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ABSTRACT
Background: Propolis, a resinous substance produced by bees, exhibits significant phytochemical and biological 
properties, which have been explored for various therapeutic applications.
Aim: This study investigates the phytochemical composition, antioxidant activity, antibacterial efficacy, and anticancer 
potential of ethanolic extracts from three propolis samples (P1, P2, and P3).
Methods: Phytochemical screening was conducted to determine the presence of bioactive compounds, such as 
ascorbic acid, saponins, and tannins. Antioxidant activity was evaluated using the phosphomolybdate (PMA) and ferric 
reducing power (FRP) assays. The antibacterial efficacy against Salmonella Typhimurium and Staphylococcus aureus 
was assessed using the well diffusion method. Cytotoxicity and anticancer effects were investigated using the MTT 
assay on red blood cells (RBCs) and various carcinoma cell lines (HepG2, MDA, and A549). Gene expression analysis 
was performed using RT-qPCR to assess the upregulation of immune response genes (P53, Bcl2, Bax, Ca125, and C3).
Results: Phytochemical screening revealed considerable quantities of ascorbic acid, saponins, and tannins in the 
propolis samples. The P1 sample exhibited the most substantial antioxidant activity, with FRP values at 62.9 mg/g 
DM and PMA content at 20.7 mg/g DM. In antibacterial assays, P1 demonstrated the highest inhibitory zones at the 
maximum concentration (400 mg/ml), outperforming standard antibiotic treatments. In cytotoxicity and anticancer 
assays, P1 preserved the highest percentage of RBCs from hemolysis and showed marked anticancer activity, with 
the lowest cell viability observed at 3.9 µg/ml. Gene expression analysis revealed significant upregulation of immune 
response genes, particularly in MDA and HepG2 cell lines upon P1 treatment.
Conclusion: This study underscores the potent antioxidant, antibacterial, and anticancer properties of propolis, 
highlighting its potential as a natural therapeutic agent. The observed activities suggest promising applications for 
propolis in combating bacterial infections and various cancer types, warranting further exploration into its molecular 
mechanisms and potential clinical uses.
Keywords: Propolis, Anti-cancer, Lung cancer, Liver cancer, Immune response.

Introduction
The escalation in antibiotic resistance among 
microbes, particularly pathogenic bacteria, poses a 
significant current public health challenge with the 
potential to trigger a global pandemic (Chen et  al., 
2022). Consequently, there is an urgent need to 
explore innovative approaches for combating drug-
resistant bacteria. Common bacterial pathogens, such 

as Klebsiella pneumoniae, Salmonella typhimurium, 
Acinetobacter baumannii, Staphylococcus aureus, 
Pseudomonas aeruginosa, Escherichia coli, and 
Clostridium sp., have developed resistance to a broad 
spectrum of antibiotics (Docquier and Mangani, 2018). 
Globally, E. coli, in conjunction with Salmonella 
species, stands out as one of the most significant 
human pathogens, causing severe infections (Ramos 
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et al., 2020). Furthermore, S. aureus, which has long 
been recognized for causing a wide array of infectious 
diseases, ranging from mild to fatal, is notorious for 
its ability to resist numerous antibiotics (Chen et al., 
2022).
In addition to the challenge of multidrug-resistant 
bacteria, the incidence of cancer continues to escalate. 
Cancer, a multifaceted disease, presents numerous 
complexities in modern medicine. Annually, an 
estimated 10 million individuals globally lose their lives 
to cancer, with breast, lung, colon, and prostate cancers 
showing the highest prevalence (Lin et  al., 2021; El 
Fawal et  al., 2024). The pursuit of effective cancer 
therapies is ongoing, with chemotherapy and radiation 
therapy standing out as the predominantly utilized 
treatment modalities. Despite their common usage, 
these therapeutic approaches are frequently plagued by 
significant drawbacks, including toxicity, resistance, 
poor selectivity, and severe systemic side effects, 
underscoring the urgent need for alternative treatment 
avenues (Cheville et  al., 2021). Leveraging natural 
extracts as anticancer agents offers several advantages 
when compared to conventional chemotherapy and 
radiation therapy (Elnasr et al., 2024).
A promising area of research involves the exploration 
of natural products as potential sources of antibacterial 
and anticancer agents (Naeem et al., 2022). Recently, 
the use of natural extracts as antimicrobials has 
garnered significant attention due to their safety, eco-
friendliness, and cost-effectiveness (Rabiee et  al., 
2023; Gebreslassie and Gebremeskel, 2024). Propolis, 
a natural bee product composed of a resinous mixture 
with a diverse chemical composition, has been 
used in folk medicine since ancient times (Barsola 
and Kumari, 2022). The properties of propolis are 
influenced by various factors such as climate zones, 
seasons, vegetation, and environmental conditions 
(Silva-Carvalho et  al., 2015). Propolis exhibits 
antibacterial, antifungal, hepatoprotective, anti-
proliferative, antimicrobial, antioxidative, anti-
inflammatory, antiviral, immunomodulatory, and 
regenerative activities (Tatli Seven et  al., 2018). The 
active components of propolis have been identified 
as polyphenols, flavonoids, and numerous other 
ingredients (Daleprane and Abdalla, 2013).
Understanding these processes involves the application 
of various molecular techniques. Quantitative real-time 
polymerase chain reaction (qRT-PCR) stands out as a 
reliable, sophisticated, and reproducible technology 
that offers distinct advantages for gene expression 
analysis over traditional methods (Singh and Ali, 
2016). Furthermore, the simplicity and widespread 
applicability of this technique have revolutionized the 
study by elucidating gene induction/suppression under 
both controlled and stress conditions (Chaudhary 
et al., 2024; Ijaz et al., 2024). Additionally, qRT-PCR 
is recognized as the most precise and commonly used 
method for gene quantification due to its broad dynamic 

