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Abstract 

Background: Olea europaea leaves are rich in phytochemicals that have various biological and 

pharmacological activities. This study aimed to identify the phytochemical profile of Olea europaea 

olive leaves extract via Gas Chromatography–Mass Spectrometry (GC/MS) and to analyze their 

potential effect against MCF-7 breast cancer cell lines. Methods: Leaves were obtained from a 

farmland in Tikrit city of Iraq during October 2024, washed, dried, ground to a fine powder, and 

extracted with methanol by soaking. This extract was concentrated with rotary evaporator and 

analyzed by GC/MS. The cytotoxic activity of the extract against the MCF-7 cell lines was evaluated 

by MTT cytotoxicity assay. Cells were treated with different extract concentrations (100–3.125 µg/mL) 

for 72 hours. Results: GC-MS analysis leaves had shown the presence of ten major chemical 

constituents. A dose-dependent reduction in cytotoxic cell viability was detected, followed by typical 

apoptotic morphological changes. The IC₅₀ value (9.6µg/mL) was calculated from the dose–response 

curve, indicating measurable cytotoxicity. Conclusion: Olea europaea leaves possess bioactive 

constituents capable of exerting significant cytotoxic effects on breast cancer cells. Further studies are 

required to isolate and characterize the active compounds and to explain their specific properties 

both in-vitro and in-vivo analysis. 
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1. Introduction 

Olea europaea, which belongs to the Oleaceae family, is an evergreen subtropical tree that is 

known as the olive tree [1]. It is highly distributed in the Mediterranean region and has major 

implications in ecological, social, and economic fields. Olive tree is characterized by its ability to grow 

under variety of soil types, climate conditions, elevations, and temperature systems [2]. Olea 

europaea has various therapeutic utilities that have been indicated in traditional medicine. 

Literatures reported that Olea europaea had the ability to lower the blood levels of sugar, cholesterol, 

and uric acid. In addition to that, it was reported that it had been used in the management of diabetes, 

hypertension, and inflammation. It also has aids in the treatment of respiratory and urinary tract 

infections, stomach and intestinal diseases, asthma, hemorrhoids, and diarrhea [3]. It has been 

reported widely that olives can be considered as a functional food because olive has various 

biophenolic and other bioactive components. The use of olive oil’s volatile constituents in flavor 

industry development has been indicated as an interesting topic of the recent research [4]. Bioactive 

constituents of olive leaves have been reported. Olive leaves extracts exhibit radioprotective, 

antioxidant, and antiproliferative properties against cancer and endothelial cells both in-vitro and in-

vivo analysis researches. They are also possess antibacterial properties against a wide range of 

microorganisms [5,6], and exhibited strong anticancer effects against a variety of cancer types [7]. The 
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presence of various biophenol compounds in olive’s extract is has the ability to modulate cancer cell 

growth development by either triggering apoptosis or restraining proliferation through a variety of 

mechanisms [8]. In Mediterranean countries, olive leaves have been commonly used in traditional 

herbal medicine to prevent and treat various diseases as several  potentially bioactive compounds 

had been identified in olive extract that have anticancer properties [7]. Previous studies have revealed 

the usefulness of olive leaves extract in controlling colorectal, prostate, leukemia, breast, bladder, and 

skin cancers in vitro settings [9–13]. Therefore, this study aims to identify the phytochemical profile 

of Olea europaea olive leaves extract via GC/MS and to analyze their potential effect against MCF-7 

breast cancer cell lines. 

2. Results 

2.1. GC/ MS analysis of Olea europaea    

The GC-MS analysis of Olea europaea leaves had shown the presence of ten major chemical 

constituents. The identification of each compound was based on its peak area percentage, retention 

time, and molecular structure. The chromatogram (Figure 1) demonstrates the distinct peaks 

corresponding to these compounds. The relative abundance of each compound, reflected by the peak 

area percentage, indicates their varying concentrations within the extract. Detailed chemical 

structures of the identified compounds are shown in Figures 2–11. These findings confirm the 

complex chemical composition of Olea europaea leaves which may contribute to its biological and 

pharmacological properties. 

