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1. Introduction 
Cancer is a crucial public health issue worldwide that 

affects both industrialized and developing nations [1]. 
Owing to the notable nature of the disease, a constant 
struggle is sought with low success in treatment [2]. Consi-
dering its current situation, it is necessary to investigate 
a drug type with reduced toxicity, fewer side effects, and 
more effective for cancer treatment or adjuvant therapy 
[3]. The result of the wide range of searching for the most 
effective products to cure cancer was the discovery lifesa-
ving compound paclitaxel. Paclitaxel was extracted from 
the Pacific yew tree (Taxus baccata) and later became the 
cancer drug Taxol® [4]. Since the discovery of paclitaxel’s 
antitumoral activity, Taxol® approved as a chemothera-
peutic drug for the treatment of breast, ovarian, stomach, 
prostate, lung, bladder, Kaposi sarcoma and esophageal 
cancers [5]. 

Some plant-derived substances such as curcumin, res-
veratrol, berberine, vinca alkaloids and taxanes (Taxol® 
and Docetaxel®) are often used to treat cancer patients 
[6]. However, the most frequently prescribed anticancer 
medications by doctors are taxanes, which are now under-
stood to restrict and impede cell development, differen-
tiation, and proliferation in most recognized cancer cell 

lines. Everyone, including patients in the oncological pro-
fession, greatly appreciates their methods of reducing cell 
development, whether in experimental or clinical studies 
[7, 8].

A group of anticancer medications known as "taxanes" 
work by attaching to microtubules and tubulins, which are 
essential for cell division. Microtubule dynamics are stabi-
lized by the binding of taxanes to β-tubulin, which encou-
rages microtubule construction while concurrently inhibi-
ting disassembly. Microtubule dynamics are suppressed, 
which blocks mitosis and causes cell death [9]. Although 
cell division arrest at the G2/M stage, which initiates the 
signalling pathway that causes apoptosis, is the major me-
chanism of action, there appear to be additional processes 
that work simultaneously to make these medications effec-
tive. Additionally, these medications are frequently used 
with other medications that work in different ways due to 
their distinct mode of action [10].

The discovery of taxanes in hazelnut (Corylus avellana 
L.) has provided novel insights into their chemotherapeu-
tic activities [11]. C. avellana has many secondary meta-
bolites with pharmacologic activity including phenolic 
acids, flavonoids, tannins, proanthocyanidins, diarylhepta-
noids, lignans, and taxanes. Gallego et al. (2017) reported 
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the viability-reducing activity of hazelnut tree extracts in 
different cancer lines [12]. In addition, plant cell culture 
systems offer an eco-friendly and sustainable platform 
for enhanced taxane production. Anticancer activities of 
C. avellana cell suspension cultures were successfully 
assessed against breast, cervical and lung cancer cells [13, 
14, 15]. However, anti-proliferative activity of Turkish 
hazelnuts has not been determined to date.   

Turkey, the largest hazelnut producer worldwide, has 
18 hazelnut cultivars [16]. Kutlutürk et al. (2024) found 
that seven Turkish hazelnuts accumulated prominent 
taxanes including 10-deacetylbaccatin III, baccatin III, ce-
phalomannine and paclitaxel in their various tissues [17]. 
Cell suspension cultures of Kalınkara, best adapted to the 
tissue culture systems among the seven cultivars were 
established to evaluate their taxane production capacity 
based on the effects of elicitors such as methyl jasmonate, 
coronatine, phenylalanine and methyl-β-cyclodextrin [18, 
19]. This study aimed to investigate taxane-dependent 
antiproliferative effects of the methanolic extracts obtai-
ned from hazelnut (Corylus avellana cv. ‘Kalınkara’) cell 
suspension cultures against lung (A549), breast (MCF-7, 
MDA-MB-231) and cervical (HeLa) cancer cell lines with 
non-tumorigenic epithelial cell line Beas-2B as a control. 
IC50 dose was found by using xCELLigence Real-Time 
Cell Analysis System. With this study mitotic, BrdU, and 
caspase 3,7 activities of the C. avellana cv. ‘Kalınkara’ 
cell culture extract against different cancer cells were as-
sessed to determine its cytotoxic activities the first time. 
The results might offer an invaluable resource for the phar-
maceutical industry for large-scale taxane production.

2. Material and Methods
2.1. Plant tissue culture and taxane extraction

Corylus avellana cv. ‘Kalınkara’ hazelnuts were kind-
ly donated by Prof. Dr. Umit Serdar from Ordu province 
(40°59'27.9"N 37°35'01.6" E), Turkey in 2021. Callus 
cultures were established as described by Goktepe-Atilgan 
et al. (2023) [19]. Cell suspension cultures were derived 
from embryogenic calli. The establishment of the suspen-
sed cultures was performed as described by Dogan (2023) 
[18]. Extraction procedures of taxanes from the cultures 
were followed Gallego et al. (2015) [21].   

