
2602 

 

Turkish Journal of Agriculture - Food Science and Technology, 14(9):2602-2611, 2026 
DOI: https://doi.org/10.24925/turjaf.v14i9.2602-2611.8863 

 

 

Turkish Journal of Agriculture - Food Science and Technology 

Available online, ISSN: 2148-127X  │www.agrifoodscience.com │ Turkish Science and Technology Publishing (TURSTEP) 
 

 

Exploring the Therapeutic Properties of Elaeagnus angustifolia: A Study on Its 

Antimicrobial, Antioxidant, and Cytotoxic Effects 
 

Dilek Arslan1,a,*, Lutfiye Kadıoglu Dalkılıc2,b, Semih Dalkılıc2,c, Abdullah Akman2,d, Rabia Yılmaz1,e 

 
1Fırat University, Baskil Vocational School, Department of Plant and Animal Production, 23800, Elazig, Turkey 
2Fırat University, Faculty of Science, Department of Molecular Biology and Genetics, 23119 
*Corresponding author 

A R T I C L E  I N F O  A B S T R A C T  

 

Research Article  

 

Received : 03.03.2026 

Accepted : 21.05.2026 

 

Malignant neoplasms, characterized by dysregulated cellular proliferation and immune evasion, 

remain a leading cause of global mortality. Plant-derived compounds have attracted increasing 

attention as potential therapeutic agents due to their lower toxicity profiles. This study aimed to 

evaluate the antimicrobial, antioxidant, and cytotoxic activity of methanol (EAM) and hexane 

(EAH) extracts of Elaeagnus angustifolia. Antimicrobial activity was assessed against Bacillus 

megaterium, Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, and Candida 

albicans. The methanol extract exhibited the highest antimicrobial activity against K. pneumoniae, 

with an inhibition zone of 13 mm at 75 and 100 µg/mL. In B. megaterium, S. aureus, and C. 

albicans, inhibition zones increased in a concentration-dependent manner. Similarly, the hexane 

extract showed dose-dependent antimicrobial activity, with the largest inhibition zones observed at 

100 µg/mL, particularly against B. megaterium and K. pneumoniae. Antioxidant activity was 

determined using the DPPH assay. The methanol extract demonstrated concentration-dependent 

free radical scavenging activity, reaching 28.6% inhibition at 100 µg/mL. Cytotoxic effects were 

evaluated in MCF-7 and HepG2 cell lines using the MTT assay. In MCF-7 cells, the methanol 

extract showed the highest cytotoxic activity at 200 µg/mL, with a 76% cell death rate, while higher 

concentrations (400 and 800 µg/mL) resulted in a marked reduction in cytotoxicity. The IC₅₀ value 

of the methanol extract in MCF-7 cells was 176.78 µg/mL. Treatment with EAM resulted in a 

statistically significant decrease in MCF-7 cell viability (p < 0.05), whereas EAH showed no 

significant effect. Neither extract exhibited significant cytotoxicity against HepG2 cells (p > 0.05). 

In conclusion, E. angustifolia extracts exhibit measurable antimicrobial, weak antioxidant, and 

selective cytotoxic activities, particularly against MCF-7 cells at lower concentrations, suggesting 

their potential as natural therapeutic agents. 

 

Keywords: 

Elaeagnus angustifolia 

Antimicrobial activity 

Antioxidant activity 

Cytotoxic activity 

MCF-7 

 
a  datessahin@firat.edu.tr  https://orcid.org/0000-0002-1528-9367 b  tkadioglu85@gmail.com  https://orcid.org/0000-0002-6791-3811 
c  sdalkilic@gmail.com  https://orcid.org/0000-0002-6892-247X d  akmanabdullah@outlook.com  https://orcid.org/ 0009-0007-7651-5245 
e  rabiayilmaaaz@gmail.com  https://orcid.org/0009-0006-3850-1021      

 

 This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).  

 

 

 

Introduction 

Cancer, characterized by uncontrolled cell growth and 

immune evasion, remains a leading cause of death 

worldwide. In 2020, breast cancer caused the death of 

about 685,000 women (ALkharashi, 2023; Yin et al., 

2021). In 2010, 1.5 million cases were diagnosed, 

accounting for ~25% of cancer cases in women (Song et 

al., 2016). Liver cancer is among the top five causes of 

cancer death, the second deadliest cancer type (Huang et 

al., 2023). Current cancer treatments include 

chemotherapy, immunotherapy, radiotherapy, and surgery 

(Karpuz et al., 2018). However, these treatments cause 

severe side effects (Cross & Burmester, 2006). Severe side 

effects of chemotherapy have increased interest in plant-

based treatments as alternatives (Khan et al., 2019). 

