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ABSTRACT 

Aim: Colon cancer ranks third among cancer-related causes of death worldwide and is the most 

common malignancy of the gastrointestinal system. 5-Fluorouracil (5-FU), used in standard treatment, 

is a chemotherapeutic agent that inhibits DNA synthesis by acting on the S phase of the cell cycle; 

however, its effect on survival is limited. Therefore, combination approaches are needed to improve 

treatment efficacy. The aim of this study was to evaluate the cytotoxic, apoptotic, and cell cycle effects 

of the combination of 5-FU and Turkish propolis in HCT-116 colorectal cancer cells. 

Materials and Methods: The HCT-116 colorectal cancer cell line was used in this study. Optimal cell 

density was determined by a proliferation assay. Cytotoxic effects were evaluated using the MTT assay. 

5-FU and ethanol-based Turkish propolis extract were applied individually and in combination according 

to the determined IC50 values. Apoptosis analysis was performed by flow cytometry using the Annexin 

V-FITC method. Cell cycle analysis was conducted to examine the effects of treatments on phase 

distribution. 

Results: After 72 hours of treatment, the IC50 values were determined as 407.7 μg/mL for propolis and 

9.5 μM for 5-FU. The combination treatment caused a significant arrest in the G2/M phase of the cell 

cycle, while a significant decrease was observed in the S phase. In addition, the combined treatment 

exhibited higher cytotoxic and apoptotic effects compared to single treatments. 

Conclusions: The obtained findings indicate that the combination of Turkish propolis with 5-FU may 

enhance anticancer efficacy in HCT-116 cells. 
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Note: “Cytotoxic Effects of Propolis and 5-FU on HCT116 Colon Cancer Cells,” Poster Presentation, 

Ege Hematology Oncology Congress, March 17–19, 2022. 

“Combination Treatment of Propolis and 5-FU in Colon Cancer,” Poster Presentation, Ege Hematology 

Oncology Congress, March 16–18, 2023. 

ÖZ 

Amaç: Kolon kanseri, dünya çapında kansere bağlı ölümlerde üçüncü sırada yer almaktadır ve 

gastrointestinal sistemin en yaygın malignitesidir. Standart tedavide kullanılan 5-Fluorouracil (5-FU), 

DNA sentezini inhibe ederek hücre döngüsünün S fazında etkili olan bir kemoterapötiktir; ancak 

sağkalım üzerindeki etkisi sınırlıdır. 
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Bu nedenle, tedavi etkinliğini artırmaya yönelik kombinasyon yaklaşımlarına ihtiyaç duyulmaktadır. Bu 

çalışmanın amacı, HCT-116 kolon kanseri hücrelerinde 5-FU ile Türk propolisinin kombinasyonunun 

sitotoksik, apoptotik ve hücre döngüsü üzerindeki etkilerini değerlendirmektir. 

Gereç ve Yöntem: Çalışmada HCT-116 kolon kanseri hücre hattı kullanılmıştır. Optimal hücre 

yoğunluğu proliferasyon testi ile belirlenmiştir. Sitotoksik etkiler MTT analizi ile değerlendirilmiştir. 5-FU 

ve etanol bazlı Türk propolisi ekstraktı, belirlenen IC50 değerlerine göre tekli ve kombine olarak 

uygulanmıştır. Apoptoz analizi Annexin V-FITC yöntemi kullanılarak akış sitometrisi ile 

gerçekleştirilmiştir. Hücre döngüsü analizi ile tedavilerin faz dağılımı üzerindeki etkileri incelenmiştir. 

Bulgular: 72 saatlik uygulama sonucunda IC50 değerleri propolis için 407,7 μg/mL ve 5-FU için 9,5 μM 

olarak saptanmıştır. Kombine tedavi, hücre döngüsünde G2/M fazında belirgin bir duraklamaya neden 

olurken, S fazında anlamlı bir azalma gözlenmiştir. Ayrıca kombine uygulamanın, tekli tedavilere kıyasla 

daha yüksek sitotoksik ve apoptotik etki oluşturduğu belirlenmiştir. 

Sonuç: Elde edilen bulgular, Türk propolisinin 5-FU ile kombinasyonunun HCT-116 hücrelerinde 

antikanser etkinliği artırabileceğini göstermektedir.  

Anahtar Sözcükler: Propolis, 5-FU, kolon kanseri, HCT-116, WI-38 

Not: ‘Propolis ve 5-Fu'nun Hct116 Kolon Kanseri Hücrelerinde Sitotoksik Etkisi’, Poster Sunumu, Ege 

Hematoloji Onkoloji Kongresi, 17 Mart 2022, 19 Mart 2022. 

‘Kolon Kanserinde Propolis ve 5-Fu'nun Kombinasyon Uygulaması’, Poster Sunumu, Ege Hematoloji 

Onkoloji Kongresi, 16 Mart 2023, 18 Mart 2023. 

