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Abstract—The objective of this study was to evaluate the biological activities of chrysin (CRY),
curcumin (CUR), and ellagic acid (EA) by comparing the anti�proliferative, anti�migration effects,
and apoptotic gene expressions between the three human cancer cell lines: lung (A549), liver
(HEP3B), and breast (MCF�7) compared to normal human fibroblast cell line (L929).
Antiproliferative effects of certain phenolic compounds were determined by the MTS assay. Cells
were treated with different concentrations of the compounds for two consecutive days. Their effect
on cell migration was evaluated using the wound�healing assay. Apoptosis was evaluated by Bax,
Bcl�2, Cas�3, Cas�8, Cas�9, Cas�10, CDK 2, CDK4, CDK6, CCNB1, and CCND2 gene
expressions. The MTS assay showed that the compounds had antiproliferative effects on A549,
HEP3B, and MCF�7 cell lines in a dose� and time�dependent manner. All three compounds also
suppressed the migration of the tumor cell lines, significantly increased the levels of apoptotic gene
expression, and induced apoptotic cell death. This study shows that chrysin, curcumin, and ellagic
acid could be considered promising chemotherapeutic agents in the treatment of lung, liver, and
breast cancers.
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INTRODUCTION

Cancer is a very complex disease, and the for�
mation and progression of cancer cells are
strongly associated with an abnormal intracellular

signaling system. One of the most important strat�
egies of novel cancer treatments is chemotherapy
[1]. However, common anticancer agents cur�
rently used to treat various types of cancer have
serious side effects. Thus, recent research has
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focused mainly on medicinal plants, as they are
non�toxic, and natural, and have been found
effective in the treatment and prevention of vari�
ous types of cancer. Therefore, screening natural
products is important to identify potential anti�
cancer compounds [2]. More than 60% of
recently used anticancer drugs are produced from
natural resources, including marine organisms,
plants, and microorganisms. There is consider�
able interest in the function of dietary antioxi�
dants that can scavenge free radicals and oxidants
responsible for the development and initiation of
various diseases. Confirmed data that antioxidants
have preventive effects against various conditions
such as coronary diseases, cancer, neurological
degeneration, inflammatory disorders, and aging
has led to the exploration of foods containing
antioxidants [3].

Natural flavonoids are a broad class of plant
pigments, and a structurally diverse class of poly�
phenolic compounds, that can be found in all
parts of plants, as are their secondary metabolites.
Flavonoids and their derivatives have several bio�
chemical and pharmacological activities such as
anti�inflammatory, antiallergic, neuroprotective,
cardioprotective, antimicrobial, antioxidant,
antibacterial, antiviral, antithrombotic, antimuta�
genic, and antineoplastic actions. The antioxidant
properties of flavonoids are due to their potential
activity as oxidative stress�preventing and reduc�
ing agents [4, 5].

Chrysin (5,7 dihydroxyflavone) (CRY), is a
natural flavonoid of the Oroxylum inducum plant
and can be found in various plant extracts as well
as in honey and propolis. Chrysin is a herbal med�
icine mostly used in China and other East Asian
countries and has been officially on the list in the
Chinese Pharmacopoeia for a long time. Chrysin
was shown to have potent antioxidant, anti�
inflammatory, and anticancer activities. How�
ever, its mechanism of action is not fully known.
These beneficial effects of chrysin are believed to
be due to free radical scavenging properties [6].

Like chrysin, curcumin (CUR) found in Cur�
cuma longa is one of the naturally occurring phy�
tochemicals that is widely used as a food additive.
Its natural polyphenol derivatives, giving turmeric
the yellow color, have antioxidant, immunomod�
ulatory, anti�inflammatory, antiviral, antimicro�

bial, antifungal, and apoptosis�inducing
properties. In addition, curcumin was shown to
have anticarcinogenic and antiproliferative effects
in experimental animals and cell culture studies
[7].

Ellagic acid (EA), which has a polyphenolic
structure, is a natural antioxidant found in 46
kinds of fruits and nuts such as pomegranate,
raspberry, blackberry, grape, walnut, tea, and
strawberry. The antioxidant and antiproliferative
properties of ellagic acid encourage the explora�
tion of its potential benefits. It is widely used
because of its ability to prevent and treat many
diseases, including cancer. However, its molecu�
lar mechanisms have not been fully clarified [8].

Although the antitumoral properties of all these
dietary compounds are known, it is still unclear
how they inhibit the complex tumorigenic path�
ways characterized by uncontrolled cell prolifera�
tion, angiogenesis, invasion, and metastasis. It is
suggested that these effects are achieved by inhib�
iting transcription and growth factors, blocking
the receptor, inactivating the kinase enzyme sys�
tem, and inhibiting the release of cytokines that
cause tumor formation [9].

