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Abstract
Objectives: Laurocerasus ofﬁcinalis Roem. fruits are traditionally used for several health problems. Although there
are some studies about its antiproliferative effects on different cancer cells, no study was reported about its
potential therapeutic efﬁcacy against gastric cancers
which is the most malignant disease in the digestive system
with high morbidity and mortality.
Methods: This study was aimed to evaluate L. ofﬁcinalis fruit
extract phytochemical contents as well as to compare

anticancer effects on gastric cancer cells. The antioxidant
activities were determined by ABTS and DPPH assays. Anticancer effects were measured by cell viability assays, then
apoptotic proteins were analyzed by western blotting and ﬂow
cytometry.
Results: Laurocerasus ofﬁcinalis fruit methanol extract
showed moderate antioxidant activity by ABTS• and DPPH•
assays. Signiﬁcant cytotoxic activities and caspase mediated
apoptosis were detected in the extract treated MKN-45 and AGS
gastric cancer cells respectively while sparing healthy cells.
Conclusion: Our results showed that the L. ofﬁcinalis
Roem. extract has signiﬁcant anticancer efﬁcacy on gastric
cancer cell lines; therefore, it can be further studied to
determine its potential therapeutic components.
Keywords: antioxidant activity; apoptosis; gastric cancer;
Laurocerasus ofﬁcinalis; Rosaceae.
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Öz
Giriş: Laurocerasus ofﬁcinalis Roem. meyveleri halk arasında
çeşitli sağlık problemlerine karşı kullanılmaktadır. Farklı kanser hücreleri üzerindeki antiproliferatif etkileri ile ilgili bazı
çalışmalar olmakla birlikte, sindirim sistemindeki ciddi bir
rahatsızlık olan, yüksek morbidite ve mortaliteye sahip mide
kanserlerine karşı herhangi bir çalışma bildirilmemiştir.
Yöntem: Bu çalışma L. ofﬁcinalis meyve ekstrelerinin
ﬁtokimyasal analizi ile beraber karşılaştırmalı olarak mide
kanseri hücrelerine karşı sitotoksik etkilerinin incelenmesini amaçlamıştır. Antioksidan aktivite ABTS ve DPPH
yöntemleriyle araştırılmıştır. Antikanser etkinliği ise hücre
canlılığı yöntemi ile araştırılmış ve sonrasında apoptotik
This work is licensed under the Creative Commons Attribution 4.0
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proteinleri western blot ve ﬂow sitometre yöntemleri ile
ölçülmüştür.
Sonuçlar: L. ofﬁcinalis meyve metanol ekstresi, ABTS ve
DPPH testlerine göre orta düzeyde antioksidan aktivite
göstermiştir. Sağlıklı hücrelerde sitotoksik etki gözlemlenmezken, ekstre uygulanmış MKN-45 ve AGS mide kanseri
hücrelerinde önemli sitotoksik aktiviteler ve kaspaz aracılı
apoptoz saptanmıştır.
Tartışma: Sonuçlar, L. ofﬁcinalis Roem ekstresinin mide
kanseri hücre hatları üzerinde önemli antikanser etkinliğine sahip olduğunu göstermiştir; bu nedenle, potansiyel
terapötik bileşenlerini belirlemek için ileri çalışmalar
gerçekleştirilebilecektir.
Anahtar kelimeler: Laurocerasus ofﬁcinalis; Rosaceae;
mide kanseri; apoptoz; antioksidan aktivite.

