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Abstract 

Cancer's standard treatment is generally based on cytotoxic drugs, radiotherapy, chemotherapy, and surgery. One 

treatment type in the study is phytotherapy, which uses plant components to treat diseases or improve health. 

Oleuropein, obtained from olive leaves, is active in olive leaves and fruit. It affects health, including skin protection, 

anti-aging properties, antiviral effects, and antioxidant benefits. Recent studies have demonstrated that it has a 

positive impact on humans, including its potential for cancer prevention and antimicrobial properties. The other 

substance to be combined with oleuropein is vitamin C, which plays an essential role in the body, inactivates 

carcinogenic substances, and is a well-known antioxidant that forms a protective shield against cancer. We 

investigated the therapeutic effects of combining oleuropein and vitamin C on head and neck cancer cells (FaDu). 

We conducted cell viability and scratch (migration) analyses on FaDu cells treated with oleuropein and/or vitamin 

C at different doses for 24 hours. The cell viability analyses revealed that treatments with oleuropein and vitamin 

C significantly reduced cell viability. At the same time, the combined applications of oleuropein and vitamin C also 

considerably reduced cell viability. In the cell migration test, we observed that oleuropein and vitamin C decreased 

the cell migration. The results indicate that applying oleuropein or vitamin C leads to decreased cell viability. 

However, the combined applications of oleuropein and vitamin C offer an effective treatment option by reducing 

cell viability and migration. 
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Introduction 

Today and in the future, cancer is one of the most 

common diseases that threaten human health. Cancer 

is a multifaceted and complex disease that occurs when 

normal cells in the body grow and multiply 

uncontrollably (Alexander & Vidyasagar, 1993). While 

normal cells grow and divide within a particular cycle 

and die, cancer cells lose these control mechanisms 

when necessary and multiply uncontrollably. This is 

one of the main factors that make cancer treatment 

difficult. The development and spread of cancer are 

associated with many biological, genetic, and 

environmental factors (Ertan, 1967). 

Cancer is classified into numerous subtypes that can 

originate from various tissues and organs. It can 

develop anywhere in the body and present itself with 

different symptoms. Common symptoms of cancer 

include abnormal growth or swelling, skin changes, 

chronic fatigue, excessive weight loss, and a long-term 

cough. Cancer is usually diagnosed with a series of tests 

and imaging methods. These include blood tests, 

magnetic resonance imaging (MRI), x-rays, 

ultrasound, and computerized tomography (CT). Early 

diagnosis is one of the most important factors that 

increase the success of treatment (İbrahim, 2020). 

Cancer treatment varies depending on the type of 

disease, its stage, and the patient's general health 

status. Treatment options include surgical 

intervention, chemotherapy, immunotherapy, 

radiotherapy, and targeted treatments (Forasitiere et 

al., 2023). In recent years, the effects of natural 

compounds on cancer have also been investigated, and 

the effects of compounds such as oleuropein and 

vitamin C on cancer cells are the subject of scientific 

studies. 

Head and neck cancer is a type of cancer that occurs 

with the uncontrolled growth of various tissues in the 

head and neck region. These cancers usually develop in 

regions such as the mouth, tongue, pharynx, nose, 

throat, ear, larynx, and thyroid. Head and neck cancer, 

which is a significant health problem worldwide, can 

lead to serious complications if not diagnosed early. 

The treatment process varies depending on the type 

and stage of the cancer, and treatment becomes more 

complex in advanced stages (Powell et al., 2011). 

Head and neck cancer risk factors include tobacco use, 

excessive alcohol consumption, prolonged sun 

exposure, nutritional deficiencies, and genetic factors. 

In recent years, an increase in the incidence of head and 

neck cancer has been observed, and some of this 

increase is associated with human papillomavirus 

(HPV) (Waridel et al., 1997). Certain types of HPV can 

cause cancer in the head and neck region, so 

widespread use of HPV vaccines stands out as an 

important strategy in combating this type of cancer. 

Oleuropein is one of the main components of the olive 

tree and has potent antioxidant and anticancer 

properties. It was first discovered by Bourquelot and 

Vintilesco in 1908, and its structure was fully described 

in 1960. Oleuropein is known for its antiatherogenic, 

antimicrobial, anti-inflammatory, and antiviral effects 

(Gikas et al., 2007). Olive fruits and leaves are rich in 

oleuropein. This compound, which is found in higher 

amounts, especially in unripe olives, decreases as the 

olive ripens (Omar, 2010). Oleuropein is a natural 

additive in many industries due to its ability to 

neutralize superoxide anions (Preedy & Watson, 2020). 

Studies on the effects of oleuropein in the fight against 

cancer have shown that this compound can stop the 

growth of cancer cells. However, further clinical studies 

are needed to establish the direct validity of this effect 

in humans (Boskou, 2008). 

Vitamin C (ascorbic acid) is a water-soluble vitamin 

essential for the human body. It is naturally found in 

many fruits and vegetables. It has many vital functions, 

including supporting the immune system, enhancing 

iron absorption, providing antioxidant effects, and 

contributing to collagen production (Sözmen, 2002). 

