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ANOVA	� Analysis of variance

Introduction

Lung cancer, as in the world, is the leading cancer type in 
our country, diagnosed with approximately 30.000 new 
cases yearly. Following lung cancer, breast cancer is the sec-
ond most frequent cancer type all around the globe. Breast 
cancer is the most common cause of cancer death in women, 
making up 23% of all female cancers worldwide, with an 
incidence of 43 per 100.000 in Turkey [1, 2].

Despite many new drugs being introduced in cancer 
treatment each year, the complete treatment of the disease 
has not been achieved. Multiple extensive searches were 
carried out for new therapeutics, and the resistance of can-
cer cells against chemotherapy or other therapies is the most 
challenging aspect to overcome. For this reason, there is still 
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Abstract
Turkish hazelnut (Corylus avellana L. cv Tombul) is a widely used nut in the chocolate industry and is also rich in 
polyphenol content, which promises anticancer effects. The anti-cancer and apoptotic effects of hazelnut leaves extracts 
examined on lung and breast cancer cells. Sulforhodamine B (SRB) and Adenosine 5’- triphosphate (ATP) assays were 
carried out for cell viability measurement. The mode of cell death was shown morphologically by the double fluorescence 
staining. Apoptosis was determined by performing caspase-mediated cytokeratin 18 (M30 ELISA) and western blot analy-
sis. PARP, caspase 3, caspase 8, DR4, and GAPHD (Glyceraldehyde-3-phosphate Dehydrogenase) protein bands were 
visualized as markers of apoptosis. A wound healing test was employed to measure cell migration. Methanol extract of 
hazelnut leaf exhibited inhibition of cell growth activities in a dose-dependent manner. IC50 values were determined as 
32.17 µg/ml in MCF-7, 32.16 µg/ml in MDA-MB-231, 20.40 µg/ml in A549 and 12.04 µg/ml in H1299 cells for etha-
nol extract while it was determined as 21.08 µg/ml in MCF-7, 40.16 µg/ml in MDA-MB-231, 22.04 µg/ml in A549 and 
5.91 µg/ml in H1299 cells in methanol extract. In comparison, methanol leaf extracts were more effective in H1299 cells 
(IC50 value was 5.91  µg/ml).In comparison, ethanol leaf extracts were more effective in H1299 cells (IC50 value was 
9.722 µg/ml). Western blot analysis demonstrated that hazelnut leaf extract treatment of cancer cells led to cell death via 
apoptosis and inhibited cell migration in lung and breast cancer cell lines. The cytotoxic effects of hazelnut extract on 
breast and lung cancer cells might be valuable and promising in elucidating cell death mechanisms for the development 
of new methods in cancer treatment.
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a dire need for studies towards exploring new compounds to 
develop novel therapeutics [3].

There are several studies on the growth inhibitory effect 
of C. avellana compound on cancer cells [4–6]. Investiga-
tion of cell death in cancerous cells enables understanding 
of the prognosis and treatment of the disease [7]. Some 
events that may cause cellular damage, such as oxidative 
stress caused by the agents used in treatment by triggering 
apoptosis, can potentially provide treatment of the disease 
[8, 9]. Unfortunately, most treatments target healthy and 
cancer cells, resulting in undesirable effects.

Paclitaxel is currently the popular chemotherapeutic 
medication used in the treatment of lung, breast cancer, 
and ovarian cancer. Paclitaxel from extracts of defatted and 
dried hazelnut (C. avellana L.) from about 9–70 µg per gram 
samples was discovered by Hoffman and Shahidi (2009) 
[10]. The reported paclitaxel amount is about one-tenth 
of the Pacific yew (Taxus brevifolia Nutt.). Nevertheless, 
hazelnut may still be a new alternative source of taxanes 
since hazelnut trees grow much faster than the Pacific yew. 
C. avellana extracts were reported to have high activity free 
radical scavenging properties [11, 12] and the cell suspen-
sion culture of C. avellana may be a promising alternative 
for paclitaxel production as Farhadi et al. (2020) recently 
reported the enhanced paclitaxel biosynthesis and secretion 
in C. avellana cell suspension culture by optimizing elici-
tors such as fungal cell walls and methyl-β–cyclodextrin. 
Studies were conducted to increase Taxol production in C. 
avellana culture cells [13, 14]. The main objective of the 
present study was to assess whether the leaves of C. avel-
lana have antiproliferative effects on breast and lung cancer 
cell lines. The second objective is to determine the molecu-
lar mechanism of the antiproliferative effect.