Medicinal plants are natural sources used to treat diseases 

(Okmen & Turkcan, 2013). E. angustifolia is such a plant, 

belonging to the Elaeagnaceae family (Beigom Taheri et 

al., 2010; Farahbakhsh et al., 2011). In Uyghur, it is called 

Jigde (Huojiaaihemaiti et al., 2022). The genus Elaeagnus 

includes more than 90 species, mainly found in subtropical 

regions of Asia, Europe, and North America (Saboonchian 

et al., 2014). In Turkey, this plant grows well in harsh 

climates (Gül et al., 2023). It also has nitrogen-fixing ability 

through root nodules (X. Liu et al., 2020). It has red fruits with 

sweet and sour taste, and is used as an ornamental plant and 

for soil stabilization (Carradori et al., 2020).  

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
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Recent studies have reported that Elaeagnus 

angustifolia (EA) possesses a broad range of 

pharmacological activities, including antimicrobial, 

antioxidant, anti-inflammatory, and cytotoxic activity, 

which are mainly associated with its rich content of 

bioactive phytochemicals such as flavonoids (Al-Zabin et 

al., 2024; Azaryan et al., 2023; Çakmakçı et al., 2014; 

Sahan et al., 2015; Iqbal et al., 2021; Safdari & Khadivi, 

2021). Flavonoids are small polyphenolic compounds 

found in fruits and vegetables. They have strong 

antioxidant activities, scavenging free radicals, stopping 

radical chain reactions, and chelating metals. Therefore, 

they are studied extensively by food and medical 

researchers (Q. Liu & Yao, 2007). Beyond antioxidant 

effects, studies show that this plant has anticancer effects 

through cell cycle interference, apoptosis induction, and 

invasion inhibition (Kurdali & Al-Shamma'a, 2009; 

Murakami et al., 2008; Torbati et al., 2016). 

This study evaluates the effects of E. angustifolia 

whole fruit powder on these mechanisms. Plant-derived 

bioactive compounds have attracted attention due to their 

various pharmacological properties and relatively fewer 

side effects. E. angustifolia has been traditionally used in 

folk medicine and reported to possess various biological 

activities, including anti-inflammatory and antioxidant 

effects. However, comprehensive studies evaluating its 

antimicrobial and cytotoxic potential, particularly using 

different solvent extracts, remain limited. Moreover, 

comparative analyses of methanol and hexane extracts in 

multiple biological assays are scarce. 

In this context, this study aimed to evaluate the 

cytotoxic, antimicrobial, antioxidant, and apoptotic-

necrotic effects of the whole fruit of E. angustifolia. 

 

Materials and Methods 

 

Preparation of Extracts 

Powdered whole fruits of E. angustifolia were 

commercially purchased by Dr. Dilek Arslan Atessahin 

(Department of Plant and Animal Production). The plant 

material was subjected to maceration using methanol and 

hexane at ambient temperature for 24 h to obtain 

methanolic (EAM) and hexane (EAH) extracts. A rotary 

evaporator was used to remove the organic solvents at low 

pressure at 55°C after extraction. After passing through 

Whatman No. 1 filter paper, the concentrated extracts were 

left to dry at room temperature with constant ventilation. 

The dried residues were stored at −20°C until further 

analysis. For experimental applications, stock solutions 

were freshly prepared in DMSO according to previously 

described procedures. (Guzeldag et al., 2013; Okmen & 

Turkcan, 2013). 

 

Microorganisms and Cultivation 

This study used five clinically relevant 

microorganisms: Gram-negative bacteria Escherichia coli 

(ATCC 25322) and Klebsiella pneumoniae (ATCC 

700603), Gram-positive bacteria Bacillus megaterium 

(DSM 32) and Staphylococcus aureus (ATCC 25923), and 

the fungal pathogen Candida albicans (FMC 17). Before 

testing, bacteria and fungi were grown in Nutrient Broth 

(Difco-Biolife, Lot: HE2602) and maintained on Mueller-

Hinton Agar (Merck, Lot: VM779137-0xoid). 

Antimicrobial Activity 

The antimicrobial potential of the methanolic (EAM) 

and hexane (EAH) extracts was evaluated using the agar 

well diffusion technique against five reference strains: E. 

coli, B. megaterium, S. aureus, C. albicans, and K. 

pneumoniae. Microbial suspensions were prepared from 24 

h cultures incubated at 37°C. For antibacterial assays, 

Mueller-Hinton agar was made as directed by the 

manufacturer, sterilized by autoclaving, filled sterile Petri 

dishes, and allowed to solidify under aseptic conditions. 