range, allowing the detection of rare transcripts and 
subtle changes in gene expression (Nolan et al., 2006). 
Moreover, assessing gene expression in response to 
stress and various environmental stressors enables 
a more accurate evaluation of antioxidant/immune-
responsive gene activation compared to enzyme 
activity and physiological parameters (Liu et al., 2012; 
Sobhy et al., 2019).
The aim of the present study was to evaluate the 
effectiveness of propolis as an antibacterial agent 
against multidrug-resistant bacteria and assess its 
inhibitory impact on their growth. Additionally, the 
research aims to investigate the mode of action of 
propolis on various cell lines to support its potential as 
an anticancer agent as an alternative to chemotherapy, 
along with examining molecular-level changes. 
Furthermore, the study seeks to quantify the antioxidant 
compounds present in propolis extract and assess their 
antioxidant activity.

Materials and Methods
Propolis sampling and extract preparation
Three propolis samples labelled as P1, P2, and P3 were 
collected for the study. The phytochemical screening 
of active compounds in these samples followed the 
methodology outlined in the study by Sobhy et  al. 
(2023). To prepare the propolis extracts, a 10-g aliquot 
of propolis dry matter (DM) from each sample was 
dissolved in 100 ml of 80% ethanol as the solvent. 
The mixture was vigorously mixed and then placed 
in a dark location for 3 days to allow for extraction. 
Subsequently, the samples were centrifuged to separate 
the solid components, and the resulting ethanolic 
extract was used for further analysis. 
Estimation of antioxidant compounds
Ascorbic acid estimation
The quantification of ascorbic acid was conducted as 
per Damon (1966) with minor adjustments. For the 
determination of ascorbate levels, a reaction mixture 
comprising 2% Na-molybdate, 0.15 N H2SO4, 1.5 
mM Na2HPO4, and the plant extract in the presence 
of sulfosalicylic acid was prepared. The mixture was 
then incubated at 60°C in a water bath for 40 minutes 
followed by cooling and centrifugation at 4000 rpm 
for 10 minutes. The absorbance was measured at 660 
nm, and the content of ascorbic acid was calculated as 
mg per gram of DM using a calibration curve prepared 
with ascorbic acid.
Saponin estimation
Saponin quantification was carried out using the method 
outlined by Hiai et  al. (1975) with modifications. A 
volume of 100 µl of the extract was combined with 100 
µl of vanillin reagent (8% w/v in 99.9% ethanol). This 
mixture was placed in an ice-cold water bath, and 2.5 
ml of 72% (v/v) sulphuric acid was slowly added along 
the inner wall of the test tube. After thorough mixing, 
the contents were heated at 60°C for 10 minutes using 
a water bath and subsequently cooled in an ice-cold 
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water bath. The absorbance was measured at 544 nm 
using a spectrophotometer against the reagent blank, 
and the total saponin content was expressed as mg per 
gram of DM.
Estimation of tannins
The tannin levels were assessed following the 
procedure outlined by Sereme et  al. (1994) with 
slight modifications. In a clean test tube, the extract 
was combined with a freshly prepared solution of 
ammonium ferric citrate and 20% ammonia solution. 
The mixture was left at room temperature for 10 
minutes and then measured spectro-photometrically at 
525 nm. The tannin content was expressed as mg per 
gram of DM.
Estimation of antioxidant activity
The antioxidant scavenging activity of the propolis 
samples was evaluated using two distinct methods: 
PMA and FRP.
Assessment of phosphomolybdate reagent (PMA)
The total antioxidant capacity of the extracts was 
evaluated using the PMA method with ascorbic acid 
as the reference standard (Jayaprakasha et  al., 2006) 
with slight modifications. In this procedure, 0.1 ml 
of the extract solution was mixed with 3 mL of PMA 
reagent containing 0.6 M sulphuric acid, 28 mM 
sodium phosphate, and 4 mM ammonium molybdate. 
Subsequently, the tubes were subjected to incubation 
in a boiling water bath for 30 minutes. After cooling to 
room temperature, the absorbance was measured at 695 
nm against the blank.
Assay of ferric reducing power (FRP)
The FRP was assessed following the method proposed 
by Oyaizu, (1986) with certain modifications. The 
reaction was conducted in a mixture consisting of 
1 ml of the sample extract, 1 ml of 0.2 M sodium 
phosphate buffer (pH 6.6), and 1 ml of potassium 
ferricyanide K3Fe(CN)6 (1% w/v), with incubation at 
50°C for 20 minutes. Subsequent to the addition of 
1 ml of trichloroacetic acid (20% w/v), the mixture 
was centrifuged at 5000 rpm for 15 minutes. The 
upper layer (1 ml) was then combined with 0.2 ml of 
freshly prepared FeCl3 (0.1% w/v), and the absorbance 
was measured at 700 nm against a blank without Pot. 
Ferricyanide. A higher absorbance value indicates a 
greater reducing power.
Propolis antibacterial activity
To assess the antibacterial efficacy of propolis, tests 
were conducted against two human pathogens: S. 
typhimurium and S. aureus using the well diffusion 
method on solid LB media (Luria-Bertani agar) plates. 
Wells of 6 mm diameter were carefully positioned on 
the agar plates containing the suitable media, with the 
bacterial density adjusted to approximately 107 CFU/
ml. Subsequently, 50 μl of the propolis extract was 
inoculated into the wells on the plates, and the agar 
plates were then incubated for 24 hours at 37 °C. The 
size of the inhibition zone was determined by measuring 
the diameter around the well (mm), incorporating 