Materials and Methods

Material and methods are available in Supplementary 
Material.

Results and Discussion

GC–MS Analysis

The GC–MS analysis of C. avellana leaf extracts revealed a 
comprehensive overview of the compounds found in meth-
anol extract. The chromatogram for extract is depicted in 
Fig. S12. The associated compounds are listed in Table S1, 
together with their molecular formulas and weights. Extract 
chromatogram revealed 44 compounds covering 95% of the 
total area. The GC–MS chromatogram demonstrated that 

phytol (9.57%), squalene (7.60%), and orcinol (7.32%) are 
the major metabolic compounds present in the extract of the 
leaf of C. avellana.

SRB and ATP Viability Assay Results

The inhibitory effects of hazelnut leaf extracts were inves-
tigated on human breast cancer (MCF-7, MDA-MB-231) 
and lung cancer (A549, H1299) cell lines by SRB and ATP 
assays. According to SRB results; C. avellana extracts dem-
onstrated increasing inhibitory effects on human lung can-
cer lines (A549, H1299) based on dose and time-dependent 
manner. Ethanol extracts of C. avellana of 200 µg/ml were 
found to be the most effective in both cell lines at the end of 
72 h (Fig. S1). Viability percent (%) of breast cancer lines 
(MCF-7, MDA-MB-231) were decreased with increased 
dosages of 100 and 200 µg/ml in both ethanol and metha-
nol extracts of C. avellana. No significant differences were 
observed among extracts (Fig. S2).

ATP results have shown that starting from the lowest 
dosage of 6.25 µg/ml, gradually % viability decreases were 
found in both cancer cells for 72 h, and the most effective 
dosages were found to be 200 µg/ml for C. avellana extracts 
(Fig. 1).

Significant decreases were observed in the cells’ viabil-
ity while the concentration of extracts increased. A sub-
stantial decline at the dose of 200  µg/ml, observed in all 
cells, especially in lung cancer cell lines (H1299) at 72 h 
(p < 0.05), demonstrated the most effective inhibition on the 
cell proliferation.

No antiproliferative effects were observed in hazelnut 
husk extracts, which may be the result of the high oil con-
tent of the husk, which made the extraction process difficult. 
Therefore, only the leaves of the hazelnut plant were used 
in the extraction.

Methanol extracts were found to be more effective in 
breast cancer cells with the IC50 values of 21.08 µg/ml and 
40.16 µg/ml for MCF-7 and MDA-MB-231 cells, respec-
tively (Table S2). In lung cancer cells, methanol extracts 
were more effective in A549 with the IC50 values of 
22.04 µg/ml. On the other hand, ethanol extracts were more 
effective in H1299 cells with the IC50 values of 5.91 µg/ml.

Cytotoxic Test in Healthy Cells

The cytotoxic effects of different concentrations of ethanol 
and methanol extracts of hazelnut leaf (6,25–200 µg/ml) on 
healthy cell lines (Beas-2B and MCF-10 A) were measured 
by SRB assay for 72 h. Unlike cancer cell lines, C. avellana 
extracts did not show a lethal effect on the healthy cell, and 
statistically significant reductions were observed with the 
increasing concentrations (Fig. S3). Selectivity Index (SI) 
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values were determined by the ratio of IC50 of healthy cells 
to cancer cells (Table S3). It was determined that the SI of 
methanol extracts of C. avellana for H1299 lung cancer 
cells was higher than other cancer cells.

Fluorescent Dual Staining Results

The dual staining was applied to monitor apoptosis or necro-
sis states of the cancer cells following C. avellana extracts 
treatment. While Hoechst 33,342 (blue colour) functional 
to nuclear staining of both living and dead cells with the 
ability to bind to DNA, PI (red colour) was only able to 
pass through the damaged membrane and, thus, effective on 
death or late apoptotic, primer and seconder necrotic cells.