Introduction
Laurocerasus ofﬁcinalis Roem. (synonym: Prunus laurocerasus L.) is a food plant of the Rosaceae family. It grows
naturally in Turkey and is known as “laz kirazı, karayemiş
or taﬂan”. Cherry laurel is native of Central and Western
Asia, Anatolia, and Southern Europe and cultivates in
temperate regions and is mostly used as ornamental plant
[1]. Its fruits are usually consumed as jam, marmalade, fruit
juice, tea, and in canned or pickled styles [2]. Fruits and
seeds are used in the treatment of kidney stones, stomach
ulcers, bronchitis, strengthening the bones, the acid-base
balance of blood (seeds), eczemas and hemorrhoids, and as
a diuretic, antispasmodic, antitussive (fruits) as a folk
medicine in Turkey [3]. The major bioactive components
are 2-O-β-d-glucopyranosyl-2-hydroxyphenyl-acetic acid,
(+)-catechin and kaempferol-3-O-β-d-xylopyranosyl-(1→2)O-β-d-glucopyranoside have been noticed in the cherry
laurel leaves extract [4]. L. ofﬁcinalis fruit stems nutritional
and pharmaceutical value from its vanillic, caffeic, chlorogenic, and benzoic acid with fructose, glucose [5], mannitol,
ascorbic acid, antocyanins [6] and tannin content [7].
Although many drugs have been developed for the
treatment of cancers, there are concerns about the therapeutic effects and safety of these drugs. The major
problem of chemotherapeutic drugs used as a standard
treatment in various types of cancers is the toxicity [8].
However, products from plants have been proven to be
effective and safe in the treatment of cancers. Therefore,
cancer drug discoveries are also directed to plant derived
products obtained from natural plants [9]. These products
act as anti-cancer agents by interfering with the initiation,
development, and progression of cancer through the

modulation of various mechanisms including cellular
proliferation, differentiation, apoptosis, angiogenesis,
and metastasis [10]. Studies have greatly agreed on the
protective effect of fruits and vegetables in reducing the
risk of stomach cancer, because fruits and vegetables
contain the antioxidant substances [11–13].
Laurocerasus ofﬁcinalis is used for stomach ulcer
treatment as a folk medicine in Turkey and therefore its
contents make it a potential therapeutic candidate for different gastrointestinal problems.
Gastric cancer is a malignant disease and ranks fifth for
cancer incidence and second for cancer deaths [14]. The
underlying mechanisms of gastric cancer are mostly linked
to Helicobacter Pylori (H. Pylori) infection and abundance
of the H. Pylori makes its mortality pattern variative for
different ethnics. Eradication of H. Pylori provides a good
prognosis of the disease [15–17].
Unfortunately, the infection is hard to clear by the host
and results in a chronic inflammatory state with continued
oxidative stress within the tissue. Reactive oxygen/nitrogen
species are released by the effected immune and epithelial
cells; then damage the surrounding tissue and lead to
gastric carcinogenesis [18]. Therefore, H. Pylori behavior
and host response determine the progress of the disease,
and alternative treatment options are needed to overcome
chemotherapy resistance developed by the bacterium [19].
There have been many anti-cancer studied on
L. ofﬁcinalis and showed a selective cytotoxic effect in lung,
colon, prostate, liver, and cervical cancer cell lines [20–22].
But no studies have been found with anti-cancer activities
against gastric cancer L. ofﬁcinalis. In this study, we focused on its potential anti-cancer effects against gastric
cancer since it can be eaten and in direct contact with the
stomach. Besides cell viability assays, we showed apoptotic cell death by western blotting and Annexin V/PI
stainings upon treatment with the extract.
In the present study, L. ofﬁcinalis fruits total phenolic
content and ﬂavonoid contents were determined, afterward; their in vitro antioxidant and anti-cancer activities
against gastric cancer showed that it can be further studied
and characterized for therapeutic beneﬁts.

Materials and methods
Materials
The standard chemicals were purchased from Sigma Chemical Co. (St.
Louis, USA) and the HPLC-grade solvents were purchased from Merck.
Methanol was purchased from Sigma-Aldrich, Germany. All other
reagents and solvents used were of analytical grade.
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Preparation of samples
Laurocerasus ofﬁcinalis fruits were collected from Ankara University,
Ankara, Turkey (Date: 18.07.2017), and identiﬁed by Derya Çiçek Polat.
L. ofﬁcinalis fruit, which is dark purple, were pureed and extracted
with methanol on a magnetic stirrer (Heidolph MR3001, Germany)
(250 g sample, 400 mL × 3 days) followed by ﬁltration [1]. The extract
was distilled using an evaporator (Heidolph WB2000, Germany).