Sabouraud dextrose agar was employed for the cultivation 

of C. albicans. The microbial density of each inoculum was 

standardized to 0.5 McFarland (approximately 1.5 × 10⁸ 

CFU/mL) and uniformly spread over the agar surface. 

Wells (6–8 mm diameter) were created aseptically, and 50 

µL of each extract at different concentrations were 

introduced into the wells. Clindamycin served as the 

positive control, while DMSO was used as the negative 

control. After incubation at 37°C for 18–24 h, inhibition 

zone diameters were recorded (Bryan-Thomas et al., 

2023).  

All tests were done in triplicate. 

 

Spectrophotometric Analysis of DPPH Reduction 

The free radical scavenging potential of EAM and EAH 

extracts was evaluated based on their capacity to reduce the 

DPPH radical through spectrophotometric measurement. 

Serial concentrations of the extracts (6.25–100 µg/mL) 

were mixed with freshly prepared DPPH solution (0.25 

mM). The reaction mixtures were incubated in the absence 

of light at room temperature for 30 minutes to avoid 

photodegradation. 

Subsequently, absorbance readings were obtained at 

517 nm using a spectrophotometer, and the instrument was 

calibrated against the corresponding solvent blank. L-

ascorbic acid served as the positive control antioxidant. 

The percentage of radical scavenging activity was 

calculated according to equation (1) (Faramarz et al., 2015; 

Mughal et al., 2022): 

 

Antioxidant activity (%) = (Control Absorbance-

Sample Absorbance)/( Control Absorbance)×100 (1) 

 

Obtaining Cell Cultures 

MCF-7 and HepG2 cell lines were supplied by the 

Genomic Sciences Laboratory, Department of Biological 

Sciences, Firat University. Cells were maintained in 

Dulbecco’s Modified Eagle Medium (DMEM) enriched 

with 10% heat-inactivated fetal bovine serum, 100 U/mL 

penicillin, 100 µg/mL streptomycin, and 2 mM L-

glutamine. Cultures were propagated at 37°C in a 

humidified incubator under 5% CO₂ atmosphere. Media 

were routinely refreshed and cells were subcultured upon 

reaching appropriate confluency (Prajapati & Kumar, 

2023). 

 

Cytotoxic Activity (MTT) 

The viability of MCF-7 and HepG2 cells following 

treatment with EAM and EAH was quantified using the 

MTT colorimetric method. Cells were seeded in 96-well 

culture plates at a density of 5 × 10³ cells per well and 

permitted to adhere overnight. Subsequently, cultures were 

exposed to increasing concentrations of the extracts (100–
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800 µg/mL) for 24 h. Doxorubicin (2.5 µg/mL) was 

included as a reference cytotoxic agent.  

Phosphate-buffered saline (PBS) was used to gently 

rinse the cells after the culture media was aspirated at the 

conclusion of the treatment period. Each well received 

fresh medium containing 0.5 mg/mL of MTT reagent, and 

the plates were incubated for four hours to allow 

metabolically active cells to generate formazan crystals. 

The resulting crystals were solubilized using SDS solution 

(10% in 0.01 M HCl) and kept at 37°C overnight to ensure 

complete dissolution. Optical density was recorded at 570 

nm using a microplate reader. (Albinhassan et al., 2021; 

Elkousy et al., 2023; Tlili et al., 2021). Cell viability (%) 

was calculated according to the following equation (2): 

 

Cytotoxic activity (%)= (Sample Absorbance)/(Control 

Absorbance)×100    (2) 

 
Apoptosis Detection (Hoechst 33342/PI Staining) 

Hoechst 33342 and propidium iodide (PI) dual labeling 

was used to assess apoptotic changes in MCF-7 and HepG2 

cells. After being plated into 12-well plates the cells were 

subjected to the previously mentioned experimental 

conditions. Following treatment, staining solution 

containing Hoechst 33342 (10 µg/mL) and PI (10 µg/mL) 

was applied to each well. To stop photobleaching, samples 

were incubated for 30 minutes at 4°C in the dark. A 

fluorescent microscope was used to view the stained cells.  

Viable cells exhibited uniform blue nuclear staining, 

whereas apoptotic cells showed intensified or condensed 

chromatin fluorescence. PI-positive cells were considered 

membrane-compromised (Sun et al., 2024; Zhu et al., 

2021). 

 

Statistical Analysis 

All quantitative data were expressed using the mean ± 

standard deviation (SD) of at least three different 

experiments. Statistical comparisons across groups were 

carried out using IBM SPSS Statistics (version 22.0) one-

way analysis of variance (ANOVA) and appropriate post 

hoc tests. Differences were considered statistically 

significant at p < 0.05. 