In general, it was shown by Hoechst 33,342 staining that 
in all cell lines, after the treatment of C. avellana extracts, 
the cell density decreased depending on the dose compared 
to the control cell lines (Figs. S4-7). In MCF-7 cells, the 
presence of pyknotic nuclei and Hoechst 33,342 positive/PI 
negative images after the treatment of methanol and etha-
nol extracts at doses of 50 µg/ml indicate that the cells are 
apoptotic, while the presence of Hoechst 33,342 positive/PI 
positive revealed that it died due to late apoptosis/second-
ary necrosis (Fig. S4). After 50 and 100  µg/ml treatment 
of C. avellana methanol and ethanol extracts, the presence 
of pyknotic nuclei in MDA-MB-231 cells compared to 
the control is determined by Hoechst 33,342 staining, and 

PI negativity in the same areas indicates that the cells are 
undergoing apoptosis. At high dose (200 µg/ml) PI positiv-
ity cells appear to shift towards necrosis (Fig. S5). Hoechst 
33,342 positive/PI positive images of lung cancer cells 
administered C. avellana extracts showed that the cells died 
dose-dependent manner through late apoptosis/secondary 
necrosis (Figs. S6-7).

Cleaved Cytokeratin 18 (M30-Antigen) Results

As a specific marker for apoptosis, the caspase-cleaved 
CK18 (M30) scales were done in the concentrations of 50 
and 100 µg/ml in order to investigate the cell death mode of 
MCF-7 and A549 cell lines. The measured absorbance val-
ues were calculated by using the standard curve graph and 
the M30-antigen amounts (U/L). As shown in the Fig. 2, the 
application of 100 µg/ml and 50 µg/ml concentrations of C. 
avellana extracts caused a statistically significant increase 
in cancer cells (p < 0.05), whereas a less substantial increase 
in the dose of 100 µg/ml.

As shown in the Fig.  2, the application of 100  µg/ml 
and 50 µg/ml extracts resulted in a statistically significant 
increase in cells with a dose of only 50 µg/ml (p < 0.05), 
whereas a less substantial increase at the dose of 100 µg/ml.

M30 results were increased in both cancer cell lines 
treated with C. avellana extracts at 100 and 50  µg/ml 
doses. Unexpectedly, 100  µg/ml ethanol extracts showed 

Fig. 1  ATP assay results of etha-
nol and methanol extracts of C. 
avellana on breast and lung can-
cer cells for 48 h. It was observed 
that the plant extracts were highly 
effective and the viability of the 
cancer cells decreased due to the 
dose-time. *Denotes statistically 
significant differences compared 
to untreated control: *(p < 0.05), 
**(p < 0.01), ***(p < 0.001). 
Data are presented as mean ± SD 
(n = 3)
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in all cancer cells treated with ethanol and methanol extracts 
of C. avellana at doses of 100 and 50 µg/ml for 72 h (Figs. 3 
and 4). GAPDH, a housekeeping protein, was consistently 
expressed in all treated cells. All apoptotic proteins were 
detected in the cell lines except caspase 3 in MCF-7 cells 
which caspase-3 deficient cells.

PARP expression was predominantly observed in A549 
and H1299 lung cancer cells treated with both extracts, 
while it was less obvious in breast cancer cells. Methanol 
extracts provided clearer PARP images compared to etha-
nol extracts. C. avellana extracts at doses of 100 and 50 µg/
ml were revealed to increase PARP expression in all cells 
significantly compared to the control group. Particularly in 

significantly lower M30 values than those of both 100 µg/
ml ethanol and methanol extracts (50 and 100  µg/ml) in 
A549 cells. On the other hand, M30 values of all treatment 
groups in MCF-7 cells were similar to each other statisti-
cally and were found to augment CK18 levels. Except for 
ethanol 100  µg/ml extract in A549 cells, all M30 values 
of the present research were close to the positive control, 
which was evidence of apoptosis.