Total phenolic and flavonoid contents
Folin Ciocalteu technique was used to detect total phenolics of the
fruit extract. The mixture was prepared with fruit extract (5 mL), FolinCiocalteau’s reagent (0.25 mL), and Na2CO3 (0.2 mL) and kept for
15 min at 45 °C. The absorbance reading of samples was performed at
765 nm. A calibration curve (R2=0.981) was used for calculating the
total phenolic content (TPC) of the extract and the outcome was showed as mg gallic acid equivalent (gae)/100 g extract [1, 23, 24]. The
basis of this method is based on the redox reaction of phenolic compounds in the basic medium, reducing the Folin-Ciocalteu reagent and
converting the phenolic compounds into oxidized form. The color
intensity of the resulting complex is directly proportional to the concentration of phenolic substances [25].
The aluminum chloride colorimetric method was performed to
detect the total flavonoid content of L. ofﬁcinalis fruit extract. 50 μL of
the extract was mixed with methanol (up to 1 mL) and added 4 mL
water, then 5% NaNO2 solution; 10% AlCl3 solution was added.
Afterward, NaOH (1 mol/L) was added and water was used to adjust to
10 mL (total volume). After waiting, the absorbance of the mix was
read at 510 nm. The content of ﬂavonoid was detected by the calibration curve (R2=0.9978) [26] and the outcome was displayed as mg
quercetin equivalent (qe)/100 g extract. All experiments were done in
triplicate. The basis of this method is that Aluminum chloride forms
acid stable complexes with the C-4 keto groups and either the C-3 or
C-5 hydroxyl group of ﬂavonoids. Moreover, aluminum chloride is also
complex with ortho-dihydroxyl groups of A or B-rings of ﬂavonoids.
The results are usually given as equivalent to standard ﬂavonoids
quercetin [27].
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ABTS· with potassium persulfate solution. The mixed solution was
incubated for 12–16 h in the dark at room temperature. The absorbance
of reaction mixtures was measured at 734 nm. Three independent
experiments were performed. An analog of vitamin E, Trolox was used
as the positive control [1, 26]. The results were compared with Trolox
and expressed as IC50 as follows:
% ABTS inhibition = ([Absorbance control – Absorbance test
sample]/[Absorbance control]) × 100

LC-MS analysis
For Liquid Chromatography Mass Spectroscopy (LC-MS) analysis the
extract was dissolved in methanol and filtered. The extract was
analyzed using LC-MS (1200LC, Agilent). Ionization was achieved in
negative mode with ESI. For the chromatropic separation, LC-MS was
run on 4.6 × 250 mm, i.d. 5 µm particle size, octadecyl silica gel
analytical C18 column, and its temperature was maintained at 40 °C.
The elution gradient consisted of mobile phases were A: Acetonitrile:Water (10:90, v/v) and B: Acetonitrile:Water (90:10 v/v). The
gradient established in the time frame 0–40 min, B% 15–100. The
solvent ﬂow rate is maintained at 0.7 mL/min. The injection volume is
20 μL. The range of 100–1000 amu was scanned and recorded for MS
analysis [30].

Cell culture
AGS-human gastric adenocarcinoma (ATCC, #CRL-1739) cell line
and Human Primary Dermal Fibroblasts (HDFa) (ATCC, # PCS-201-012)
were purchased from ATCC (U.S.). The human gastric adenocarcinoma
cell line, MKN-45 (DSMZ, #ACC409) was obtained from DSMZ (Germany).
AGS and MKN-45 cells were grown in RPMI and DMEM (Gibco) medium
respectively in the presence of 10% fetal bovine serum (Gibco) with the
addition of 1% antibiotics (penicillin/streptomycin) in 5% CO2 incubator
(at 37 °C). The subculture of cells was performed every 4–5 days as the
cells reach the conﬂuency. The cells were harvested from the ﬂask
with Trypsin/EDTA 0.25% (Gibco) and for cell viability assays, 5 × 103
cells/well were seeded into 96 black well plates (Corning).

Cell viability assays
DPPH scavenging assay
To determine the L. ofﬁcinalis fruit extract antioxidant ability, the
DPPH (2,2-diphenyl-1-picrylhydrazyl) radicals were utilized according
to the spectrophotometric protocol [1, 28]. The absorbance was read at
517 nm using a spectrophotometer. The radical scavenging activity
was calculated according to the following equation:
DPPH· RSA % = ([Absorbance control – Absorbance test sample]/
[Absorbance control]) × 100
All experiments were done in triplicate. Ascorbic acid was served as a positive control. IC50 rates were detected from a calibration
curve [23].