                                                                                                    
2.2. Cancer cell culture and reagents                                  

RPMI-1640 was used for breast (MCF-7), lung (A549), 
and Beas-2B (non-tumorigenic) lines, while high-glu-
cose Dulbecco’s Modified Eagle’s Medium (Gibco Co, 
USA) was used for aggressive triple-negative breast 
(MDA-MB-231) and cervical (HeLa) lines. Each medium 
contains 10% (v/v) fetal bovine serum (Gibco Co, USA) 
and 100 μg/ml streptomycin (Streptomycin sulphate, I. E. 
Ulugay), 100 IU/ml penicilin (Pronapen, Pfizer). All cells 
were grown at 37°C under conditions of 5% CO2 and a 
humid atmosphere. All cell lines used in the experiments 
were provided by American Type Culture (ATTC Manas-
sas, VA, USA).

                                                                          
2.3. Real-time cell analysis                                                              

The cytotoxicity of C. avellana culture extract on all 
cell lines was determined with xCELLigence Real Time 
Cell Analysis System (Roche, USA). E-plate with 16 
wells was used in xCELLigence DP. Cells were planted 
in each well as 10 x103 for MCF-7, 5 x103 cells for MDA-

MB-231, 8 x103 cells for HeLa, 8 x103 cells for A549, and 
5 x103cells for Beas-2B. The device was set to perform 
cell analysis every 15 minutes for 100 hours. Different 
concentrations (5 µM, 10 µM and 20 µM) of C. avellana 
culture extract were added after approximately 21 hours of 
incubation, and time-dependent graphs were obtained by 
continuing to take measurements.

  
2.4. Mitotic activity analysis                                                      

Mitotic Assay Kit was used for the determination of 
the mitotic activity of cells applied to C. avellana culture 
extracts (10 µM) through 24, 48, and 72 hours according 
to the manufacturer’s protocol (Active Motif, Cat No: 
18021). The cells were analyzed with a spectrophotometer 
(Flx-800, Bio-Tek Instruments Inc.) at 450-655 nm wave-
length.

                    
2.5. BrdU activity analysis                                                             

BrdU Cell Proliferation Kit was utilized for the deter-
mination of DNA synthesis. The experiment was carried 
out in accordance with Millipore protocol (Cat No:2750). 
The cells which applied to C. avellana culture extracts (10 
µM) through 24, 48, and 72 hours were analyzed with a 
spectrophotometer (Flx-800, Bio-Tek Instruments Inc.) at 
450-550 nm wavelength.   

2.6. Caspase 3,7 activity analysis                                          
Caspase 3,7 activity detection was carried out for de-

termination of apoptosis using CaspaTag Caspase 3,7 In 
Situ Assay Kit Fluorescein™ according to manufacturer’s 
protocol (Millipore, Cat No: apt423). C. avellana culture 
extracts (10 µM) were applied to per cell lines for 24, 48, 
and 72 hours. Using the Fluorescent Plate Reader (Flx-
800, Bio-Tek Instruments Inc.), measurements were made 
at 490 nm excitation wavelength and 520 nm emission 
wavelength.

2.7. Statistical analysis                                                                      
The data of the experimental groups was compared 

with a one-way ANOVA test. Statistical analysis has been 
done using GraphPad Prism software (California, USA). A 
p <0.05 significance level was accepted in the tests.

3. Results
3.1. Cell index                                                                                   

Cell index can be employed to measure the state of the 
cell based on the observed cell-electrode impedance. Cell 
index values obtained from xCELLigence DP showed that 
the application of C. avellana culture extracts on HeLa, 
MCF-7, MDA-MB-231, and A549 cells had significant 
anti-proliferative effects (Figure 1-5.). However, the appli-
cation of the culture extract on Beas-2B cells did not show 
any effect as in cancer cell lines. When the xCELLigence 
curves of HeLa cells were compared, it was thought that 5 
µM and 10 µM concentrations of the culture extracts had 
cytostatic effects, while its concentration (20 µM) stimula-
ted DNA damage.  It was thought that the MCF-7 cell line 
with a 5 µM concentration of the culture extract promoted 
DNA damage, while its concentrations (10 µM and 20 µM) 
had a cytostatic effect. All concentrations of the culture 
extracts caused DNA damage in the MDA-MB-231 cells. 
Graphical curves of the A549 cell line showed that 5 µM 
concentration of the culture extract did not significantly 
decrease, but its concentration (10 µM) had anti-mitotic 
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lines (Figure 6.). Mitotic activity decreased from 24 to 72 
h in all cancer cell lines. The highest reduction (59.32%) 
of this activity was observed in A549 lung cancer cells at 
72 h after adding 10 μM culture extract, and the lowest 
reduction (30.26%) was observed in non-tumorigenic epi-
thelial cells (Beas-2B) as a control. It similarly decreased 
mitotic activity in MCF-7 (56.54%) and MDA-MB-231 
(50.47%) breast cells and HeLa (50.49%) cervical cancer 
cells at 72 h.