Western Blot Results

Western blot was performed to observe the apoptotic pro-
teins such as PARP, caspase 3, caspase 8, DR4, and GAPDH 

Fig. 3  Western blotting analysis 
of some of the apoptotic proteins 
in MCF-7 and MDA-MB-231 
cells after treatment with 
methanol and ethanol extracts 
of C. avellana for 72 h. Equal 
protein loading was confirmed by 
GAPDH. Densitometry was per-
formed with the ImageJ software 
and densitometric analysis of the 
observed bands’ intensity normal-
ized to GAPDH and quantified 
with respect to controls set to 1.0. 
Data are presented as mean ± SD 
(n = 3). GAPDH, glyceraldehyde 
3-phosphate dehydrogenase; SD, 
standard deviation

 

Fig. 2  Measurement of caspase-
cleaved cytokeratin 18 (M30) 
levels 48 h after the treatment 
methanol and ethanol extracts of 
C. avellana in MCF-7 and A549 
cells. Paclitaxel was used for 
control. Statistically meaningful 
when different doses are com-
pared according to the control 
(**p < 0.01, ***p < 0.001). Data 
are presented as mean ± SD 
(n = 3)
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depending manner wound healing effects of extracts were 
varied by cell lines. The methanol extracts of C. avellana in 
A549 cells were not significant in the 6th hour but initiated 
to exhibit at the 12th hour. In the same cells, while100 µg/
ml was ineffective, ethanol extracts were found to be effec-
tive only at a 50 µg/ml dose.

Similarly, wound healing effects of ethanol extracts of 
C. avellana on both MDA-MB-231 and MCF-7 cells were 
statistically evident compared to the control. Wound heal-
ing effects of both extracts were observed in all these breast 
cancer cells starting from the 6th hour. On the other hand, 
in lung cancer cells time depending manner wound healing 
effects of extracts were varied by cell lines. The methanol 
extracts of C. avellana in A549 cells were not significant in 
6th hour but initiated to exhibit in 12th hour. In the same 
cells, while 100  µg/ml was ineffective. Ethanol extracts 
were effective only at a 50 µg/ml dose. The wound healing 
effects in H1299 cells treated by ethanol extracts of C. avel-
lana at both rates were different in the 6th and 12th hours 
compared to the control. The same cells treated with 50 µg/
ml methanol extracts of C. avellana were ineffective in the 
6th hours and only effective in the 9th hours. The wound 
healing effect with 100 µg/ml methanol extracts of C. avel-
lana was prominent in the 6th and 9th hours.

Moreover, we confirmed the ability of C. avellana to 
inhibit the cell migratory function of breast and lung cancer 
cells (Figs. S8-S11). The results showed that A549 cells in 
the control group migrated through the upper well to the 
lower chamber. The amount of migrated cells was consid-
erably decreased in cells treated with C. avellana extracts. 

MCF-7 and A549 cells, a 3-fold increase compared to the 
control was noticed at the 50 µg/ml dose of methanol extract 
(Figs. 3 and 4). Increased caspase 3 expression was observed 
following extract application in MDA-MB-231, A549 and 
H1299 cancer cells. The most evident increase (a 2-fold) was 
evident in MDA-MB-231 cells compared to the control at 
the 50 µg/ml dose of methanol extract. C. avellana extracts 
of 100 and 50 µg/ml caused an overall 1.5-fold increase in 
caspase 8 expression of MCF-7 and MDA-MB-231 breast 
cancer cells. An overall increase of caspase 8 was prominent 
in A549 and H1299 cells and the most evident increase with 
almost 2.5-fold was in H1299 cells compared to the control 
with the dose of 50 µg/ml ethanol extract (Figs. 3 and 4). 
Increases in DR4 expression were observed in all cells fol-
lowing C. avellana extract application. The most significant 
increase was detected in A549 cells at a dose of 50 µg/ml of 
methanol extract, a 3-fold increase compared to the control 
(Figs. 3 and 4). The increase in apoptotic proteins of cancer 
cells treated with C. avellana extracts at doses of 100 and 
50 µg/ml is an indication that these extracts cause apoptosis.