INTRODUCTION 

Cancer occurs when cells lose control over their 

growth and differentiation mechanisms, which 

leads to abnormal proliferation. These abnormal 

cells multiply excessively and form tumors. 

Cancer is the second leading cause of death 

worldwide. Its etiology depends on various factors, 

including age, sex, environmental influences, and 

genetic predispositions. While colorectal cancer 

ranks third in terms of incidence compared to other 

types of cancer, it ranks second in terms of 

mortality rates (Cancer 2025). Research predicts 

that the incidence of colorectal cancer will 

continue to rise over time (Soerjomataram and 

Bray 2021). Colon cancer, the most common 

malignancy of the gastrointestinal system, results 

from a combination of environmental and genetic 

factors. Colorectal cancer is generally classified 

into colon and rectal cancer. The colon constitutes 

approximately 150 cm of the large intestine, while 

the rectum forms the final 15 cm. Depending on 

the tumor’s location, the disease is referred to as 

colon or rectal cancer. 

The causes of colon cancer can be categorized 

under three main headings: 

1. Sporadic Causes: It develops randomly without 

a genetic disorder and accounts for 65-85% of 

all cases. 

2. Familial Causes: Although there is a case of 

colon cancer in the family, there is no definite 

genetic diagnosis; it covers 10-30% of cases. 

 

 

3. Hereditary Causes: It constitutes about 5% to 

6% of all cases and develops as a result of a 

mutation in a certain gene. 

 FAP (Familial Polyposis Coli): Autosomal 

dominant inheritance, associated with the APC 

gene, polyps in the colon, and cancer develops 

over time. 

 HNPCC (Hereditary Nonpolyposis Colorectal 

Cancer): Autosomal dominant inheritance, 

caused by mutations in the MSH2, PMS1, 

MSH6, hMLH1, and PMS2 genes; other types 

of cancer may also occur. 

 The treatment of colon cancer depends on the 

size, extent, and stage of the tumor. The primary 

treatment modalities include surgery, 

chemotherapy, and radiotherapy. 

 Fluorouracil (5-FU) is an antineoplastic anti-

metabolite widely used in cancer therapy. 

Antimetabolites, similar to the natural building 

blocks of DNA, such as purines or pyrimidines, 

halt cell division by preventing their incorporation 

into DNA during the 'S' phase of the cell cycle. 

Once inside the cell, 5-FU is converted into 

several active metabolites that inhibit RNA 

synthesis and cause DNA damage. The different 

metabolic pathways of 5-fluorouracil are shown in 

Figure-1 (Aghabozorgi, Sarabi et al. 2020). 
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Figure-1. The different metabolic pathways of 5-

fluorouracil 

The main intracellular metabolites of Fluorouracil 

are: 

 Fluorodeoxyuridine monophosphate (FdUMP): 

Inhibits thymidylate synthase, thereby blocking 

DNA replication. 

 Fluorodeoxyuridine triphosphate (FdUTP): 

Incorporates into DNA, leading to DNA 

damage. 

Fluorouridine triphosphate (FUTP): Incorporates 

into RNA, disrupting RNA synthesis and function. 

Propolis, an antimicrobial compound produced by 

bees, serves as a key defense mechanism within 

the hive. It is considered an important natural 

therapeutic agent due to its supportive role in 

cancer treatment, multi-targeted and generally 

non-toxic properties, ease of accessibility, and 

synergistic effects when combined with 

conventional drugs. Propolis is produced by 

mixing the resin and salivary enzymes of honey 

bees with beeswax. Its color ranges from yellow to 

brown, and its chemical composition varies 

depending on the botanical sources from which it 

is collected. The most effective form of propolis is 

the ethanolic extract, which contains more than 

180 bioactive components, primarily polyphenols, 

benzoic acid and its derivatives, and aromatic 

acids. Major constituents include polyphenols, 

phenolic acids, esters, phenolic aldehydes, 

ketones, and flavonoids. Additionally, propolis 

contains essential oils, aromatic acids, waxes, 

resins, balms, and pollen. Propolis exhibits anti-

inflammatory, antimicrobial, and anticancer 

activities. Flavonoids such as pinocembrin, 

galangin, and pinobanksin demonstrate 

antimicrobial effects, while caffeic acid exhibits 

significant anti-inflammatory properties. The 

effects of propolis have been investigated in 

various cancer types, including lung, liver, and 

colon cancer. Its antiproliferative activity is 

associated with the induction of apoptosis and cell 

cycle arrest. Moreover, caffeic acid phenyl ester 

(CAPE), one of its key components, has been 

shown to inhibit the development of melanoma 

and carcinoma tumor cells. 