 

Results 

 

As shown in Table 1, extraction yields were calculated 

according to equation (3) and ranged from 26% to 41%. 

 

Table 1. Extraction yields of methanol and hexane extracts 

obtained from EA. 

 
Percent efficiency (w/w) = ((weight of dried extract,g))/((weight 

of dry material before extraction,g))×100   (3) 

 
Antimicrobial Activity Test 
EA plant extracts were prepared in methanol and 

hexane solvents, and their antimicrobial activities against 
five different pathogenic microorganisms were evaluated 
in terms of zone diameters (mm) as shown in Table 2. 
Clindamycin 2 µg (Bioanalyse Lot: 171127A) was used as 
a positive control. DMSO was used as a negative control. 

According to Table 2, the methanol extract exhibited 
the highest antimicrobial activity against Klebsiella 
pneumoniae, with inhibition zone diameters of 13 mm at 
both 75 and 100 mg/mL.  

In Bacillus megaterium, Staphylococcus aureus, and 
Candida albicans, the methanol extract showed a 
concentration-dependent increase in inhibition zone 
diameters, indicating enhanced antimicrobial activity with 
increasing dose. 

Similarly, the hexane extract demonstrated a dose-
dependent antimicrobial effect against B. megaterium, 
Escherichia coli, S. aureus, and K. pneumoniae. The 
largest inhibition zones were observed at 100 mg/mL, 
particularly in B. megaterium and K. pneumoniae. Overall, 
both extracts exhibited measurable antimicrobial activity, 
with variations in susceptibility observed among the tested 
microorganisms. 

 
Antioxidant Activity 
The data obtained regarding the antioxidant capacity of 

EA's methanol extract demonstrates the free radical 
scavenging activity measured for different concentrations 
(Figure 1). It was observed that the antioxidant activity of 
the methanol extract increased with concentration. 
Compared to the positive control, the methanol extract 
showed approximately 28.6% scavenging effect at a 
concentration of 100 µg/mL. 

 
Cytotoxic Activity 
In MCF-7 cells treated with the methanol extract, the 

highest cytotoxic effect was observed at 200 μg/mL, with 
a cell death rate of 76%, which was statistically significant 
compared to the negative control (p<0.05). 

 

Table 2. Antimicrobial effect of EAM and EAH extracts (zone diameters in mg/mL). 

Microorgansms 

Methanol Hexane 
Clindamycin 

(PCl) 

25 

mg/mL 

50 

mg/mL 

75 

mg/mL 

100 

mg/mL 

25 

mg/mL 

50 

mg/mL 

75 

mg/mL 

100 

mg/mL 
2 µg 

B. megaterium 11 ± 1 12 12 13 ± 1 10±1.75 11±0.75 13±1.25 13±1.25 23 ± 0.2 

E. coli 12 ± 1 11 10 ±1 11 9 ± 1.75 10±0.75 12±1.25 12±1.25 24 ± 0.8 

S. aureus 
9 

±1.25 

9 

±1.25 
11±0.75 12±1.75 9 ± 1.5 11 ± 0.5 12 ± 1.5 10 ± 0.5 24 ± 0.8 

C.albicans 9 ± 0.5 9 ± 0.5 10 ± 0.5 10 ± 0.5 12±1.25 11±0.25 10±0.75 10±0.75 23 ± 0.2 

K. pneumoniae 
11 

±0.5 
9 ± 2.5 13 ± 1.5 13 ± 1.5 9 ± 2.75 13±1.25 12±0.25 13±1.25 22 ± 1.2 

PC: Positive Control 

Extract 
Initial 

weight (g) 

Final 

weights 
Yield (%) 

Methanol 56.89 57.15 26% 

Hexane 41.38 41.79 41% 
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Figure 1. Antioxidant activity of E.angustifolia methanol extract 

determined by DPPH assay: Dose-response curve of free radical 

scavenging activity. Values are presented as mean ± SD. 

Figure 2. Cytotoxic activity of EA on the MCF-7 cell line 
*PC: Positive Control (Doxorubicin), NC: Negative Control (DMEM+Cell), m-

100: Methanol 100 μg/mL, m-200: Methanol 200 μg/mL, m-400: Methanol 

400 μg/mL, m-800: Methanol 800 μg/mL 

  
Figure 3. Cytotoxic activity of EA on the MCF-7 cell line 

*PC: Positive Control (Doxorubicin), NC: Negative Control 
(DMEM+Cell), h-100: Hexane 100 μg/mL, h-200: Hexane 200 μg/mL, h-

400: Hexane 400 μg/mL, h-800: Hexane 800 μg/mL 

No statistically significant cytotoxic effect was observed in MCF-7 cells 
treated with the hexane extract compared to the negative control (p > 

0.05). 

