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Abstract 

Background: The therapeutic potential of Quercus infectoria (QI) gall, including its anti-inflammatory, 

antioxidant, and anticancer properties, is well-known. However, its impact on lung, gastric, and 

esophageal cancer cells remain unclear. This study aims to explore the effects of QI gall aqueous extract 

on cell viability, apoptosis, and gene expression in A549, BGC823, and KYSE-30 cell lines. 

Methods: A549, BGC823, and KYSE-30 cells were seeded in complete medium and incubated with 

different concentrations of QI gall extract for 24 hours. Cell viability was measured by an MTT [3-(4, 

5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide] assay. The induction of apoptosis was 

assessed through flow cytometric analysis after the adding FITC-conjugated Annexin V (Annexin V-

FITC) and propidium iodide (PI). The mRNA expression levels of CCND1, TP53, BCL2, and BAX 

genes were determined using Real-time Quantitative Polymerase Chain Reaction analysis. 

Results: The MTT assay demonstrated that treatment with QI gall extract significantly reduced the 

number of viable cells in the A549, BGC823, and KYSE-30 cell lines at IC50 concentrations of 440.1, 

437.1, and 465.2 mg/ml, respectively. Additionally, compared to untreated cell population, the 

percentages of early apoptosis, late apoptosis, and necrosis in the A549, BGC823, and KYSE-30 cells 

significantly increased following treatment with QI gall extract (P< 0.05). Also, the treatment with QI 

gall extract influenced the expression of CCND1, TP53, BCL2, and BAX genes. 

Conclusions: The present findings indicated that the gall extract of QI can inhibit the growth of A549, 

BGC823, and KYSE-30 cells by inducing apoptosis, which may be mediated via 

mitochondria‑dependent pathway. 
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Introduction 
Quercus infectoria (QI) is a member of the 

Fagaceae family, recognized for the 

development of spherical galls resulting from 

infections caused by Cynipidae wasp (1). 

These galls are found in Asia Minor, Iran, 

Syria, and Greece and possess various 

therapeutic qualities, including astringency,  

 

 

anti-diabetic, antipyretic, antibacterial, 

antiviral, and anti-inflammatory properties (2). 

They contain components such as tannins, 

gallic acid, and ellagic acid, known for their 

anti-cancer and antioxidant attributes (3). 

Cancer is a significant global cause of death 

especially in developing countries (4). The 
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challenges in its diagnosis and treatment arise 

from the intricate diversity observed at the 

tissue level (5, 6). With modernization and an 

aging population, cancer-related morbidity and 

mortality, particularly from lung, gastric, and 

esophageal cancers, are on the rise (7). 

Lung cancer is a prominent global health 

concern, leading to a significant number of 

fatalities. There are over 220,000 new cases 

and 157,000 annual deaths in the United States 

(8, 9). In 2012, it accounted for 19% of global 

cancer-related deaths, exceeding the combined 

mortality of prostate, breast, and colon 

cancers. Lung cancer is broadly categorized 

into non-small-cell lung cancer (NSCLC, 

85%) and small-cell lung cancer (SCLC, 15%), 

each demanding distinct treatment strategies. 

NSCLC encompasses adenocarcinoma (40%–

70%), squamous-cell carcinoma (20%–30%), 

and large-cell carcinoma (10%–15%), each 

with specific characteristics and locations in 

the lung. Lung cancer often carries a grim 

prognosis due to late diagnosis, partly 

attributed to the absence of early symptoms. 

Moreover, various genetic alterations, 

including amplifications, mutations, fusions, 

and deletions, contribute to the disruption of 

physiological processes and signaling 

pathways in NSCLC (10, 11). 

Gastric cancer (GC) is a widespread global 

cancer with the second-highest mortality rate, 

particularly evident in East Asia, where it 

consistently has an incidence of 60% (12). It is 

categorized into cardia gastric cancer (CGC) 

and non-cardia gastric cancer (NCGC), each 

having distinct causes (13). Adenocarcinomas 

constitute the majority (around 90%) of GC 

cases. The incidence of GC varies globally, 

influenced by behaviors such as alcohol and 

tobacco use, which lead to genetic alterations 

(14). Despite numerous treatment options, 

such as surgery, chemotherapy, and 

radiotherapy, GC typically exhibits a poor 

prognosis and low survival rates (15). 