ABTS scavenging assay
2,2′-azino-bis-3-ethylbenzthiazoline-6-sulfonic acid (ABTS) radical
scavenging activity of L. ofﬁcinalis was determined according to Re
et al. [29]. Stock ABTS· solution was composed by reacting aqueous of

Extracts were dissolved in growth medium and filtered using 0.20 μm
PES ﬁlters (Sarstedt) to prepare stock solutions, and for serial dilutions
as a ﬁnal concentration to normalize measurements. After seeding into
96 well plates, for 24 h, cells were incubated in 5% CO2 (37 °C) incubator. Then, 1–10 mg/mL of L. ofﬁcinalis extract was added as triplicates. After 48 h of treatment, Cell Titer Glo reagent (Promega) added
into each well according to the manufacturer’s guide, and viable cells
were determined by reading luminescence signal under SpectraMax
i3x Multi-Mode Detection Platform.

Western blotting
Cells were seeded at a density of 2 × 105 cells/well into six well plates for
western blot sample collection. Then incubated at 37 °C in 5% CO2 for
24 h. The culture medium was discarded, and cells were treated with
0 mg/mL (control) or 5 mg/mL of L. ofﬁcinalis extract (Control wells were
treated with an equal amount of extract solvent; dH2O). After 48 h of
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treatment, protein lysates were obtained using Ripa lysis buffer (Thermo
Fischer Scientiﬁc; #89900) from each well. Protein samples were equally
loaded (25 μg/well) and run on SDS-PAGE. Then, Bio-Rad semi-dry
western blotting protocol was applied. Then the membrane was incubated with blocking buffer (5% BSA or 5% skim milk accordingly) for 1 h
at room temperature. Afterward, the membrane was probed with antibodies against PARP, caspase-3 and β-actin (anti-PARP (CST; #9542),
anti-cleaved caspase 3 (CST; #9161), (CST #4970), anti-rabbit (CST;
#7074) and HRP conjugated anti-mouse (GenDEPOT; #W3903) antibodies were used). The ﬁrst antibody incubation was performed at 4 °C for
overnight and after washing with TBST three times, membranes were
then probed with HRP conjugated secondary antibodies for 2 h at room
temperature. The membranes were washed and incubated with a 1:1
ratio of Clarity Western ECL Substrate (Bio-Rad), then analyzed for
protein bands by ChemiDoc-MP (Bio-Rad).

Annexin V/Propidium Iodide apoptosis stainings
After seeding into 100 × 20 mm culture dishes, cells were incubated at
37 °C in 5% CO2 for 24 h. Then the culture medium was discarded, and
cells were treated with 0 mg/mL (control) and 5 mg/mL, of L. ofﬁcinalis
extract. To detect early apoptotic cells, an earlier time point was determined than the viability assays. Therefore, after 36 h of treatment with
L. ofﬁcinalis extract, Annexin V-FITC/Propidium Iodide (PI) early
apoptosis double staining protocol was applied according to manufacturer’s instructions (CST #6592 Annexin V-FITC Early Apoptosis Kit).
Then, early apoptotic, late apoptotic, necrotic, and live cell percentages
were determined through ﬂow cytometry analysis.

Statistical analysis
All statistical comparisons of antioxidant activity studies were performed by one-way ANOVA followed by Dunnett’s tests. p<0.05 was
considered statistically signiﬁcant. For in vitro cell based assays,
statistical comparisons were performed by unpaired Student’s t-test
assuming equal variance. Differences were considered as statistically
signiﬁcant at 0.003<p*≤0.005 and 0.0005<p**≤0.003; p***≤0.0003
and 0.01<p#≤0.05. Data were expressed as means ± S.E.M.

Results
Phenolic and flavonoid contents
Total phenolics were calculated by using the Folin-Ciocalteu
method. Total flavonoids in the fruit extract were measured
using the aluminum chloride colorimetric method.
L. ofﬁcinalis fruit total phenolic and ﬂavonoid content were
detected, and the results which are similar to our previous
study [1] are given in Table 1.