  
3.3. BrdU activity analysis                                                             

BrdU is a synthetic thymidine analog that is incor-
porated into the DNA during replication. BrdU activity 
analysis was performed for cell proliferation. The results 
showed that 10 μM C. avellana culture extract affected 
time-dependent BrdU activity in all cancer cell lines (Fi-
gure 7.).  BrdU activity decreased from 24 to 72 h in all 
cancer cell lines. The highest reduction (53.77%) of this 
activity was observed in A549 lung cancer cells at 72 h 
after adding 10 μM culture extract, while the lowest reduc-
tion (30.99%) was observed in non-tumorigenic epithelial 
cells (Beas-2B) as a control. It decreased BrdU activity in 
MDA-MB-231 (52.09%) breast cancer cells compared to 

activity and its concentration (20 µM) had cytoskeletal 
effects. Graphs of Beas-2B cells did not show a significant 
decrease at any concentration compared to cancer cells. 
All concentrations showed cytostatic effects. 

 
3.2. Mitotic activity analysis                                                             

The assessment of mitotic activity is a key factor in 
the evaluation of the antiproliferative effects of various 
cancers. The C. avellana culture extract (10 μM) showed 
time-dependent anti-mitotic activity in all the cancer cell 

Fig. 1. Cell index values of HeLa cells treated with 5 µM, 10 µM and 
20 µM concentrations of C. avellana culture extract obtained from 
xCELLigence Real-Time Cell Analysis System (1: Control, 2: 5 µM, 
3: 10 µM, 4: 20 µM).

Fig. 2. Cell index values of MCF-7 cells treated with 5 µM, 10 µM 
and 20 µM concentrations of C. avellana culture extract obtained 
from xCELLigence Real-Time Cell Analysis System (1: Control, 2: 
5 µM, 3: 10 µM, 4: 20 µM).

Fig. 3. Cell index values of MDA-MB-231 cells treated with 5 µM, 10 
µM and 20 µM concentrations of C. avellana culture extract obtained 
from xCELLigence Real-Time Cell Analysis System (1: Control, 2: 5 
µM, 3: 10 µM, 4: 20 µM).

Fig. 4. Cell index values of A549 cells treated with 5 µM, 10 µM and 
20 µM concentrations of C. avellana culture extract obtained from 
xCELLigence Real-Time Cell Analysis System (1: Control, 2: 5 µM, 
3: 10 µM, 4: 20 µM).

Fig. 5. Cell index values of Beas-2B  cells treated with 5 µM, 10 
µM and 20 µM concentrations of C. avellana culture extract obtained 
from xCELLigence Real-Time Cell Analysis System (1: Control, 2: 5 
µM, 3: 10 µM, 4: 20 µM).

Fig. 6. Absorbance values belong to mitotic activity of HeLa, MCF-7, 
MDA-MB-231, A549 and Beas-2B cells treated with 10 μM C. avel-
lana culture extract for 24-72 hours (p<0.05 (*) significance level was 
accepted in the tests).       
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MCF-7 (41.58%) and HeLa (35.62%) cancer cells at 72 h. 
       

3.4. Caspase 3,7 activity analysis                                                         
A class of cysteine proteases known as caspases targets 

and hydrolyzes particular target proteins. The activation 
of caspases is thought to be a crucial indicator of plan-
ned cell death since it guarantees that cellular constituents 
are broken down in a regulated way. The results showed 
that 10 μM C. avellana culture extract affected time-de-
pendent caspase 3,7 activity in all cancer lines (Figure 
8.).  Caspase 3,7 activity increased from 24 to 72 h in all 
cancer cell lines. While the highest reduction (35.08% and 
32.55% respectively) of caspase 3,7 activity was recorded 
in MDA-MB-231 breast and A549 lung cancer cells at 72 
h after adding 10 μM culture extract, the lowest reduction 
(12.86%) was observed in non-tumorigenic epithelial cells 
(Beas-2B) as a control. It decreased caspase 3,7 activity 
in MCF-7 (26.94%) breast cancer cells compared to HeLa 
(14.04%) cervical cancer cells at 72 h. 