Therefore, to identify a potentially more effective 

and less toxic therapeutic approach, this study 

aimed to investigate the effects on the cell cycle of 

single and combined treatments of 5-fluorouracil 

and propolis on HCT-116 colon cancer cells, as 

well as the cytotoxic and apoptotic effects. 

MATERIALS and METHODS 

Proliferation Assay 

The HCT-116 colon cancer and WI-38 normal 

human fibroblast cell lines were obtained from the 

stock of the Department of Medical Biology, Ege 

University. The HCT-116 cells were cultured in 

McCoy's 5A medium containing 2 mM L-

Glutamine, Penicillin (20 units/ml), Streptomycin 

(20 μg/ml), and 10% Fetal Bovine Serum (FBS) 

under standard conditions of 5% CO2 at 37 °C. 

The WI-38 cells were propagated with Eagle’s 

Minimum Essential Medium (EMEM) under the 

same conditions and content. A proliferation assay 

was set up for further molecular analyses. The 

appropriate number of cells per well was 

determined using the proliferation assay. Then, a 

cytotoxicity assay was performed with propolis 

and 5-FU. After determining IC50 values, a 

cytotoxicity test was performed for the 

combination. Proliferation and cytotoxicity assays 

were determined by the MTT method according to 

the protocol.  

Cytotoxicity Assay 

HCT-116 and WI-38 cells were seeded in 96-well 

plates with appropriate media. Cells were cultured 

under strictly controlled laboratory conditions in an 

incubator for 24 hours to adhere to the bottom of 

the plate. At the end of incubation, 7 different 

doses of Propolis (100-500 μg/mL) and 5-FU (0-

1000 μM) were applied to the wells. 24, 48, and 72 

hours after the application of the active 

substances, all media were removed in 

accordance with the MTT protocol, and MTT 

solution was added to each well at a flow rate of 

100 μL/min. After the addition of MTT solution, the 

plates were incubated for 4 hours in an incubator 

at 5% CO2 and 37 oC. At the end of the incubation 

period, the MTT solution was removed, and 100 

μL DMSO was added per well. Cells without an 

active substance were considered the control 

group. Absorbance values were determined using 

a microplate reader at a wavelength of 595 nm. 
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Time- and dose-dependent IC₅₀ values were 

calculated for each treatment using CalcuSyn 

software. Under the same conditions, calculations 

were also performed for the combination 

treatment. Based on the cytotoxicity results of the 

combination, the combination index (CI) and 

synergistic dose levels were determined using the 

CalcuSyn program. 

Apoptosis 

After selecting the dose and time at which the 

synergistic effect was the strongest, an apoptosis 

assay was performed for both cell lines. The 

following protocol was followed for the apoptosis 

assay: 5x105 cells were seeded in 25 cm2 cell 

culture flasks. 72 hours after the application of the 

active substances, the cells were removed with 

trypsin. Centrifugation was performed at 1200 rpm 

for 5 minutes, and the supernatant was removed. 

The cell pellet was dissolved in binding buffer. 

After thorough homogenization, Annexin V-FITC 

and PI dyes were added and incubated for 10 

minutes at room temperature in the dark. 

Apoptosis analyses were evaluated with the 

software of the BD Accuri device. 

Cell Cycle 

IC50 values of the active substances were applied 

singly and in combination to the HCT-116 cell line. 

Cells were seeded under the same conditions as 

the apoptosis assay and incubated with the active 

substances for 72 hours. At the end of the 

incubation period, the cells were removed with 

trypsin. Centrifugation was performed at 1200 rpm 

for 5 minutes. After centrifugation, cell cycle 

analysis was performed according to the BD Cycle 

test kit protocol and analyzed using the BD Accuri 

instrument software. 

Statistical Analysis 

All experiments were performed at least in 

triplicate, and the data are presented as mean ± 

standard deviation (SD). IC₅₀ values were 

calculated using CalcuSyn software (Biosoft, 

Cambridge, UK). Combination index (CI) values 

were determined CalcuSyn software. Statistical 

analyses were performed using GraphPad Prism 

(GraphPad Software, San Diego, CA, USA). 

Differences between experimental groups were 

evaluated using one-way ANOVA followed by 

Dunnett’s post-hoc test. A p value of < 0.05 was 

considered statistically significant. 

 

 

RESULTS 

Proliferation Assay 

Proliferation assay values were determined by 

using MTT method. Cell numbers of 6x103 for 

HCT-116 and 5x103 for WI-38 were determined. 

The values for the HCT-116 cell line are shown in 

Figure-2, and the values for the WI-38 cell line are 

shown in Figure-3. 

 

 

Figure-2. Relationship between cell count and 

absorbance values in HCT-116 cells. 