Cell Migration (Wound Healing) Results

The effects of C. avellana extracts on the wound healing 
of MCF-7, MDA-MB-231, A549, and H1299 cells have 
been performed by cell migration test. All percentages of 
the wound closure graphs and pictures are shown in Figs. 
S8-S11. At the end of 12 h, cell migration was not observed 
treated with ethanol and methanol extracts of C. avellana 
in MCF-7 and MDA-MB-231 cells compared to the con-
trol group. On the other hand, in lung cancer cells time 

Fig. 4  Western blotting analysis 
of some of the apoptotic proteins 
in A549 and H1299 cells after 
treatment with methanol and 
ethanol extracts of C. avellana 
for 72 h. Equal protein load-
ing was confirmed by GAPDH. 
Densitometry was performed 
with the ImageJ software and 
densitometric analysis of the 
observed bands’ intensity normal-
ized to GAPDH and quantified 
with respect to controls set to 1.0. 
Data are presented as mean ± SD 
(n = 3). GAPDH, glyceraldehyde 
3-phosphate dehydrogenase; SD, 
standard deviation
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ml indicate that the cells are apoptosis (Figs. S4-7). These 
results were also supported by the results of M30 antigen, 
a marker of apoptosis, which significantly increased com-
pared to the control group.

PARP, caspase 3, caspase 8 and DR4 proteins were 
observed in breast and lung cancer cells treated with ethanol 
and methanol extracts only with the exception of caspase 3 
in MCF-7 cells. Especially at the dose of 50 µg/ml of both 
extracts show an increase in apoptotic protein expression 
which revealed to trigger apoptosis in cancer cells.

Methanol extracts provided more dominant PARP images 
compared to the ethanol extracts. GAPDH proteins were 
monitored prominently in all the cells treated with extracts 
(Figs. 3 and 4).

A significant reduction of cell migration was observed 
in treated cells compared with the control group. Although 
cell migration at the 24th hour in A549 cells treated with 
100 µg/ml ethanol extract was close to the control group, 
cell migration was significantly lower in cells treated with 
50 and 100 µg/ml methanol extract compared to the con-
trol group. H1299 cells treated with ethanol extract did 
not migrate at the 9th hour, whereas the untreated group 
did. In contrast, the methanol-treated cell group showed 
cell migration at a rate closer to that of the control. This 
leads us to conclude that ethanol extract is more effective 
in H1299 cells (Fig. S9). Although cell migration was low 
in MDA-MB-231 cells in the group treated with 100 ml of 
methanol extract, cell migration was higher in the untreated 
group, and 50 ml of ethanol extract was applied. Therefore, 
wound healing was higher in control and 50 ml methanol 
extract groups. This result led us to think that high-dose 
methanol extract could prevent metastasis in MDA-MB-231 
cells. Cell migration at 12th h was not observed in MCF-7 
cells treated with ethanol and methanol extracts, while cell 
migration was observed in untreated cells (Fig. S11). Metas-
tasis is known to be the main problem with cancer and the 
majority of cancer patient deaths are due to metastasis [21]. 
In addition to the potential association of mutations with 
cancer metastasis, it has been reported that both new and 
more specific therapeutic strategies should be developed to 
minimize cancer morbidity and mortality in the long term 
[22]. In this study, it is suggested that the leaf of the hazelnut 
plant reduces cell migration in lung and breast cancer cells, 
thus inhibiting metastasis (Figs. S8-11).

New approaches to the treatment of lung and breast can-
cer are needed. By-products of C. avellana could have radi-
cal scavenging activity [11] and be an available antioxidant 
source [23]. Studies have shown that hazelnut can be an 
alternative anti-cancer plant due to taxol and other bioactive 
components in its content [5]. In this study, we aimed to 
elucidate the anti-cancer activity of the leaf of the hazelnut 
plant by analyzing the molecular mechanism.

The effect of C. avellana on cell migration was determined 
with the aid of a phase contrast microscope.

Hazelnut is a typical snack with high vitamins, miner-
als, organic acids, lipids (58–64%), protein (11–16%), and 
carbohydrate (15–18%) content [15] may still be a new 
alternative source of taxane which cures some cancer types 
such as lung cancer inhibiting cell proliferation [5]. Some 
researchers have declared that the cell suspension culture 
of C. avellana may be a promising alternative for pacli-
taxel production [5, 14, 16]. Methanolic extracts of hazelnut 
leaves have been confirmed to inhibit the cellular activity 
of three cancer cell lines of human origin, HeLa, HepG2 
(a human hepatocellular liver carcinoma cell line) and 
MCF-7. The extract of the hazelnut leaves was found to be 
effective on cervical and liver cancer cells with anti-cancer 
properties [17]. Hazelnut husk extract was demonstrated to 
exhibit more toxic and antioxidant effects in T47D-Kbluc 
(a human breast cancer cell line) and A549 cell lines than 
normal human gingival fibroblast lines (HGF) [18]. The 
present study has focused on assessing the antiproliferative 
effects of the leaves of C. avellana and clarifying molecular 
mechanism of apoptosis on breast and lung cancer cell lines.