In the present study, we examined the effects of
chrysin, curcumin, and ellagic acid administra�
tion on human lung cancer (A549), human liver
(HEP3B), and human breast cancer (MCF�7)
cell lines compared to a healthy human fibroblast
cell line (L929). To the best of our knowledge, our
study is the first to compare the anticancer activi�
ties of these three phenolic compounds together.

MATERIALS AND METHODS

Cell line and culture
Cancer cell lines A549 (lung), HEP3B (liver),

MCF�7 (breast), and normal fibroblast cell line
L929 were from the American Type Culture Col�
lection (ATCC). Dulbecco’s Modified Eagles
Medium (DMEM, Sigma) containing 1% peni�
cillin�streptomycin and 10% fetal bovine serum
was used as a cell medium. The cells were incu�
bated in a CO2 incubator at 37°C, 5% partial pres�
sure of CO2, and a humid environment in a
single�beam, dual detector humidified incubator
(Z10.EC 160, NUVE, Turkey) and passaged 2–
3 times per week using trypsin�EDTA (0.25%)
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and washed with phosphate�buffered saline
(PBS). The cells were pelleted by centrifugation at
1 500 rpm for 5 min and resuspended in DMEM
to the desired concentration.

Chemicals
Chrysin, curcumin, and ellagic acid were from

Sigma�Aldrich (Cas no: 458�37�7), MP Biomedi�
cals (Lot no: #5096K), Alfa Aesar (Cas no: 476–
66�4) respectively, and their stock solutions were
prepared in dimethyl sulfoxide (DMSO) to a con�
centration of 10 mM. Subsequently, stock solu�
tions were diluted for use at 1 μM, 10 μM, 20 μM,
40 μM, 80 μM, 160 μM, 200 μM, 300 μM, and
400 μM concentrations.

Cell viability
Cell viability was tested quantitatively and colo�

rimetrically using the MTS (3�(4,5�dimethylthi�
azol�2�yl)�5�(3�carboxymethoxyphenyl)�2�(4�
sulfophenyl)�2H�tetrazolium) method (The Cell�
Titer 96® AQueous One Solution Cell Prolifera�
tion Assay, Promega). The MTS assay protocol is
based on the reduction of the MTS tetrazolium
compound by viable mammalian cells (and cells
from other species) to generate a colored for�
mazan dye that is soluble in cell culture media.
A549, HEP3B, MCF�7, and L929 cells were
seeded into 96�well plates at 5 × 103 cells per well
in 100 μL of the medium. After 24 hours of incu�
bation, cells were treated with chrysin, cur�
cumin, and ellagic acid at different
concentrations (1 μM, 10 μM, 20 μM, 40 μM,
80 μM, 160 μM, 200 μM, 300 μM, and 400 μM)
and incubated for 24 and 48 hours. The MTS
solution was prepared according to the manufac�
turer’s instructions. For stock solution, 0.084 g of
MTS was taken into a sterile foil�wrapped falcon
tube and 43 ml of PBS was added. The pH of the
prepared solution was adjusted to 6.0–6.5. In a
separate sterile falcon tube, 0.02 g of phenazine
methosulfate (PMS) was dissolved in 2.1 ml of
sterile PBS and, after mixing with a vortex mixer
for 10 min, combined with the MTS solution.
The combined solution was then mixed by vor�
texing for 3–5 minutes, passed through a 0.2 μm
filter, aliquoted into 2 ml tubes, and stored
wrapped in aluminum foil at –20°C. In the plates,
with cell lines that have completed the 24 h or

48 h incubation period with the tested com�
pounds, the media were removed from the wells
with the help of an aspirator without touching the
bottom of the well, and MTS reagent dissolved in
DMEM (100 mL DMEM + 10 μL MTS reagent)
was added to each well and the plates were
returned to the incubator. The intensity of the
developed product was measured at 450 nm with a
microplate reader (Synergy H1 Hybrid Multi�
Mode Reader, BioTek, USA) after 1.5 or 2 h
incubation. The absorbance values obtained from
the negative controls (cells incubated without the
tested compounds) were calculated and taken as
100% cell viability. The MTS trials were repeated
four times for each concentration at 24 and
48 hours (n = 4). IC50 concentrations were calcu�
lated in the GraphPad Prism (GraphPad Soft�
ware, Version 8) program using the cell viability
results.

Wound healing (scratch) assay
A549, HEP3B, MCF�7, and L929 cell lines

were cultured in 12�well microplates at final con�
centrations of 1 × 105 cells/well. They were sub�
jected to a 24 h standard incubation (5% CO2,
37°C). A straight line was drawn by using a 200 μL
sterile plastic pipette, detached cells were
removed by DMEM and the remained attached
cells were treated with indicated concentrations of
chrysin, curcumin, and ellagic acid in 100 μL of
DMEM. The wound�healing rate was evaluated
with an inverted light microscope after 0, 24, and
48 hours of incubation, and the ImageJ program
was used to analyze the wound healing gap area
(n = 3) [10].

