT-qPCR) 

For total RNA extraction, the kit of RNA 
extraction [Catalog # R6934, Sigma-Aldrich] was 
used, meanwhile for cDNA.synthesis, a kit for 
reverse transcriptase [Catalog # 200412, Sigma-
Aldrich] was used. SYBR® Green PCR Master 
Mix [Catalog # S4438, Sigma-Aldrich] was applied 
for qPCR. A real-time Rotor-Gene® Corbett 
analyzer [RG6000-Qiagen, Hilden, Germany] was 
used following the manufacturer’s instructions. 
The ACTB was the used housekeeping gene for 
standardizing gene expression levels. The ΔΔCT 
method was applied to determine expression levels 
of Bcl-2 and Ki-67. The sequences of primers used 
were listed in Table 1.

TABLE (1) The sequences of primers used in RT-
qPCR analysis.

Gene Sequences of the primers

Ki-67 Forward: 5’-GAAAGAGTGGCAACCTGCCTTC-3’
Reverse: 5’-GCACCAAGTTTTACTACATCTGCC-3’

Bcl-2 Forward: 5’-CCTGTGGATGACTGAGTACC-3’
Reverse: 5’-GAGACAGCCAGGAGAAATCA-3’

ACTB Forward: 5’-GTGACATCCACACCCAGAGG-3’
Reverse: 5’-ACAGGATGTCAAAACTGCCC-3’

Quantitative Immunocytochemistry (ICC) 

HEp-2-treated cells with GE, CDDP, and 
mixed CDDP+GE and HEp-2 untreated cells were 
subjected to cold centrifugation at 1500 rpm for 
10 minutes. Either detached or adherent HEp-2-
cells were gathered to be distributed on positively 
charged slides, they were allowed to air dry. 
Following fixation, primary antibodies against  

Ki-67 [Catalog # AB9260, Sigma-Aldrich] and Bcl-
2 [Catalog # B3170, Sigma-Aldrich] were incubated 
at room temperature for 1 hour. Phosphate buffer 
solution (PBS; pH 7.2) [Catalog # P4417, Sigma-
Aldrich] was used to wash the samples. To examine 
immunoreactivity, ten representative fields for 
each group were captured at 40x magnification by 
a Canon-EOS-650D camera attached to a BX60-
Olympus light microscope [Olympus, Japan]. 
Image analysis was conducted using ImageJ 
software [NIH, Bethesda, MD, USA] to calculate 
the percentage of positively stained cells to total 
number per slide.

Statistical Analysis

SPSS software version 27.0 [IBM Corp., Armonk, 
NY, USA] was used to analyze all data. The results 
were presented as mean ± standard deviation (SD) 
based on 3 independent experiments per group, with 
95% CI. The data were normally distributed, and 
group differences were evaluated using one-way 
analysis of variance (ANOVA). Post-hoc tests were 
performed using Tukey’s multiple comparison test 
following one-way ANOVA to identify significant 
differences between groups. A p-value of less than 
0.05 was considered statistically significant.

RESULTS

MTT Cytotoxicity and IC50 Results

The cytotoxic effects of different interventions 
on HEp-2 cell line were evaluated using the MTT 
assay, with IC50 values being calculated after 48 
hours of treatment. All treated groups demonstrated 
significantly reduced cell viability compared to the 
untreated control group. The highest IC50 value 
was exhibited in the GE-treated group (73.99 ± 
0.29 µg/mL), while the lowest value was observed 
in the CDDP-treated group (2.88 ± 0.30 µg/mL). 
The combined CDDP+GE group exhibited an 
intermediate IC50 value (28.47 ± 0.03 µg/mL). 
One-way ANOVA analysis revealed a highly 
statistically significant difference among the groups 
(p < 0.0001) (Table 2, Figure 1).
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Immunocytochemical Expression 

The immunocytochemical results showed 
reduced nuclear Ki-67 and cytoplasmic Bcl-2 
immunoreactivity across all treated groups. The 
lowest expression levels for both markers were 
detected in the CDDP and CDDP+GE groups, with 
minimal staining evident in the combined CDD+-
GE group (Figure 2).