 

Figure 1. GC/MS chromatogram over the time range 2.0-27.0 min of Olea europaea leaves extract. 

 

Figure 2. Chromatographic profile and chemical structure of identified compound 1 (Isoxazolidine). 

 

Figure 3. Chromatographic profile and chemical structure of identified compound 2 (Hexanoic acid). . 
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Figure 4. Chromatographic profile and chemical structure of identified compound 3 (L-proline). . 

 

Figure 5. Chromatographic profile and chemical structure of identified compound 4 (Pentanoic acid). . 

 

Figure 6. Chromatographic profile and chemical structure of identified compound 5 (D-alanine).   . 

 

Figure 7. Chromatographic profile and chemical structure of identified compound 6 (Benzoic acid).   . 

 

Figure 8. Chromatographic profile and chemical structure of identified compound 7 (Phthalic acid). 
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Figure 9. Chromatographic profile and chemical structure of identified compound 8 (Citronellol). 

 

Figure 10. Chromatographic profile and chemical structure of identified compound 9 (Benzeneacetic acid). . 

. 

Figure 11. Chromatographic profile and chemical structure of identified compound 10 (Urea). . 

2.2. Cytotoxicity Evaluation 

Figure 12A illustrates MCF-7 cells that were treated with the extracted materials of Olea europaea 

leaves with noticeable morphological changes detected, for example membrane blebbing, cell 

shrinkage or the apoptotic bodies’ formation could refer to a cell death.  

A reduction in the density of a cell compared to control wells could suggest cytotoxic effects and 

apoptosis. In contrast and as shown in Figure 1B, the untreated cells appear well-spread, with normal 

polygonal shape, forming a dense and uniform monolayer and without any sign of damage.  

           

(a)                                             (b) 

Figure 12. Olea europaea leaves extract effect on MCF-7 Cells. (a) Treated MCF-7 Cells. (b) Un-treated MCF-7. 

Images were captured using Olympus BX45 microscope without built-in scale calibration. Scale bars are not 

available due to equipment limitations at the time of capture. 

Figure 13 shows the inhibitory curve, which reports the cytotoxic result of different 

concentrations of Olea europaea leaves extract against MCF-7 cells. A pure elevation in the cell death 

percentage was reported when the concentration of the extract increases, representing a dose-

dependent inhibitory effect. Higher extract doses showed greater cytotoxic effect. 
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Figure 13. The inhibitory curve of Olea europaea effect on cell viability. The x-axis is the concentration of the 

extract (µg/mL), while the y-axis demonstrates the cytotoxicity percentage. 

The Olea europaea IC50 value on cancer cells was calculated from the dose–response curve that 

is represented in Figure 14. The x-axis is the test compound concentration (µg) while the cell 

inhibition percentage is represented on the y-axis. The IC50 value is represented by the log 

concentration of the Olea europaea leaves extract prepared. 
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Figure 14. IC50 effect of Olea europaea on cell viability. The concentration of the plant extract (µg/mL) is presented 

on the x-axis while the cell inhibition percentage is presented on the y-axis. The IC50 value is expressed in µg/mL. 

A significant, dose-dependent cytotoxic effect of Olea europaea leaves extract on MCF-7 cells was 

reported in this study as shown in Figure 15 that represents the post hoc Tukey’s test. As the plant 

extract concentration increases, there is a statistically significant reductions in cell viability when 

compared to other lower concentrations and the control group (p < 0.0001).  
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Figure 15. Optical density curve for cells treated with the extract of Olea europaea leave. Various extract solution 

concentrations are presented on the x-axis while the y-axis represents the optical density value at 492 nm. Each 

data point represents the mean ± standard deviation of triplicates. **** indicates p < 0.0001; ** indicates p < 0.01. 