Apoptosis analysis with Annexin V
Apoptotic cell death rate after treatment with

chrysin, curcumin, and ellagic acid was analyzed
using the Muse Annexin V and Dead Cell
Reagent kit (Luminex Corporation, Texas, USA)
according to the manufacturer’s instructions.
L929, A549, HEP3B and MCF�7 cell lines were
cultured in 6�well microplates at final concentra�
tions of 1 × 106 cells/well and a total volume of
3 mL of medium. They were subjected to a 24 h
standard incubation (5% CO2, 37°C). Chrysin,
curcumin, and ellagic acid were applied at IC50
concentrations and incubated for a further 48 h.
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Only cell medium (without the tested com�
pounds) was applied to the control group, which
was used to determine the control cell population.
To prepare cell suspension for analysis, the upper
media were transferred to separate falcon tubes
and cells were harvested by adding 500 μL of
0,25% Trypsin in PBS buffer containing 1 mM
EDTA (pH 7.2), and the contents of each well
were transferred to the corresponding falcon tube
containing the medium. To inhibit the effect of
trypsin PBS containing 2% FBS (total volume
250 μL) was added to the cell pellet obtained after
centrifugation at 1500 rpm for 5 min. From each
tube 100 μL of cell suspension was taken and after
addition to it of 100 μL of Annexin V�Dead Cell
kit solution incubated in the dark for 20 minutes.
At the end of the incubation period, analysis of
each sample was performed in triplicate using the
Muse Cell Analyzer (Luminex Corporation,
Texas, USA).

Gene expression analysis by RT�PCR
Chrysin, curcumin, and ellagic acid were

applied at IC50 concentrations to A549, HEP3B,
and MCF�7 cells seeded in 6�well plates. At the
end of 48 h incubation time, total RNA isolation,
cDNA synthesis, and RT�PCR analysis were
performed to evaluate the expression of genes of
interest. The control groups used in the compari�
son of the results are the A549, HEP3B, and
MCF�7 cells, which were treated with cell
medium only. Total RNA isolation from cells
was performed using One Step RNA Reagent
(BS410A, Bio Basic, Toronto, Canada) accord�
ing to the manufacturer’s protocol. According to
the protocol, One Step RNA Reagent was added
at 1 mL per well and the cells were removed with
a scraper and centrifuged after adding 200 μL of
chloroform (Cas no: 67�66�3, ISOLAB, Ger�
many) and 500 μL of isopropyl alcohol (Cas no:
24137, Honeywell, Germany), respectively. The
cell pellet obtained was washed with 1 mL of eth�
anol (Cas no: 32221, Honeywell, Germany) and
then dissolved with 30 μL of RNase�DNase�free
water. The concentration and purity of the iso�
lated total RNAs were measured with a Nano�
drop spectrophotometer (Thermo Fisher Sci.,
Canada). As a result of the measurements, the
expected purity value at the rate of 260/280 was

around 2.0. cDNA synthesis was performed
according to the manufacturer's protocol (One�
Script Plus cDNA synthesis kit for mRNAs, Cat
no: G236, Applied Biological Materials, Rich�
mond, Canada), using equal amounts (2 μg) of
total RNA in each sample. The synthesized
cDNAs were stored at –80°C until real�time
polymerase chain reaction (RT�PCR) analysis.
mRNA expression analyzes were performed
using StepOnePlus RT�PCR (Applied Biosys�
tems, Massachusetts, USA) according to the
BlasTaq 2X qPCR MasterMix kit (Cat no:
G891, Applied Biological Materials, Richmond,
Canada) protocol. The RT�PCR conditions for
the genes were: pre�denaturation at 95°C for
3 min, followed by 40 cycles of denaturation at
95°C for 15 s and 60°C for 60 s GADPH was used
as a reference housekeeping gene in the analysis
of Bcl�2�associated X protein (Bax), B�cell lym�
phoma 2 (Bcl�2), caspases (Cas)�3, Cas�8, Cas�9,
Cas�10, cyclin�dependent kinases (CDK) 2
(CDK2), CDK4, CDK6, cyclin (CCN)B1 and
CCND2 mRNA expressions (Table 1). In the
analysis of PCR data, quantitation was per�
formed using the ∆CT method. Volcano Plot
analyses in the ‘RTІ Profiler™ PCR Array Data
Analysis’ program on the Internet�based Gene
Globe platform were used (https://gene�
globe.qiagen.com/us/analyze).

Statistical analysis
Two�way ANOVA with post�hoc Tukey test

was performed using the GraphPad Prism pro�
gram (Version 8) for cell viability data analyses.
ImageJ program was used to analyze wound
healing. The wound area was expressed as a per�
centage of the whole area. Descriptive data were
analyzed using the SPSS 22.0 package program
(SPSS Inc., Chicago, IL, United States). Statis�
tical differences in wound healing were calcu�
lated using Two�way variance analysis. In cases
where gene expression was compared, the
expression values of the relevant genes were
determined relatively between the control and
different concentrations. In the comparison of
the groups, statistical significance was evaluated
with the Student’s t�test analysis. In all analyzes,
the significance value was determined as p <
0.05.
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RESULTS

Cell viability
Cell viability results for chrysin, curcumin, and

ellagic acid treatment in the cell lines are given in
Fig. 1. Cell viability was decreased in a dose�
dependent manner in both cancer and normal cell
lines.