Figure 4. Cytotoxic activity of EA on the HepG-2 cell line  
*PC: Positive Control (Doxorubicin), NC: Negative Control (DMEM+Cell), m-
100 μg/mL: Methanol 100μg/mL, m-200: Methanol 200 μg/mL, m-400 μg/mL: 

Methanol 400 μg/mL, m-800 μg/mL: Methanol 800 μg/mL. 

No statistically significant cytotoxic effect was observed in HepG2 cells treated 
with the methanol extract compared to the negative control (p > 0.05). 

 

 
Figure 5. Cytotoxic activity of EA on the HepG-2 cell line 

*PC: Positive Control (Doxorubicin), NC: Negative Control 

(DMEM+Cell), h-100 μg/mL: Hexane 100 μg/mL, h-200: Hexane 200 
μg/mL, h-400 μg/mL: Hexane 400 μg/mL, h-800 μg/mL: Hexane 800 

μg/mL. 

At higher concentrations (400 and 800 μg/mL), the 

cytotoxic effect markedly decreased, with cell death rates 

dropping to approximately 3%, showing significant 

differences compared to the 200 μg/mL group (p < 0.05). 

Overall, the methanol extract exhibited higher 

cytotoxic activity at lower concentrations (100–200 

μg/mL), with statistically significant differences observed 

between treatment groups (p < 0.05). 

In HepG2 cells treated with the hexane extract, no 

statistically significant effect on cell proliferation was 

observed at 100 and 200 μg/mL (p > 0.05). At higher 

concentrations (400 and 800 μg/mL), a slight decrease in 

cell proliferation (~12%) was observed; however, this 

reduction was not statistically significant compared to the 

negative control (p > 0.05). 

 

Table 3. Shows the IC50 values of EA methanol extracts 

on the MCF-7 cancer cell line 
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Apoptotic Necrotic Activity 

Nuclear alterations and membrane integrity were 

examined using dual fluorescent staining with Hoechst 

33342 and propidium iodide (PI). Hoechst 33342 is a cell-

permeable dye that binds to DNA and enables visualization 

of nuclear morphology in both viable and non-viable cells.  

In contrast, PI is excluded by intact plasma membranes 

and penetrates only cells with compromised membrane 

integrity. Apoptotic cells were identified by characteristic 

chromatin condensation, nuclear fragmentation, and 

reduced cell volume. These cells exhibited intensified or 

condensed blue fluorescence following Hoechst staining, 

while remaining largely negative for PI uptake during early 

apoptosis.  

Necrotic cells, which lose membrane integrity, 

demonstrated prominent PI positivity due to dye 

intercalation with nuclear DNA. Fluorescence images were 

captured using an inverted fluorescence microscope at 20× 

magnification. The differential staining pattern allowed 

discrimination between viable (uniform blue nuclei), 

apoptotic (bright/condensed blue nuclei), and necrotic (PI-

positive) cell populations.  

Effects of EA hexane and methanol extracts on MCF-7 

cells were evaluated by fluorescence microscopy after 24 h 

treatment. Nuclear morphology and membrane integrity 

were examined by Hoechst 33258 and PI double staining. 

In negative control (Figure 6A), MCF-7 cells showed 

normal morphology, maintained structure, and high cell 

density. Hoechst 33258 showed homogeneous 

fluorescence in nuclei, and no PI-positive cells were 

detected, indicating preserved membrane integrity and 

viable cells. In contrast, in positive control with 

doxorubicin (2.5 μg/mL; Figure 6B), increased Hoechst 

fluorescence and marked nuclear changes with PI-positive 

cells were observed, consistent with significant cell death. 

In EAM-treated cells (800 μg/mL, 24 h; Figure 7), 

morphological changes such as decreased cell density, 

nuclear shrinkage, and increased Hoechst signal were 

observed vs. negative control. Furthermore, limited PI-

positive cells were observed, indicating cellular stress 

responses possibly associated with impaired membrane 

integrity. However, according to MTT results, no 

significant decrease in cell viability was observed in MCF-

7 cells treated with EAH at tested concentrations, and 

viability rates ranged between 88% and 92%. Taken 

together, EAH causes morphological changes possibly 

associated with limited cellular stress and apoptosis at high 

concentrations without producing widespread cytotoxic 

effect in MCF-7 cells. 

 

Effects of Extracts on Cell Viability 

Treatment with EAM resulted in a dose-dependent 

decrease in MCF-7 cell viability compared to control (p < 

0.05). In contrast, EAH did not produce a statistically 

significant change in MCF-7 viability. Neither extract 

exerted a significant effect on HepG2 cells under the tested 

conditions (p > 0.05).  

