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Cancer is a type of non-communicable disease that is responsible for numerous
deaths worldwide. Cancer incidence and mortality rates are on the rise due to a
combination of factors, such as a growing population, aging, and poor dietary
habits. The Allium turcicum Özhatay & Cowley plant is an endemic plant in the
area where it grows and is consumed by the public due to its various benefits.
This endemic plant, which generally grows in high-altitude regions, is sold in
bunches because it is costly, mixed with rock salt, crushed into powder, and
consumed as a spice. The cytotoxic and growth-inhibitory effects of A.
turcicum Özhatay & Cowley herb extract on human glioblastoma U373 cells,
human colorectal carcinoma cell HCT-116, and healthy HUVEC cell lines were
determined by the MTTmethod. After 24 and 48 h of application, logIC50 values
in HUVEC, HCT-116, and U373 cells were defined as 3.737, 3.765; 3.513, 3.696,
4.476, and 4.104 μg/mL, respectively. We conducted a cell migration
experiment to study the A. turcicum Özhatay & Cowley Extract (ATÖCE)
impact on cancer cells’ metastatic behavior. Our findings indicate that
ATÖCE has an inhibitory effect on the migration potential of the cells used
in the study. We conducted experiments using DPPH, ABTS, CUPRAC, and total
phenolic content to assess the antioxidant properties of ATÖCE. The findings
from the antioxidant activity experiments revealed an activity level of 0.20 ±
0.046 at IC50. Additionally, the total phenolic content was measured to be
0.26 ± 0.044 mg GAE/g.
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Introduction

More than 100 types of cancer worldwide cause
approximately 9.6 million deaths annually, and the number of
new cases is expected to double in the next 2 decades (Velur
and Kusanur, 2022). As a result, there is a pressing need to find
new anticancer drugs that operate safely (Torre et al., 2016;
Negi and Jain, 2022). Throughout history, plants have been
utilized for their medicinal properties in treating cancer
(Howes, 2018). More than 49% of current cancer-fighting
drugs are derived from natural sources (Li and Vederas, 2009;
Newman and Cragg, 2016). Chemotherapy can cause several
side effects, including anemia, loss of appetite, bleeding,
fatigue, fertility issues, hair loss (alopecia), infection,
neutropenia, and lymphedema (Ingole et al., 2024). To avoid
these adverse effects, natural plants or their extracted compounds
can be an effective alternative to chemical drugs during
cancer treatment. These natural remedies have been utilized
for centuries and have minimal side effects compared to
traditional medications (Hassan et al., 2016; Hernández-
Rodríguez et al., 2020; Bilal et al., 2021; Negi and Jain, 2022).
Living organisms have a complex defense system against unstable
free radicals that are constantly exposed to both internal and
external factors. When free radicals accumulate in cells, they can
cause oxidative stress and damage to the cells. However, the
body’s normal metabolism produces antioxidant defense systems
that continuously destroy free radicals and prevent cell damage
(Muhammad et al., 2024). In recent years, free radicals and
antioxidants have become increasingly important subjects of
study. When the body’s metabolism is healthy, antioxidants
and free radicals are in balance. Some argue that a decrease in
antioxidant defense and an increase in oxidative stress and lipid
peroxidation may play a role in the development of cancer
(Başkol et al., 2007; Karabulut and Gülay, 2016; Aslankoç
et al., 2019). Previously, the genus Allium was initially
categorized within the Alliaceae family and then within the
Liliaceae family in older categorization systems. Nevertheless,
molecular phylogenetic research has demonstrated that the
classification of the Liliaceae family is not monophyletic
(Knud, 1998). As a result, the genus has been reclassified
and is now considered part of the Amaryllidaceae family
(previously known as the Alliaceae family) based on the APG
III classification system (Chase et al., 2009). Allium turcicum
Özhatay & Cowley is a member of the Amaryllidaceae family,
which was identified as an endemic plant by N. Özhatay, and
grows in high altitude, dry, stony areas around Batman (Sason),
Siirt, and Halkis Mountain. This medicinal plant can grow
without any maintenance during April and May. It is a native
plant that offers various local benefits and is commonly
consumed as food when mixed with rock salt and crushed (Jill
et al., 1994). The purpose of this study was to investigate
the potential medicinal benefits of the extract from A.
turcicum Özhatay & Cowley on various cell lines. Specifically,
we examined its cytotoxic and cell migration effects on
HUVEC, HCT-116, and U373 cell lines, and measured its
antioxidant activities. This is the first study to explore these
effects of ATÖCE.

Methods and materials

Preparation of Allium turcicum Özhatay &
Cowley Extract

The study material, A. turcicum Özhatay & Cowley endemic
species, was collected from Batman-Sason YakabağKaman region in
April 2023 by Mehmet Fırat Baran and identified by Hülya
Hoşgören. The samples dried according to herbarium techniques
are kept in Mardin Artuklu (Cumali Keskin voucher no. MAU:
2023–26) and Dicle University Herbariums (Hülya Hoşgören, DUF
6995). To prepare A. turcicum Özhatay & Cowley (ATÖCE)
methanolic extract, its plants, and roots were purchased from the
public market in the Sason district of Batman province of Turkey in
April 2023 (Figure 1). We washed the freshly consumed green parts
with distilled water and dried them on blotting paper12. Next, we
weighed 15 g of the dried plant and placed it in 100 mL of methanol
(%99.6 purity) for a week. After that, we filtered the mixture and
removed the methanol in the filtrate using a Heidolph 94,200 rotary
evaporator at 70°C. Finally, we obtained the extract.

Cell culture and cytotoxic activities of Allium
turcicum Özhatay & Cowley via the
MTT assay

Cytotoxic activity experiments on cells were conducted in the
Cell Culture Laboratory of the Faculty of Veterinary Medicine at
Dicle University. HCT-116 (Colorectal Carcinoma), U373 (Human
glioblastoma astrocytoma) cancer cell lines, and healthy HUVEC
(HumanUmbilical Vein Endothelial Cells) cell lines were used in the
study. Cell cultures were obtained commercially from the American
Type Culture Collection (ATCC).

The cell lines were incubated in T75 culture flasks at 37°C in a
5% CO2 medium. The cells were treated with DMEM (Gibco
41965039, England) medium containing 10% FBS, 100 U/mL of
penicillin, and 100 U/mL of streptomycin.

When the cells reached 80%–90% confluency, they were removed
from the flasks and counted using the hemocytometric method. For
each time application of 24 and 48 h, HUVEC, HCT-118, and
U373 cells were seeded into 96-well plates in three replications with
7.5 × 103 cells for HUVEC and 5 × 103 cells for HCT-116 and U373 in
each well with 90 µL medium (Muhammad et al., 2021; Muhammad
et al., 2023). Subsequently, ATÖCE was applied at varying
concentrations (2,000, 1,000, 500, 250, 125, 62.50, and 31.25 μg/
mL), and the control group was given ultrapure water. We used a
UV/Vis MTT test to assess changes in cell viability at 24 and 48 h’ post-
application. 10 μL of MTT solution (5 mg/mL) was added to each well.
The cells were then incubated for 3 h at 37°C in a humid atmosphere
with 5% CO2. After 3 h, the medium in the wells was removed and
replaced with 100 µL of DMSO. Once the plates had been left in the
shaker for 20min at room temperature, eachwell’s optical density (OD)
values were measured at 540 nm using a UV/Vis Spectrophotometer
(Multi Scan Go, Thermo) (Kandemir and Ipek, 2023).