Statistical analysis of Ki-67 immunoexpression 
revealed that GE-treated HEp-2 cells exhibited the 
highest mean expression (71.20 ± 4.60), followed 
by the CDDP -treated group (51.57 ± 15.77), while 
the combination CDDP+GE group showed the 
lowest expression level (29.33 ± 2.92). One-way 
ANOVA showed a statistically significant difference 
in Ki-67 expression among the groups (p < 0.0001).  

Post hoc Tukey’s multiple comparison test revealed 
significant differences between all pairs of groups 
(p < 0.0001) (Table 3 and 4, Figure 3).

Regarding Bcl-2, the GE-treated group exhibited 
lower Bcl-2 expression (82.46 ± 4.53) compared to 
control (92.77 ± 1.40). Meanwhile, the combination 
group (CDDP+GE) showed the lowest expression 
(41.71 ± 1.92), even when compared to the CDDP 
group (51.07 ± 4.62). One-way ANOVA revealed 
these differences to be statistically significant 
(p<0.0001). Then, Post hoc Tukey’s test revealed 
significant differences between all paired groups 
(p<0.001) (Tables 5 and 6, Figure 3). 

Ki-67 Gene Expression Results by RT-qPCR

The quantitative PCR analysis revealed a 
statistically significant downregulation of Ki-67 
gene expression in all treated groups compared to 
the untreated control group. Among the treatment 
groups, the GE -treated group exhibited the highest 
relative gene expression (fold change: 0.63 ± 0.02), 
followed by the CDDP-treated group (fold change: 
0.44 ± 0.01), meanwhile the combined CDDP+GE 
group revealed the lowest gene expression level 
(fold change: 0.37 ± 0.03). Statistically, one-way 
ANOVA analysis showed a highly significant 
difference among the study groups (p < 0.0001). 
Furthermore, Tukey’s post hoc multiple comparison 
test confirmed that all intergroup differences were 
statistically significant (p < 0.001, p < 0.01) (Tables 
7 and 8).

TABLE (2). IC50 values (µg/mL) with one-way ANOVA comparisons among the study groups.

Mean SD 95% CI of Difference F value p-value

GE 73.99 0.29 73.69 – 74.29

F=114499.37 p < 0.0001
CDDP 2.88 0.30 2.59 – 3.18

CDDP + GE 28.47 0.03 28.17 – 28.77

Control 99.88 0.16 99.58 –100.18

Data are expressed as mean ± standard deviation (SD). Confidence interval (CI) represents 95%. Significance level was set 
at p < 0.05.

Fig. (1). Bar chart represents the mean IC50 values (µg/mL) on 
HEp-2 cells across the study groups.
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Fig. (2) Photomicrographs of immunocytochemical analysis of HEp-2 cells in the Control (untreated) group (A, B), GE-
treated group (C, D), CDDP-treated group (E, F), and CDDP+GE-treated group (G, H). Nuclear staining of Ki-67 
and cytoplasmic staining of Bcl-2 are demonstrated with decreased expression levels in the treated groups compared 
to the control group, with the lowest expression observed in the CDDP+GE-treated group   (Diaminobenzidine 
(DAB), original magnification ×400). 
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For Bcl-2, the gene expression levels showed 
significant downregulation in all treated groups 
compared to control, with the highest fold chang-
es recorded in the GE-treated group (0.58 ± 0.01), 
while the lowest expression in the CDDP+GE treat-
ment group (0.25 ± 0.01). One-way ANOVA analy-
sis revealed significant statistical differences in all 
treatment groups compared to control (p < 0.0001). 
Tukey’s post hoc test confirmed a significant differ-
ence in all treated groups versus control (p < 0.01, p 
< 0.001), with a significant difference between the 
GE-treated group (Tables 9 and 10).

TABLE (3). Descriptive statistics and one-way ANOVA analysis of Ki-67 immunocytochemical expression 
among the study groups.