The optimal IC50 concentrations to be applied
to A549, HEP3B, and MCF�7 cells at all subse�
quent stages were determined for 48 h (Table 2).

Accordingly, it was found that all three therapeu�
tic compounds showed cytotoxic effects at lower
concentrations in cancer cell lines compared to
normal non�transformed cells. When the three
phenolic compounds were compared, ellagic acid
was found most effective for the A549 and MCF�7
cell lines, while chrysin was for the HEP3B cells.

Wound healing (scratch)
A wound�healing assay was used to determine

the cell migration effect of chrysin, curcumin, and

Table 1. RT�PCR Primer sequences

Primer sequences

GAPDH F: GTCTCCTCTGACTTCAACAGCG

R: ACCACCCTGTTGCTGTAGCCAA

Bax F: TCAGGATGCGTCCACCAAGAAG

R: TGTGTCCACGGCGGCAATCATC

Bcl�2 F: ATCGCCCTGTGGATGACTGAGT

R: GCCAGGAGAAATCAAACAGAGGC

Cas�3 F: GCAGCAAACCTCAGGGAAAC

R: TGTCGGCATACTGTTTCAGCA

Cas�8 F: TCTGGAGCATCTGCTGTCTG

R: CCTGCCTGGTGTCTGAAGTT

Cas�9 F: CCAGAGATTCGCAAACCAGAGG

R: GAGCACCGACATCACCAAATCC

Cas�10 F: TAGGATTGGTCCCCAACAAGA

R: GAGAAACCCTTTGTCGGGTGG

CDK2 F: ATGGATGCCTCTGCTCTCACTG

R: CCCGATGAGAATGGCAGAAAGC

CDK4 F: CCATCAGCACAGTTCGTGAGGT

R: TCAGTTCGGGATGTGGCACAGA

CDK6 F: GGATAAAGTTCCAGAGCCTGGAG

R: GCGATGCACTACTCGGTGTGAA

CCNB1 F: GACCTGTGTCAGGCTTTCTCTG

R: GGTATTTTGGTCTGACTGCTTGC

CCND2 F: GAGAAGCTGTCTCTGATCCGCA

R: CTTCCAGTTGCGATCATCGACG

F: Forward and R: Reverse.
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ellagic acid in normal and cancer cell lines.
According to the results of the wound�healing
assay in normal fibroblast cells, the clefts
remained open for 24 and 48 hours and healed at
the lowest level with the migration ability of the

cells being restricted. The phenolic compound
treatment improved cellular migration, which sig�
nificantly accelerated wound closure in
L929 cells.

Comparative analysis has shown that all three

Fig. 1. Concentration�dependent cell viability after treatment of cells with chrysin (CRY), curcumin (CUR) and ellagic acid
(EA) (n = 4).
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phenolic compounds markedly inhibited the
migration ability of A549 cell lines after 48 h incu�
bation with wound healing being inhibited by
chrysin by 422 ± 26 %, curcumin by 360 ± 8%,
and ellagic acid by 477 ± 38 %. In the HEP3B cell
line there was also an inhibitory effect of chrysin
(145 ± 4 %), and curcumin (128 ± 9 %) after 48 h.
In the MCF�7 cell line an inhibiting effect of
chrysin (97 ± 2 %), curcumin (85 ± 3 %), and
ellagic acid (98 ± 6%) after 24 h, and of chrysin
(253 ± 8 %), curcumin (223 ± 7 %), and ellagic
acid (153 ± 6 %) after 48 h was also observed. The
wound�healing assay results for chrysin (CRY),
curcumin (CUR), and ellagic acid (EA) effects on
L929, A549, HEP3B, and MCF�7 cell lines are
given in Fig. 2.

Effects of chrysin, curcumin, and ellagic acid on the 
number of live, apoptotic and dead cells

Apoptotic cell death after treatment of the cells
with chrysin, curcumin, and ellagic acid are
shown in Fig. 3. In cell lines where chrysin, cur�
cumin, and ellagic acid were applied at IC50 con�
centrations, compared to the control it was found
that the rate of live cells is significantly decreased
and the rate of apoptotic cells significantly
increased.

Effects of chrysin, curcumin, and ellagic acid on 
expression of genes involved in the apoptosis 

pathway and cell cycle
In the A549 cell line, mRNA expression of Bcl�2,

Cas�3, Cas�8, Cas�10, CDK2, CDK4, and CDK6
was significantly increased after chrysin treatment
compared to the control group whereas the
expression level of Cas�9 and CCND2 genes was
decreased. Treatment with curcumin significantly
increased mRNA levels of Bax, Cas�3, Cas�9,

Cas�10, CDK2, CDK4, and CDK6 whereas levels
of Cas�8 and CCND2 expression were decreased.
Ellagic acid treatment led to upregulation of Bax,
Cas�3, Cas�8, Cas�9, Cas�10, CDK2, CDK4,
CDK6, and CCND2 compared to the untreated
control group whereas levels of Bcl2, CCNB1, and
CCND2 were not changed (Table 3).