Vitamin C can prevent cellular damage by neutralizing 
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free radicals as a powerful antioxidant. With this 

feature, it has the potential to slow down the aging 

process and reduce disease risks. It is thought to 

protect against colds and viral infections due to its 

immune system-strengthening effects (Morpa, 2005). 

Although studies on the impact of vitamin C on cancer 

have not reached a definitive conclusion, it is suggested 

that adequate vitamin C intake may help prevent the 

development of certain types of cancer. However, 

further scientific research is required to validate this 

effect. The study aims to investigate the therapeutic 

effects of oleuropein and/or vitamin C, which are 

essential compounds with antioxidant and anti-

inflammatory properties. Laboratory studies aim to 

examine their impact on head and neck cancer cells. 

Material and methods 

FaDu cells are hypopharyngeal cancer cell lines and are 

used as models in laboratory head and neck cancer 

research. These cells, isolated by Dr. J.C. Moloney in 

1956, are of the squamous cell carcinoma type and 

serve as an important model in research, including 

cancer biology, metastasis, tumor growth, and drug 

testing (Akao et al., 2007; Shen et al., 2017).  

Frozen FaDu cell lines used in the study were stored in 

liquid nitrogen. The cells were seeded in T-25 flasks in 

RPMI-160 medium and incubated at 37°C with 5% 

CO2. When cells reached 80% confluency, the medium 

was aspirated, and the cells were washed with 

phosphate-buffered saline (PBS). They were then 

incubated with trypsin-EDTA (0.25%). The cells were 

then resuspended in fresh medium and reseeded in 

new flasks at the desired density.  

Drug Preparations: Vitamin C (176 g/mol, Sigma-

Aldrich) was dissolved in distilled water and then 

diluted with the culture medium. Oleuropein (Santa 

Cruz) was dissolved in ethanol and further diluted with 

the culture medium. The final ethanol concentration 

was reduced to a non-toxic level, maintaining a dilution 

ratio of 1:10,000. To evaluate the combined effect, cells 

were treated with 25 µM Vitamin C and concentrations 

of 50 µM and 80 µM of oleuropein for 24 hours. The 

treated concentrations were selected based on the 

effective dose ranges reported in the literature. Vitamin 

C doses were based on the concentrations found to be 

effective in human cell lines (Taşkın, 2023). Oleuropein 

doses were determined by considering the 50–80 µM 

range, which has been reported to have anticancer 

effects in a study (Öztürk et al., 2022). 

Cell Viability Assay: FaDu cells were seeded in 96-

well plates (2500 cells/well) and incubated for 24 

hours. Following incubation, cells were treated with 

Vitamin C and /or oleuropein or their combination for 

24 hours. After treatment, CCK-8 reagent was added to 

each well, and the plate was incubated for 3 hours at 

37°C. Absorbance was measured at 450 nm using an 

ELISA plate reader (Epoch Bio-Tek, USA). 

Wound Healing Assay (Scratch Assay): Cells 

were seeded in a 6-well plate and incubated until 

confluency. A scratch was created using a pipette tip, 

and detached cells were removed by washing with PBS. 

Cells were treated with Vit C and/or Oleuropein, then 

incubated for 24 hours. Wound closure was monitored 

under an inverted microscope at 0 and 24 hours. The 

disclosure area was measured using ImageJ software, 

and then the closer areas were estimated from the 

images of 0 and 24 hours of incubation. 

Result 

Cell Viability Assay Results: Figure 1 shows the cell 

viability values (%) of FaDu cells for 24 h. Compared to 

the control group, treatments with oleuropein (OLE) 

and Vitamin C (Vit-C) significantly decreased cell 

viability. In particular, oleuropein treatment at 

concentrations of 50 µM and 80 µM decreased viability 

rates. In addition, using Vitamin C and oleuropein 

together (Vit-C + OLE 50 µM and Vit-C + OLE 80 µM) 

had a more significant effect than using either alone. 
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This suggests that these two compounds may have a 

synergistic effect. The decrease in cell viability may 

indicate the anti-proliferative or toxic effects of these 

compounds. These results may require further 

mechanistic studies to understand the effects of 

oleuropein and/or Vitamin C on cells. 

 

Figure 1. Effect of vitamin C and/or oleuropein 
application on the viability of FaDu cells after 24 h of 
incubation. Vitamin C (25 µM), oleuropein (50 µM and 
80 µM), and combinations of these compounds were 
applied to FaDu cells for 24 h. Cell viability was 
measured using the CVDK-8 kit; results are presented 
as mean ± standard deviation (n = 5). 

Wound Healing Assay: Wound healing analysis 

showed that oleuropein and Vitamin C individually 

reduced cell migration. The combination treatment 

significantly inhibited cell migration compared to 

individual treatments. These findings suggest that 

combining oleuropein and Vitamin C effectively 

reduces cell viability and migration, indicating its 

potential as a therapeutic strategy for head and neck 

cancer. The scratched cells and discolored areas seen in 

Figure 2, and the discolored distance measurements 

seen in Figure 3. 