 

Discussion 

 

Previous studies show inhibitory effects of E. 

angustifolia extracts against several microorganisms, 

especially both Gram-positive and Gram-negative bacteria 

(Mortazavi-Derazkola et al., 2021). These effects may 

come from compounds like polyphenols and flavonoids in 

the plant. In this study, inhibitory effects of EA extracts 

against E. coli, B. megaterium, S. aureus, C. albicans, and 

K. pneumoniae were confirmed. However, some studies 

suggest antimicrobial efficacy varies by bacterial species 

and extraction method (Okmen & Turkcan, 2013). 

 

  
A B 

Figure 6. Representative fluorescence micrographs of control groups (20× magnification) 
(A) Untreated negative control cells exhibiting normal morphology. (B) Positive control cells treated with doxorubicin (2.5 µg/mL). 

   
C D E 

Figure 7. Fluorescence images of MCF-7 cells following exposure to EAM extract 
(C) Phase-contrast morphology, (D) Hoechst 33342 staining (blue), and (E) PI staining (red). Nuclear condensation and membrane integrity were 

evaluated based on differential fluorescence patterns. 
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F G H 

Figure 8. Morphological and fluorescence analysis of EAH-treated MCF-7 cells (800 µg/mL, 24 h).  
(F) Phase-contrast image showing cellular alterations, (G) Hoechst staining indicating nuclear changes, and (H) PI staining demonstrating 

membrane disruption. 

 

Therefore, antimicrobial effects of EAM and EAH 

against these pathogens were tested by agar well diffusion 

method. Methanol extract produced zones of 11-13 mm 

against B. megaterium, 10-12 mm to E. coli, 9-12 mm 

against S. aureus, 9-12 mm against C. albicans, and 9-13 

mm against K. pneumoniae at 25-100 mg/mL. Similarly, 

hexane extract showed zones of 9-13 mm against B. 

megaterium, 9-12 mm against E. coli, 9-12 mm against S. 

aureus, 9-12 mm against C. albicans, and 9-13 mm against 

K. pneumoniae. These results indicate both methanol and 

hexane extracts have similar efficacy, but methanol extract 

generally provides stronger antimicrobial effect. The 

findings indicate that the methanol extract produces wider 

inhibition zones than hexane extracts. This difference can 

be attributed to the higher efficiency of methanol in 

extracting polar bioactive compounds, particularly 

phenolic acids and flavonoids, which are known to 

contribute significantly to antimicrobial activity (Dai & 

Mumper, 2010; Azmir et al., 2013). A limitation of this 

study is that no standard antifungal agent was included as 

a positive control in the C. albicans experiments. 

Consequently, the antifungal activity observed for the 

extracts could not be directly compared with conventional 

antifungal drugs. Future studies incorporating standard 

antifungal controls are required to better evaluate the 

relative antifungal potential of the tested extracts. 

When examining microorganism-specific effects, 

differences were observed in methanol extract effects on 

Gram-positive bacteria (B. megaterium, S. aureus) and 

Gram-negative bacteria (E. coli, K. pneumoniae). Larger 

zones in Gram-positive bacteria suggest these bacteria's 

cell wall structures may be more easily targeted by extracts. 

Literature reports that plant extracts are more effective 

against Gram-positive bacteria (Nguyen & Bhattacharya, 

2022). These differences are likely associated with 

variations in cell envelope structure, as the outer membrane 

of Gram-negative bacteria acts as a permeability barrier 

that limits the penetration of bioactive compounds (Burt, 

2004; Silhavy et al., 2010). Overall, the findings 

consistently demonstrate that EA extracts exhibit 

concentration-dependent antimicrobial activity across the 

tested microorganisms. Therefore, plant-derived extracts 

may represent promising natural alternatives to 

conventional antibiotics, potentially contributing to 

reduced development of antimicrobial resistance due to 

their complex and multi-target modes of action (Gupta & 

Birdi, 2017).  

Furthermore, when antioxidant activity was examined, 

the EAM extract exhibited measurable antioxidant 

capacity. Free radical scavenging activity increased in a 

concentration-dependent manner; however, its efficacy 

remained lower than that of the positive control. At 100 

μg/mL, the scavenging activity reached 28.6%, indicating 

limited antioxidant potential under the tested conditions. 