The survival rate was calculated using as follows:
Survival Rate = ABS of Treatment/ABS of Control × 100%

(Majeed et al., 2019; Wang et al., 2023).
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Cell migration assay

To conduct the study, the cell lines were planted in 6-well plates.
Once the cells reached 80% confluency, a straight line was drawn
from 12o to 6o’clock using a sterile pipette tip, creating a wound
between the cells. The wells were washed twice with PBS to remove
any dead cell residues. The treatment groups were given a medium
containing ATÖCE equal to the IC50 values, while the control
groups only received a medium. The degree of wound closures and
speeds were compared between the groups to assess the cells’
migration toward the wound area. Images were taken at 24 and
48 h with an inverted microscope and evaluated comparatively
(Zhao et al., 2015).

The migratory area was calculated by the formula:
Migratory Area (%) = (Area [0 day]-Area [24 h/48 h])/Area

[0 day] × 100% (Wang et al., 2023).

Determination of DPPH free radical
removal activity

Determining antioxidant activity in all the prepared samples
using a method developed by Wu et al. (2006). This method reduces
a stable free radical known as 2,2-diphenyl-1-picrylhydrazyl
(DPPH) in the presence of antioxidant compounds that donate
hydrogen atoms and electrons. The result is a characteristic purple
color that is measured spectrophotometrically. At first, 4 mL of
0.0004% (w/v) methanolic DPPH solution was mixed with 1 mL
(0.2–1.0 mg) of extract solutions. The mixture was then incubated
for 30min at room temperature in the dark before taking absorbance
readings at 517 nm.

By using the absorbance values of the samples, the % inhibition
value was calculated by the formula:

%Inhibitation � A control − A sample
A control × 100

The inhibition values that were obtained have been plotted
against the extract concentrations, which were determined in mg/
mL. The concentrations of each extract that caused a 50% color
opening were then calculated as the IC50 value. BHAwas utilized as a
positive control.

Determination of ABTS free radical
removal activity

ABTS free radical scavenging activity test was performed
according to the method of Re et al. (1999). First of all, ABTS
and potassium peroxodisulphate solutions were mixed and kept at
room temperature for 12–18 h in a darkened environment. Before
starting the experiment, it was diluted with ethanol at a wavelength
of 734 nm in the spectrophotometer until the 0.700 absorbance value
was read. Then the ABTS solution prepared with the samples was
mixed and incubated at room temperature for 30 min. After this
period, the absorbance values of the samples were measured at
734 nm. BHA solutions prepared at 5 different concentrations were
used as the positive control. After the percent values of antioxidant
activities were found, the corresponding IC50 values were calculated.

Total phenolic content measurement

Folin-Ciocalteu reagent (Folin Phenol Reagent or Folin-Denis
reagent) is a mixture of phosphomolybdate and phosphotungstate
reagent, which has been used in the colorimetric determination of
phenolic and polyphenolic antioxidants. Phenolic compounds
formed a colored complex with Folin-Ciocaltaeu reagent in an
alkaline medium, and the maximum absorbance of the
constructed purple-violet complex was measured at 700 nm after
2 h of incubation. The obtained values were calculated using the
gallic acid equivalent (mg GAE/g extract) equation (Singleton and
Rossi, 1965). Gallic acid was prepared at five different

FIGURE 1
Morphological view of Allium turcicum Özhatay & Cowley; (A) after flowering (B) the collected parts before flowering.
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concentrations for the calibration chart required to calculate gallic
acid equivalence.

CUPRAC (Copper (II) ion reducing
capacity) test

The CUPRAC experiment was performed according to the
method by Apak et al. (2006). The prepared CUPRAC solution
was placed in the microplate wells, and 30 µL of the 1 mg/mL extract
solution dissolved in its solvent was added. It was read at 450 nm
after incubation at room temperature for 30 min. Obtained
absorbance values were calculated in the trolox equivalent (mg
TE/g extract) equation. Trolox was prepared in 4 different
concentrations for the calibration chart required to calculate the
trolox equivalence (Apak et al., 2006).

Metal chelating experiment

The experiment for determining the metal chelating capacity
was carried out according to Dinis et al. (Dinis et al., 1994; Hassan
et al., 2021) The plant extracts were dissolved in their solvent, and
the positive control EDTA was dissolved in methanol at 1 mg/mL
3.2 mL of distilled water was added to the extract solutions, and
firstly, 100 µL of FeCl2 and then 200 µL of ferrozine were added. It
was mixed well and incubated for 10 min at room temperature.
Afterward, measurements were made at 562 nm in the
spectrophotometer. The extracted data’s percent antioxidant
activity values were calculated by substituting them in
the equation.

Statistical analysis

The experiments were conducted three times on separate days
for accuracy in your study. After obtaining the results, the GraphPad
Prism 8 program was used to calculate ATÖCE’s inhibitory
concentration (IC50) value. The image-j program was utilized to
analyze wound healing and express it as a percentage. The data was
analyzed using the IBM SPSS 21.0 package program, with a
statistical significance level of p < 0.05 being accepted (Chen
et al., 2013; Hande et al., 2022; Kandemir and Ipek, 2023).

Results and discussion

Cytotoxic effects of ATÖCE

Allium turcicum Özhatay&Cowley plant is an endemic plant
frequently consumed as a food product before flowering, with the
thought of having various benefits in the area where it grows.
However, no studies address the consumption dose limitation or
report its cytotoxic effects.

This study aimed to evaluate the cytotoxic, cell migration, and
antioxidant effects of ATÖCE in HCT-116 and U373 cancer cell
lines and HUVEC healthy cell lines to look for hope in cancer

treatment. Assessing cell viability can be best achieved throughMTT
procedure. This process relies on the activity of the mitochondria,
which breaks down Tetrazolium bromide salt in living cells,
resulting in the formation of purple formazan crystals (Malmir
et al., 2020).

The cytotoxic activities of ATÖCE on HCT-116, U373 cancer
cell lines, and healthy HUVEC cell lines were analyzed by the MTT
method. Data on the activities of ATÖCE on HCT-116, U373, and
HUVEC cell lines according to theMTT assay result are presented in
Table 1 and Figure 2. We used ATÖCE on the cell lines in our study
and observed that it can inhibit their growth. At varying time
intervals and concentrations, we found that the death rate
increased significantly in these cell lines.