In HEP3B cells after chrysin treatment the lev�
els of Bax, Bcl�2, Cas�3, Cas�10, CDK2, and
CDK6 were significantly increased, whereas the
levels of CDK4 and CCND2 were decreased
compared to the control group. After treatment
with curcumin, the levels of Bcl�2, Cas�3, Cas�9,
Cas�10, CDK2, CDK4, and CDK6 were signifi�
cantly increased, while the levels of CCND2 were
decreased compared to the control group. Finally,
in ellagic acid treatment led to increased levels of
Bax, Cas�8, Cas�9, Cas�10, CDK2, CDK4, and
CDK6 while the level of CCND2 was decreased
compared to the control group (Table 4).

In MCF�7 cells after chrysin treatment levels of
expression of mRNA of Bax, Cas�3, Cas�8, Cas�9,
Cas�10, CDK2, CDK4, and CCND2 were signifi�
cantly increased compared to the control group.
After curcumin treatment mRNA expressions of
Bcl�2, Cas�3, Cas�8, and CDK2 were increased
whereas the expression level of Cas�10 was
decreased compared to the controls. Ellagic acid
treatment led to increased expressions of Bax,
Bcl�2, Cas�3, Cas�8, Cas�9, Cas�10, CDK2,
CDK6, CCNB1, and CCND2 compared to the
control group on MCF�7 cells whereas CDK4 has
not changed (Table 5).

DISCUSSION

Many genetic mutations in cancer cells trans�
form healthy cells into malignant ones, leading to

Table 2. IC50 concentrations for chrysin (CRY), curcumin (CUR), and ellagic acid (EA) in the cell lines

IC50 Concentrations (μM)

CRY CUR EA

L929 102.07 ± 0.01 90.03 ± 0.01 97.62 ± 0.02

A549 38.88 ± 0.02 25.05 ± 0.03 27.28 ± 0.05

HEP3B 24.76 ± 0.01 27.61 ± 0.04 27.31 ± 0.02

MCF�7 35.01 ± 0.02 25.14 ± 0.04 21.42 ± 0.03
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excessive proliferation or decreased resistance to
apoptosis. Uncontrolled proliferation and escape
from apoptotic cell death are among the common
features of all cancer types. For this reason, alter�

native approaches are sought in studies with
potential antitumor agents, especially by targeting
inhibition of proliferation and induction of apop�
tosis. For example, reactive oxygen species (ROS)

Fig. 2. Analysis of cell migration. Wound�healing assays were performed at 0, 24, and 48 h in L929, A549, HEP3B, and MCF�7
cells after treatment with IC50 concentrations of the compounds (chrysin—CRY, curcumin—CUR, and ellagic acid—EA)
compared to untreated cells used as controls. Representative phase�contrast microscope images showing the area covered by
the cells at 0, 24, and 48 h after wounding. Original magnification 10X. Graphic presentation of the data. *—Significant differ�
ences from control after 24 h, p < 0.05; #—significant differences from control after 48 h, p < 0.05, (n = 3).



APOPTOTIC, CYTOTOXIC AND ANTIMIGRATORY ACTIVITIES

JOURNAL OF EVOLUTIONARY BIOCHEMISTRY AND PHYSIOLOGY   Vol.  58  No. 6  2022

1827

or antioxidant inhibitors can selectively kill tumor
cells or are likely to reduce tumor development

and growth in several cancer cell lines. Therefore,
ROS manipulation strategies that involve

Fig. 3. The results of Annexin V�test after treatment of L929, A549, HEP3B, and MCF�7 cell lines with chrysin (CRY), cur�
cumin (CUR), and ellagic acid (EA). *—Significantly reduced number of live cells compared to the control group taken as
100%. #—significantly increased number of apoptotic and dead cells compared to the control group, p < 0.05 (n = 3).

Table 3. mRNA expression results after chrysin (CRY), curcumin (CUR), and ellagic acid (EA) treatment in the
A549 cell line

Fold of change (compared to the untreated group)

CRY CUR EA

Bax 1.06 2.85* 25.57*

Bcl�2 7.32* 1.15 48.95

Cas�3 63.14* 58.86* 50.04*

Cas�8 25.08* 4.30* 25.08*

Cas�9 1.65* 2.56* 35.03*

Cas�10 2.59* 8.77* 27.80*

CDK2 123.37* 32.00* 32.00*

CDK4 1.50* 20.16* 61.09*

CDK6 76.19* 45.13* 98.00*

CCNB1 1.40 1.21 5.37

CCND2 7.88* 7.88* 5.12*

*—p < 0.05, n = 3.