These findings suggest that although the methanol extract 

demonstrates dose-dependent activity, it does not achieve 

strong radical scavenging capacity within the studied 

concentration range. The relatively low antioxidant activity 

observed in this study indicates that the efficacy of E. 

angustifolia extracts may depend on extraction conditions 

and solvent type. Therefore, comparisons with other plant 

extracts reported in the literature should be made 

cautiously. Future studies should investigate different 

extraction solvents (e.g., ethanol, aqueous, or ethyl acetate) 

to enhance the recovery of bioactive compounds. The 

lower activity compared to standard antioxidants such as 

ascorbic acid is expected, given the high purity and well-

established radical scavenging efficiency of reference 

compounds.  

Nevertheless, even moderate levels of activity may be 

relevant in the context of long-term use of natural products, 

which often exert cumulative and synergistic biological 

effects. Previous studies have reported that E. angustifolia 

contains phenolic compounds and flavonoids that 

contribute to antioxidant activity (Chang et al., 2018; 

Karkar & Şahin, 2022; Xie et al., 2020). These compounds 

are known to scavenge free radicals and reduce oxidative 

stress by inhibiting reactive oxygen species (ROS) 

formation (Phaniendra et al., 2015). However, variations in 

antioxidant capacity across studies may arise from 

differences in extraction methods, plant material, and 

experimental conditions (Chen et al., 2014).  Overall, the 

findings of this study indicate that while E. angustifolia 

methanol extract exhibits concentration-dependent 

antioxidant activity, its radical scavenging capacity 

remains limited, highlighting the need for further 

optimization and compound-specific investigations. 

Although the antioxidant activity of the EA extract was 

lower than that of standard antioxidants such as ascorbic 

acid, this difference is expected given the high reactivity 

and well-established efficacy of pure reference compounds 

(Prior et al., 2005). This study highlights EA potential and 

indicates need for further research on industrial 

applications of plant antioxidants.  
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In future studies, detailed examination of phenolic 

compound profile and bioavailability of EA extracts may 

provide better understanding of plant's antioxidant 

efficacy. 

EA extracts have been reported to induce apoptosis and 

prevent cell division in a variety of cancer cell types 

(Zarban et al., 2023). These findings suggest extract 

promotes cell death by modulating expression of proteins 

linked to apoptosis, including p53, Bcl-2, and caspase-3 

(Fouzat et al., 2022). This study investigated cytotoxic 

effects of EA methanol and hexane extracts on MCF-7 and 

HepG2 cell lines. Results revealed methanol extract 

showed potent cytotoxic effect at specific doses, 

particularly in MCF-7 cell line. Specifically, at 100 and 

200 μg/mL, methanol extract caused 75% and 76% cell 

death, respectively. These results suggest bioactive 

compounds extracted with methanol may exhibit cytotoxic 

effect on breast cancer cells. In contrast, at higher doses 

(400 and 800 μg/mL), cell death decreased to as low as 3%. 

Hexane extract showed no significant cytotoxic effect on 

MCF-7 cells, and cell viability was observed at low levels. 

Similarly, in HepG2 cell line, methanol extract showed no 

significant cytotoxic effect at any tested doses (100-800 

μg/mL). Hexane concentrations on HepG2 cell line suggest 

they have low impact on cell death but may show mild 

inhibition (12%) at 400 μg/mL and 800 μg/mL. These 

findings suggest EA cytotoxic effect may be cell type-

specific and may show cytotoxic potential at certain doses, 

particularly in MCF-7 cells. Previous studies have reported 

that E. angustifolia methanol extracts exhibit cytotoxic 

effects in various cancer cell lines. For instance, cytotoxic 

activity has been demonstrated in prostate cancer (DU-

145), retinal epithelial (RPE1), and osteosarcoma (U2OS) 

cell lines using the MTT assay, with DU-145 cells 

identified as the most sensitive cell line. The highest 

cytotoxicity was observed at high concentrations (2000 

µg/mL) after 24 and 48 hours, whereas no significant 

cytotoxic effects were detected in RPE1 and U2OS cells.  

These findings suggest that the cytotoxic activity of E. 

angustifolia extracts may be both dose- and cell type-

dependent (Doğan et al., 2025). Consistent with these 

observations, our results also indicate selective cytotoxic 

effects, particularly in MCF-7 cells, while no significant 

activity was observed in HepG2 cells. This variability may 

be attributed to differences in cellular sensitivity, 

metabolic characteristics, and the molecular targets of 

bioactive compounds present in the extract. 