Based on the data gathered, when the highest concentration
was administered to the HCT-116 cell line, it exhibited a 60.80%
cytotoxic effect at 24 h and a 61.80% cytotoxic effect at 48 h. For
the U373 cell line, the percentage was 80.40% at 24 h and 68.40%
at 48 h. As for the HUVEC cell line, our healthy cell line, the ratio
was 67.60% at 24 h and 61.50% at 48 h. Additionally, the logIC50

values after 24 and 48 h of application were determined as 3.737,
3.765 μg/mL; 3.513, 3.696 μg/mL; 4.476 and 4.104 μg/mL for
HUVEC, HCT-116, and U373 cells, respectively (Figure 3). It is
commonly known that cytotoxic and antitumor agents do not
discriminate and may harm healthy cells that are actively
multiplying. Therefore, there is a significant effort to explore
new compounds that can more effectively target cancer cells
while minimizing damage to healthy cells (Kocyigit et al.,
2016). Colorectal cancer is a prevalent global disease (Xi and
Pengfei, 2021). Regrettably, it is a prominent factor contributing
to mortality in both males and females (Xi and Pengfei, 2021).
The condition can only be treated by surgically excising the
tumor (Xi and Pengfei, 2021). Despite advancements in
treatment and early detection, almost 50% of individuals with
this disease ultimately succumb to it (Issa and Noureddine, 2017).
Chemotherapeutic medications can cause notable adverse effects,
leading to an increased utilization of naturally sourced substances
for treating cancer. Research has demonstrated that
phytochemicals present in plants can serve as an alternative
for cancer prevention and treatment (Afrin et al., 2020). It is
also important to note that herbal products are not toxic to
normal cells and are generally better tolerated (Huxley et al.,
2009; Kocyigit et al., 2016; Cassiem and de Kock, 2019; Nelson
et al., 2020). After reviewing the literature, it has been observed
that various phytochemicals with anti-tumor properties have
been tested on HCT-116 and U373 cancer cells. However, we
could not locate any studies exploring the cytotoxic impact of
ATÖCE on U373 and other cancer cell lines (Yokoyama et al.,
2001; Abdullah Thani et al., 2012; Majeed et al., 2019; Nelson
et al., 2020; Bilal et al., 2021). After analyzing the MTT results
from our study, it was discovered that ATÖCE had the most
potent cytotoxic effect on HCT-116 compared to other cell lines,
depending on the dosage and duration. This effect was found to
be statistically significant.

Our research found that ATÖCE had statistically significant
cytotoxic effects on the U373 cell line. However, these effects were
less pronounced than the other cell lines. This could be attributed to
the high invasiveness of the U373 cell line.
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Cell migration assay

A cell migration assay was conducted to assess the impact of
ATÖCE application on cancer cell metastasis. After 48 h of the

experiment, the cells treated with ATÖCE were compared to the
untreated control cell groups. After analyzing our results, we found
that treating cells with ATÖCE significantly affected their migration
potential as measured by wound width. However, after 48 h, this

TABLE 1 Cytotoxic effects of ATÖCE on cell lines (n = 3, x ± sx, 24 and 48 h).

Cytotoxic effects of ATE on cell lines (n = 3, X ± sx, 24 h)

31.25 μg/mL 62.5 μg/mL 125 μg/mL 250 μg/mL 500 μg/mL 1,000 μg/mL 2,000 μg/mL

Cell
Viability %

HUVEC 97.80 ± 10.50 96.90 ± 5.20 91.30 ± 5.40 87.80 ± 5.50 80.80 ± 5.30 72.30 ± 4.60 67.60 ± 2.10

HCT-116 99.40 ± 02.40 94.30 ± 2.30 91.50 ± 6.90 88.80 ± 7.00 82.50 ± 7.80 67.90 ± 9.20 60.80 ± 9.50

U373 98.00 ± 04.10 95.80 ± 8.90 94.30 ± 7.50 91.30 ± 6.80 86.30 ± 4.60 83.30 ± 2.50 80.40 ± 6.10

Cytotoxic effects of ATE on cell lines (n = 3, X ± Sx, 48 Hours)

31.25 μg/mL 62.5 μg/mL 125 μg/mL 250 μg/mL 500 μg/mL 1,000 μg/mL 2,000 μg/mL

Cell
Viability %

HUVEC 93.00 ± 12.70 88.60 ± 14.80 86.20 ± 17.00 83.50 ± 09.70 79.30 ± 10.00 71.60 ± 13.70 61.50 ± 13.10

HCT-116 95.80 ± 05.20 89.80 ± 04.50 89.20 ± 08.10 81.00 ± 10.40 76.30 ± 04.40 71.60 ± 2.50 61.80 ± 04.90

U373 94.60 ± 01.60 86.90 ± 04.70 78.80 ± 10.60 75.80 ± 09.30 73.30 ± 05.60 71.60 ± 7.20 68.40 ± 06.20

FIGURE 2
Cell viability percentages of ATÖCE (24 and 48 h). The effect of ATÖCE was concentration and time-dependent in both cell lines. *P <
0.05 compared to their control groups.

FIGURE 3
logIC50 of ATÖCE (24 and 48 h).

Frontiers in Pharmacology frontiersin.org05

İPEK et al. 10.3389/fphar.2024.1438634

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1438634


effect was not statistically significant for U373 cells. We observed
that treated cells had a slower wound closure rate than untreated
control cells, suggesting that ATÖCE has an inhibitory effect on the
cells’ migration potential, as shown in Figure 4.

Based on the data presented in Figure 4, it was observed that
HUVEC, HCT116, and U373 cells showed migration after 24 h of
observation. Compared to the control group, the migration
percentages for these cells were 54.57%, 37.42%; 23.96%, 8.57%;
and 47.04%, 26.41%, respectively. After 48 h, migration was still
observed in the groups, with percentages of 94.74%, 59.49%;
45.24%, 26.79%; and 87.26%, 81.60%. Colorectal cancer (CRC)
is a deadly cancer that affects people all over the world (Xi and
Pengfei, 2021). Even though the diagnosis and treatment options
have improved, the survival rate for this disease is less than 40%
(Issa and Noureddine, 2017). The main reasons for the failure of
cancer treatment and death are cancer cells’ abnormal movement,
invasion of tissues, and metastasis. Cancer cells migrate from the
primary tumor mass to nearby tissues during metastasis (Lin et al.,
2022; Tarawneh et al., 2023).

Our study to investigate the possible effect of ATÖCE on the
migration and invasion ability of cell lines showed us that ATÖCE
has significant anti-CRC (anti-human colorectal cancer) activity,
especially by significantly inhibiting the migration and invasion
capacity of HCT-116.

In light of the results presented here, we can say that ATÖCE is a
promising agent for colon cancer, with its effectiveness to be
revealed by more comprehensive studies.

Glioblastoma multiforme (GBM) is a type of cancer that affects
the brain and has the highest mortality rate among all brain
cancers (Ostrom et al., 2013). One of the reasons why GBM is
so aggressive and deadly is because the cancer cells can migrate
within the brain, which promotes highly invasive cell growth and
malignancy (Lattier et al., 2020). Unfortunately, this ability of
cancer cells to migrate is also one of the main reasons GBM

treatments often fail (Erdogan and Eroglu, 2019; Giannakopoulou
et al., 2022; Oliva et al., 2022).