 

Figure-3. Relationship between cell count and 

absorbance values in WI-38 cells 

Cytotoxicity Assay 

The cells were seeded into 96-well plates in the 

numbers determined in the proliferation 

experiment. Cells were treated with 7 different 

concentrations of propolis and 5-FU active 

substances. Based on literature data, the propolis 

concentration ranges in the treatment were 

determined to be 100-500 μg/mL, while for the 5-

FU treatment, it was 0-1000 µM. 
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Cytotoxicity values of propolis and 5-FU-treated 

cells at the 24th, the 48th, and the 72nd hours were 

determined by the MTT method as described 

previously. The dose- and time-dependent 

percentages of cell viability values of HCT-116 

cells treated with propolis and 5-FU are shown in 

Figures-4 and 5, respectively. The IC50 value of 

propolis in HCT-116 colon cancer cells was 

determined as 407.7 µg/mL at 72 hours. The IC50 

value of 5-FU in the HCT-116 colon cancer cell 

line was found to be 9.5 μM at 72 hours. The dose-

effect curves of propolis and 5-FU in HCT-116 

cells were shown in Figure-6 and Figure-7, 

respectively.   

When the results of the WI-38 healthy cell line 

were analyzed, it was found that propolis did not 

have a cytotoxic effect but increased the 

proliferation of the cells. The IC50 value of 5-FU 

active substance on WI-38 cells was determined 

as 299.4 µM at 72h. The dose-effect Figure of 6-

FU in the WI-38 cell line is shown in Figure-8. 

The IC50 concentrations of both active substances, 

previously established in cytotoxicity assays, were 

administered to HCT-116 cells, both individually 

and in combination, for 72 hours. For the 

combination, doses at 0.25, 0.5, 1, 2, and 4 times 

the IC50 values for each drug were applied, and CI 

values were determined for the most synergistic 

effect. The CI value was found to be 0.443, and 

the dose-effect Figure is shown in Figure-9. The 

isobologram Figure is shown in Figure-10. The 72-

hour data indicated a CI value of 0.443 when 5-FU 

and propolis were administered at IC50 

concentrations of 9.5 µM and 407.7 µg/mL, 

respectively. This CI value signifies that the 

concurrent administration of these two active 

compounds has a synergistic effect. 

 

Figure-4. Dose- and time-dependent effects of propolis 

on the viability of HCT-116 cells 

 
 
Figure-5. Dose - and time-dependent effects of 5-FU on 

the viability of HCT-116 cells 

 
 

Figure-6. Dose–effect curve of propolis in HCT-116 

cells at 72 h 

 
Figure-7. Dose–effect curve of 5-FU in HCT-116 cells 

at 72 h 
 

Figure-8. Dose–effect curve of 5-FU in WI-38 cells at 

72 h  
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Figure-9. Dose–response curve of the Propolis and 5-

FU combination in HCT-116 cells 

 

Figure-10. Isobologram Figure of the Propolis and 5-

FU combination in HCT-116 cells 

Apoptosis Assay 

Based on the results of the cytotoxicity 

experiments, apoptosis assays were conducted at 

IC50 concentrations of 407.7 μg/mL for propolis 

and 9.5 μM IC50 for 5-FU, both individually and in 

combination at the same doses. For the apoptosis 

assay, 5x105 cells were seeded into 25 cm2 culture 

flasks. Since IC50 and CI values demonstrating the 

most synergistic effect were observed at the 72nd 

hour, apoptosis results were also evaluated at the 

72nd hour. Cells without an active substance were 

used as the control group. The apoptosis rates 

observed in the experimental groups were 

compared with those in the control group. 

When the apoptosis results were evaluated, the 

cell viability rate in the control group was 96.7%, 

and the apoptosis rate was 3.1%. In HCT-116 cells 

treated with 5-FU alone, cell viability was 85.3% 

and apoptosis was 12.5%. The viability rate and 

apoptosis rate of HCT-116 cells treated with 

propolis alone were 56.6% and 41.7%, 

respectively. The viability rate of HCT-116 cells 

treated with propolis + 5-FU combination was 

41.4% and the apoptosis rate was 56.5%. 

Apoptosis results are shown in Figure-11, and the 

fold changes in apoptosis rates are shown in 

Figure-12.  

In conclusion, it was observed that when the 

mixture of propolis and 5-FU was applied to colon 

cancer cells, a higher rate of apoptosis was 

induced compared to when the mixture was not 

used. 