Table : Total ﬂavonoid and phenolic content of L. ofﬁcinalis fruit
extract.

L. ofﬁcinalis
fruit extract

Total phenolic content
mg GAE/ g extract

. ± . mg
qe/ g

. ± . mg
gae/ g

outcomes are assembled in Table 2, as previously reported
[1]. The antioxidant activity of L. ofﬁcinalis was investigated
by similar and different methods. When the results were
compared, similar results were observed in similar studies.
It is known that the collection of the plant, its drying, the
area it was grown, and the extraction method even caused
a change in the antioxidant capacity. Therefore, some
minor differences can be observed between previous studies [6, 31–34].

Qualitative chromatographic analysis by
LC-MS
The flavonoid compositions of the methanol extract were
detected by LC/MS. Standards were detected according to
mass analyses and qualitative analyses using reversedphase chromatography. The flavonoid components of
L. ofﬁcinalis fruit were characterized as luteolin, quercetin,
and apigenin (Figure 1, Figure 2) (Table 3).

Cell viability assays
Treatment with L. ofﬁcinalis fruit extract led to
signiﬁcantly decreased cell viability in MKN45 and AGS
human gastric cancer cell lines
Cytotoxic effects of the L. ofﬁcinalis on MKN45 (human
gastric cancer cell line), AGS (gastric adenocarcinoma cell
line), and primary human ﬁbroblast cells by measuring
their metabolically active state. According to our ﬁndings,
cell viability signiﬁcantly decreased when treated with
Table : ABTS and DPPH scavenging activities of L. ofﬁcinalis
extract.
L. ofﬁcinalis extract

In vitro antioxidant assays
The free radical scavenging activity of the extract was
determined using ABTS and DPPH experiments and the

Total flavonoid content
mg QE/ g extract

References

IC ± SD, mg/mL
ABTS
DPPH

. ± .
. ± .

. (trolox)
. (ascorbic acid)
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Figure 1: L. ofﬁcinalis fruit methanol extract
LC-MS chromatogram.

Figure 2: Standard chromatogram of LC-MS.
Standards:1, gallic acid (R.T. 4.96); 2,
Luteolin-7-o-glycoside (R.T. 7.62); 3, Coumaric acid (R.T. 9.21); 4, Rosmarinic acid
(R.T. 10.65); 5, Myrcetin (R.T. 11.43); 6,
Quercetin (R.T. 15.25); 7, Apigenine (R.T.
18.47); 8 Luteolin (R.T. 19.15) (R.T.=Retantion time).

Table : L. ofﬁcinalis methanol extract ﬂavonoid compounds.
Compounds
Quercetine
Apigenine
Luteolin

RT

Base peak (m/z)

.
.
.

.
.
.

5–10 mg/mL extract in both MKN-45 and AGS cancer cell
lines. Treatment of gastric cancer cell lines with 5 mg/mL
L. ofﬁcinalis extract showed 65.6% (p=0.0031) and 25.2%
(0.0038) signiﬁcantly decreased cell viability in AGS and
MKN-45 cells, respectively. Besides that, 10 mg/mL
extract of L. ofﬁcinalis led to highly decreased viability
of cells with 1.1% in MKN45 and 27.4% in AGS cell lines
(p≤0.0003) Conversely, treatment of primary human
ﬁbroblast cells with the same concentrations (5–10 mg/mL)
of L. ofﬁcinalis extracts showed statistically non-signiﬁcant
cytotoxicity (Figure 3A). Accordingly, L. ofﬁcinalis extract
showed 3.770 mg/mL; 5.606 mg/mL and 29.42 mg/mL IC50

values for MKN-45; AGS and primary human ﬁbroblast cells
respectively (Figure 3B).