Therefore, it is strongly recommended to 

develop novel and highly efficient therapeutic 

strategies for GC (16). 

Esophageal cancer (EC) is prevalent, 

especially in Asia, ranking sixth in global 

cancer-related mortality (17). It consists of two 

main types: esophageal adenocarcinoma 

(EAC) and esophageal squamous cell 

carcinoma (ESCC), exhibiting differences in 

causative factors and distribution (18, 19). 

ESCC is more prevalent in low- to middle-

income regions like Golestan, Iran, and central 

China, often associated with alcohol and 

tobacco use. EAC, prevalent in high-income 

areas, is linked to gastroesophageal reflux and 

obesity (20, 21). Several molecular factors 

influence the progression of ESCC, including 

genetic and epigenetic changes, although their 

precise impact on prognosis and initiation 

remains uncertain (22). 

The CCND1 (cyclin D1) gene, positioned 

on chromosome 11q13, plays roles in cell 

cycle regulation, DNA repair, and cell 

migration (23, 24). The TP53 (tumor protein 

p53) gene, located on chromosome 17, 

encodes protein P53, which is crucial for 

maintaining DNA integrity, controlling cell 

growth, and promoting apoptosis to eliminate 

damaged cells (25). BCL2 (B-cell 

leukemia/lymphoma 2) proteins influence 

apoptosis, with BAX (BCL2 associated X) 

initiating cell death, while Bcl-2 has the opposite 

function of inhibiting apoptosis and sustaining 

cells. The ratio of the two protein expressions 

can determine the cell’s fate (26, 27). 

In this study, we aim to investigate the 

potential of Quercus infectoria gall aqueous 

extract in inhibiting cell proliferation and 

inducing apoptosis in common cancers of the 

armed forces. Moreover, we will examine the 

expression levels of key genes, including 

CCND1, TP53, BCL2, and BAX, to gain 

insights into the mechanism of action of the 

extract. The findings of this study could 

contribute to the development of novel 

therapeutic strategies for cancer treatment. 

Materials and Methods 
Plant material 

The QI galls used in this study were obtained 

from the local herbal medicine shop and were 

identified based on their morphological 

appearance. The confirmed plant galls were 

subsequently subjected to extraction. 
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Preparation of aqueous extract 

The QI galls were first washed with distilled 

water and allowed to dry at room temperature. 

They were then powdered using an electric 

grinder. Subsequently, 100 grams of the 

powdered material were combined with 500 ml 

of sterile distilled water and soaked for 1 hour 

using a shaker at 120 rpm. The mixture was 

placed in a 50 °C water bath for 72 hours and 

then centrifuged at 1600 G at 4 °C. The 

supernatant was filtered using suction pressure 

through Whatman No.1 filter paper fitted to a 

Buchner funnel. The filtrates were then 

evaporated in a rotary evaporator at 80 °C 

under reduced pressure. The resulting 

concentrated filtrates were freeze-dried at -50 

°C under vacuum until they formed a fine 

crystal-like crude extract. These crude extracts 

were stored in airtight jars at 4 °C until they 

were used. 

Phytochemical screenings of QI gall extract 

by GC-MS 

GC-MS was employed to analyze the QI gall 

extract sample. The analysis initiates with the 

gas chromatograph, where the sample is 

efficiently vaporized into the gas phase and 

separated into its various components using a 

capillary column coated with a stationary 

phase (either liquid or solid). The 

phytochemical analysis of the aqueous extract 

was conducted using the Varian 4000 Ion Trap 

GC-MS/MS System. 

Cell lines and culture conditions 

The A549 cell line (lung adenocarcinoma 

cancer cells), BGC823 cell line (gastric 

cancer cells), and KYSE-30 cell line 

(esophageal cancer squamous cells) were 

obtained from the Pasteur Institute of Iran in 

Tehran, Iran. These cell lines were cultured in 

Dulbecco’s Modified Eagle’s Medium 

(DMEM, Bio-IDEA, Bl-1003 (500ml)), 

supplemented with 10% fetal bovine serum 

(FBS, Bio-IDEA, Bl-1003 (500ml)), and 1% 

penicillin-streptomycin (Bio-IDEA, Bl-1203 

(100ml)), at 37 °C and 5% CO2 in a 

humidified atmosphere. 