 
Figure-11. Analysis of apoptosis with flow cytometry 

induced by propolis and 5-FU, alone and in 
combination, in HCT-116 cells; A.Control, B.Propolis, 
C.5-FU, D.Combination 
 
 

 

Figure-12. Fold-change analysis of apoptotic cell 

populations following single and combined treatments in 

HCT-116 cells (*p<0.05; ****p<0.0001) 
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Cell Cycle Analyses  

Based on the cytotoxicity results, cell cycle 

experiments were performed at IC50 doses of 

407.7 μg/mL for propolis and 9.5 μM IC50 for 5-FU, 

both individually and in combination with the same 

doses. For cell cycle analyses, 5x105 cells were 

seeded into 25 cm2 culture flasks, as in the 

apoptosis experiment. Since the IC50 and the CI 

value with the most synergistic effect were found 

at the 72nd hour, cell cycle results were also 

evaluated at the 72nd hour. Cells without an active 

substance were used as the control group. Flow 

cytometry analysis revealed distinct alterations in 

the cell cycle distribution of HCT-116 cells (Figure-

13 and Figure-14). Treatment with 5-FU 

alone resulted in a clear accumulation of cells in 

the G₂/M phase, consistent with its known 

mechanism as an antimetabolite that disrupts 

DNA synthesis. Propolis treatment alone, 

although less pronounced than 5-FU, also led to 

an increase in the G₂/M population, suggesting 

interference with DNA replication or damage 

response pathways. The combination 

treatment of propolis and 5-FU induced the most 

significant alterations, characterized by a marked 

increase in the G₂/M phase population and 

a notable decrease in the S phase, indicating 

inhibition of DNA synthesis and replication arrest. 

These findings collectively demonstrate that 

the combined treatment synergistically enhances 

G₂/M phase arrest, effectively halting replication in 

HCT-116 cells and supporting the observed 

increase in apoptosis at the same time point. 

 

Figure-13. Analysis of cell cycle with flow cytometry in 

HCT-116 cells treated with propolis and 5-FU, alone and 
in combination; A.Control, B.5-FU, C.Propolis, 
D.Combination 

Figure-14. Fold changes in the G2/M phase in the 

distribution of cell cycle phases induced by single and 
combined treatments in HCT-116 cells (***p < 0.001; 
**p<0.01; ns; not significant). 

DISCUSSION 

Colorectal cancer (CRC) is considered a 

preventable malignancy compared to other types 

of cancer. 71% of CRC cases are colon cancer, 

while 29% are rectal cancer. Globally, CRC ranks 

third in incidence regardless of gender. The 

incidence and mortality rates of CRC have 

gradually declined with the implementation of 

effective screening programs. However, due to the 

influence of genetic and environmental factors, 

approximately 1.5 million new cases are still 

diagnosed annually. Approximately 70 per cent of 

cases are average-risk individuals, while patients 

with a family history of CRC account for 25 per 

cent. The remaining 5% is due to hereditary 

colorectal cancer syndromes (Thanikachalam and 

Khan 2019, Ahmed 2020).    

Treatment approaches for CRC are generally 

classified into three main categories: surgical 

intervention, chemotherapy, and radiotherapy. 

Following primary treatment, adjuvant therapy is 

applied to reduce the recurrence of cancer. The 

current standard adjuvant regimen, especially in 

stage III colon cancer, is a combination of 

fluoropyrimidine and oxaliplatin (Argilés, 

Tabernero et al. 2020). 

Chemotherapeutic agents may be used either as 

monotherapies or combination regimens. 

However, these agents are cytotoxic not only to 

malignant cells but also to normal tissues. 

Therefore, the use of natural remedies in cancer 

treatment has only recently begun. They are 

applied in combination with chemotherapeutic 

agents or alone. The fact that natural remedies are 

not as cytotoxic as chemotherapy drugs, are easily 
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accessible, and do not have serious side effects 

has made their use more widespread in cancer 

treatment (Erdogan, Agca et al. 2019). 

5-FU is a chemotherapeutic agent used in the 

treatment of colon cancer. Studies are showing 

the anticancer effects of propolis, which has been 

used in cancer treatments. However, the chemical 

content of propolis varies depending on the region 

where it grows and the source from which it is 

collected. To date, no studies have been reported 

investigating the combination of Turkish propolis 

with 5-FU in HCT-116 cell line (Jiang, Xie et al. 

2020). 

In the present study, it was found that the IC50 

values after a single application of 5-FU and 

propolis to HCT-116 cells were 9.5 µM and 407.7 

µg/mL, respectively. We found the best synergistic 

effect for combination therapy based on the IC50 

doses of the active ingredients and applied these 

doses to the cells. As a result, the combination 

application showed a more cytotoxic effect 

compared to single applications of the active 

substances. 

Masadah et al. (2023) investigated the effects of 

ethanolic propolis extracts on cell viability in the 

MCF‑7 breast cancer cell line. Cells were treated 

with propolis at concentrations in the range of 0 to 

200 µg/mL for 48 hours, and viability was 

assessed using the MTT assay, yielding an IC₅₀ of 

79.45 µg/mL in the present study. The observed 

differences in cytotoxic potency may be attributed 

to variations in the cancer cell type, the 

geoFigureical origin of the propolis, and the 

extraction methods employed (Masadah, 

Ekawardhani et al. 2023). 