Detection of apoptosis
L. ofﬁcinalis extract induced apoptosis in both AGS and
MKN-45 cell lines through caspase-3 and PARP
cleavages
Apoptosis was analyzed in 5 mg/mL extract treated
MKN-45 and AGS gastric cancer cell lines. Compared to
control treatments (0 mg/mL), cleaved PARP and cleaved
caspase-3 presence were detected in L. ofﬁcinalis extract
treated AGS and MKN-45 gastric cancer cell lines
(Figure 4A). According to Image J analysis of AGS cell line,
cleaved PARP intensity increased approximately four
folds (p≤0.0001), and cleaved caspase three intensity
increased approximately eight folds (p=0.0025)
(Figure 4B). In L. ofﬁcinalis extract treated MKN-45 cell
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Figure 3: Cytotoxic effects of L. ofﬁcinalis extracts on MKN45 and AGS gastric cancer cell lines and primary human ﬁbroblast cells. Cell viability
of a) AGS and MKN-45 cell line decreased in a concentration dependent manner upon 48 h treatment with 1–10 mg/mL L. ofﬁcinalis extracts.
Decrease in viability of ﬁbroblast cells were found statistically not signiﬁcant. Cell viability assays were performed as three independent
experiments. Data are expressed as ±SEM. Differences were considered as statistically signiﬁcant at 0.003<p*≤0.005 and 0.0005<p**≤0.003;
and p***≤0.0003. b) Normalize of dose vs. response graphs and IC50 values of AGS; MKN45 cell lines and primary human ﬁbroblast cells.
Accordingly, L. ofﬁcinalis extract showed IC50 values of 3.770 mg/mL in MKN45 cell line; 5.606 mg/mL in AGS cell line; and 29.42 mg/mL in
primary human ﬁbroblast cells.

line; cleaved PARP intensity increased approximately
one and a half folds (p=0.0029) and cleaved caspase-3
intensity increased approximately ﬁve folds (p=0.0010)
(Figure 4C).
These data demonstrated the cleavage of apoptotic
proteins and biochemical verification of cell death induced
by L. ofﬁcinalis extract in both AGS and MKN-45 gastric
cancer cell lines. Additionally, caspase cleavage showed
that L. ofﬁcinalis extract induced cell death occurs in a
caspase dependent manner.

Apoptotic cell populations were determined
in L. ofﬁcinalis fruit extract treated AGS cell
line
We analyzed the apoptotic phase of cell populations in
L. ofﬁcinalis extract treated AGS gastric adenocarcinoma cell
line. Different from cell viability assays, AGS cells were either
treated with distilled water and 5 mg/mL of L. ofﬁcinalis just
for 36 h to track early apoptotic cells as well as late apoptotic
cells using Annexin V-FITC Early Apoptosis Detection Kit
(CST, U.S.). According to staining, L. ofﬁcinalis extract treated AGS cells showed a shift from alive to death cell state,
which is signiﬁcantly determined as apoptotic cells either

from early or late stages (Figure 5A, B). The quantitative
analysis was performed and when compared to control cells,
viable cells decreased from 89.65 to 66.22%, and early
apoptotic cells increased from 1.55 to 19.77%, while late
apoptotic cells increased from 4.78 to 11.78%. Necrotic cell
increase in population was not found statistically signiﬁcant
(from 4.02 to 2.23%) (Figure 5C).

Discussion
In this study, we evaluated the potential use of L. ofﬁcinalis
fruit methanol extract against gastric cancer cell lines as it
is one of the most malignant cancers studied and traditionally used in Turkey for the treatment of different types
of human illness, especially for gastrointestinal problems
[6, 33, 35, 36]. Firstly, L. ofﬁcinalis fruits TPC and TFC were
determined and they have been investigated with respect
to their in vitro antioxidant and anti-cancer activities
against gastric cancer.
In our study, we found the total phenolic compounds
and total flavonoids which are responsible for antioxidant
activity were also rich in fruits.
The antioxidant activities of fruits were measured
using the ABTS and DPPH methods which are most
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Figure 4: Western blot analysis of cell death
in L. Ofﬁcinalis fruit extract treated AGS and
MKN45 gastric cancer cell lines. a) AGS and
MKN45 gastric cancer cell lines were
treated with distilled water (0 mg/mL) (left
band) and 5 mg/mL of L. Ofﬁcinalis (right
band) for 48 h to detect apoptosis. In
comparison with control bands (0 mg/mL),
cleaved PARP and cleaved caspase three
presence were detected in 5 mg/mL
treatments. According to Image J analysis of
b) AGS and c) MKN-45 gastric adenocarcinoma cell lines; cleaved PARP and cleaved
caspase-3 bands were detected as compared to control treatments. Data are expressed as ±SEM. Differences were considered
as statistically signiﬁcant at
0.0005<p**≤0.003; and p***≤0.0003.
Experiments were performed as triplicates
and band densities were normalized to
actin controls using image J analysis.

