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Abstract

Resistance to chemotherapy is the main problem in the treatment of cancer. In many cases, this resistance is due to the over-expression
of the P-glycoprotein (pg-p) that pumped out therapeutic drugs. Luteolin, a natural flavonoid, is abundant in our daily diet and has many
pharmacological properties. A large body of evidence shows that luteolin is a potent anti-cancer agent. In the present study, cell growth was
assessed by MTT assay. Reactive oxygen species generation was measured with DCFH-DA staining; mitochondrial membrane potential was
tested with rhodamine-123 using fluorometer, cell apoptosis was detected with flow cytometry and acridine orange staining, DNA damage was
visualized by comet test and salting out method. Finally, drugs transporter activity of was measured by flow cytometry. Results indicated that
luteolin could significantly inhibit growth of human sarcoma cells. In addition, analysis of various parameters indicated that luteolin induced
apoptosis by generation of reactive oxygen species, DNA damage and decrease in mitochondrial membrane potential. We also observed that
luteolin inhibited cell cycle progression at sub G1 phase and prevented cells to entry into S phase. Moreover, we suggested that luteolin is able to
affect function of drug transporters by blockage of P-glycoprotein pump whose daunorubicin accumulation. Finally, our findings reveal luteolin
as a pluripotent anti-tumor agent in multidrug resistant cancer cells MES-SA/Dx5 that can be considered for new treatment approaches
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Introduction

chemotherapy. Fumitremorgin C (FTC), a natural fungal product,
is thus a selective inhibitor of breast cancer resistance protein and
can also trigger the transition from cell cycle arrest at G2/M [6].
Other studies have shown the presence of macro cyclic diterpenes
which are a new compound of potent pgp reversal agents [6]. On
the other hand, [7] repoted that a low dose of cyclosporine A could
inhibit the function of pg-p in vitro without altering its expression
in multidrug-resistant leukemia cells (K562).

Multidrug resistance (MDR) is the main issue encountered
in cancer handling by chemotherapy. Recently, it appears that
pgp is potentially an MDR mediator [1]. The major cause of this
resistance cancer cells is the overexpression of P-glycoprotein
(pg-p) that pumps out therapeutic drugs such as anthracyclines
(daunorubicin and doxorubicin). This results in a decrease in the
intracellular accumulation of drugs and thus reduces the efficacy
of treatment [2,3]. P-glycoprotein is a glycosylated membrane
protein belonging to ABC transporters family [4] that is encoded Other various natural molecules, such as luteoline, have
by the ABCB1 gene [5]. received a lot of attention in cancer prevention because of their

anticancer properties. Luteolin, a flavonoid found in many

The discovery of pg-p inhibitors able to reverse the MDR in vegetables and fruits, has been used in traditional Chinese

cancer cells is thus an interesting avenue to improve
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medicine to heal many illnesses. This natural product displays
various properties including anti-inflammatory, antioxidant and
anti-tumor activities, and it has also been suggested as a powerful
cancer prevention agent [8]. Many researchers have reported that
luteolin triggers apoptosis in a various cellular model by targeting
the apoptosis signaling pathways [9-11]. Moreover, luteolin
induced cell cycle arrest by increasing the population of cells in the
S phase and decreasing the cell viability of the NCI-ADR/RES and
MCEF-7 /Mito cell lines [12]. Mitochondria play an essential role in
apoptosis, thereby, the pro-apoptotic proteins has an important
function in reducing the potential of mitochondrial membrane
(A¥m) and thus the release of cytochrome C from mitochondria
and therefore leads to accelerate apoptosis [13].

Several studies indicate that the increase of oxidative stress
may sensitize cancer cells to treatments [14] because they have
an unbalanced redox status compared to normal cells [15]. At
high concentrations, luteolin is also a reactive oxygen species
(ROS)-generating agent in prolonged incubation. In addition,
other studies have shown that luteolin treatment causes DNA
fragmentation [16], chromatin condensation and cell shrinkage
[17]. In this present review, we further investigated the anti-
cancer impact of luteolin, and we report its capacity to reverse
daunorubicin resistance in a human uterus sarcoma drug-
resistant cell line that overexpresses pgp.

Material and methods
Chemicals and Reagents

Luteolin was bought from Sigma Aldrich (Genay, France) and
was of the highest purity available. This compound was dissolved
in dimethyl sulfoxide (DMSO) and then diluted with buffer (1:199,
v/v). Trypsin, penicillin, streptomycin, RPMI-1640 medium, and
fetal bovine serum (FBS) were bought from Gibco/BRL (Scotland,
UK). 3-(4, 5- dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT), annexin V apoptosis detection kit, propidium
iodide (PI), daunorubicin and cyclosporin were bought from
Sigma-Aldrich (Genay, France). Ribonuclease A (RNase),
proteinase K, DMSO were procured from Sigma-Aldrich (Genay,
France), 2',7'- dichlorofluorescin diacetate (DCFH-DA) was
obtained from Fluka Steinheim Germany), agarose from (Lonza,
Rockland, ME, USA), Tris-HCl (Biobasic, Canada) and sodium
sarcosinate from (Biomedical, Germany).