Tawfik et al. (2017) evaluated the cytotoxic effects 

of 5‑fluorouracil (5‑FU) on HCT‑116 and HT‑29 

colorectal cancer cell lines. Cells were treated with 

5‑FU at concentrations ranging from 12.5 to 

2000 µM for 5 days, and cell viability was 

assessed using the MTT assay. In HCT‑116 cells, 

the IC₅₀ values were 185 µM on day 1, 11.3 µM on 

day 3, and 1.48 µM on day 5. For HT‑29 cells, the 

IC₅₀ was 11.25 µM on day 5. In comparison, the 

IC₅₀ of HCT‑116 cells, when exposed to 5‑FU, was 

determined to be 9.5 µM at 72 hours in our study. 

These differences may arise from variations in 

experimental conditions, including cell culture 

protocols, experiment duration, and number of cell 

passages. However, our results are consistent 

with the dose- and time-dependent cytotoxicity of 

5-FU reported in previous studies (Tawfik, 

Ahamed et al. 2017). 

Gao et al. (2017) examined the effects of 5-FU and 

melatonin, alone and in combination, on cell 

viability in SW-620 and LOVO cell lines using the 

MTT method in China. Melatonin was 

administered at a dose range of 0.125-1 mmol/L, 

and 5-FU was administered alone at a dose range 

of 25-150 μmol/L. Both agents inhibited cell 

viability in colon cancer cell lines in a dose-

dependent manner. For the combination, the cells 

were exposed to 5-FU and melatonin at dose 

ranges of 25 -150 μmol/L and 0 - 1 mmol/L, 

respectively. Depending on the increasing 

concentration of 5-FU at both melatonin doses, 

the combination treatment significantly inhibited 

cell viability compared to single treatments (Gao, 

Xiao et al. 2017). 

Jiang et al. (2020) evaluated the effect of the 

ethanolic extract of Chinese propolis on A549, 

HCT-116, HepG2, MDA-MB-231, PANC-1, T-24, 

and SGC-7901 cell lines by the WST method in a 

study conducted in China. Propolis concentrations 

ranged from 6.25-75 μg/mL. While no significant 

inhibition was observed in HepG2, T-24, and 

PANC-1 cells, weak cytotoxic activity was 

detected in A549, MDA-MB-231, and HCT-116 

cells at concentrations up to 50 μg/mL. However, 

the cell viability of SGC-7901 cells was 

significantly reduced in a dose-dependent 

manner. The IC50 value of Chinese propolis 

against SGC-7901 cells was found to be 66.64 

μg/mL (Jiang, Xie et al. 2020). 

In another study, Misir et al. (2020) investigated 

the cytotoxic effect of propolis ethanolic extract of 

Turkish propolis (collected from Black Sea region) 

on MCF-7 breast cancer cells at concentrations 

ranging from 5-500 µg/mL using the MTT assay. 

The MCF-7 cells that were not exposed to propolis 

treatment were used as the control group. After 72 

hours of treatment, the IC50 value was 

determined to be 61 µg/mL (Misir, Aliyazicioglu et 

al. 2020). 

When these data are compared with our data, it 

can be found that the concentration unit and 

exposure time are similar. However, there are 

differences in the detected IC50 concentrations. 

This difference is likely due to the source from 

which the propolis was collected and the region 

where it was produced. Additionally, different cell 

lines and cancer types were used. 

Sobočanec et al. (2011) examined the effects of 

Croatian propolis in combination with 5-FU in 

BALB/c mice bearing 4T1 mammary carcinoma. 

After obtaining the ethanol extract of propolis, they 
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administered it to mice in combination with 5-FU. 

They followed the growth volume of the tumor for 

24 days and investigated the gender-dependent 

effects of the combination. They found that 

propolis alone was not effective on tumor growth 

regardless of gender. However, they showed that 

the combination of 5-FU with propolis significantly 

reduced tumor growth in male mice compared to 

5-FU administration alone (Sobočanec, Balog et 

al. 2011). 

In another study, Lin et al. (2018) examined the 

effects on cell viability of the propolis component 

Chrysin alone, as well as in combination with 5-FU 

and oxaliplatin, in SW-48, SW-480, SW-620, HT-

29, and HCT-116 cell lines. Cell viability was 

determined by the MTT method using doses in the 

range of 0-50 µM for Chrysin and 0-25-50 µM for 

5-FU and oxaliplatin. For the SW-48 cell line, when 

Chrysin was applied alone, it caused a decrease 

in % viability, and the IC50 value was calculated as 

15 µM. For the SW-620 cell line, the IC50 value 

was calculated as 25 µM. Chrysin-5-FU 

combination decreased the % cell viability rate up 

to around 20%. However, Chrysin-oxaliplatin 

combination decreased the % cell viability up to 

10%. The findings showed that the combination of 

Chrysin with both 5-FU and oxaliplatin was more 

effective than 5-FU and oxaliplatin alone (Lin, 

Chen et al. 2018). 