In our research, we discovered that the effectiveness of ATÖCE
in impeding cell migration on the U373 cell line is lower than that of
other cell lines (Figure 5). This finding can be explained by the high
level of invasiveness of the U373 cell line. Our study is the first to
provide evidence that ATE can inhibit cell migration, suggesting that
it could be a potential therapeutic agent for preventing the spread of
cancer cells.

DPPH free radical scavenging activity results

We calculated the extract of A. turcicum Özhatay & Cowley at
main concentrations of 1 mg/mL, 2 mg/mL, 4 mg/mL and 8 mg/mL.
From there, we created four intermediate concentrations with
different ratios. After incubation, we measured the absorbances
using a spectrophotometer and calculated the IC50 value. Table 2
shows the IC50 value for A. turcicum Özhatay & Cowley and the
positive control BHA. A lower IC50 value indicates higher
antioxidant activity.

The study showed that as the concentrations of plant extracts
increased, there was also an increase in the scavenging of DPPH free
radicals (as shown in Table 3). Although the results obtained were
lower when compared with BHA at the determined concentrations
(Table 4), a regular increase in concentration-dependent biological
activity was observed. The activity differences between plants may be
due to the different types and densities of the compounds they
contain. In a study conducted with the blackberry plant (Syzygium
cumini L.), different antioxidant activity values were measured even
in samples from other parts of the plant (Halim et al., 2022; Shahar
et al., 2023). Yildiztekin et al., in their study to determine the
antioxidant activities of Crocus mathewii, reported that the ethyl
acetate fraction of the shallot and aerial parts of the plant showed

FIGURE 4
Antimigration effect of ATÖCE on healthy and cancer cell lines. We analyzed the effect of ATÖCE on the migration of HUVEC, HCT-116, and
U373 cells by conducting a wound-healing assay. The cells were incubated with or without ATÖCE for 48 h and then observed under an inverted
microscope at 24 and 48 h to see the cells that had migrated into the cavity. The black lines indicate the boundary of the blank area (Kocyigit et al., 2016).
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higher activity than the BHA standard. The IC50 value of the aerial
parts’ DPPH radical scavenging activity was 36.21 ± 0.76 mg/L,
while the IC50 value of the onions was calculated as 33.87 ± 0.02 mg/
L. The IC50 value of the BHA standard was determined as 57.31 ±
0.25 mg/L (Yildiztekin et al., 2016; Muhammad et al., 2021).

ABTS free radical scavenging activity results

To determine the activity of A. turcicum Özhatay & Cowley
extract, 1 mg/mL, 2 mg/mL, 3 mg/mL, 4 mg/mL and 5 mg/mL main
concentrations were calculated. Five intermediate concentrations at
different ratios were created from the main stock, and the IC50 value
of the absorbances obtained in the spectrophotometer at the end of
the incubation period was calculated. According to the calculations,
the IC50 value of the A. turcicum Özhatay & Cowley plant is given in
Table 5, together with the BHA used as a positive control. The closer
the IC50 value is to the BHA values (Table 6), which is the positive
control, the higher the free radical scavenging activity of the plant.
Due to the increase in concentration, the values of plant extracts
were observed simultaneously with the rise in BHA values (Table 7).

In the study with the leaf extract of Dalbergia sissoo,
the percent inhibition of ABTS radical was 83.21% ± 1.41%
at the highest concentration tested; In the study conducted
with the leaf extract of Bauhinia variegata, it was reported
to be 89.06% ± 0.34%. They showed activities close to ascorbic
acid used as a standard at the highest concentration (Bakshi
et al., 2022).

Total phenolic content results

A calibration chart was obtained using five different
concentrations of gallic acid (Figure 6), and the gallic acid
equivalence (mg GAE/g) of plant extracts was calculated using
this chart.

The total phenolic content of the above-ground methanol
extract of A. turcicum Özhatay & Cowley at a concentration of
1 mg/mL was found to be 0.26 ± 0.044 mg GAE/g (Table 8). Datta
et al.45 reported the phenolic content of methanol extract as
127.58 ± 0.45 mg GAE/g in their study with Cleome
rutidosprema, one of the underutilized plants of India. In the
same study, the phenolic content of the methanol extract of the
Aluda mutica plant was found to be 66.54 ± 2.78 mg GAE/g (Datta
et al., 2022). One of the research reported the phenolic content of
hydro methanolic extracts of two endemic plants from Turkey
(Nepeta italica subsp. Cadmea and Teucrium sandrasicum) as
72.5 ± 1.59 mgGAEs/g and 150.18 ± 2.73 mgGAEs/g,
respectively (Kaska et al., 2019).

FIGURE 5
Scratch closure rate of ATÖCE on healthy and cancer cell lines at 24 and 48 h. After 24 and 48 h of incubation, there was a noticeable decrease in the
migration of cells to the wound site (*p < 0.01, **p < 0.01 compared to their control groups).

TABLE 2 DPPH free radical scavenging activity results (IC50).

DPPH free radical scavenging activity (IC50) (mg/mL)

Allium turcicum Özhatay & Cowley 1.90 ± 0.04

BHA 0.02 ± 0.01

TABLE 3 DPPH free radical scavenging activity results (%).

DPPH free radical scavenging activity results (%)

1.0 mg/mL 2.0 mg/mL 4.0 mg/mL 8.0 mg/mL

Allium turcicum Özhatay & Cowley 26.90 ± 0.80 59.30 ± 0.20 84.70 ± 0.60 91.50 ± 0.70
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CUPRAC (Copper (II)) ion reducing capacity

A calibration chart was obtained using four different
concentrations of trolox (Figure 7), and trolox equivalence (mg
GAE/g) of plant extracts was calculated using this chart.

The copper (II) ion reducing capacity of the methanol extract
of A. turcicum Özhatay & Cowley plant at 1 mg/mL concentration
was found to be 0.28 ± 0.09 mg TE/g (Table 9).

In the study conducted with some plants grown in the Giresun
region, CUPRAC-reducing power activities in methanol-water
extracts were 0.878 ± 0.023 in chard beet (Beta vulgaris L.); It
was calculated as 0.823 ± 0.0941 in the mendek (Aegopodium
podagraria L.) and 0.754 ± 0.022 mg TE/g in beet (Capsella
bursa-pastoris L.). They stated that the reducing power increased
with the increase in concentration.

Metal chelation experiment results

The value of the A. turcicum Özhatay & Cowley plant methanol
extract at a concentration of 0.1 mg/mL in terms of metal-chelating
antioxidant activity was found to be 13.95 ± 1.148. This value is
lower than the synthetic antioxidant EDTA (66.24% ± 1.41)
(Table 10). Iron is one of the elements necessary for organisms;
It causes free radical formation due to undesired oxidative reactions

TABLE 4 DPPH free radical scavenging activity results (%).