Figure 5: Flow cytometry analysis of
apoptosis in 5 mg/mL L. ofﬁcinalis treated
AGS gastric adenocarcinoma cell line.
AGS cells were either treated with a)
distilled water (left) or b) 5 mg/mL of
L. ofﬁcinalis (right) for 36 h to detect early
apoptotic cells using Annexin V-FITC Early
Apoptosis Detection Kit (CST, U.S.). Pannels P2-Q1; P2-Q2; and P2-Q3 indicate
necrotic cells; late apoptotic cells, and
early apoptotic cells respectively. Each
staining was performed as triplicates.
Data are expressed as ±SEM and differences were considered as statistically
signiﬁcant at 0.01<p#≤0.05.

common for antioxidant activity. These methods are also
used to estimate the antioxidant activity because of the
relatively short time required for analysis [34]. Many

antioxidant studies have been conducted on L. ofﬁcinalis
and reported to be related to the total amount of ﬂavonoids
and phenolic compounds. Compared with these other
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studies, it has been shown to have a high antioxidant effect
because of ﬂavonoids and phenolic compounds like other
studies [6, 31–34, 37].
Oxidative stress causes many diseases such as gastric
diseases [38, 39]. Many studies have shown that plant
components especially ﬂavonoids can be effective and
protective against oxidative damage [40, 41]. The ﬂavonoid
compositions of the fruit extract were determined by LC/MS
analyses. The ﬂavonoid components of the extract were
characterized as luteolin, quercetin, and apigenin. Quercetin has been high antioxidant activity, which is a member
of the ﬂavonoid’s family. It is the most effective scavenger
of ROS [42]. Some studies have shown that quercetin is
effective against gastric cancer [43, 44]. And also previous
studies have shown that luteolin and apigenin also have
effective activity for gastric cancer [45–48].
In the present study, the cytotoxic activity of the
extract can be thought to be due to these flavonoid group
compounds. In previous cytotoxic activity studies, it can be
realized that the cytotoxicity may cause by flavonoids
[49, 50]. Previous studies have shown that L. ofﬁcinalis
fruits have a selective cytotoxic effect in lung, colon,
prostate, liver, and cervical cancer cell lines and also in
these studies indicated that the effect was caused by the
phenolic compounds and ﬂavonoids having antioxidant
effects [20–22].
Our results revealed that ranging from 5 to 10 mg/mL
concentrations of the extracts induce highly signiﬁcant
cell death in AGS and MKN-45 cell lines whilst preserving
human ﬁbroblasts healthier. We also investigated the
background of cytotoxicity of the extract in terms of cell
death pattern. Regarding LC/MS ﬁndings, luteolin, quercetin and apigenin contents of L. Ofﬁcinalis methanol
extract, might lead to apoptotic cell death in gastric cancer cells when treated. Protein cleavages (PARP and caspase 3) of the apoptotic cascade showed that the
apoptosis caused by the extracts follows a caspase
dependent manner. Furthermore, when the apoptotic cell
population was analyzed via Annnexin V/PI stainings, we
detected a statistically signiﬁcant shift to apoptotic cell
copopulation from live cell state (including both early and
late apoptosis stages).
These findings indicate that as well as antioxidant
activities, L. ofﬁcinalis fruit extracts have anti-cancer
effects against gastric cancer and when further studied,
the active components can be an alternative or adjuvant
to standard chemical drugs used in the clinics. Since
many of the active phytochemicals are toxic to normal
cells, cancer selective behavior of L. ofﬁcinalis fruit extract
for certain concentrations can be promising for translational approaches and L. ofﬁcinalis can be potentially

used against several cancers upon investigation. For this
reason, the results of this study have a novelty to further
study in detail and suggest to examine L. ofﬁcinalis fruit
methanol extract contents as potential anti-cancer therapeutic candidates.
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