the diameter of the well itself. Measurements were 
conducted in three fixed directions for all triplicates, 
and the average values were recorded. Gentamicin was 
employed as the positive control in this study.
Cytotoxicity and anticancer effect
In this study, all cell lines used were GPEx cell lines 
obtained from Catalent Biologics in Anagni, Italy. The 
cytotoxic and anticancer effects of the extracts were 
assessed on red blood cells (RBCs), liver (HepG2), 
breast (MDA), and lung (A549) carcinoma cells 
sourced from the American Type Culture Collection in 
Manassas, VA. Cells (100 μl) were seeded at a density 
of 1 × 105 cells/mL into a 96-well tissue culture plate 
(cell passage number 103) and incubated at 37°C for 
24 hours to form a complete monolayer (Mani et al., 
2021). Cytotoxicity was evaluated using the MTT 
protocol (Alley et al., 1988), which is a widely accepted 
method for assessing cell viability and cytotoxic effects 
of substances at varying concentrations. Both normal 
and carcinomatous cells were cultured in Dulbecco’s 
Modified Eagle’s medium (DMEM) under a humidified 
atmosphere of 5% CO2 and 95% air at 37°C.
For cytotoxicity assessment, carcinomatous cells 
were cultured in 96-well plates with 100 μl of DMEM 
at a concentration of 5 × 108 cells/well for 24 hours 
at 37°C. Each sample at concentrations of 3.9, 7.8, 
15.6, 31.2, 62.5, 125, 250, and 500 μg/ml was added 
to the respective wells, followed by incubation for 24 
hours at 37°C. After centrifugation and washing with 
phosphate-buffered saline, 15 μl of MTT reagent (0.5 
mg/ml) was added, and the plate was incubated for 
4 hours at 37°C. To solubilize the formazan crystals, 
150 μl of DMSO was added to each well, followed by 
stirring for 10 minutes on a shaker. The optical density 
(OD) of formazan products was measured at 570 nm 
using a spectrophotometer. The percentage of cell 
viability was calculated using the formula as follows.
% Cell viability = (OD Sample/OD Control) * 100
where OD Control is the absorbance of the negative 
control and OD Sample is the absorbance of the test 
sample.
Molecular evaluations
In order to assess the effect of the P1 sample on 
three cancer cell lines (HepG2, MDA, and A549) by 
examining a panel of immune genes (P53, Bcl2, Bax, 
Ca125, and C3), primers for the five target genes are 
detailed in Table 1. Both treated and untreated cell 
lines were harvested, followed by RNA extraction and 
RT-qPCR analysis to quantify the expression levels of 
these genes.
RNA extraction and cDNA synthesis
Total RNA from both control and treated cell lines 
was extracted using the RNeasy Mini Kit (Qiagen, 
Germany) following the manufacturer’s instructions. 
The cDNA synthesis was carried out in a total volume 
of 20 μl using a SureCycler 8800 thermocycler (Agilent 
Technologies, USA), with the oligo (dT) primer 
present at a concentration of 10 pmol/μl. The reaction 
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components included 3 μl of RNA (500 ng), 2.0 μl of 
dNTPs (10 mM), 2.0 μl of Buffer, 5 μl of primer (10 
pmol/μl), and 0.3 μl of reverse transcriptase enzyme 
(Biolabs, New England, Ipswich, MA) (5U/µl), and the 
remainder filled with ddH2O. The reaction conditions 
involved an initial cycle of enzyme activation at 
42°C for 1 hour, followed by a final cycle of enzyme 
inactivation at 95°C for 5 minutes.
Real-time RT-qPCR
Real-time reverse transcription quantitative polymerase 
chain reaction (RT-qPCR) was conducted using the 
SYBR Green PCR Master Mix (Fermentas, USA). Each 
reaction was composed of a 25 μl mixture, comprising 
1.5 μl of 10 pmol/l forward primer, 1.5 μl of 10 pmol/l 
reverse primer, 1 μl of template cDNA (50 ng), 12.5 μl 
of 2× SYBR Green, and 3.5 μl of nuclease-free water. 
All samples were run in triplicate. The reactions were 
carried out using a Rotor-Gene 6000 system (QIAGEN, 
ABI System, USA), with an amplification program 
consisting of an initial denaturation step at 95°C for 10 
min, followed by 40 cycles of denaturation at 95°C for 
15 sec, annealing at 60°C for 30 sec, and final extension 
at 72°C for 30 sec. Subsequent to the 40 cycles, melting 
curves were generated to verify the absence of non-
specific products. The data were normalized to the 

expression of GAPDH mRNA, a housekeeping gene, 
using the 2(−∆∆CT) method (Santangelo et al., 2018).
Statistical analysis
All experiments, including those for antioxidant 
evaluation, antibacterial activity, cytotoxicity, and 
anticancer effects, were performed in triplicate, and 
the results are reported as mean ± standard deviation 
(SD). A one-way analysis of variance was carried out 
using the CoSTAT software on a Windows platform at 
a significance level of 0.05. Additionally, the LSD test 
was used to assess the significance of the results.
Ethical approval
Not needed for this study.