YÜCE  et al.

JOURNAL OF EVOLUTIONARY BIOCHEMISTRY AND PHYSIOLOGY   Vol.  58  No. 6  2022

1828

approaches to eliminate or generate ROS in can�
cer cells may be potentially effective treatments.
ROS�mediated cancer cell proliferation was iden�
tified in the liver, lung, breast, and many other
types of cancer [11, 12].

Curcumin (CUR) affects the activities of cyto�

kines, enzymes, and transcription factors associ�
ated with inflammation and has also tumor
growth inhibitory effects by promoting degrada�
tion of hypoxia�inducible factors (HIF) which
have a central role in the adaptation and response
to low oxygen levels in metazoan cells. Moreover,

Table 4. mRNA expression results after chrysin (CRY), curcumin (CUR), and ellagic acid (EA) treatment in the
HEP3B cell line

Fold of change (compared to the untreated group)

CRY CUR EA

Bax 4.42* 2.97 29.79*

Bcl�2 8.37* 12.54* 3.41

Cas�3 5.07* 4.39* 62.24

Cas�8 14.00 2.08 274.47*

Cas�9 2.41 1.44* 24.76*

Cas�10 2.29* 52.08* 11.07*

CDK2 10.91* 215.73* 371.79*

CDK4 1.64* 45.69* 138.44*

CDK6 172.66* 102.27* 13.88*

CCNB1 3.18 1.06 6.57

CCND2 290.78* 318.34* 4.58*

*—p < 0.05, n = 3.

Table 5. mRNA expression results after chrysin (CRY), curcumin (CUR) and ellagic acid (EA) treatment in the
MCF�7 cell line

Fold of change (compared to the untreated group)

CRY CUR EA

Bax 50.21* 3.19 78.26*

Bcl�2 4.94 2.51* 21.15*

Cas�3 2.26* 4.09* 6.04*

Cas�8 3.27* 5.55* 86.01*

Cas�9 4.55* 1.59 7.95*

Cas�10 3.65* 5.38* 6.12*

CDK2 35.50* 4.75* 90.23*

CDK4 4.64* 2.28 1.16

CDK6 1.25 1.11 23.36*

CCNB1 2.55 1.35 5.13*

CCND2 5.20* 7.31 111.11*

*—p < 0.05, n = 3.
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curcumin is also an iron chelator, showing the
potential to inhibit HIF�α prolyl hydroxylase
(PHD) activity [13]. Curcumin can inhibit the
initiation of carcinogenesis by increasing glutathi�
one S�transferase, induce cell cycle arrest at the S
and G2/M phases, induce apoptosis, and inhibit
metastasis by reducing the expression of CD31,
vascular endothelial growth factor (VEGF), inter�
leukin 8(IL�8), and miR�21 [14]. In a previous
study on the HEP3B cell line, curcumin exhibited
antiproliferative, anticancer, and anti�inflamma�
tory activities [15]. Curcumin was shown to
induce apoptosis through multiple signaling path�
ways; in particular, through inhibition of the Wnt
pathway. Thus, developing a curcumin therapy
was suggested as a new strategy for inhibiting cell
proliferation and survival in hepatocellular carci�
noma [15]. In the present study apoptotic gene
expression as well as cell viability and migration
were evaluated in liver cancer (HEP3B), lung
(A549), and breast (MCF�7) cell lines. We found
that curcumin exhibits cytotoxic effects on the
A549, MCF�7, and HEP3B cell lines at lower
doses compared to healthy fibroblasts. The cyto�
toxic effect of curcumin was found to be less
effective in liver cancer cells HEP3B than in other
cell lines (lung, breast cancer, and normal fibro�
blasts) when compared with each other. More�
over, curcumin inhibited the migration of all
cancer cells analyzed. Similar to the cytotoxic
effect, cell migration was less inhibited in HEP3B
cells than in the other two cancer types.

In the apoptotic signaling pathway, the initiator
caspases Cas�8, Cas�9, and Cas�10 are activated
as a result of apoptotic signals from endogenous
and extrinsic sources. Activation of Cas�9 in the
intrinsic pathway causes increased expression of
effector caspase Cas�3 and activation of Cas�8
causes increased expression of Cas�7 [16] which
both further activate cell death machinery [17].
Activation of the proapoptotic gene Bax supports
the increase of Cas�3/7�9 expressions together
with the deterioration of mitochondrial mem�
brane potential and causes caspase�dependent
apoptotic cell death [18]. However, the specific
binding of the anti�apoptotic Bcl�2 to Bax may
cause the Bax/Bcl�2 balance to be disrupted and
the cells to escape from apoptotic cell death [19].
As shown by Horn and colleagues Cas�10 is a neg�

ative regulator of Cas�8�mediated cell death and
instead promotes CD95�induced gene induction
[20]. Thus far, Cas�10 was reported to be a pro�
apoptotic initiator caspase, similar to Cas�8 [21,
22]. Horn and colleagues argued the pro�apop�
totic function of Cas�10, regardless of the cell line
or the experimental setting used (siRNA�/
shRNA�mediated knockout or gene knockout).
Significantly, their reconstituted DISC
approach clearly demonstrated the negative
impact of Cas�10 on Cas�8 in a cell�free system
[20]. A more complex role of Cas�10 has been
proposed in a recent study demonstrating a pro�
survival function of endogenous Cas�10 since it
was shown to inhibit autophagic cell death in
multiple myeloma cell lines [23]. In our study,
Cas�10 and Cas�8 gene expression levels
increased in all cancer cell lines treated with chry�
sin, while in hepatoma Cas�8 gene expression at
mRNA levels did not change. Whereas Cas�10
gene expression was increased in all cancer cell
lines treated with ellagic acid, Cas�8 gene expres�
sion was increased only in hepatoma and breast
cancer cells but decreased in the lung cancer cells.
When curcumin was applied, it was found that
Cas�10 mRNA levels increased in hepatoma and
lung cancer cells but decreased in breast cancer
cells, whereas Cas�8, on the contrary, decreased
in hepatoma and lung cancer cells and increased
in breast cancer cells. As the carboxy�terminal
half of Cas�10 that is involved in substrate recog�
nition and binding to death�receptor�bound
FADD (the adaptor protein of Fas�associated
death domain) differs greatly from that of Cas�8,
different roles for both caspases in death receptor�
induced apoptosis are conceivable [24]. In the cell
lines studied in this work, the ratio between the
expression of Cas�10 and Cas�8 genes was differ�
ent and to a different extent affected by the tested
compounds. In our work, no changes were found
in expression levels of cyclinB1 (CCNB1) which is
a member of a highly conserved family of cyclins
that are detected in nearly all human tissues and
many cancer types.

A previous study examining chrysin (CRY) as a
potential anticancer agent assessed its possible
mechanisms of action in the human lung adeno�
carcinoma epithelial cell line and it was shown
that it inhibits the growth of lung cancer cells by
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inducing apoptosis and inhibiting the activation of
Cas�3 and Cas�9 through regulation of the Bcl�2
family [25]. In a study examining bladder cancer,
chrysin was found to selectively inhibit the growth
of bladder cancer cells T�24 and 5637 in a dose�
dependent manner, but not to reduce the viability
of normal immortalized urothelial SV�HUC�1
cells [26]. Similarly, non�transformed cells of dif�
ferent origins such as fibroblasts and epithelial
cells were reported to be much more resistant to
the cytotoxic effect of chrysin compared to malig�
nant cells [26–28]. These findings indicate a
selective antitumor effect of chrysin on targeting
malignant cells and protecting non�cancerous
cells. The antitumor effects of chrysin and the
underlying potential mechanisms may be listed as
the inhibition of cell viability and induction of the
intrinsic pathway of apoptosis, activation of ER
stress, and modulation of signal transducer and
activator of transcription 3 (STAT3) expression,
with the antitumor effects of chrysin being depen�
dent on ROS formation [26]. A study of lung can�
cer cell line L132 demonstrated a loss of cell
viability after treatment with chrysin in a time�
and dose�dependent manner. Chrysin was also
reported to induce apoptosis in several cancer cell
lines such as cervical cancer HeLa cells, U937,
HL�60, and L1210 leukemia cells, OE33 esopha�
geal adenocarcinoma cells, and KYSE�510
esophageal squamous carcinoma cells [5]. Chry�
sin was found to have potential cytotoxicity and
apoptotic properties in the breast cancer MCF�7
cell line [25]. In their study, Parajuli and col�
leagues found that chrysin at a concentration of
100 μM significantly inhibited the growth of
aggressive breast cancer MDA�MB�231 cells after
four days of treatment [29]. Our study has also
demonstrated that chrysin exhibits cytotoxic
effects on the lung (A549), liver (HEP3B), and
breast (MCF�7) cancer cell lines at lower doses
compared to healthy cells with the most pro�
nounced effect being in the hepatoma cells. Chry�
sin also inhibited the migration of all cancer cells.
No cell�type�specific differences were found
between the apoptotic gene expression levels of
chrysin administration in different types of cancer
cells. Similar to curcumin administration, no
change was found in CCNB1 gene expression levels
in all three cell types after chrysin administration.