Cell viability assay 

Cell viability was assessed using the 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT) tetrazolium reduction assay. 

Cells were cultured at a density of 10,000 cells 

per well in a 96-well plate and allowed to 

culture for 24 hours. Subsequently, they were 

treated with QI gall extract at various 

concentrations (1000, 500, 250, 125, 62.5, 

31.25, and 15.625 mg/mL). After 24 hours of 

treatment, 50 μL of MTT solution (Sigma 

Aldrich, Germany) was added to each well, 

and the cells were further incubated for 4 hours 

at 37 °C. The medium was then removed, and 

100 μL of dimethyl sulfoxide (DMSO) was 

added for 20 minutes to dissolve the purple 

formazan crystals formed at the bottom of the 

wells. The plates were gently shaken, and the 

optical density was measured at 570 nm using 

a microplate reader. The microplate reader 

recorded the absorbance at 570 nm for each 

well, and the IC50 of the test compound was 

calculated. The percent cell survival was 

determined as the relative absorbance of 

treated cells compared to untreated cells. 

Cellular apoptosis assay 

The Annexin V-FITC Apoptosis Detection Kit 

(BioLegend, USA) was used to evaluate cell 

apoptosis. This kit comprises Annexin V 

conjugated to the fluorochrome FITC, 

propidium iodide (PI), and binding buffer. A 

total of 1×106 A549, BGC823, and KYSE-30 

cells were seeded into each well of a six-well 

plate and treated with the respective IC50 value 

of QI extract for each cell line for 24 hours. The 

control samples of cells received no treatment 

and were provided with an equal volume of 

culture medium. Following treatment, the cells 

were trypsinized and subjected to three washes 

with culture medium and cold PBS before being 

transferred to tubes. Subsequently, 100 μL of 

binding buffer, 3 μL of FITC-conjugated 

Annexin V (Annexin V-FITC), and 3 μL of PI 

were added to the cells, and they were incubated 

at room temperature in the dark for 15 minutes. 

The stained cells were then brought up to a final 

volume of 300 μL using binding buffer and were 

immediately analyzed with a flow cytometer. 
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Total RNA extraction and cDNA synthesis 

Total RNA extraction was carried out from 

A549, BGC823, and KYSE-30 cell lines 

following treatment using the TRIzol™ 

(Genexco, Iran)/chloroform method, 

according to the standard protocol. Briefly, 

1×106 cells per well were cultured in a 6-well 

plate. Subsequently, the cells were treated with 

QI gall extract for 24 hours in a 5% CO2 

incubator at 37 °C. After the incubation, total 

RNA was extracted from the cells, and DNase 

I (Thermo Fisher Scientific) was employed to 

remove genomic DNA during the RNA 

extraction process. The concentration and 

purity of the extracted RNAs were determined 

by assessing the A260/A280 nm wavelength 

ratios using a Nanodrop (Thermo Fisher 

Scientific, USA) and agarose gel 

electrophoresis. For cDNA synthesis (RT-

PCR), 1 μg of extracted RNA was used, and it 

was prepared with a cDNA synthesis kit (Solis 

BioDyne, Estonia), following the 

manufacturer's instructions.  

Quantitative real-time PCR 

Expression of CCND1, TP53, BCL2 and BAX 

genes was analyzed by Real-Time Quantitative 

Polymerase Chain Reaction (RT-qPCR) 

technique using the LightCycler®96 

Instrument (Roch, Germany). The synthesized 

cDNA served as the template for RT-qPCR 

analysis. Each reaction mixture was composed 

of 7.5 μL of SYBR green master mix (RealQ 

Plus 2x Master Mix Green High ROX, 

Ampliqon, Denmark), 5 pmol/μL of both 

forward and reverse primers, and 1 μg of 

cDNA, adjusted with sterile distilled water to 

reach a final volume of 15 μL. All primers 

were sourced from Metabion (Metabion 

International AG, Germany), and their details 

are provided in Table 1. The cycling conditions 

were as follows: an initial denaturation step at 

95 °C for 10 minutes, followed by 40 cycles of 

denaturation at 95 °C for 15 seconds and 

annealing at 62 °C for 1 minute. The analysis 

of relative gene expression was carried out 

using the 2-ΔΔCt method, with the housekeeping 

gene B2M serving as an internal control. All 

qPCR assays for the evaluation of CCND1 

(Acc. No. AY893329.1), TP53 (Acc. No. 