Results
Antioxidant of propolis samples
The evaluation of potential antimicrobial and 
anticancer activities of various propolis ethanolic 
extracts involved comprehensive screening of their 
antioxidant activities. These were assessed using 
methods such as the FRP and PMA assay , alongside the 
measurement of specific compounds such as saponins, 
tannins, and ascorbic acid, which are known indicators 
of antioxidant activity. As demonstrated in Table 2, 
the P1 propolis ethanolic extract emerged as the most 

Table 1. Phytochemical screening of three different propolis active compounds. 

Parameters
Propolis samples

Category Unit
P1 P2 P3

Saponin 115.5 ± 7.0a 45.9 ± 1.0c 71.1 ± 4.6b Antioxidant 
compounds

mg/g DM
Tannins 252.1 ± 10.0a 111.2 ± 1.0c 141.5 ± 3.9b

Ascorbic 65.8 ± 2.8a 47.7 ± 0.7c 60.7 ± 1.4b

FRP 62.9 ± 3.8a 42.0 ± 1.0c 44.2 ± 1.5b Antioxidant 
activityPMA 20.7 ± 1.2a 9.8 ± 1.0c 12.8 ± 1.3b

*Data are means of three replicates ± SD and different superscripts on each row indicates significant variations at p ≤ 0.05.

Table 2. The effect of different concentrations (400, 200, 100, and 50 mg/ml) of three propolis samples (P1, P2, 
and P3) on inhibition growth (mm) of different human bacterial isolates (S. typhimurium, and S. aureus) compared 
to antibiotic effect.

Bacterial isolates Conc. (mg/ml)
Propolis samples Antibiotic

(50 mg/ml)P1 P2 P3

S. typhimurium

400 36.5 ± 0.3 a 22.2 ± 0.3 c 30.2 ± 0.3 b

18.2 ± 0.2
200 24.7 ± 0.2 a 16. 0 ± 0.0 c 19.3 ± 0.4 b

100 13.3 ± 0.6 a 0.0 c 10.3 ± 0.1 b

50 10.9 ± 0.0 a 0.0 c 10.0 ± 0.0 b

S. aureus

400 29.5 ± 0.3 a 13.3 ± 0.1c 25.2 ± 0.3 b

19.3±0.1
200 21.2 ± 0.3 a 11.0 ± 0.0c 18.9 ± 0.1b

100 17.0 ± 0.0 a 10.3 ± 0.6c 13.2±0.2b

50 13.2 ± 0.2 a 9.1 ± 0.3c 10.0 ± 0.0b

*Different letters on each row indicate statistically significant variations at p<0.05
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effective, with an FRP value of 62.9 mg/g DM and the 
highest PMA content at 20.7 mg/g DM, in comparison 
to the P2 and P3 samples.
The superior antioxidant performance of the P1 
sample may be attributed to its significantly high 
concentrations of bioactive compounds. The presence 
of saponins and tannins at 115.5 and 252 mg/g DM, 
respectively, in the northern sample, suggests a robust 
profile for combating oxidative stress. Ascorbic acid 
content, noted at 65.8 mg/g DM in the P1 extract, 
further enhances its antioxidant potential by providing 
additional mechanisms for neutralizing free radicals, 
which could play a role in inhibiting microbial growth 
and reducing cancer cell proliferation.
These findings highlight the synergistic interactions 
between these compounds, indicating that P1’s 
effectiveness likely stems from a combination of these 
bioactives rather than a single constituent. Such a 
profile suggests that P1 propolis has profound potential 
in the realm of both antimicrobial and anticancer 
applications, offering a natural resource with substantial 
therapeutic promise. By better understanding these 
intricate interactions, the benefits of the P1 extract can 
be more effectively harnessed in relevant medical and 
pharmaceutical contexts.
Antibacterial activity
The data presented in Table 3 evaluated the 
antibacterial effects of three propolis samples against S. 
typhimurium and S. aureus, offering insights into their 
potential as antibacterial agents. The analysis focused 
on varying concentrations (400, 200, 100, and 50 mg/
ml) of the propolis samples (P1, P2, and P3) compared 
to a standard antibiotic concentration (50 mg/ml).
At the highest concentration of 400 mg/ml, the 
P1 propolis sample demonstrated the strongest 
antibacterial activity across both bacterial strains. It 
produced significant inhibition zones of 36.5 ± 0.3 mm 
for S. typhimurium and 29.5 ± 0.3 mm for S. aureus, 