           
4. Discussion

Taxane and taxane derivative compounds are still used 
effectively in cancer treatment, and an increasing number 
of taxane derivatives are required every day. Alternative 
methods for the production of taxane-derived substances 
are being investigated for reasons such as the low yield of 
production in Taxus species and the fact that it takes a long 
time for trees to reach sufficient maturity for extraction. 
In the pharmaceutical production industry, cell culture 
studies are carried out on a large scale in the laboratory 
using biotechnological production methods. Working with 
cell cultures under laboratory conditions has important 
advantages, such as optimizing culture conditions, high 
productivity, cost-effectiveness, and suitability for high 
biomass production [22]. In this research, the anti-cancer 
effects of taxanes, which were extracted from cell suspen-
sion cultures of the Kalınkara cultivar of Turkish hazelnut 

(C. avellana L.), previously shown to contain taxane [17, 
18, 19], were determined using different cancer cell lines.          

The most commonly used chemotherapeutic agents 
against many different forms of cancer belong to the 
taxane class of anti-cancer medications. It precisely arrests 
cells in the G2/M phase of the cell cycle and produces cy-
totoxicity in a manner that depends on time and concen-
tration [23]. One of the most frequently used anti-cancer 
medications, paclitaxel, is effective against a variety of 
malignancies, including breast, ovarian, stomach, prostate, 
lung, bladder, Kaposi sarcoma esophageal, endometrial 
and cervical cancers [24]. Therefore, assessments of new 
paclitaxel sources are required to be crucial to meet world-
wide demand rising rapidly to improve effective cancer 
treatments.

Hazelnut extracts decreased the viability of HeLa, 
HepG2, and MCF-7 lines [12].  In a study evaluating 
the anti-proliferative effects of C. avellana cell culture 
extracts, they were applied to the lung cancer cell line 
SK-Mes-1, which stopped the metaphase/anaphase tran-
sition with higher activity in cancer cells than yew tree 
extracts, the main taxane source. In addition, hazelnut 
cell extract was applied to the cancer cell line and showed 
more effective anti-proliferative activity than pure Taxol® 
[13]. Moreover, extracts of silver nanoparticle-treated C. 
avellana cells may stop the growth of malignant HeLa 
cells and lower their viability to 60% of the control [15]. 
These results confirmed the hypothesis that hazelnut cell 
culture extracts may contain other Taxol®-derived com-
pounds that can strengthen their anti-cancer effects [14]. 
Similarly, taxane-dependent extract of Taxus spp. in vitro 
culture decreased cell viability in lung (A549), breast 
(MCF-7), colon (LS174T) and hepatoma (SMMC-7721) 
cancer lines [25].  In this study, 10 μM C. avellana cv. 
‘Kalınkara’ culture extracts enhanced a higher reduction in 
the proliferation of all cancer cells assayed (HeLa, MCF-7, 
MDA-MB-231 and A549). The highest decrease in mitotic 

Fig. 7. Absorbance values belong to BrdU activity of HeLa, MCF-7, 
MDA-MB-231, A549 and Beas-2B cells treated with 10 μM C. avel-
lana culture extract for 24-72 hours (p<0.05 (*) significance level was 
accepted in the tests).

Fig. 8. Fluorescence values belong to caspase 3,7 activity of HeLa, 
MCF-7, MDA-MB-231, A549 and Beas-2B cells treated with 10 μM 
C. avellana culture extract for 24-72 hours (p<0.05 (*) significance 
level was accepted in the tests).
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(59.32%) and BrdU (53.77%) activities were determined 
in A549 lung cancer cells. However, caspase 3,7 activity 
(35.08%) was the most increased in MDA-MB-231 breast 
cells. The culture extracts decreased the viability of A549 
cells to a greater extent than MCF-7, MDA-MB-231, and 
HeLa cells. Therefore, C. avellana cell culture extracts 
may serve as potential therapeutic agents for cancer treat-
ment. Moreover, our results suggest the potential use of C. 
avellana cv. ‘Kalınkara’ cell suspension culture extracts 
in the treatments of lung cancers and, to a lesser degree, 
breast and cervical cancer. In conclusion, Kalınkara cell 
suspension culture extracts with high antiproliferative 
effects against different cancer cell lines might be conside-
red extraordinary potential alternative sources for pharma-
ceutical and clinical use in the future.

5. Conclusion
It can be concluded that hazelnut cell suspension culture 

extracts showed antiproliferative effects on different can-
cer cell lines in low doses within the treatment period of 
24-72 hours. As a result, it is anticipated to be a profitable 
focus of research for both its in vivo and in vitro anticancer 
properties, as well as a potential cancer therapy.
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