When the apoptosis results were evaluated in our 

study, in the control group, the cell viability rate 

was 96.7%, and the apoptosis rate was 3.1%. In 

HCT-116 cells treated with 5-FU alone, cell 

viability was 85.3% and apoptosis was 12.5%. The 

viability rate and apoptosis rate of HCT-116 cells 

treated with propolis alone were 56.6% and 

41.7%, respectively. The viability rate of HCT-116 

cells treated with propolis + 5-FU combination was 

41.4% and the apoptosis rate was 56.5%. 

Alnuqaydan et al. (2020) investigated the 

apoptotic effects of 5‑fluorouracil (5‑FU) in 

combination with Withaferin A (WA) on colon 

cancer cell lines SW480, HT‑29, HCT‑116, as well 

as normal colon cells NCM‑460. The combination 

index analysis identified the optimal synergistic 

doses as 2.5 µM for WA and 5 µM for 5‑FU. The 

study demonstrated that the combination 

treatment significantly reduced cell proliferation 

compared to the single-agent treatments. 

Apoptosis was assessed using the 

Annexin V‑FITC assay, revealing that the 

combination induced apoptosis in colon cancer 

cell lines more effectively than either agent alone 

(Alnuqaydan, Rah et al. 2020). 

In our study, the combination of 5‑FU and the 

ethanolic extract of propolis similarly enhanced 

apoptosis in HCT‑116 cells compared to either 

agent alone. These results suggest that propolis, 

like WA, may act as a sensitizer for 5‑FU-induced 

apoptosis, potentially via mechanisms involving 

oxidative stress and activation of apoptotic 

pathways. Collectively, these findings support the 

notion that the co-administration of 5‑FU with 

natural compounds can potentiate its antitumor 

efficacy while maintaining selectivity for cancer 

cells. 

In the study by Kocyiğit and his colleagues, the 

combination of 5-FU (10–100 µM) and propolis 

(50–200 µg/mL) significantly increased iROS 

production and induced apoptosis in LoVo-Luc 

colon cancer cells, indicating that propolis can 

enhance 5-FU-mediated cytotoxicity via oxidative 

stress-induced apoptotic pathways. In this study 

Lovo-Luc colon cancer cells treatment with 5‑FU 

at 50 µM combined with propolis at 100 µg/mL 

resulted in a marked increase in apoptotic cell 

death, consistent with this mechanism (Kocyigit, 

Guler et al. 2023). In our study, based on the 

combination index, the apoptosis rate was found 

to be increased in HCT-116 cells when 5-FU and 

propolis were applied at IC₅₀ doses compared to 

individual treatments. These findings suggest that 

propolis amplifies oxidative stress and 

downstream apoptotic activation, supporting its 

potential role as a sensitizer for 5‑FU‑induced 

apoptosis in colorectal cancer cells. 

Li et al. (2007) reported that Brazilian 

propolis inhibited the proliferation of prostate 

cancer cells by inducing S-phase arrest, G₂ 
regulation, and downregulation of cyclin D1, 

CDK4, and cyclin B1, key regulators of the cell 

cycle (Li, Kapur et al. 2007). Similarly, Saarem et 

al. (2019) demonstrated that propolis and its 

active component, caffeic acid phenethyl ester 

(CAPE), suppress the growth of oral cancer cells 

by modulating cell cycle regulatory proteins such 

as cyclin D, CDK2/4/6, and their inhibitors, leading 

to G₂/M phase arrest (Saarem, Yang et al. 2019). 

Moreover, genistein, a component of propolis, has 

been shown to induce G2/M phase arrest in 

human colon cancer cells by upregulating tumor 

suppressor genes, including p53 (Zhang, Wang et 

al. 2013). 

Propolis and its bioactive constituents, particularly 

flavonoids and phenolic esters such as CAPE and 



292   Ege Journal of Medicine / Ege Tıp Dergisi 

chrysin, have been widely reported to exert 

multifaceted antitumor effects, including cell cycle 

arrest, induction of apoptosis, inhibition of 

angiogenesis, and suppression of metastatic 

pathways (Forma and Bryś 2021). In our study, co-

administration of 5-fluorouracil (5-FU) with 

propolis in HCT-116 colorectal cancer cells 

significantly enhanced apoptotic cell death and 

reinforced G2/M phase arrest compared to 5-FU 

alone. These findings align with preclinical 

evidence indicating that propolis can modulate cell 

cycle checkpoints and apoptotic machinery, 

effectively converting primarily cytostatic 

responses into cytotoxic outcomes. The 

synergistic activity of propolis may further amplify 

the antitumor efficacy of 5-FU by promoting 

apoptosis in cells that would otherwise undergo 

limited cell death, reflecting a dual mechanism of 

action. Collectively, these data support the 

potential of propolis as a natural adjuvant in 

colorectal cancer chemotherapy, enhancing both 

the cytotoxic potency of standard 

chemotherapeutics and targeting multiple phases 

of the cell cycle. 