surpassing the inhibitory effects of the antibiotic 
treatment. This suggests that the bioactive components 
in P1 are highly effective at these concentrations, 
potentially due to synergistic interactions that enhance 
bacterial growth inhibition.
Sample P3 also exhibited commendable antibacterial 
properties, creating inhibition zones of 30.2 ± 0.3 mm 
and 25.2 ± 0.3 mm for S. typhimurium and S. aureus, 
respectively, though it was slightly less effective 
than P1. The performance differences between P1 
and P3 may hint at variations in the composition and 
concentration of active compounds within the extracts, 
influencing their antimicrobial potency.
Conversely, P2 exhibited the least antibacterial efficacy 
among the three propolis samples, with notably 
smaller inhibition zones and being ineffective at 
lower concentrations for S. typhimurium (e.g., 50 mg/
ml). This variability could be attributed to different 
geographical or botanical origins of the propolis, 
affecting the concentration and effectiveness of its 
antibacterial constituents.
The remarkable antibacterial effectiveness of propolis, 
especially P1, highlights its potential to surpass 
conventional antibiotics in certain scenarios, marking it 
as a promising natural alternative for managing bacterial 
infections. The concentration-dependent increase in 
inhibition zones for P1, particularly the pronounced 
impact on  S. typhimurium  with a 36.5 mm zone at 
400 mg/ml, underscores the importance of optimizing 
extract concentration to maximize antibacterial 
efficacy. In contrast, the minimal inhibition exhibited 
by P2 against S. aureus at the same concentration (13.3 
mm) emphasizes the significant variability in propolis 
efficacy, which should be carefully considered in 
application contexts.
Cytotoxic activity
Figure 1 illustrates the concentration-dependent effects 
of three propolis extracts on the viability of RBCs, 

Table 3. The oligonucleotide sequences of the primers used in RT-PCR study.

Primer Direction Sequences 5’-3’

P53
F TAACAGTTCCTGCATGGGCGGC
R AGGACAGGCACAAACACGCACC

Bcl2
F TTGTGGCCTTCTTTGAGTTCGGTG
R GGTGCCGGTTCAGGTACTCAGTCA

Bax
F TGGCAGCTGACATGTTTTCTGAC
R TCACCCAACCACCCTGGTCTT

Ca125
F ACAAACTAGCAAAATAGGCTGT
R CTTCTTAATGTTTTTGGCATCT

C3
F GAAAAGCCCAACACCAGC
R GGACAACCATAAACCACCATAG

GAPDH
F GTCTCCTCTGACTTCAACAGCG
R ACCACCCTGTTGCTGTAGCCAA
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focusing on their potential cytoprotective properties. 
Notably, the extract from the northern sample (P1) 
exhibited the strongest protective effect against 
hemolysis, showcasing its ability to preserve cell 
integrity more effectively than the other samples. At a 
concentration of 80 µg/ml, the percentage of hemolytic 
cells with P1 was approximately 38%, which is 
significantly lower compared to 69% for the middle 
sample (P2) and 64% for the southern sample (P3).
The substantially lower hemolysis observed with P1 
suggests its potential superiority in mitigating oxidative 
stress or membrane destabilization, which are common 
causes of hemolysis in RBCs. This effect might stem 
from a higher concentration or more potent activity 
of bioactive compounds present in P1, which enhance 
erythrocyte membrane stability or act as free radical 
scavengers.
The extracts’ inhibitory concentrations (IC50), the 
point at which 50% hemolysis occurred, were also 
notably different among the samples, with values at 
104.6 µg/ml for P1, 60.5 µg/ml for P2, and 73.5 µg/
ml for P3. The higher IC50 value for P1 corroborates 
its cytoprotective potential, implying that it requires a 
greater concentration to induce hemolysis compared to 
P2 and P3.
The differences in IC50 values among the samples 
reflect the varied composition of propolis from 
different geographical or botanical origins, affecting 
their cytotoxic profiles. This variation in bioactivity 
is a critical consideration in evaluating the therapeutic 

applications of propolis extracts, particularly in 
formulations aimed at minimizing cytotoxic effects 
while maintaining efficacy.
Overall, the northern propolis extract demonstrates 
a promising profile for applications necessitating 
reduced cytotoxicity, reinforcing its potential benefits, 
particularly in therapeutic environments where cell 
viability is paramount.
Anticancer activity
The anticancer efficacy of the P1 propolis extract was 
evaluated based on the antioxidant and cytotoxicity 
data presented in Table 3 and Figure 2. This analysis 
focused on its impact on three carcinoma cell lines: 
HepG2 (liver carcinoma), MDA (breast carcinoma), 
and A549 (lung carcinoma). The findings, illustrated 
in Figure 2, highlighted the efficacy of the P1 sample, 
with distinct concentration-dependent effects on cell 
viability observed across the cell lines.
At a concentration of 500 µg/ml, the P1 extract achieved 
the highest cell viability among the HepG2, MDA, and 
A549 cell lines, while the lowest cell viability was 
recorded at 3.9 µg/ml. Notably, the A549 cell line 
consistently exhibited the lowest cell viability across 
most treatments, with the exception being the higher 
concentrations of 500 and 250 µg/ml, where it showed 
comparatively better resilience than the MDA line.
Conversely, the HepG2 cell line demonstrated the 
highest viability across all concentration treatments, 
except at 15.6 and 7.8 µg/ml, where the response was 
less favorable than MDA. These results underline 