Mean SD 95% CI of Difference F value p-value

GE 71.20 4.60 65.38 – 77.01

F=69.63 p < 0.0001
CDDP 51.57 15.77 45.76 – 57.38

CDDP + GE 29.33 2.92 23.51 – 35.14

Control 94.39 1.57 86.17 –102.61

Data are expressed as mean ± standard deviation (SD). Confidence interval (CI) represents 95%. Significance level was set 
at p < 0.05.

TABLE (4). Tukey’s multiple comparison test of Ki-67 immunocytochemical expression between study 
groups.

Mean Difference 95% CI of Difference p-value Significance

Control vs. GE 23.20 9.80 –36.59 0.0003 ***

Control vs. CDDP 42.82 29.43 –56.21 < 0.0001 ****

Control vs. CDDP + GE 65.07 51.67 –78.46 < 0.0001 ****

GE vs. CDDP 19.62 8.69 –30.56 0.0002 ***

GE vs. CDDP + GE 41.87 30.93 –52.80 < 0.0001 ****

CDDP vs. CDDP + GE 22.25 11.31 –33.18 < 0.0001 ***

Data are expressed as mean differences with 95% confidence interval (CI). Tukey’s multiple comparison test was used 
following one-way ANOVA. Significance level was set at p < 0.05. Asterisks denote highly significance: * = p < 0.05; ** =  
p < 0.01; *** = p < 0.001; **** = p < 0.0001.

Fig. (3). Bar chart representing the mean immunocytochemical 
expression levels of Ki-67 and Bcl-2 across the study 
groups.
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TABLE (5). Descriptive statistics and one-way ANOVA analysis of Bcl-2 immunocytochemical expression 
among the study groups.

Mean SD 95% CI of difference F value p-value
GE 82.46 4.53 80.10–84.83

F=350.73 p < 0.001*
CDDP 51.07 4.62 48.71–53.44
CDDP + GE 41.71 1.92 39.34–44.08
Control 92.77 1.40 89.42–96.11

Data are expressed as mean ± standard deviation (SD). Confidence interval (CI) represents 95%. Significance level was set 
at p < 0.05.

TABLE (6). Tukey’s multiple comparison test of Bcl-2 immunocytochemical expression between study 
groups.

Mean Difference 95% CI of Difference p-value Significance
Control vs. GE 10.31 4.85 –15.76 < 0.001 ***
Control vs. CDDP 41.69 36.24 –47.15 < 0.001 ***
Control vs. CDDP + GE 51.06 45.60 –56.51 < 0.001 ***
GE vs. CDDP 31.39 26.93 –35.84 < 0.001 ***
GE vs. CDDP + GE 40.75 36.30 –45.21 < 0.001 ***
CDDP vs. CDDP + GE 9.36 4.91 –13.82 < 0.001 ***

Data are expressed as mean differences with 95% confidence interval (CI). Tukey’s multiple comparison test was used 
following one-way ANOVA. Significance level was set at p < 0.05. Asterisks denote highly significance.

TABLE (7). Descriptive statistics and one-way ANOVA analysis of Ki-67 gene expression among the study 
groups.

Mean SD 95% CI of Difference F value p-value

GE 0.63 0.02 0.61 – 0.66

F=721.87 p < 0.0001
CDDP 0.44 0.01 0.41 – 0.46

CDDP + GE 0.37 0.03 0.34 – 0.39

Control 1.00 0.00 0.97–1.02

Data represent mean ± standard deviation (SD). Confidence interval (CI) represents 95%. Significance level was set at p < 0.05.

TABLE (8) Tukey’s multiple comparison test of Ki-67 gene expression between study groups.

Mean Difference 95% CI of Difference p-value Significance
Control vs. GE 0.37 0.32 –0.41 < 0.001 ***
Control vs. CDDP 0.56 0.51 –0.61 < 0.001 ***
Control vs. CDDP + GE 0.63 0.59 –0.68 < 0.001 ***
GE vs. CDDP 0.20 0.15 –0.24 < 0.001 ***
GE vs. CDDP + GE 0.27 0.22 –0.32 < 0.001 ***
CDDP vs. CDDP + GE 0.07 0.02 –0.12 0.006 **