MH011443.1), BCL2 (Acc. No. AC021803.8), 

and BAX (Acc. No. KC346257.1) genes 

expression levels were conducted in triplicate 

in this study. 
 

Table 1. The sequence of the primers used in the real-time PCR reaction. 

Gene name Sequence 5'-3' Tm GC% Product size (bp) 

BAX 
F: GAGCAGATTATGAAGACAGGGG 58.26 50.00 

200  
R: ACGGCGGCAATCATCCTC 60.20 61.11 

BCL2 
F: TCGCCCTGTGGATGACTGA 60.61 57.89 

134  
R: CAGAGACAGCCAGGAGAAATCA 59.76 50.00 

B2M 
F: AGATGAGTATGCCTGCCGTGT 61.58 52.38 

106 
R: TGCGACATCTTCAAACCTCCAT 60.29 45.45 

TP53 
F: TACTCCCCTGCCCTCAACA 59.84 57.89 

193 
R: GGACCAGACCATCGCTATCT 58.67 55.00 

CCND1 
F: GGCGGAGGAGAACAAACAGA 59.97 55.00 

181  
R: TGTGAGGCGGTAGTAGGACA 59.96 55.00 

 
Statistical analysis 

All the collected data were validated through a 

minimum of three independent experiments, 

and the results are presented as the mean ± 

standard deviation. Statistical analysis of 

MTT, Real-Time PCR, and flow cytometer 

data was performed using One-way ANOVA 

with GraphPad Prism 9 software Version 

9.0.0. Statistical significance was considered 

for P< 0.05. 
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Results 

GC-MS analysis for QI gall extract 

After successfully extracting the plant 

material, the initial phytochemical analysis, as  

 

depicted in Figure 1 from the GC-MS device, 

revealed that the aqueous plant extract contains 

the compounds listed in Table 2. 

 

Table 2. Compounds identified in the aqueous extract of a Quercus infectoria gall via GC-MS. RT=Retention time, Total 

Fatty Acid: 16.046 + 12.527 (28.527%). 

RT Compound name 
Molecular 

formula 

Molecular 

Weight (g/mol) 
Compound nature 

12.472 Formic acid CH₂O₂ 46.03 carboxylic acid 

18.831 2,4-Dimethylimidazole C5H10N2 96.13 chemical compound 

23.724 Methyl salicylate C8H8O3 152.149 organic compound 

30.684 Phenol C 6H5OH 94.113 aromatic organic compound 

33.488 Maltol C6H6O3 126.11 Organic compound 

34.969 Maltol C6H6O3 126.11 Organic compound 

36.127 Palmitic acid C16H32O2 256.4 fatty acid 

37.174 a-furfuryl alcohol C5H6O2 98.1 hydroxymethyl 

41.957 Oleic acid C18H34O2 282.47 fatty acid 

 

 
Fig. 1. GC-MS chromatogram of the aqueous extract from Quercus infectoria gall. 

 

The effect of QI gall extract on cell viability 
The MTT assay was employed to assess the 

impact of QI gall extract on the viability of 

A549, BGC823, and KYSE-30 cells. Cells 

from these lines were exposed to varying 

concentrations (1000, 500, 250, 125, 62.5, 

31.25, 15.625 mg/mL) of QI gall extract for 24 

hours. Their viability rates were then 

compared with a control group that had not 

been exposed to QI gall extract. The MTT 

results were used to determine the 

concentration of the extract required to inhibit 
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50% of the cell population (IC50 value), which 

was found to be 440.1 mg/ml for A549 cells, 

437.1 mg/ml for BGC823 cells, and 465.2 

mg/ml for KYSE-30 cells (Fig. 2). 

Cell viability decreased as the concentration 

of the extract increased in comparison to the 

control group, and this decrease in cell 

viability was found to be statistically 

significant across different cell groups 

compared to the control (Fig. 3). 