Fig. 1. The hemolytic effect of various concentrations (10, 20, 40, 60, and 80 µg/ml) of P1, P2, 
and P3 propolis samples on human RBC cell activity is investigated. Different letters in each row 
indicate statistically significant differences at p < 0.05.
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the importance of concentration in determining the 
cytotoxic potential of P1, emphasizing the variability 
in response among different carcinoma types.
The pronounced concentration-dependent responses 
observed, particularly in the A549 and MDA cell 
lines at higher concentrations, suggest a therapeutic 
window where anticancer efficacy could be maximized 
while mitigating adverse impacts on non-cancerous 
cells. This potential for targeted therapy is further 
underscored by the HepG2 cell line’s unique viability 
patterns at specific concentrations, indicating that 
individual carcinoma types may require tailored 
treatment regimens to optimize therapeutic outcomes.
These findings highlight the importance of 
understanding the nuanced interactions between 
propolis extract concentrations and cancer cell viability. 
The distinct behavior seen in each cell line stresses 
the need for personalized approaches in anticancer 
treatments, considering the specific vulnerabilities and 
resistance profiles of different carcinoma cells. This 
comprehensive assessment of P1’s anticancer activity 
offers valuable insights into its potential as a versatile 
and effective therapeutic agent.
qRT-PCR
qRT-PCR was used to investigate the transcriptional 
responses of five critical immune-related genes (P53, 
Bcl2, Bax, Ca125, and C3) in three carcinoma cell 
lines: HepG2, MDA, and A549 following treatment 
with the P1 propolis extract compared to untreated 
controls.
As demonstrated in Figure 3, P53 gene exhibited 
a substantial increase in expression in MDA cells, 

showing a 23.29-fold elevation under the influence of 
P1 treatment. This upregulation indicates a potential 
mechanism by which P1 induces apoptosis or cell 
cycle arrest, reflecting its role in tumor suppression. 
In contrast, P53 expression was significantly reduced 
in A549 cells, suggesting a differential response that 
could be influenced by the unique genetic makeup 
or stress-resilience pathways intrinsic to these cells 
(Fig. 3A).
The Bcl2 gene, known for its role in inhibiting 
apoptosis, exhibited a similar trend to P53, with a 6.73-
fold increase in MDA cells, potentially contributing to 
cell survival and proliferation in these cells under P1 
treatment. Meanwhile, Bcl2 expression was suppressed 
in both HepG2 and A549 cells, aligning with an 
enhanced apoptotic response in these lines (Fig. 3B).
The Bax gene, a pro-apoptotic marker, was notably 
upregulated in A549 cells with a 1.53-fold change, 
suggesting a boosted apoptotic pathway activation, 
which might counteract the reduced P53 expression 
(Fig. 3C). This implies a complex interaction where 
Bax-mediated apoptosis might still proceed effectively 
despite modifications in P53 regulation.
Ca125 expression increased significantly across all cell 
lines, with the HepG2 line experiencing a remarkable 
13.53-fold change. This upregulation might be linked 
to the cellular stress response or altered cell adhesion 
and migration properties associated with cancer 
progression (Fig. 3D).
For the C3 gene, an essential component of the 
complement system, expression was prominently 
induced in HepG2 (2.84-fold change) and MDA 

Fig. 2. The anticancer effect of various concentrations (500, 250, 125, 62.5, 31.2, 15.6, 7.8, and 3.9 
µg/ml) of Propolis 1 (P1) extract on HepG2, MDA, and A549 carcinoma cell lines. Different letters 
in each row signify statistically significant differences at p < 0.05. 
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(16.38-fold change) cells, highlighting an enhanced 
immune response or a heightened state of inflammation 
under P1 treatment. A549 cells, however, showed 
decreased C3 expression, which may reflect an 
evasion of immune-mediated cell death or a modified 
inflammatory environment (Fig. 3E).
These differential gene expression patterns underscore 
the complex, cell-specific responses to P1 treatment, 
illustrating the potential for tailored therapeutic 
strategies that harness gene-specific modulation. 
The distinct behaviors of each gene across the cell 
lines provide valuable insights into the molecular 
mechanisms governing P1’s anticancer effects, which 

could inform the development of targeted cancer 
therapies.

Discussion
As chronic diseases continue to rise and global health 
faces threats from increasing rates of antibiotic resistance 
among microbes, particularly infectious bacteria, 
extensive research has been undertaken to explore 
natural products and their constituents as alternative 
therapies to conventional chemical approaches for 
chronic diseases (Docquier and Mangani, 2018). 
Propolis, a complex mixture of phytoconstituents with 
a resinous texture produced by honeybees from plant 
resins, has been used since ancient times for various 