Data represent mean differences with 95% confidence interval (CI). Tukey’s multiple comparison test was used following 
one-way ANOVA. Significance level was set at p < 0.05. ***p < 0.001 indicates a highly significant difference, **p < 0.01 
indicates a significant difference.
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DISCUSSION

The treatment of head and neck squamous 
cell carcinoma (HNSCC) with conventional 
chemotherapeutic agents remains challenging (2). 
CDDP, widely used in HNSCC treatment, exerts 
its cytotoxic effects by DNA inducing damage in 
rapidly dividing cancerous cells. However, its use 
is often limited by severe systemic toxicity and the 
development of chemoresistance (3). In response to 
these limitations, there has been increasing interest 
in the use of natural extracts and plant-derived 
compounds with safer toxicity profiles and potential 
synergistic efficacy when used in conjunction with 
established chemotherapeutics (5). Annona muricata 
L., commonly referred to as GE, is a medicinal 
plant from the Annonaceae family that has been 
traditionally used in anticancer therapies (10). In this 
context, the current study investigated the anticancer 

effects of GE, both alone and in combination with 
CDDP, on the HEp-2 human cancer cell line.

The IC50 findings revealed that treatment with 
GE and CDDP, both individually and in combination, 
significantly reduced HEp-2 cell viability compared 
to the untreated control. The IC50 values were 
73.99 ± 0.29 µg/mL for GE, 2.88 ± 0.30 µg/mL for 
CDDP, and 28.47 ± 0.03 µg/mL for the CDDP+GE 
group, with statistically significant differences 
when compared to the untreated control group (p 
< 0.0001). The marked reduction in IC50 in the 
combination group suggests an enhanced cytotoxic 
effect, indicating a possible synergistic interaction 
between GE and CDDP in targeting HNSCC cells.

These findings align with previous studies 
demonstrating cytotoxic potential of GE across 
various cancer cell lines. For instance, Abu Soukhon 

TABLE (9). Descriptive statistics and one-way ANOVA analysis of Bcl-2 gene expression among the study 
groups.

Mean SD 95% CI of Difference F value p-value
GE 0.58 0.01 0.47 – 0.70

F=39.54 p < 0.0001
CDDP 0.46 0.17 0.35 – 0.58
CDDP + GE 0.25 0.01 0.13 – 0.36
Control 1.00 0.00 0.88–1.12

Data represent mean ± standard deviation (SD). Confidence interval (CI) represents 95%. Significance level was set at p < 0.05.

TABLE (10). Tukey’s multiple comparison test of Bcl-2 gene expression between study groups.

Mean Difference 95% CI of Difference p-value Significance

Control vs. GE 0.42 0.19 to 0.65  0.0017 **

Control vs. CDDP 0.54 0.31 to 0.76  0.0003 ***

Control vs. CDDP + GE 0.75 0.53 to 0.98 < 0.0001 ***

GE vs. CDDP 0.12 –0.11 to 0.34 0.4113 ns

GE vs. CDDP + GE 0.33 0.11 to 0.56 0.0067 **

CDDP vs. CDDP + GE 0.22 – 0.01 to 0.45 0.0612 ns

Data represent mean differences with 95% confidence interval (CI). Tukey’s multiple comparison test was used following 
one-way ANOVA. Significance level was set at p < 0.05. ***p < 0.001 indicates a highly significant difference, **p < 0.01 
indicates a significant difference, ns: non-significant (p ≥ 0.05).
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et al. reported that GE exhibited cytotoxicity against 
PC3 and MCF-7 cell lines with IC50 values of 62 
µg/mL and 79 µg/mL, respectively (16). Similarly, 
Hashem et al. reported strong anticancer activity 
of GE in MCF-7 and DU-145 cell lines, where 
IC50 values reached 20 mg/mL for MCF-7 and 
5mg/mL for DU-145 cells (17). Kuete et al. further 
supported the potent cytotoxicity of GE against 
colon carcinoma cell lines HCT-116 and HT-29, 
reporting IC50 values of approximately 11.43 and 
8.98, respectively (18).