 
Fig. 2. The graph depicting cell viability shows a correlation with the logarithm of concentration. As the concentration 

increases, the percentage of cell viability (%) decreases. 

 
Fig. 3. Comparative chart illustrating the impact of various concentrations of extract on cell viability. With the increase 

in the concentration of the extract, the cell viability has decreased significantly compared to the control (*P< 0.01, **P< 

0.001, ***P< 0.0001). 
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Apoptosis induction in A549, BGC823, and 

KYSE-30 cells by QI gall extract 

In the current study, after confirming that 

treatment of human lung, gastric and 

esophageal cancer cells with QI extract leads 

to a decrease in cell viability, we investigated 

the relationship between QI gall extract and 

apoptosis. 

The percentage of viable cells, early apoptosis, 

late apoptosis, and necrosis for untreated cells 

in the A549 cell line were 90.9%, 1.19%, 

0.515%, and 7.37%, respectively (Fig. 4). In 

the BGC823 cells, they were 92.5%, 0.830%, 

0.159%, and 6.5%, respectively. In the KYSE-

30 cell line, they were 90.3%, 0.763%, 2%, and 

6.97%, respectively. However, the percentage 

 

of viable population, early apoptosis, late 

apoptosis, and necrosis for treated cells and in 

the A549 cell line were 54.9%, 19.2%, 17.9%, 

and 8.06%, respectively. In the BGC823 cell 

line, they were 44.6%, 18.1%, 16.1%, and 

21.1%, respectively. In the KYSE-30 cell line, 

they were 50%, 5.19%, 24%, and 20.8%, 

respectively. 

The rates of early apoptosis, late apoptosis, and 

necrosis in treated cells showed a significant 

increase compared to untreated cells (P< 0.05). 

Therefore, the changes in cell populations 

demonstrated the ability of QI gall extract to 

induce apoptotic cell death in A549, BGC823, 

and KYSE-30 cells. 

 

 
Fig. 4. Flow cytometry chart depicting results for all three cell lines, demonstrating induction of apoptosis in living cells 

by the aqueous extract. Significance is highlighted on the Graph, comparing control cells to treated cells (*P< 0.01). 

 

Changes in the expression levels of CCND1, 

TP53, BCL2, and BAX genes because of QI 

gall extract 
Following the observation of the regulatory 

effect of QI gall extract on apoptosis in A549, 

BGC823, and KYSE-30 cells, we further 

investigated the impact of QI gall extract on 

the expression of the key apoptotic regulators, 

BAX and BCL2. Additionally, we assessed the 

mRNA expression levels of CCND1 and TP53 

genes in A549, BGC823, and KYSE-30 cells 

treated with QI gall extract, given their crucial 

roles in cell cycle regulation and apoptosis 

induction. 

To explore the connection between mRNA 

levels of CCND1, TP53, BCL2, and BAX genes 

and the occurrence of lung, gastric, and 

esophageal cancers, we conducted real-time 
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quantitative PCR. The mRNA expression 

values of CCND1, TP53, BCL2, and BAX 

genes were normalized using the internal B2M 

gene (a housekeeping gene) as a control. As 

depicted in Figure 5, the expression of BAX 

gene (A) and TP53 gene (D) in the treated cell 

line samples exhibited a significant increase 

(P< 0.05) compared to the control sample. 

Moreover, the expression of BCL2 gene (B) 

and CCND1 (C) in the treated cell line samples 

showed a significant decrease (P< 0.05) 

compared to the control sample. 

 

 
Fig. 5. Gene expression charts for BAX (A), BCL2 (B), CCND1 (C), and TP53 (D) in both control and treated cell lines. 

The relative changes in gene expression in treated cells were statistically compared to those in control cells (*P< 0.01, 

**P< 0.001, ***P< 0.0001, *****P< 0.00001). 
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Discussion 
Our investigation has uncovered significant 

findings in the realm of cancer treatment. In 

this study, our primary objective was to 

explore the potential of QI gall aqueous extract 

for cancer treatment, with a specific focus on 

its direct cytotoxic effects on A549, BGC823, 

and KYSE-30 cells. The characteristics 

associated with apoptotic cells encompass 

chromatin aggregation, nuclear and 

cytoplasmic condensation, and the partition of 

cytoplasm and nucleus into membrane-bound 

vesicles. Notably, the nuclear morphology of 

apoptotic cells is characterized by chromatin 

condensation and nuclear fragmentation, 

which can be observed using various 

techniques, including the use of DNA-binding 

stains like 4',6-diaminido-2-phenylindole, 

Hoechst, and others (28). 