Cytotoxicity findings in this study were also supported 

by morphological evaluations using fluorescence 

microscopy. In analyses with Hoechst 33258 and PI double 

staining, distinct nuclear morphological changes were 

observed, particularly in MCF-7 cells treated with EAM 

and EAH. Increased Hoechst signal, nuclear shrinkage, and 

presence of condensed nuclear structures in treated cells 

are consistent with chromatin condensation. Conversely, 

increase in PI-positive cells indicates impaired cell 

membrane integrity and occurrence of advanced 

morphological changes associated with cell death. These 

morphological findings are consistent with high cytotoxic 

effect observed at specific methanol extract concentrations, 

particularly in MCF-7 cell line. Significant increase in cell 

death at low and medium doses (100-200 μg/mL) of 

methanol extract is supported by nuclear condensation and 

PI positivity observed microscopically. The reduction in 

cytotoxic effect observed at higher concentrations may be 

attributed to the activation of cellular adaptive responses or 

the involvement of alternative cell death pathways 

(Elmore, 2007). Limited cytotoxic effect of hexane extract 

on MCF-7 and HepG2 cell lines was consistent with lower 

proportion of PI-positive cells observed in fluorescence 

microscopy findings. This can be explained by lower yield 

of biologically active phenolic and flavonoid compounds 

due to hexane extracting more nonpolar components. This 

observation is consistent with previous studies 

demonstrating that polar solvents such as methanol and 

ethanol are more effective in extracting phenolic 

compounds and other bioactive constituents responsible 

for biological activity (Do et al., 2014). These 

morphological alterations, including chromatin 

condensation and membrane integrity loss, are well-

recognized hallmarks of apoptosis and other forms of 

programmed cell death (Kroemer et al., 2009). These 

findings support concentration- and cell type-dependent 

cytotoxic potential of EA extracts, particularly in MCF-7 

cells, and indicate that pathways associated with apoptosis 

need to be investigated in detail in further studies. 

Accordingly, when IC₅₀ values of EA methanol extract 

are compared with those reported in the literature for other 

plant extracts, its effect on cell lines indicates moderate 

cytotoxic activity. For example, Moringa oleifera essential 

oils showed an IC₅₀ value of 467.1 μg/mL in the HepG2 

cell line, indicating moderate antiproliferative effects 

(Venkatachalapathy et al., 2021). Similarly, Annona 

muricata extract IC₅₀ values on HepG2 and MCF-7 cell 

lines ranged from 100 to 250 μg/mL, demonstrating higher 

cytotoxic activity. In the present study, EA methanol 

extract exhibited cytotoxic activity against the MCF-7 cell 

line with an IC₅₀ value of 176.78 μg/mL. These values 

indicate moderate cytotoxic effect compared to other plant 

extracts in literature.  

Observed cell line and dose-dependent differences can 

be explained by various factors. First, solvent used can 

significantly affect extraction efficiency of bioactive 

compounds. Methanol extract may exhibit lethal effect on 

cancer cells at certain doses by providing higher levels of 

polyphenols and flavonoids, whereas hexane extraction 

may have limited effect due to extracting less polar 

components. Literature indicates that ethanol and water-

based extracts may exhibit stronger cytotoxic effects on 

cancer cells. Furthermore, metabolic differences and cell 

surface receptor profiles depending on cell type may cause 

EA extracts to exert effects through different mechanisms. 

Cytotoxic effect observed in breast cancer cells is thought 

to be related to polyphenolic components that activate 

oxidative stress and apoptotic signaling pathways. 

Nevertheless, absence of similar effect in HepG2 cells 

suggests this cell line may be resistant to EA extract 

components or may use different metabolic pathways. 

Future studies should aim to optimize extraction 

methods to obtain bioactive compounds more effectively. 

In addition, detailed investigation of E. angustifolia extract 

effects on apoptosis, cell cycle arrest, and oxidative stress 

pathways will contribute to better understanding of 

mechanisms involved. Furthermore, it is recommended 

that efficacy tests be conducted in different cancer cell 
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lines and in vivo models, and that data obtained be 

evaluated for clinical applications. 

 

Conclusion 

 

This study evaluated the antimicrobial, antioxidant and 

cytotoxic activity of E. angustifolia fruit extracts. 

Antimicrobial analyses showed both extracts exhibited 

concentration-dependent activity against tested 

microorganisms. Highest antimicrobial effect was 

observed against K. pneumoniae, whereas E. coli showed 

lower sensitivity. Antioxidant analyses showed methanol 

extract free radical scavenging capacity increased with 

concentration but remained limited compared to positive 

control. In anticancer evaluations, methanol extract 

showed more pronounced effect on MCF-7 cell line 

compared to hexane extract, while both extracts had 

limited effect on HepG2 cell line. 

In conclusion, active components underlying biological 

effects observed in E. angustifolia, particularly in methanol 

extract, and their mechanisms of action need to be 

elucidated. In this context, supporting obtained in vitro 

findings with further studies will contribute to more 

accurate evaluation of plant's potential biological 

applications. 
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