 

Figure 2. The illustration shows FaDu cells treated 
with Vit C and/or Oleuropein at 0 and 24 hours of the 
scratch test. At 0 hours, a scratch was created on the 
confluent layer of FaDu cells using a sterile pipette tip, 
and images were taken. At the end of the 24th hour, the 
migration of cells was evaluated along with the wound 
closure process. The images visually reflect the effects 
of different treatment groups on the wound area.  
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Figure 3. Graph of wound closure percentages analyzed from microscopic images obtained at 0 and 24 hours 

within the scope of the scratch (wound healing) analysis. Vitamin C (25 µM), oleuropein (50 µM and 80 µM), and 

combinations of these compounds were applied to FaDu cells; wound openings were measured with ImageJ 

software. The results are presented as mean ± standard deviation (n = 5), and *p < 0.05 indicates statistically 

significant differences compared to the control group.

Discussion

This study investigated the effects of oleuropein (OLE) 

and Vitamin C (Vit-C) treatments on the FaDu cell line. 

The findings demonstrate that treating these 

compounds alone and in combination has a significant 

impact on cell viability and migration. The results of 

our study reveal the effects of oleuropein and Vitamin 

C on cancer cells. These findings are parallel to similar 

studies in the literature. In particular, a significant 

decrease in cell viability was observed when oleuropein 

was applied at 50 µM and 80 µM concentrations. This 

finding is consistent with the effects reported in 

previous studies on the anticancer properties of 

oleuropein and the mechanisms of inhibiting cancer 

cells. Li et al. (2012) reported that oleuropein exhibited 

anti-proliferative effects on prostate cancer cells. 

Similarly, in this study, oleuropein treatment 

significantly decreased cell viability. Additionally, the 

cell viability-reducing effect of high doses of Vitamin C 

has been previously demonstrated. Jacob and 

Sotoudeh (2002) stated that high Vitamin C 

concentrations can create cytotoxic effects. This study 

observed that high-dose Vitamin C treatment reduced 

cell viability.  

In our study, combining oleuropein and Vitamin C 

resulted in greater cell viability loss than using either 

compound alone. This result suggests that these two 

compounds have a synergistic effect. This synergy is 

also consistent with other studies in the literature. Lee 

et al. (2013) suggested that combining oleuropein and 

Vitamin C created synergistic effects in cancer cells. 

Similarly, in our study, the combination of these two 

compounds showed a more substantial anti-

proliferative effect. The synergistic impact indicates 

that these compounds can yield more effective 
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treatment results when used in combination. This 

situation provides a crucial foundation for developing 

new treatment strategies for cancer. 

The results of the wound healing test on cell migration 

also reveal that these compounds can affect cell 

motility. It was observed that cell migration decreased 

when both compounds were applied separately; 

however, the combination treatment provided a more 

potent inhibition of migration. This result shows that 

oleuropein and Vitamin C can inhibit cell migration. 

Similarly, Lee et al. (2013) reported that oleuropein 

inhibited cell migration and reduced cancer cell 

invasion. Consistent with this, Impellizzeri et al. (2011) 

also showed that oleuropein reduced oxidative stress 

and inhibited inflammatory signaling, which are key 

processes in cancer metastasis.  

Vitamin C is a compound known for its properties that 

limit cell motility. Mandl et al. (2009) demonstrated 

that Vitamin C inhibits migration of various cancer cell 

types through its antioxidant and pro-oxidant 

mechanisms, depending on concentration. In addition, 

Cárcamo et al. (2002) highlighted the role of Vitamin C 

in regulating HIF-1α and collagen synthesis, further 

implicating it in the control of wound healing and 

tumor progression. These findings represent a crucial 

step in understanding the effects of these compounds 

on wound healing and metastasis processes, 

particularly in the context of cancer treatment and 

management. Öztürk et al. (2022) investigated the 

cytotoxic and genotoxic effects of olive leaf extract on 

colorectal cancer cell lines. In the study, olive leaf 

extract demonstrated significant cytotoxic effects 

against colorectal cancer cells, while exhibiting 

minimal toxicity in normal cell lines. This study 

supports the potential therapeutic effects of oleuropein 

on cancer cells. Furthermore, Han et al. (2016) 

confirmed the anti-metastatic potential of oleuropein 

in breast cancer cells by demonstrating its effect on 

matrix metalloproteinases (MMPs), which are critical 

enzymes in cancer cell invasion. Similarly, Du et al. 

(2010) found that oleuropein suppressed proliferation 

and induced apoptosis in prostate cancer cells. The 

findings obtained in our study indicate that olive leaf 

extract and oleuropein have a similar effect in 

preventing the proliferation and migration of cancer 

cells. This parallelism confirms the anticancer effects of 

oleuropein (Koyun et al., 2022). 

In conclusion, this study investigated the effects of 

oleuropein and Vitamin C on the FaDu cell line, 

revealing that both compounds exhibited anti-

proliferative and migration-inhibitory effects. The 

combination treatment further enhanced these effects, 

creating a synergistic effect. However, the results of this 

study require more detailed and comprehensive studies 

before they can be applied clinically. Future research 

should aim to understand better the molecular 

mechanisms and clinical effects of these compounds. 
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