DPPH free radical scavenging activity results (%)

0.01 mg/mL 0.02 mg/mL 0.03 mg/mL 0.04 mg/mL

BHA 34.80 ± 1,90 61.40 ± 2,90 75.50 ± 1,40 83.10 ± 1.00

TABLE 5 ABTS free radical scavenging activity results (IC50).

ABTS free radical scavenging activity results ((IC50) (mg/mL)

A. turcicum 0.20 ± 0.10

BHA 0.01 ± 0.01

TABLE 6 ABTS free radical scavenging activity results (%).

ABTS free radical scavenging activity results (%)

A.Turcicum 1.0 mg/mL 2.0 mg/mL 3.0 mg/mL 4.0 mg/mL 5.0 mg/mL

53,90 ± 0,70 81,90 ± 0,20 87,00 ± 0,40 90,20 ± 0,70 93,70 ± 0,60

TABLE 7 ABTS free radical scavenging activity results (%).

ABTS free radical removal activity results (%)

BHA 0.01 mg/mL 0.02 mg/mL 0.03 mg/mL 0.04 mg/mL 0.05 mg/
mL

38.30 ± 3.40 66.54 ± 3.80 92.20 ± 1.70 97.10 ± 0.60 98.20 ± 0.50

FIGURE 6
Gallic acid calibration chart.
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with components such as lipids and proteins. For this reason, the
iron-reducing power of antioxidant substances is crucial. The study
conducted for antioxidant activity with the Merzifon black grape
variety (Vitis vinifera L.) determined the metal chelating capacity
closest to the EDTA standard as 37.12 in the whole grape at room
temperature (Gülhan et al., 2023). Takcı et al. found the metal
chelating activity of Rheum ribes plant methanol extracts to be
49.70% ± 3.10%, which shows higher metal chelation activity than
our results (Takci et al., 2021).

Conclusions

Our study is the first original to evaluate ATÖCE’s effects on
glioblastoma and colon cancer cells. The ATÖCE administered
showed the ability to hinder the growth and movement of
HUVEC, HCT-116, and U373 cells. Its cytotoxic effects varied
according to concentration and duration of exposure. However,

ATÖCE also exhibited toxicity to healthy HUVEC cells. Our
analysis revealed that ATÖCE has high antioxidant activity. In
conclusion, this plant, known for its medicinal properties, can
serve as a supportive treatment, particularly for colon cancer.

Further investigation is required to fully determine the
effectiveness of ATÖCE in the context of colon cancer
management. Despite this, the initial results indicate that
ATÖCE holds great promise as a prognostic modality for
patients with this condition. Given the considerable morbidity
and mortality associated with colon cancer, the development of
novel and reliable prognostic tools is of paramount importance. The
use of ATE to predict patient outcomes could have significant
implications for clinical decision-making and patient care.
Therefore, additional studies are necessary to validate the results
and establish the role of ATÖCE in the management of colon cancer.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding authors.

Author contributions

Pİ: Investigation, Validation, Writing–original draft,
Writing–review and editing, Conceptualization, Formal Analysis,
Resources, Software. AB: Conceptualization, Formal Analysis,
Validation, Writing–original draft, Writing–review and editing,
Data curation, Funding acquisition, Methodology, Supervision,
Visualization. DC: Data curation, Methodology, Writing–original
draft, Investigation, Project administration. EA: Data curation,
Investigation, Methodology, Writing–original draft,
Conceptualization, Resources. AE: Conceptualization,
Writing–original draft, Formal Analysis, Funding acquisition.
MB: Funding acquisition, Writing–original draft, Data curation,

TABLE 8 Results of total phenolic substance content.

Total phenolic substance (mg GAE/g)

Allium turcicum Özhatay & Cowley 0.30 ± 0.01

FIGURE 7
Troloks calibration chart.

TABLE 9 CUPRAC experiment results.

CUPRAC assay activities (mg TE/g)

Allium turcicum Özhatay & Cowley 0.30 ± 0.10

TABLE 10 Metal chelation experiment results (%).

Metal chelating experiment activities (0.1 mg/mL)

EDTA 66.20 ± 1.40

Allium turcicum Özhatay & Cowley 14.00 ± 1.20

Frontiers in Pharmacology frontiersin.org09

İPEK et al. 10.3389/fphar.2024.1438634

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1438634


Investigation, Methodology, Validation, Writing–review
and editing.

Funding

The author(s) declare that financial support was received
for the research, authorship, and/or publication of this article.
This work was supported by the kidney research center of
Tabriz University of Medical Sciences, Tabriz, Iran (Grant
no: 73839).

Acknowledgments

We would like to thank Hülya Hoşgören and Cumali Keskin for
their plant identification and herbarium studies (Mardin Artuklu
[Cumali Keskin voucher no. MAU: 2023–26] and Dicle University
Herbariums [Hülya Hoşgören, DUF 6995]). We would also like to
thank Zülküf Ebinç for helping to obtain the plant in Kaman hamlet

of Yakabağ Village. Also, the authors are thankful to Tabriz
university of Medical Sciences, Ege University and Khazar
university for moral supports.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

References

Abdullah Thani, N. A., Sallis, B., Nuttall, R., Schubert, F. R., Ahsan, M., Davies, D.,
et al. (2012). Induction of apoptosis and reduction of MMP gene expression in the
U373 cell line by polyphenolics in Aronia melanocarpa and by curcumin.Oncol. Rep. 28
(4), 1435–1442. doi:10.3892/or.2012.1941

Afrin, S., Giampieri, F., Gasparrini, M., Forbes-Hernández, T. Y., Cianciosi, D.,
Reboredo-Rodriguez, P., et al. (2020). Dietary phytochemicals in colorectal cancer
prevention and treatment: A focus on the molecular mechanisms involved. Biotechnol.
Adv. 38, 107322. doi:10.1016/j.biotechadv.2018.11.011

Alyami, N. M., Almeer, R., and Alyami, H. M. (2022). Role of green synthesized
platinum nanoparticles in cytotoxicity, oxidative stress, and apoptosis of human
colon cancer cells (HCT-116). Heliyon 8 (12), e11917. doi:10.1016/j.heliyon.2022.
e11917

Apak, R., Güçlü, K., Özyürek, M., Esin Karademir, S., and Erçağ, E. (2006). The cupric
ion reducing antioxidant capacity and polyphenolic content of some herbal teas. Int.
J. food Sci. Nutr. 57 (5-6), 292–304. doi:10.1080/09637480600798132

Aslankoç, R., Demirci, D., Ümmahan, İ., Yildiz, M., Öztürk, A., Çetin, M., et al.
(2019). The role of antioxidant enzymes in oxidative stress – superoxide
dismutase(SOD), catalase (CAT) and glutathione pe-roxidase (GPx). SDU Med. Fac.
J. 26 (3), 362–369. doi:10.17343/sdutfd.566969

Bakshi, A., Sharma, N., and Nagpal, A. K. (2022). Comparative evaluation of in vitro
antioxidant and antidiabetic potential of five ethnomedicinal plant species from Punjab,
India. South Afr. J. Bot. 150, 478–487. doi:10.1016/j.sajb.2022.08.019

Başkol, M., Başkol, G., Koçer, D., Artış, T., and Yılmaz, Z. (2007). Oxidant -
antioxidant parameters and their relationship in patients with gastric cancer.
J. Turkish Clin. Biochem. 5 (3), 83–89.