3. Discussion 

The phytochemical composition of Olea europaea leaves extract and its cytotoxic effect were 

considered in this study by using GC/MS analysis and the MTT assay on MCF-7 breast cancer cells 

respectively. Ten major chemical compounds were recognized by the GC/MS analysis of Olea europaea 

leaves extract. Each of these compounds varied in abundance and retention time and advocated a 

complex mixture of bioactive constituents that were responsible for various biological activities 

detected in olive leaves extract. Previous studies were reported similar findings where the extract of 

olive leaves were shown to have various classes of phytochemical constituents such as flavonoids, 

phenolic compounds, fatty acid and triterpenes derivatives that contribute to their pharmacological 

effects [14,15]. In particular, the GCMS analysis conducted by Ahmed et al. on forty two various olive 

samples from variouse geographical regions revealed the presence of more than 100 compounds that 

belong to hydrocarbons, acids, alcohols, esters, ketones, ethers, and aldehydes chemical classes [16].  

The cytotoxicity assay verified a clear dose-dependent inhibitory effect of the Olea europaea leaf 

extract on MCF-7 cell lines. Morphological findings, including membrane blebbing, cell shrinkage, 

and apoptotic body formation, strongly refer to the fact that the extract of Olea europaea leaf has the 

ability to induce apoptosis. The significant cell viability reduction at higher extract concentrations of 

Olea europaea leaf (p < 0.0001) supports its potent antiproliferative activity. Minimal alterations at 

lower dosages could suggest that a strong cytotoxic effect requires a threshold concentration. So at 

higher doses, the olive leaves extract has anticancer properties. Büker et al. confirmed that the Olea 

europaea leaves extract used alone or combined with various chemotherapeutic agents had the ability 

to lower MCF-7 cell line viability through apoptotic mechanisms [17]. Furthermore, Jaafar et al. 

quantified oleanolic acid from Olea europaea leaves in Iraq and confirmed its cytotoxicity against 

breast ductal carcinoma AMJ13 cells with similar dose-dependent inhibition, confirming the 

reliability of these results across different extraction methods [18]. 

The Olea europaea leaves extract profile of GC/MS analysis supports these outcomes as several 

compounds are identified for their anticancer and antioxidant properties. The presence of these 

compounds may contribute synergistically to the overall cytotoxic effect. Studies have reported that 

olive-derived compounds such as hydroxytyrosol and oleuropein can suppress cancer progress by 

their ability to prevent reactive oxygen species generation and induce mitochondrial apoptosis 
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[19,20]. Alharbi et al. also reported that olive leaves and oil extracts were rich in antioxidant 

constituents that had the ability to suppress multiple cancer cell lines proliferation, including MCF-

7, confirming the synergistic interaction of terpenoid and phenolic compounds [21]. Therefore, the 

antiproliferative activity observed in this study might be attributed to the combined effects of these 

phytochemicals rather than a single compound. 

4. Materials and Methods 

4.1. Plant Material 

Olea europaea leaves that were cultivated in a farmland in Tikrit city of Iraq (34.7086267°N 

43.6971042°E) during October 2024 were used in this study. The plants were grown under direct 

sunlight with average daily range of temperature of 30-35 °C. Collected Olea europaea leaves after 

being thoroughly cleaned with distilled water and allowed to dry in the shade, were ground into a 

fine powder using a mechanical grinder. 

4.2. Extraction Procedure 

One hundred grams of the fine powder of leaves materials were allowed to soak in 1500 mL of 

methanol (Sigma-Aldrich, USA) at room temperature with frequent shaking. Three days later, the 

methanolic solution was filtered off. In order to obtain a dark green residue, a rotary evaporator 

(Henan, China) was performed in the evaporation process of the filtrate to dryness under a vacuumed 

condition.  

For cytotoxicity evaluation, a stock solution of 100 mg/mL was prepared by dissolving the 

extract in DMSO (Sigma-Aldrich, USA). This was serially diluted to obtain final concentrations 

ranging from 100 to 3.125 µg/mL. 