At the molecular level, the present study 
demonstrated a significant downregulation of Ki-67 
mRNA in all the treated groups versus the control 
(p < 0.0001). GE-treated cells showed a Ki-67-fold 
change of 0.63 ± 0.02, whereas the CDDP+GE 
group exhibited the lowest expression levels, with 
a fold change of 0.37 ± 0.03. These findings further 
support enhanced suppression of cell proliferation 
when GE is combined with CDDP. Parallel to these 
results, Bcl-2 gene expression was downregulated 
in all treated groups with significant differences 
(p<0.0001). Among them, the GE-treated group 
showed the highest Bcl-2 expression (fold change: 
0.58 ± 0.01), while the lowest expression was 
observed in the combination group (fold change: 
0.25±0.01). These results strongly indicate a 
synergistic enhancement of apoptosis via the intrinsic 
pathway. Post-hoc analysis further confirmed 
significant differences between the control and each 
treated group (p<0.0001), and between the GE group 
and the combined GE and CDDP group (p < 0.01), 
supporting the superior efficacy of the combination 
regimen in inhibiting the anti-apoptotic signaling. 
In alignment with these findings, Hadisaputri et al. 
reported that the GE of leaf significantly reduced 
Ki-67 expression and inhibited proliferation in 
MCF-7 breast cancer cell line through induction of 
apoptosis and mitochondrial pathway activation (19). 

In terms of its anticancer activity, several recent 
studies have shown that GE could exert its effects 
through multiple molecular mechanisms. These 
include inhibition of NADH oxidase activity on 

the plasma membrane of cancer cells, induction 
of cell cycle arrest, and modulation of apoptotic 
pathways by upregulating pro-apoptotic markers 
including Bax and caspases while downregulating 
anti-apoptotic proteins such as Bcl-2. Moreover, 
GE could induce mitochondrial dysfunction and 
oxidative stress, leading to activation of caspase-
mediated apoptosis and regulation of Bcl-2 family 
proteins. Furthermore, GE was shown to cause G1 
and G2/M cell cycle arrest in various cancer cell 
lines, enhancing intrinsic apoptosis (11, 19-23).

Immunocytochemical findings further confirmed 
the apoptotic and antiproliferative activities of GE. 
Ki-67 nuclear expression was significantly reduced 
in all treated groups compared to the control levels 
(p<0.0001). Among the treated groups, GE-treated 
HEp-2 cells exhibited the highest Ki-67 expression 
(71.20±4.60), followed by CDDP-treated cells 
(51.57±15.77), while the lowest Ki-67 levels 
were observed in the CDDP+GE group (29.33 ± 
2.92). Post hoc Tukey’s test confirmed significant 
differences between all group pairs (p<0.0001). 
These results reflect a synergistic interaction 
between GE and CDDP in suppressing tumor cell 
proliferation. Similarly, immunocytochemical 
analysis of Bcl-2 revealed variations in cytoplasmic 
expression levels among the study groups with 
statistically significant differences (p<0.0001). The 
control group exhibited the highest Bcl-2 expression 
(92.77±1.40), followed by the GE-treated group 
(82.46±4.53), then the CDDP-treated group showed 
a marked reduction (51.07±4.62), and the lowest 
Bcl-2 level was in the CDDP+GE group (41.71± 
1.92). These results indicate that the GE treatment 
may enhance the apoptotic effects in HEp-2 cells 
when combined with CDDP, potentially allowing 
for the use of lower doses of the chemotherapeutic 
agent while maintaining efficacy and minimizing 
associated side effects.

Based on the findings of the current study, it is 
recommended that future research should extend 
to in vivo models of HNSCC to validate the 
synergistic efficacy of GE combined with CDDP, 
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further elucidate the underlying molecular signaling 
pathways, and optimize dosing strategies to support 
potential clinical application.

CONCLUSIONS

Taken together, the findings demonstrate that 
GE, particularly when combined with CDDP, 
have considerable antiproliferative and apoptotic 
properties against HNSCC cancer cells, offering 
enhanced therapeutic advantages with safety profile. 
However, further research should be conducted to 
fully elucidate the involved mechanistic interactions 
between the two agents and their combined potential 
clinical application. 
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