Fig. 3. The alteration in the relative expression of genes (P53, Bcl2, Bax, Ca, and C3) in control and P1-treated 
cancer cell lines (HepG2, MDA, and A549) is presented. The data represent the means of three replicates ± SD, 
with different letters in each column indicating statistically significant variances at p < 0.05.
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purposes and has gained recognition in pharmaceutical 
applications in recent years (Chavda et al., 2023). The 
chemical composition of propolis varies based on 
factors, such as honeybee species, plant sources used, 
climate conditions, and harvesting seasons (Barsola 
and Kumari, 2022). Our results revealed a rich content 
of antioxidants and secondary metabolites in propolis, 
aligning with previous findings (Chavda et al., 2023). 
Given the growing interest in antioxidants among 
health and medical researchers, the abundance of 
antioxidants in propolis is noteworthy. Additionally, the 
presence of saponins and tannins in propolis, known 
antioxidant compounds, suggests its potential as an 
effective antibacterial agent. Saponins are recognized 
for their antimicrobial properties and role in protective 
mediation against potential illnesses (Ghafar et  al., 
2010). Tannins, as secondary metabolites, function as 
powerful biological antioxidants, playing a crucial role 
in defending against oxidative damage (Kehrer, 1993).
The current study elucidated that the antioxidant 
capacity of propolis is influenced by its reducing 
capability, serving as a crucial indicator of its potential 
antioxidant efficacy. This property plays a key role 
in converting free radicals into more stable products, 
thereby interrupting free radical-induced chain 
reactions (Ardestani and Yazdanparast, 2007). The FRP 
method is renowned for offering reliable insights into 
the antioxidant capacity of distinct extracts, products, 
or compounds, with all substances analyzed in our 
study demonstrating activity. The antioxidant prowess 
of propolis, as evidenced by its FRP and PMA values, 
corresponds with the outcomes described by Mahmoudi 
et al., (2016), underscoring propolis’ effectiveness as 
an antimicrobial agent.
Propolis extracts exhibited antimicrobial activity against 
a broad spectrum of bacteria, including antibiotic-
resistant species, corroborating the findings of previous 
studies ( Lee and Cha, 2010; Aref et  al., 2011;). In 
the present study, the efficacy of different propolis 
samples as antibacterial agents revealed a noteworthy 
concentration-dependent inhibitory effect, particularly 
pronounced in sample P1. At the highest concentration 
(400 mg/ml), propolis sample P1 demonstrated superior 
antibacterial activity against both S. typhimurium and 
S. aureus, with inhibition zones of 36.5 and 29.5 mm, 
respectively, significantly exceeding the effectiveness 
of the standard antibiotic treatment. Additionally, 
the broad-spectrum antibacterial effect of propolis 
sample P1 underscores its potential as a powerful 
alternative to conventional antibiotics, particularly in 
cases of antibiotic resistance. Conversely, the minimal 
inhibitory effect observed with propolis sample P2, 
especially against S. aureus with an inhibition zone 
of only 13.3 mm at the same concentration, highlights 
the variability in antibacterial potency among different 
propolis samples. This variability emphasizes the 
need for further research to standardize and optimize 
propolis formulations for therapeutic applications.

In addition to shielding cells from free radical damage, 
natural compounds also contribute to combating 
various diseases, including cancer (El Fawal et  al., 
2024). Another significant role of propolis is its 
containment of phytocompounds such as phenolics, 
crucial for inhibiting tumor growth.
The P53 gene acts as a crucial tumor suppressor gene, 
playing a vital role in preventing cancer development 
by regulating cell division and inducing apoptosis in 
damaged cells (Kung and Weber, 2022). Suppressing 
P53 expression could potentially impair tumor 
suppressor effectiveness, leading to uncontrolled cell 
proliferation and potentially facilitating cancer growth 
or advancement (Hassin and Oren, 2023). Interestingly, 
the observed similarity in P53 inhibition by both 
extracts suggests that these treatments may impact 
P53-regulated pathways in a similar way (Sp et  al., 
2021).
On the other hand, the impact of P1 treatment on gene 
expression varied markedly across different cell lines, 
reflecting the heterogeneity in cellular responses. In 
terms of Bcl2, these findings indicate that the treatments 
might influence apoptosis regulation differently and 
potentially affect the survival of cancer cells (Hafezi 
and Rahmani, 2021; Yao et  al., 2022). Bcl2 is well-
known for its anti-apoptotic role. Thus, inhibiting its 
expression could induce programmed cell death in 
cancer cells, leading to the elimination of abnormal or 
impaired cells. This could potentially help hinder the 
growth and survival of cancer cells (Ploumaki et al., 
2023). For instance, Bax gene upregulation was most 
pronounced in the A549 cell line, suggesting enhanced 
apoptosis in this lung cancer model under P1 influence. 
This differential expression highlights the potential 
specificity of P1 in inducing apoptotic pathways 
primarily in A549 cells. In contrast, the Ca125 gene 
exhibited a consistent upregulation across all tested 
cell lines, with HepG2 cells showing a significant 
increase. This uniform response across cell lines 
positions Ca125 as a potentially universal marker of 
P1 treatment efficacy, especially noteworthy in HepG2 
cells, implicating a broader regulatory mechanism 
at play. Moreover, C3 gene expression shows a 
dichotomous response as significantly upregulated 
in HepG2 and MDA cells but reduced in A549 cells. 
This suggests that while P1 may stimulate complement 
or inflammatory pathways in HepG2 and MDA cells, 
A549 cells react by downregulating these pathways, 
indicating a potentially unique adaptive or stress 
response mechanism in lung cancer cells.
The results confirmed that genes influenced by 
propolis treatment significantly contribute to immune 
surveillance pathways and have the potential to 
regulate key signaling pathways, as previously reported 
by Cakir et al. (2023). Furthermore, the utilization of 
natural extracts led to changes in the fold change of 
apoptosis-associated genes, indicating that sustained 
release of propolis active components from the extract 
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enhanced its anti-cancer efficacy by reinforcing 
cellular apoptosis. These findings align with the study 
by Mohebian et  al. (2021) which also used natural 
extracts for breast cancer treatment.
Briefly, propolis has the ability to influence cancer 
cells through three distinct pathways. First, it induces 
apoptosis by potentially triggering this process 
through different pathways, including the intrinsic 
mitochondrial or extrinsic death receptor pathways 
(Jeivad et  al., 2020). This action may involve the 
activation of pro-apoptotic proteins such as Bax and 
the inhibition of anti-apoptotic proteins such as Bcl-
2 (Cakir et al., 2023). Second, propolis is implicated 
in cell cycle arrest by potentially halting cell cycle 
progression at specific checkpoints, thus impeding 
the uncontrolled proliferation of cancer cells (Oršolić 
and Jazvinšćak Jembrek, 2022). This effect could be 
achieved by modulating cyclins, cyclin-dependent 
kinases, and checkpoint proteins such as p53 (Chung 
and Bunz, 2010). Finally, propolis components may 
also inhibit angiogenesis by impeding the formation of 
new blood vessels that nourish tumors, depriving them 
of vital resources for growth (Mostafaei, 2011).
Concerning the controversies in the field, the therapeutic 
use of propolis is not without its controversies, primarily 
stemming from the variability in its composition and 
the resulting inconsistencies in research findings. 
Critics argue that differences in geographic and 
botanical origins lead to variability in the bioactive 
compounds present in propolis, causing significant 
challenges in standardization and comparability across 
studies (Przybyłek and Karpiński, 2019; Forma and 
Bryś, 2021; Elumalai et al., 2022). This inconsistency 
is exacerbated by the lack of standardized extraction 
methods and dosing, which complicates the assessment 
of propolis’s true therapeutic potential. Additionally, 
some skeptics question the reproducibility of propolis’s 
effects in clinical settings, highlighting the urgent need 
for rigorous and uniform methodologies in future 
research.
Regarding recent and important achievements in the 
field,  notwithstanding these controversies, there have 
been significant advancements in our understanding 
of propolis’s pharmaceutical potential. Recent studies 
have revealed its multifaceted biological activities, 
such as its ability to induce apoptosis, cause cell cycle 
arrest, and inhibit angiogenesis in cancer cells (Surek 
et  al., 2021; Zulhendri et  al., 2021; Bouchelaghem, 
2022). Our investigation into Egyptian propolis 
further underscores these findings, demonstrating 
superior antioxidant capabilities and pronounced 
cytotoxic effects on specific cancer cell lines. These 
advancements reflect a deeper understanding of 
propolis’s mechanisms, paving the way for its inclusion 
in novel therapeutic strategies aimed at treating a range 
of diseases.
The novelty of our study lies in its comprehensive 
evaluation of the bioactivity of distinct Egyptian 