4.3. GC/MS of Olea Europaea Exctract    

The extracted material of Olea europaea leaves was evaluated using a Shimadzu GC/MS-QP 2010 

Ultra system equipped with a GC 2010 Plus gas chromatograph (Shimadzu, Japan). The analysis 

conditions were carefully controlled, with the column temperature set at 70 °C and the injection 

temperature at 240 °C. The splitless mode of injection was performed with a sampling time of one 

minute. The maintenance of the flow control was performed by pressure at 100 kPa, with a flow rate 

in the column of 1.53 mL/min and a linear velocity of 45.4 cm/sec. The purge flow was fixed to 3.0 

mL/min, and the split ratio was 10. The oven temperature program for the hexane fraction began at 

70 °C with a 3-minute hold, followed by an increase of 12 °C per minute to 150 °C with a 2-minute 

hold, then another increase of 12 °C per minute to 240 °C with an 8-minute hold, with a total run time 

of 31.5 minutes. For the leaf oils, the oven temperature started at 60 °C with a 2-minute hold, then 

increased by 10 °C per minute to 300 °C with a 10-minute hold, totaling 38 minutes of run time. The 

mass fragmentation patterns of the different compounds were compared to the instrument’s database 

for accurate identification. 

4.4. Cytotoxicity Assay 

The breast cancer cell line known as Michigan Cancer Foundation-7 (MCF-7) was isolated from 

a 69-year-old white woman according to Soule et al., 1973 [22]. 

The MCF-7 cell lines were cultured in Minimum Essential Medium (US Biological, USA)  

enhanced with 10% (v/v) fetal bovine serum (Capricorn-Scientific, Ebsdorfergrund, Germany), and 

100µg streptomycin, and 100 IU penicillin (Capricorn-Scientific, Ebsdorfergrund, Germany) and 

incubated at 37 °C in a humidified atmosphere. For experiments, exponentially expanding cells were 

utilized [23]. 
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4.5. MTT Assay 

The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) cytotoxicity assay was 

used for evaluating cell viability and cytotoxicity. This colorimetric assay is based on the ability of 

viable cells to reduce the yellow MTT color to purple formazan crystals by mitochondrial 

dehydrogenases effect. The cells were usually added to a 96-well plate and treated with various plant 

extract concentrations. MTT was applied to each well after an incubation period and then incubated 

once more. Viable cells convert MTT into formazan, which can be solubilized, and its concentration 

was measured by using a spectrophotometer at a specific wavelength (usually 570 nm). A directly 

proportional effect between the amount of formazan produced and the number of viable cells is 

present and therefore, a decrease in formazan production (and thus a decrease in absorbance) after 

treatment with the test compound can indicate cytotoxicity. The half-maximal inhibitory 

concentration (IC50), which is the concentration of the test compound that reduces cell viability by 

50%, can be calculated from the dose-response curve [24]. 

Cells were added to a 96-well microplate (NEST Biotech, China) at a density of 10000 cells, then 

they were incubated at 37 °C for 72 h until monolayer confluence was obtained. The cells were 

exposed to a range of concentrations (100, 50, 25, 12.5, 6.2, 3.1 ug). After 72h of infection, twenty eight 

µL of (2 mg/ml) MTT dye solution was seeded in each well, and the incubation was continued for 

three hours. DMSO at a total of 100 µl was added to each well and incubated for 15 min. A microplate 

reader was used to measure the optical density at 492 nm [25]. The cytotoxicity percentage was 

calculated by: 

Cytotoxicity % = (OD Control – OD sample)/OD Control × 100, 

were OD control is the mean optical density of untreated wells, while the OD Sample being the optical 

density of treated wells [26]. 

4.6. Statistical Analysis 

ANOVA followed by Tukey’s post hoc test was performed to determine the significant 

differences between the groups. The significance level of p < 0.05 was set, while values of p < 0.001 

and p < 0.0001 were considered highly significant. The statistical analysis was conducted with 

GraphPad Prism version 9.0 (GraphPad Software, San Diego, CA, USA). 

5. Conclusions 

The results of this study confirm that Olea europaea leaves have bioactive constituents able to 

exert significant cytotoxic effects on breast cancer cells. This highlights that olive leaf extracts can be 

considered as a promising natural source of anticancer agents. However, further studies are required 

to isolate and characterize the individual active compounds and to explore their specific mechanisms 

of action both in vitro and in vivo analysis. 
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