Bilal, I., Xie, S., Elburki, M. S., Aziziaram, Z., Ahmed, S. M., and Jalal Balaky, S. T.
(2021). Cytotoxic effect of diferuloylmethane, a derivative of turmeric on different
human glioblastoma cell lines. Cell. Mol. Biomed. Rep. 1 (1), 14–22. doi:10.55705/cmbr.
2021.138815.1004

Cassiem, W., and de Kock, M. (2019). The anti-proliferative effect of apricot and
peach kernel extracts on human colon cancer cells in vitro. BMC complementary Altern.
Med. 19 (1), 32–12. doi:10.1186/s12906-019-2437-4

Chase, M. W., Reveal, J. L., and Fay, M. F. (2009). A subfamilial classification for the
expanded asparagalean families Amaryllidaceae, Asparagaceae and Xanthorrhoeaceae.
Botanical J. Linn. Soc. 161 (2), 132–136. doi:10.1111/j.1095-8339.2009.00999.x

Chen, L., Li, M., Li, Q., Wang, C.-j., and Xie, S.-q. (2013). DKK1 promotes
hepatocellular carcinoma cell migration and invasion through β-catenin/
MMP7 signaling pathway. Mol. cancer 12, 157–214. doi:10.1186/1476-4598-12-157

Datta, S., Bhattacharjee, S., and Seal, T. (2022). Anti-diabetic, anti-inflammatory and
anti-oxidant properties of four underutilized ethnomedicinal plants of West Bengal,
India: an in vitro approach. South Afr. J. Bot. 149, 768–780. doi:10.1016/j.sajb.2022.
06.029

Dinis, T. C., Madeira, V.M., and Almeida, L. M. (1994). Action of phenolic derivatives
(acetaminophen, salicylate, and 5-aminosalicylate) as inhibitors of membrane lipid

peroxidation and as peroxyl radical scavengers. Archives Biochem. biophysics 315 (1),
161–169. doi:10.1006/abbi.1994.1485

Erdogan, K., and Eroglu, O. (2019). Investigation of the effects of momordica
charantia extract on cell survival and migration in U87G glioblastoma cell line.
Proceedings 40 (1), 18. doi:10.3390/proceedings2019040018

Giannakopoulou, M., Dimitriadis, K., Koromili, M., Zoi, V., Vartholomatos, E.,
Galani, V., et al. (2022). Siderol inhibits proliferation of glioblastoma cells and acts
synergistically with temozolomide. Biomedicines 10 (12), 3216. doi:10.3390/
biomedicines10123216

Gülhan, K., Çali, İ. Ö., and Melek, G. (2023). Phenolic compound, flavonoid and
antioxidant activity of Merzifon black grape variety (Vitis vinifera L.). J. Agric. Nat. 26
(1), 90–96. doi:10.18016/ksutarimdoga.vi.886023

Halim, M. A., Kanan, K. A., Nahar, T., Rahman, M. J., Ahmed, K. S., Hossain, H., et al.
(2022). Metabolic profiling of phenolics of the extracts from the various parts of
blackberry plant (Syzygium cumini L.) and their antioxidant activities. LWT 167,
113813. doi:10.1016/j.lwt.2022.113813

Hande, Y., Türkmen, N. B., Şenkal, S., Özek, D. A., Bulut, E., Doğan, A., et al. (2022).
In vitro antitumor activity of patulin on liver and lung cancer cell lines. J. Fac. Pharm.
Ankara Univ. 46 (2), 393–404.

Hassan, L. E. A., Dahham, S. S., Saghir, S. A. M., Mohammed, A. M., Eltayeb, N. M.,
Majid, A. M. S. A., et al. (2016). Chemotherapeutic potentials of the stem bark of
Balanite aegyptiaca (L.) Delile: an antiangiogenic, antitumor and antioxidant agent.
BMC complementary Altern. Med. 16, 396–413. doi:10.1186/s12906-016-1369-5

Hassan, S. S. u., Muhammad, I., Abbas, S. Q., Hassan, M., Majid, M., Jin, H.-Z., et al.
(2021). Stress driven discovery of natural products from actinobacteria with anti-
oxidant and cytotoxic activities including docking and admet properties. Int. J. Mol. Sci.
22 (21), 11432. doi:10.3390/ijms222111432

Hernández-Rodríguez, M., Mendoza Sánchez, P. I., Macías Perez, M. E., Cruz, E. R.,
Jiménez, E. M., Aceves-Hernández, J. M., et al. (2020). In vitro and computational
studies of natural products related to perezone as anti-neoplastic agents. Biochimie 171-
172, 158–169. doi:10.1016/j.biochi.2020.03.003

Howes, M. R. (2018). The evolution of anticancer drug discovery from plants. Lancet
Oncol. 19 (3), 293–294.

Huxley, R. R., Ansary-Moghaddam, A., Clifton, P., Czernichow, S., Parr, C. L., and
Woodward, M. (2009). The impact of dietary and lifestyle risk factors on risk of
colorectal cancer: a quantitative overview of the epidemiological evidence. Int. J. cancer
125 (1), 171–180. doi:10.1002/ijc.24343

Issa, I. A., and Noureddine, M. (2017). Colorectal cancer screening: an updated review
of the available options. World J. Gastroenterol. 23 (28), 5086.

Ingole, S., Vasdev, N., Tekade, M., Gupta, T., Pawar, B., Mhatre, M., et al. (2024).
“Toxic effects of cancer therapies,” in Public Health and Toxicology Issues Drug Research
(Academic Press), Vol. 2, 353–379. doi:10.1016/B978-0-443-15842-1.00004-1

Jill, C., Neriman, Ö., and Mathew, B. (1994). New species of Alliaceae and
hyacinthaceae from Turkey. Kew Bull. 49 (3), 481–489. doi:10.2307/4114472

Frontiers in Pharmacology frontiersin.org10

İPEK et al. 10.3389/fphar.2024.1438634

https://doi.org/10.3892/or.2012.1941
https://doi.org/10.1016/j.biotechadv.2018.11.011
https://doi.org/10.1016/j.heliyon.2022.e11917
https://doi.org/10.1016/j.heliyon.2022.e11917
https://doi.org/10.1080/09637480600798132
https://doi.org/10.17343/sdutfd.566969
https://doi.org/10.1016/j.sajb.2022.08.019
https://doi.org/10.55705/cmbr.2021.138815.1004
https://doi.org/10.55705/cmbr.2021.138815.1004
https://doi.org/10.1186/s12906-019-2437-4
https://doi.org/10.1111/j.1095-8339.2009.00999.x
https://doi.org/10.1186/1476-4598-12-157
https://doi.org/10.1016/j.sajb.2022.06.029
https://doi.org/10.1016/j.sajb.2022.06.029
https://doi.org/10.1006/abbi.1994.1485
https://doi.org/10.3390/proceedings2019040018
https://doi.org/10.3390/biomedicines10123216
https://doi.org/10.3390/biomedicines10123216
https://doi.org/10.18016/ksutarimdoga.vi.886023
https://doi.org/10.1016/j.lwt.2022.113813
https://doi.org/10.1186/s12906-016-1369-5
https://doi.org/10.3390/ijms222111432
https://doi.org/10.1016/j.biochi.2020.03.003
https://doi.org/10.1002/ijc.24343
https://doi.org/10.1016/B978-0-443-15842-1.00004-1
https://doi.org/10.2307/4114472
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1438634