The ethanol and methanol extracts are expected to have 
different effects on cancer cells [19]. In the current study, 
aforementioned extracts of hazelnut leaves have found to be 
anti-growth effects in breast cancer cells. MCF-7 cells were 
found to be more sensitive than the MDA-MB-231 cells 
with the IC50 values. In lung cancer cells, ethanol extracts 
were more effective in H1299 cells, while methanol extracts 
were more effective in A-549 cells with the IC50 values. IC50 
values were determined as 32.17 µg/ml in MCF-7, 32.16 µg/
ml in MDA-MB-231, 20.40 µg/ml in A549 and 12.04 µg/ml 
in H1299 cells for ethanol extract while it was determined 
as 21.08 µg/ml in MCF-7, 40.16 µg/ml in MDA-MB-231, 
22.04 µg/ml in A549 and 5.91 µg/ml in H1299 cells in meth-
anol extract (Table S2). These results show that especially 
methanol leaf extract is more effective in H1299 lung cells.

Esposito et al. (2017) found that methanol extracts of 
hazelnut shell had cytotoxic activity in human malignant 
melanoma cells (A375) and human cervical cancer (HeLa) 
cells and induced apoptosis in these cells by expression 
cleaving form of caspase-3 and parp-1 [12]. Both leaves 
and shell extracts of hazelnut were reported to contain pacli-
taxel, 10-deacetylbaccatin III, etc. and had some biological 
activities [4, 20].

According to the double staining results, cancer extract 
treatment reduced cancer cell density depending on the 
dose and time. Late apoptosis and secondary necrosis were 
observed in the cancer cells by staining Hoechst/PI dyes at 
200 µg/ml dose. In addition, the presence of pyknotic nuclei 
and Hoechst 33,342 positive/PI negative images after the 
treatment of methanol and ethanol extracts at dose of 50 µg/
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Conclusion

Conventional chemotherapy, surgery and radiation therapy 
for lung and breast cancer are still inadequate today. There-
fore, research on functional foods fortified or enriched with 
natural potential chemo-preventive food supplements and 
nutraceuticals that can reduce the incidence of these can-
cers has gained intense interest recently. The leaf of C. avel-
lana plant has been shown to induce apoptosis and reduces 
migration capacity in lung and breast cancer cells with the 
current study. Hazelnut, of which Turkey is the world pro-
duction leader, is an economically valuable chocolate ingre-
dient worldwide. The results of the present study revealed 
that the leaves of the plant, which indeed are waste product, 
may be a biotechnologically promising anti-cancer drug raw 
material.

Supplementary Information  The online version contains 
supplementary material available at https://doi.org/10.1007/s11130-
024-01198-3.

Acknowledgements  This study was supported by the grant (the grant 
number: SAG-BAP-A-160317-50) from the Scientific Project Office 
of Giresun University. We thank Dr. Ulku Baykal for reviewing the 
manuscript.

Author Contributions  Conceived and designed the experiments: AC, 
FA Performed the experiments: İA, AC, FA Analyzed the data: AC, FA 
Wrote the paper: AC, YT, İA, FA.

Funding  Open access funding provided by the Scientific and Tech-
nological Research Council of Türkiye (TÜBİTAK). This study was 
supported by the grant (the grant number: SAG-BAP-A-160317-50) 
from the Scientific Project Office of Giresun University.
Open access funding provided by the Scientific and Technological Re-
search Council of Türkiye (TÜBİTAK).

Data Availability  No datasets were generated or analysed during the 
current study.

Declarations

Ethical Approval  Not applicable.