propolis samples, employing techniques such as RT-
qPCR to explore its impact on immune response 
pathways. Therefore, this research is pioneering in 
integrating advanced gene expression analyses to 
demonstrate how propolis modulates immune response 
genes, offering deeper insights into its anticancer 
mechanisms. The potent bioactivities observed, 
particularly in the P1 sample, highlight the potential 
of regional propolis varieties to outperform traditional 
treatments, marking a significant leap forward in 
natural therapeutics research.
Regarding the practical considerations and future 
directions, while propolis’s potential is evident, practical 
considerations for its application in clinical settings 
remain a topic of discussion. Key questions about 
optimal dosing, delivery methods, and interactions with 
other treatments must be addressed to ensure its safe 
and effective use. Standardizing propolis formulations 
to overcome variability due to environmental factors 
is crucial for its widespread adoption in oncology 
and other medical fields. Continued research and 
collaboration in these areas will be essential to fully 
realize the therapeutic potential of propolis and 
incorporate it into modern healthcare practices.

Conclusion
This study highlights the multifaceted therapeutic 
potential of propolis, specifically its potent 
antioxidant, antibacterial, and anticancer properties. 
The comprehensive analysis of ethanolic extracts 
from the three propolis samples (P1, P2, and P3) 
revealed significant quantities of bioactive compounds, 
including ascorbic acid, saponins, and tannins, 
with P1 standing out as the most effective sample 
across various assays. The P1 extract demonstrated 
exceptional antioxidant activity, indicated by its high 
FRP value of 62.9 mg/g DM and PMA content of 20.7 
mg/g DM. Such strong antioxidant properties are likely 
crucial in neutralizing oxidative stress, which plays a 
pivotal role in both microbial inhibition and cancer 
suppression. In antibacterial evaluations, P1 exhibited 
superior efficacy, generating the largest inhibitory 
zones against S. typhimurium and S. aureus at 400 mg/
mL, outperforming even standard antibiotic treatments. 
This suggests that P1 propolis could serve as a potent 
natural antibacterial agent, potentially broadening the 
arsenal against resistant bacterial strains. Regarding 
anticancer activity, P1 demonstrated robust effects, 
significantly inhibiting cell viability in carcinoma cell 
lines (HepG2, MDA, and A549). Notably, the lowest 
cell viability was achieved at a concentration of 3.9 µg/
ml, pointing to its cytotoxic potential against cancer 
cells. The upregulation of immune response genes, such 
as P53, Bcl2, Bax, Ca125, and C3, particularly in MDA 
and HepG2 cell lines, indicates a pathway through 
which propolis may augment immune-mediated cancer 
cell destruction. Overall, these findings underscore the 
promise of P1 propolis as a versatile natural therapeutic 
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agent. However, to fully leverage its potential, further 
detailed investigations are required to elucidate the 
precise molecular mechanisms at play. Additionally, 
studies testing the clinical applicability and safety of 
propolis in human subjects are essential to transition 
from in vitro analyses to real-world medical 
applications. Future research should also consider the 
variability in propolis composition due to geographical 
and botanical differences, which could impact its 
efficacy and consistency as a therapeutic product.
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