Antitumor activity of ellagic acid (EA) was first
suggested after aromatase, a key enzyme that con�
verts androgens to estrogens in breast cancer
development was found to be inhibited by poly�
phenols derived from fresh pomegranate juice
[30]. Liu and colleagues examined the inhibitory
effect of ellagic acid on the viability of lung A549
cell lines and found that 48�hour treatment with
ellagic acid significantly inhibited cell viability
and induced apoptosis in a dose�dependent man�
ner [31]. The analysis of the effect of ellagic acid
on breast cancer cells demonstrated that it can
significantly reduce the growth of human breast
cancer cells in the submicromolar concentration
range. In addition, colony formation and apopto�
sis showed that ellagic acid was a potent com�
pound that could reduce the colonization of
selected breast cancer cells and induce apoptosis
[32]. Data on apoptosis are also in close agree�
ment with some previous studies suggesting that
ellagic acid induces apoptosis in lung A549 cells
via the phosphoinositide 3�kinase/protein kinase
B pathway [33]. Ellagic acid was shown to cause
apoptosis and cell cycle arrest, and has a strong
anti�proliferative potential against cancer and is
thus considered a promising therapeutic antican�
cer compound. Dahiya and colleagues investi�
gated the cytotoxicity and antiproliferative
potential of ellagic acid on HepG2, A549, and
HEK293 cells and reported that it significantly
inhibited the growth of cancer cells in a dose�
dependent manner. This effect was also CDK6�
dependent [34]. Therefore, it is believed that
ellagic acid may be a therapeutic agent for CDK6�
targeted therapies in cancer cells with high CDK6
expression [35]. A study examining the efficacy of
ellagic acid in reducing hepatocarcinogenesis in
rats found that it also had a chemo�preventive
function [36]. Another study found ellagic acid to
inhibit the proliferation of breast MCF�7 cells,
mainly by stopping the cell cycle at the G0/G1
phase [37]. In our study ellagic acid was found to
exhibit cytotoxic effects on the A549 and MCF�7
cell lines at lower doses than in healthy fibroblast
cells. In this regard, ellagic acid exhibited a similar
cytotoxic profile to curcumin. Ellagic acid inhib�
ited the migration of A549 and MCF�7 cells but
had no anti�migration effects on HEP3B cells.

In our study, it was found that ellagic acid
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increased the levels of Bax and Bcl�2 expressions
in the HEP3B cancer cell line. However, consid�
ering the Bax/Bcl�2 (29.79/3.41) ratio, it can be
concluded that a positive shift toward Bax leads to
apoptotic cell death. Similarly, curcumin treat�
ment showed the same effect on the A549 cell
line. Also, all of the phenolic compounds pro�
moted apoptotic cell death with a significant
increase in Bax expression in the MCF�7 cell line.
Because there were increases in caspase expres�
sion levels (Cas�3, Cas�8, Cas�9, and Cas�10)
after treatment with chrysin, curcumin, and
ellagic acid in the studied cancer cell lines com�
pared with controls it can be concluded that
apoptotic cell death occurs by a caspase�depen�
dent mechanism. The decreased expression level
of Bcl�2 and increased expression level of Bax can
induce apoptotic cell death and eliminate cancer
cells. It has been stated that if the ratio of Bax/
Bcl�2 shows a positive increasing value, it causes
cell death as a result of disruption of the mito�
chondrial membrane potential. This can be
explained by the activation of Cas�9, one of the
pro�apoptotic caspase genes, as a result of
decreased Bcl�2 inhibitory effect on Bax [38].

Numerous studies have reported that some
anti�cancer agents stimulate the cell cycle arrest
checkpoint, thereby inducing apoptotic cell
death. The central machinery driving cell cycle
progression is regulated by cell cycle�specific cyc�
lins and CDKs modulated by interactions with
CDK inhibitors. Compounds that activate CDK2
induce apoptosis by arresting the cell cycle. Inhi�
bition of CCND2, a cyclin that functions in the
cell cycle, specifically the G1/S transition, can
suppress proliferation and metastasis in cancer
cells. Inhibition of CCNB1 can cause the cell
cycle to arrest in the G2/M phase. The increased
expression of other cell cycle components may be
due to increased translation efficiency or protein
stability [39].

Chrysin and curcumin can arrest the cell cycle
at the G1/S phase by inhibiting CCDN2 expres�
sion as it was found in the A549 cell line. Simi�
larly; chrysin, curcumin, and ellagic acid can stop
the cell cycle at the G1/S phase in the HEP3B cell
line. Finally, in the MCF�7 cell line, chrysin and
curcumin can inhibit CCNB1 expression, and
arrest the cell cycle at the G2/M phase.

CONCLUSIONS

Analysis of the antiproliferative and anti�migra�
tion effects of chrysin, curcumin, and ellagic acid
on the human cancer cell lines A549, HEP3B,
and MCF�7 demonstrated that polyphenolic
compounds have cell type�dependent effects on
cellular metabolism. Our data suggest that
although these compounds do not have a single
target of action in particular cancer cells, they
affect the migration and proliferation of cancer
cells. Our study found that the cytotoxic and anti�
tumoral effects of chrysin, curcumin, and ellagic
acid in cancer cell lines involve inhibition of cell
cycle G1/S or G2/M checkpoints and induction
of apoptotic cell death via a caspase�dependent
pathway. Therefore, we confirm that this group of
compounds may serve as important therapeutic
measures for cancer treatment.
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