In line with previous reports by Yoshikawa et al. 

(2001), low-dose 5-fluorouracil (5-FU) induces 

G2/M phase arrest in HCT-116 cells, whereas 

higher doses predominantly trigger G1/S arrest 

and apoptosis. In our investigation, the 

concomitant administration of 5-FU with propolis 

significantly increased apoptotic cell death and 

reinforced G2/M phase arrest in comparison to 5-

FU alone. These findings suggest that propolis 

potentiates 5-FU’s antitumor activity by both 

stabilizing cell cycle checkpoints and promoting 

apoptosis, effectively converting a primarily 

cytostatic response into a cytotoxic one. The 

synergistic effect of propolis may facilitate the 

transition from mitotic catastrophe to apoptosis, 

thereby increasing overall cell death even at 5-FU 

concentrations that would otherwise induce limited 

apoptosis. Collectively, these results highlight the 

potential of propolis as a natural adjuvant to 

enhance the efficacy of 5-FU in colorectal cancer 

therapy, supporting a strategy of phase-targeted 

chemotherapeutic modulation (Yoshikawa, 

Kusunoki et al. 2001).  

Sameni et al. (2021) demonstrated that combined 

administration of 5-fluorouracil (5-FU) and propolis 

in an AOM/DSS-induced colorectal cancer model 

significantly reduced aberrant crypt foci and 

histopathological lesions compared with 5-FU 

alone, accompanied by decreased COX-2, iNOS, 

and β-catenin expression. These findings indicate 

that propolis enhances the antitumor efficacy of 5-

FU by regulating inflammation-related signaling 

pathways (Sameni, Yosefi et al. 2021). 

Consistent with these in vivo results, our study in 

HCT-116 colorectal cancer cells showed that the 

combination treatment increased apoptotic cell 

death and induced G₂/M phase arrest, indicating 

enhanced cytotoxicity and interference with mitotic 

progression. Collectively, these data suggest that 

propolis can inhibit colorectal cancer growth by 

acting synergistically with 5-FU, inducing 

apoptosis and cell cycle arrest, while suppressing 

β-catenin and COX-2-mediated proliferative 

signaling.              

Therefore, propolis represents a potential natural 

adjuvant that could improve the treatment 

response to conventional chemotherapy (Sameni, 

Yosefi et al. 2021).  Barary et al. (2022) reported 

that propolis combined with 5-fluorouracil (5-FU) 

effectively attenuated 5-FU-induced cardiotoxicity 

in Wistar rats and H9C2(2-1) cardiac cells by 

reducing COX-2 expression and moderating TNF-

α levels, with protective effects exceeding those of 

colchicine. In our study, propolis enhanced 5-FU 

cytotoxicity in HCT-116 colorectal cancer cells, 

significantly increasing apoptosis and inducing 

G₂/M phase arrest. Together, these findings 

suggest that propolis functions as a dual-purpose 

agent: potentiating the antitumor efficacy of 5-FU 

while mitigating systemic toxic effects. The 

mechanisms likely involve modulation of 

apoptosis, inhibition of pro-inflammatory 

pathways, and regulation of cell cycle progression. 

These results support the potential of propolis as 

a natural adjuvant in 5-FU-based chemotherapy, 

offering both enhanced therapeutic efficacy and 

improved safety (Barary, Hosseinzadeh et al. 

2022). 

In line with these findings, our results indicate that 

the combination of 5-FU and Turkish 

propolis extracts has a stronger cytotoxic and pro-

apoptotic effect on HCT-116 colon cancer cells 

compared with single-agent treatments. The 

combination enhances G₂/M phase 

arrest, reduces cell viability, and increases 

apoptosis, supporting the hypothesis that propolis 

may potentiate the anticancer efficacy of 5-FU 

through synergistic interactions while potentially 

mitigating its cytotoxic effects on normal cells. 

CONCLUSION 

In this study, the effects of a mixture of 5-FU and 

Turkish propolis on HCT-116 colon cancer cells 
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were investigated. The results demonstrated that 

the combination treatment exerted a markedly 

greater inhibitory effect on cell viability than either 

agent alone. This synergistic interaction suggests 

that propolis may potentiate the anticancer 

efficacy of 5-FU, providing a promising 

complementary strategy for colorectal cancer 

therapy. 

Considering that the chemical composition and 

biological activity of propolis vary depending on its 

botanical and geoFigureical origins, additional 

studies involving different regional samples are 

warranted. Moreover, comprehensive in vivo and 

clinical investigations are necessary to elucidate 

the molecular mechanisms underlying this 

synergy and to assess the therapeutic feasibility of 

combining natural bioactive compounds with 

conventional chemotherapeutics. 
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