Morphological and biochemical changes in 

cells play a crucial role in the apoptotic 

process, preventing tumor development, and 

treatment resistance (29). According to Kerr et 

al., (1972) morphological alterations in 

apoptotic cells include chromatin aggregation, 

nuclear and cytoplasmic condensation, and the 

partitioning of cytoplasm and nucleus into 

membrane-bound vesicles (30). The cells 

treated with QI aqueous extract displayed 

characteristic apoptotic changes, such as early 

apoptotic cells with condensed nuclear 

structures, cell shrinkage, and the formation of 

apoptotic bodies, as previously described. Late 

apoptotic cells exhibited condensed chromatin 

areas in the nucleus, as mentioned earlier. 

Additionally, the treated cells showed viable 

cells with intact nucleus structures (31). In our 

current study, we utilized MTT assay, real-

time PCR and flow cytometry techniques to 

evaluate cell death. 

The results of cytotoxicity assay revealed a 

dose-dependent reduction in the viability of 

three human cancer cell lines, A549, BGC823, 

and KYSE-30, following treatment with QI 

gall aqueous extract. According to the MTT 

assay results, the antiproliferative effects of QI 

gall aqueous extract on these cell lines 

displayed significant differences (P< 0.05). 

Additionally, the IC50 values for A549 (440.1 

mg/mL) and BGC823 (437.1 mg/mL) cell 

lines were lower than that of KYSE-30 (465.2 

mg/mL) cells. 

To determine whether the cytotoxicity of QI 

gall aqueous extract involved the induction of 

apoptosis, A549, BGC823, and KYSE-30 cells 

were treated with the corresponding IC50 

concentrations of the preparations. These cells 

were stained with propidium iodide (PI) and 

Annexin V-fluorescein isothiocyanate (FITC), 

and subsequently analyzed using flow 

cytometry. The results indicated that QI gall 

aqueous extract induced cell death through 

total apoptosis. Specifically, the A549, 

BGC823, and KYSE-30 cell lines exhibited 

higher Annexin V-FITC staining compared to 

the control cell line. 

In the A549 cell line, the percentages of 

viable cells, early apoptosis, late apoptosis, 

and necrosis were 54.9%, 19.2%, 17.9%, and 

8.06%, respectively. In the BGC823 cell line, 

the percentages were 44.6% viable cells, 

18.1% early apoptosis, 16.1% late apoptosis, 

and 21.1% necrosis. In the KYSE-30 cell line, 

the percentages were 50% viable cells, 5.19% 

early apoptosis, 24% late apoptosis, and 20.8% 

necrosis. The rates of early apoptosis, late 

apoptosis, and necrosis in treated cells 

increased significantly compared to untreated 

cells (P< 0.05). Notably, the percentage of 

necrotic cells remained low in the A549 cell 

line. These results indicated that QI gall 

aqueous extract treatment led to an increased 

number of apoptotic cells without significantly 

elevating the percentage of necrotic cells. 

According to Nasiri et al., (2018) the 

examination of BAX, BCL-2, Fas, and P53 

gene expressions for determining cell 

viability under cancer treatment, using the 

real-time method, yields reliable findings 

(32). Mohammedi et al., (2021) conducted a 

study to assess oxidative stress, apoptosis, and 

the expression of microRNA in 

cardiovascular patients. The study involved 

measuring the expression of miR-208 and 

miR-1, as well as the mRNA levels of 

inflammatory mediators (TNFα, 
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iNOS/eNOS) and apoptotic factors (Bax and 

Bcl-2) via quantitative real-time PCR (33). 