Conflict of Interest  The authors have declared that there is no conflict 
of interests.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 

1 3

654

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/03630242.2020.1746949
https://doi.org/10.1080/03630242.2020.1746949
https://doi.org/10.1186/1472-6750-6-45
https://doi.org/10.1186/1472-6750-6-45
https://doi.org/10.1007/s11240-016-1164-5
https://doi.org/10.1007/s11240-016-1164-5
https://doi.org/10.1007/s11418-012-0696-1
https://doi.org/10.1186/1756-9966-30-87
https://doi.org/10.1186/1756-9966-30-87
https://doi.org/10.1038/s41573-021-00233-1
https://doi.org/10.1038/s41573-021-00233-1
https://doi.org/10.1016/j.biocel.2006.07.001
https://doi.org/10.1016/j.biocel.2006.07.001
https://doi.org/10.1016/j.jff.2008.09.004
https://doi.org/10.1177/1934578x1601100412
https://doi.org/10.3390/ijms18020392
https://doi.org/10.1007/s10616-014-9808-y
https://doi.org/10.1007/s10616-014-9808-y
https://doi.org/10.1038/s41598-020-62196-4
https://doi.org/10.1007/s00217-020-03508-w
https://doi.org/10.1007/s00217-020-03508-w
https://doi.org/10.1007/s10295-019-02148-8
https://doi.org/10.1007/s11130-024-01198-3
https://doi.org/10.1007/s11130-024-01198-3


Plant Foods for Human Nutrition (2024) 79:648–655

21.	 Nenclares P, Harrington KJ (2020) The biology of cancer. 
Medicine (Baltimore) 48:67–72. https://doi.org/10.1016/j.
mpmed.2019.11.001

22.	 Rosell R, Karachaliou N (2015) Relationship between gene muta-
tion and lung cancer metastasis. Cancer Metastasis Rev. https://
doi.org/10.1007/s10555-015-9557-1

23.	 Alasalvar C, Shahidi F, Cadwallader KR (2003) Comparison of 
natural and roasted Turkish Tombul hazelnut (Corylus avellana 
L.) volatiles and flavor by DHA/GC/MS and descriptive sensory 
analysis. J Agric Food Chem 51:5067–5072

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

17.	 Gallego A, Metón I, Baanante IV et al (2017) Viability-reducing 
activity of Coryllus Avellana L. extracts against human can-
cer cell lines. Biomed Pharmacother 89:565–572. https://doi.
org/10.1016/j.biopha.2017.02.046

18.	 Rusu ME, Fizeșan I, Pop A et al (2019) Enhanced recovery of 
antioxidant compounds from Hazelnut (Corylus avellana L.) 
Involucre based on extraction optimization: Phytochemical Pro-
file and Biological activities. Antioxidants 8:460. https://doi.
org/10.3390/antiox8100460

19.	 Çebi A, Akgün E, Çelikler S et al (2019) Cytotoxic and geno-
toxic effects of an endemic plant of Turkey Salvia kronenbur-
gii on breast cancer cell lines. J Cancer Res Ther. https://doi.
org/10.4103/jcrt.JCRT_1322_16

20.	 Ottaggio L, Bestoso F, Armirotti A et al (2008) Taxanes from 
shells and leaves of Corylus avellana. J Nat Prod. https://doi.
org/10.1021/np0704046

1 3

655

https://doi.org/10.1016/j.mpmed.2019.11.001
https://doi.org/10.1016/j.mpmed.2019.11.001
https://doi.org/10.1007/s10555-015-9557-1
https://doi.org/10.1007/s10555-015-9557-1
https://doi.org/10.1016/j.biopha.2017.02.046
https://doi.org/10.1016/j.biopha.2017.02.046
https://doi.org/10.3390/antiox8100460
https://doi.org/10.3390/antiox8100460
https://doi.org/10.4103/jcrt.JCRT_1322_16
https://doi.org/10.4103/jcrt.JCRT_1322_16
https://doi.org/10.1021/np0704046
https://doi.org/10.1021/np0704046

	﻿Inducing Effect of ﻿Corylus avellana﻿ on Cytotoxic Activity in Lung and Breast Cancer Cells via Apoptosis
	﻿Abstract
	﻿Introduction
	﻿Materials and Methods
	﻿Results and Discussion
	﻿GC–MS Analysis
	﻿SRB and ATP Viability Assay Results
	﻿Cytotoxic Test in Healthy Cells
	﻿Fluorescent Dual Staining Results
	﻿Cleaved Cytokeratin 18 (M30-Antigen) Results
	﻿Western Blot Results
	﻿Cell Migration (Wound Healing) Results

	﻿Conclusion
	﻿References