Kandemir, S. I., and Ipek, P. (2023). Antiproliferative effect of Potentilla fulgens on
glioblastoma cancer cells through downregulation of Akt/mTOR signaling pathway.
J. Cancer Res. Ther. 19, 1818–1824. doi:10.4103/jcrt.jcrt_1886_21

Karabulut, H., and Gülay, M. Ş. (2016). ANTİOKSİDANLAR. Veterinary J. Mehmet
Akif Ersoy Univ. 1 (1), 65–76. doi:10.24880/maeuvfd.260790

Kaska, A., Çiçek, M., and Mammadov, R. (2019). Biological activities, phenolic
constituents and mineral element analysis of two endemic medicinal plants from
Turkey: nepeta italica subsp. cadmea and Teucrium sandrasicum. South Afr. J. Bot.
124, 63–70. doi:10.1016/j.sajb.2019.04.037

Khajeh, E., Rasmi, Y., Kheradmand, F., Malekinejad, H., Aramwit, P., Saboory, E.,
et al. (2020). Crocetin suppresses the growth and migration in HCT-116 human
colorectal cancer cells by activating the p-38 MAPK signaling pathway. Res. Pharm.
Sci. 15 (6), 592–601. doi:10.4103/1735-5362.301344

Knud, R. (1998). “Alliaceae pages 70-78,” in The families and genera of vascular plants
volume III. Editor K. Kubitzki (Verlag: Berlin;Heidelberg, Germany: Springer).

Kocyigit, A., Koyuncu, I., Dikilitas, M., Bahadori, F., and Turkkan, B. (2016).
Cytotoxic, genotoxic and apoptotic effects of naringenin-oxime relative to
naringenin on normal and cancer cell lines. Asian Pac. J. Trop. Biomed. 6 (10),
872–880. doi:10.1016/j.apjtb.2016.08.004

Lattier, J. M., De, A., Chen, Z., Morales, J. E., Lang, F. F., Huse, J. T., et al. (2020).
Megalencephalic leukoencephalopathy with subcortical cysts 1 (MLC1) promotes
glioblastoma cell invasion in the brain microenvironment. Oncogene 39 (50),
7253–7264. doi:10.1038/s41388-020-01503-9

Li, Z., Liu, Y.-h., Diao, H.-y., Ma, J., and Yao, Y.-l. (2015). MiR-661 inhibits glioma cell
proliferation, migration and invasion by targeting hTERT. Biochem. Biophysical Res.
Commun. 468 (4), 870–876. doi:10.1016/j.bbrc.2015.11.046

Li, J. W.-H., and Vederas, J. C. (2009). Drug discovery and natural products: end of an
era or an endless frontier?. Science 325 (5937), 161–165.

Lin, J., Zhang, X., Meng, F., Zeng, F., Liu, W., and He, X. (2022). PNMA5 accelerated
cellular proliferation, invasion and migration in colorectal cancer. Am. J. Transl. Res. 14
(4), 2231–2243.

Majeed, S., Danish, M., Ismail, M. H. B., Ansari, M. T., and Ibrahim, M. N. M. (2019).
Anticancer and apoptotic activity of biologically synthesized zinc oxide nanoparticles
against human colon cancer HCT-116 cell line-in vitro study. Sustain. Chem. Pharm. 14,
100179. doi:10.1016/j.scp.2019.100179

Malmir, S., Ebrahimi, A., and Mahjoubi, F. (2020). Effect of ginger extracts on
colorectal cancer HCT-116 cell line in the expression of MMP-2 and KRAS. Gene Rep.
21, 100824. doi:10.1016/j.genrep.2020.100824

Muhammad, I., Hassan, S. S. u., Farooq, M. A., Zhang, H., Ali, F., Xiao, X., et al.
(2024). Undescribed secondary metabolites derived from Cinnamomum migao H. W.
Li, showcasing anti-inflammatory, antioxidant, and in silico properties. J. Mol. Struct.
1312, 138485. doi:10.1016/j.molstruc.2024.138485

Muhammad, I., Hassan, S. S. u., Xu, W.-J., Tu, G.-L., Yu, H.-J., Xiao, X., et al. (2023).
An extensive pharmacological evaluation of novel anti-nociceptive and IL-6 targeted
anti-inflammatory guaiane-type sesquiterpenoids from Cinnamomum migao H. W. Li
through in-depth in-vitro, ADMET, and molecular docking studies. Biomed. and
Pharmacother. 164, 114946. doi:10.1016/j.biopha.2023.114946

Muhammad, I., Luo,W., Shoaib, R. M., Li, G.-l., Shams ul Hassan, S., Yang, Z.-h., et al.
(2021). Guaiane-type sesquiterpenoids from Cinnamomum migao H. W. Li: and their
anti-inflammatory activities. Phytochemistry 190, 112850. doi:10.1016/j.phytochem.
2021.112850

Negi, A. S., and Jain, S. (2022). Recent advances in natural product-based anticancer
agents. Stud. Nat. Prod. Chem. 75, 367–447. doi:10.1016/B978-0-323-91250-1.00010-0

Nelson, V. K., Sahoo, N. K., Sahu, M., Sudhan, H. H., Pullaiah, C. P., and
Muralikrishna, K. S. (2020). In vitro anticancer activity of Eclipta alba whole plant
extract on colon cancer cell HCT-116. BMC complementary Med. Ther. 20, 355–358.
doi:10.1186/s12906-020-03118-9

Newman, D. J., and Cragg, G. M. (2016). Natural products as sources of new drugs
from 1981 to 2014. J. Nat. Prod. 79 (3), 629–661.

Oliva, M. A., Staffieri, S., Sanchez, M., and Arcella, A. (2022). Isoginkgetin—a natural
compound to control U87MG glioblastoma cell growth and migration activating
apoptosis and autophagy. Molecules 27 (23), 8335. doi:10.3390/molecules27238335

Ostrom, Q. T., Gittleman, H., Farah, P., Ondracek, A., Chen, Y., Wolinsky, Y., et al.
(2013). CBTRUS statistical report: primary brain and central nervous system tumors
diagnosed in the United States in 2008-2012. Neuro. Oncol. 15 (Suppl 2), iv1-iv62.

Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., and Rice-Evans, C.
(1999). Antioxidant activity applying an improved ABTS radical cation decolorization
assay. Free Radic. Biol. Med. 26 (9-10), 1231–1237. doi:10.1016/S0891-5849(98)00315-3

Saleem, H., Zengin, G., Ahmad, I., Lee, J. T. B., Htar, T. T., Mahomoodally, F. M., et al.
(2019). Multidirectional insights into the biochemical and toxicological properties of
Bougainvillea glabra (Choisy.) aerial parts: a functional approach for bioactive
compounds. J. Pharm. Biomed. Analysis 170, 132–138. doi:10.1016/j.jpba.2019.03.027

Shahar, B., Indira, A., Santosh, O., Dolma, N., and Chongtham, N. (2023). Nutritional
composition, antioxidant activity and characterization of bioactive compounds from
Thymus serpyllum L.: an underexploited wild aromatic plant. Meas. Food 10, 100092.
doi:10.1016/j.meafoo.2023.100092

Singleton, V. L., and Rossi, J. A. (1965). Colorimetry of total phenolics with
phosphomolybdic-phosphotungstic acid reagents. Am. J. Enology Vitic. 16 (3),
144–158. doi:10.5344/ajev.1965.16.3.144

Takci, H. A., Türkmen, F. U., Güneş, M., and Bakırhan, P. (2021). Antibacterial and
antioxidant activities of rheum ribes extracts. Black Sea J. Sci. 11 (1), 104–117. doi:10.
31466/kfbd.879822

Tarawneh, N., Hamadneh, L., Abu-Irmaileh, B., Shraideh, Z., Bustanji, Y., and
Abdalla, S. (2023). Berberine inhibited growth and migration of human colon
cancer cell lines by increasing phosphatase and tensin and inhibiting aquaporins 1,
3 and 5 expressions. Molecules 28 (9), 3823. doi:10.3390/molecules28093823

Tian, J., Wei, X., Zhang, W., and Xu, A. (2020). Effects of selenium nanoparticles
combined with radiotherapy on lung cancer cells. Front. Bioeng. Biotechnol. 8, 598997.
doi:10.3389/fbioe.2020.598997

Torre, L. A., Siegel, R. L., Ward, E. M., and Jemal, A. (2016). Global cancer incidence
and mortality rates and trends—an update. Cancer Epidemiol. biomarkers and Prev. 25
(1), 16–27. doi:10.1158/1055-9965.EPI-15-0578

Velur, G., and Kusanur, R. (2022). Herbal drugs in cancer treatment. Russ. J. Bioorg.
Chem. 48 (6), 1151–1158.

Wang, Y., Li, Y., Liu, D., Zheng, D., Li, X., Li, C., et al. (2023). A potential anti-
glioblastoma compound LH20 induces apoptosis and arrest of human glioblastoma cells
via CDK4/6 inhibition. Molecules 28 (13), 5047. doi:10.3390/molecules28135047

Wu, C., Chen, F., Wang, X., Kim, H.-J., He, G.-q., Haley-Zitlin, V., et al. (2006).
Antioxidant constituents in feverfew (Tanacetum parthenium) extract and their
chromatographic quantification. Food Chem. 96 (2), 220–227. doi:10.1016/j.
foodchem.2005.02.024

Xi, Y., and Pengfei, X. (2021). Global colorectal cancer burden in 2020 and projections
to 2040. Transl. Oncol. 14 (10), 101174.

Yildiztekin, F., Nadeem, S., Erol, E., Yildiztekin, M., Tuna, A. L., and Ozturk, M.
(2016). Antioxidant, anticholinesterase and tyrosinase inhibition activities, and fatty
acids of Crocus mathewii–A forgotten endemic angiosperm of Turkey. Pharm. Biol. 54
(9), 1557–1563. doi:10.3109/13880209.2015.1107746

Yokoyama, S., Hirano, H., Wakimaru, N., Sarker, K. P., and Kuratsu, J.-i. (2001).
Inhibitory effect of epigallocatechin-gallate on brain tumor cell lines in vitro. Neuro-
oncology 3 (1), 22–28. doi:10.1093/neuonc/3.1.22

Zhao, H.-j., Liu, T., Mao, X., Han, S.-x., Liang, R.-x., Hui, L.-q., et al. (2015). Fructus
phyllanthi tannin fraction induces apoptosis and inhibits migration and invasion of
human lung squamous carcinoma cells in vitro via MAPK/MMP pathways. Acta
Pharmacol. Sin. 36 (6), 758–768. doi:10.1038/aps.2014.130

Frontiers in Pharmacology frontiersin.org11

İPEK et al. 10.3389/fphar.2024.1438634

https://doi.org/10.4103/jcrt.jcrt_1886_21
https://doi.org/10.24880/maeuvfd.260790
https://doi.org/10.1016/j.sajb.2019.04.037
https://doi.org/10.4103/1735-5362.301344
https://doi.org/10.1016/j.apjtb.2016.08.004
https://doi.org/10.1038/s41388-020-01503-9
https://doi.org/10.1016/j.bbrc.2015.11.046
https://doi.org/10.1016/j.scp.2019.100179
https://doi.org/10.1016/j.genrep.2020.100824
https://doi.org/10.1016/j.molstruc.2024.138485
https://doi.org/10.1016/j.biopha.2023.114946
https://doi.org/10.1016/j.phytochem.2021.112850
https://doi.org/10.1016/j.phytochem.2021.112850
https://doi.org/10.1016/B978-0-323-91250-1.00010-0
https://doi.org/10.1186/s12906-020-03118-9
https://doi.org/10.3390/molecules27238335
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1016/j.jpba.2019.03.027
https://doi.org/10.1016/j.meafoo.2023.100092
https://doi.org/10.5344/ajev.1965.16.3.144
https://doi.org/10.31466/kfbd.879822
https://doi.org/10.31466/kfbd.879822
https://doi.org/10.3390/molecules28093823
https://doi.org/10.3389/fbioe.2020.598997
https://doi.org/10.1158/1055-9965.EPI-15-0578
https://doi.org/10.3390/molecules28135047
https://doi.org/10.1016/j.foodchem.2005.02.024
https://doi.org/10.1016/j.foodchem.2005.02.024
https://doi.org/10.3109/13880209.2015.1107746
https://doi.org/10.1093/neuonc/3.1.22
https://doi.org/10.1038/aps.2014.130
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1438634

	Antioxidant properties of allium turcicum Özhatay & cowley plant extract, its effects on the proliferation and migration of ...
	Introduction
	Methods and materials
	Preparation of Allium turcicum Özhatay & Cowley Extract
	Cell culture and cytotoxic activities of Allium turcicum Özhatay & Cowley via the MTT assay
	Cell migration assay
	Determination of DPPH free radical removal activity
	Determination of ABTS free radical removal activity
	Total phenolic content measurement
	CUPRAC (Copper (II) ion reducing capacity) test
	Metal chelating experiment
	Statistical analysis

	Results and discussion
	Cytotoxic effects of ATÖCE
	Cell migration assay
	DPPH free radical scavenging activity results
	ABTS free radical scavenging activity results
	Total phenolic content results
	CUPRAC (Copper (II)) ion reducing capacity
	Metal chelation experiment results

	Conclusions
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