Combining natural substances with 

medical interventions can enhance the 

effectiveness of cancer treatments. This 

strategy can reduce the need for multiple 

medications, lower costs, and is well-

tolerated. Consequently, the incorporation of 

natural products into combination therapy 

presents a promising approach for the 

treatment of cancer (34). Our study 

underscores the anti-apoptotic potential of QI 

gall extract, with increased levels of BAX and 

TP53 observed following treatment. TP53 

gene expression in A549, BGC823, and 

KYSE-30 cell lines increased by 4.5, 3.3, and 

3.7-fold, respectively, with significant 

upregulation in each cell line. Similarly, BAX 

gene expression in these cell lines increased 

by 3.8, 2, and 2.3-fold, respectively, with 

significant enhancement in each cell line. In 

contrast, the levels of CCND1 and BCL2 

decreased following treatment, with CCND1 

gene expression in A549, BGC823, and 

KYSE-30 cell lines decreasing by 0.22, 0.58, 

and 0.48-fold, respectively, and BCL2 gene 

expression in these cell lines decreasing by 

0.22, 0.37, and 0.27-fold, respectively, all 

exhibiting significant decreases in each cell 

line. 

The early phase of apoptosis is frequently 

characterized by phosphatidylserine 

externalization (35). During apoptosis, 

phosphatidylserine is translocated and 

presented on the outer surface of the cell 

membrane, where it associates with annexin V. 

Cells undergoing late-apoptosis or necrosis, 

characterized by compromised cell membrane 

integrity, can be identified through staining 

with propidium iodide. Abdullah's 

investigation confirmed phosphatidylserine 

externalization in HeLa cells treated with QI 

gall aqueous extract through AO/PI staining, 

indicating apoptosis-induced cell death (36). 

As outlined in earlier research, apoptosis, is 

a genetically controlled mechanism of cellular 

demise that occurs in living cells (37). It is 

triggered by two distinct death signaling 

pathways: the intrinsic mitochondria-

dependent and the extrinsic death receptor-

dependent pathways (38). The production of 

apoptosomes and the activation of caspase 3 

depend on the release of cytochrome C from 

mitochondria into the cytosol in the intrinsic 

mitochondria-dependent pathway (39). In the 

presence of apoptotic stimuli, the Bcl-2 family 

members play a crucial role as mediators of 

cytochrome C release. Bax is a pro-apoptotic 

protein, and Bcl-2 is an anti-apoptotic protein, 

both belonging to the Bcl-2 family. Bax or Bcl-

2 can regulate mitochondrial permeability and 

help the flow of cytochrome C (40). The fate 

of many cells is consequently determined by 

the Bax/Bcl-2 ratio (41). Loss of mitochondrial 

membrane potential (MMP) and the release of 

cytochrome C result in an imbalance between 

Bax and Bcl-2 proteins, triggering the 

activation of caspase 3 and inducing apoptosis 

(42). Cyclin-dependent kinase inhibitors 

(CKIs) play a crucial role in the physiological 

regulation of cell cycle control. Members of 

Cip (CDK interacting protein/Kinase 

inhibitory protein) family (P21 Cip1) attach to 

cyclin-CDK complexes and inhibit their 

function. P21 Cip1, a transcriptional target of 

P53, is vital for initiating G1 arrest. 

Furthermore, the CCND1/CDK4 complex 

phosphorylates serine residues on Rb, 

consequently nullifying its growth-inhibitory 

impacts. These effects are caused by Rb's 

negative regulation of the E2F family of 

heterodimeric transcriptional regulators (43, 

44). Unphosphorylated Rb inhibits cell 

division through interacting with and 

inactivating E2Fs. Upon phosphorylation of 

Rb by CDK/cyclin complexes, it results in the 

liberation of active E2F entities. These entities, 

in turn, facilitate the transcription of genes 

essential for the G1-S transition and the 

progression into the S-phase (45). 

In conclusion, the current study highlights 

the potential of Quercus infectoria gall 

aqueous extract as an alternative treatment 

option for common cancers in the armed 

forces. The extract showed promising results 

in inhibiting cell proliferation and inducing 

apoptosis, which are essential processes in the 

development and progression of cancer. 
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Furthermore, the extract was found to 

modulate the expression levels of key genes 

involved in cell cycle regulation and apoptosis. 

These findings contribute to the growing body 

of evidence supporting the use of natural 

products in cancer treatment. Further research 

is necessary to elucidate the exact mechanism 

of action of Quercus infectoria gall aqueous 

extract and to determine its potential as a 

therapeutic agent in clinical settings. 
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