Cell culture

The multiple drug-resistant cell line MES-SA/Dx5 (CRL-1977;
ATCC, Manassas, VA) was established from the human sarcoma
cell line MES-SA (CRL-1976; ATCC) in the presence of increased
doxorubicin concentrations [18]. Cell lines were cultured in RPMI-
1640, containing 10% (v/v) fetal bovine serum, 20 mM glutamine
and 100 units/ml penicillin and 100 pg/ml streptomycin at 37°C
and 5% CO2 incubator and the culture medium was renewed
every 2-3 days.

Cell viability MTT assay

To establish the effect of luteolin on MES-SA/Dx5 cells, the
cytotoxicity toward resistant tumor cells was before all else
determined by MTT assay. Cells were plated at an approximate
density of 3x 103cells/well in a 96-well plate. After 24 hincubation,
cells were intoxicated with different concentrations of luteolin for
48 h. Cell viability was evaluated by 3-(4,5-cimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT) assays as previously
described [19].

Measurement of intracellular reactive oxygen species
(ROS)

Intracellular generation of ROS was measured using DCFH-
DA reagent. Cells were seeded into 96-well plates at density of
5x10* cell/well. After 24 h, cells were loaded with 5 uM DCFH-DA
(25 pM) and incubated with different concentrations of luteolin.
The ROS generated were determined after 2 h of incubation by
measuring the fluorescent DCF in a plate-reader at an excitation
wavelength of 485 nm and emission wavelength of 525 nm.

Measurement of mitochondrial membrane potential

The uptake of the cationic fluorescent dye rhodamine-123,
a positively charged molecule which accumulates within
mitochondria in inverse proportion to Ajym according to the
Nernst equation, was applied for the evaluation of mitochondrial
membrane potential [20]. Briefly, cells were seeded in 96-well
culture plates and intoxicated with luteolin for 48 h. Cells were
then carefully rinsed with phosphate-buffered saline pH7.4 (PBS),
and 100 pl of rhodamine-123 (5uM) in PBS was added in the
plates. Cells were incubated for 1 h. After that, the supernatant
PBS (containing unuptaked rhodamine-123) was removed
and replaced by fresh PBS. After 30 min, ethanol (100%) was
added and the uptake of rhodamine-123 was measured using a
fluorescence microplate reader (BioTek, Winooski, USA) with
538-nm emission and 485-nm excitation filters.

Analyse of Cell cycle using flow cytometry

5 x 105 cells were seeded into 6-well culture plates
and incubated for 24 h. Cells were intoxicated with various
concentrations of luteolin for 48 h, trypsinized and washed twice
in PBS. After that, cells were added by ice-cold absolute ethanol
for 30 min, treated with ribonuclease A (10 mg/ml) for 30 min at
4°C and stained with 50 pl propidium iodide (1 mg/ml) for 10 min.
Cell cycle analysis was conducted using FACS system (Beckman
Coulter, Switzerland). Percentages of cells in each phase of the cell
cycle were calculated.

Analysis of apoptosis

To detect and quantify apoptotic cells, annexin-V-FITC was
combined with propidium iodide to allow the distinction between
early and late apoptotic, necrotic and live cells. 5 x 10° cells were
seeded into 6-well culture plates and incubated for 24 h before
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treatment with different concentrations of luteolin for 48 h. Cells
were then trypsinized, washed with PBS and suspended with 500
ul of binding buffer containing 5 pl of annexin V-FITC and 5 pl of
propidium iodide (PI). Cells were incubated for 15 min in the dark
and subjected to flow cytometry using FACS system (Beckman
Coulter, Switzerland).

Comet Assay

DNA damages in MES-SA/Dx5 were detected by using the
comet assay as explained by [21]. Before each experiment, frosted
microscope slides were precoated with normal agarose 1% and
left at room temperature to enable the agarose to dry. 5x10°
cells were seeded into 6-well culture plates and incubated for
24 h before treatment with different concentrations of luteolin.
After 48h incubation, cells were trypsined and washed twice
in PBS. The cell dilution (5 x 10° cells in 60 pl) was mixed with
60 pl of low-melting-point agarose and the mixture was spread
onto a precoated slide and covered with a coverslip. After 10
min on ice, the coverslip was gently removed, and the slides
were immersed in a lysis solution (2.5 M NaCl, 100 mM EDTA),
10 mM Tris-HCl, 1% sodium sarcosinate pH 10, 1% of Triton
X-100, and 10% DMSO. After 1 h at 4 °C in the dark, slides were
transferred into the electrophoresis buffer (NaOH 10 N and EDTA
200 mM in deionized water) for 20 min at room temperature in
the dark. Electrophoresis was carried out for 15 min at 25 V and
300 mA. Finally, the slides were gently rinsed three times for 5
min with a neutralizing solution (0.4 M Tris-HCI, pH 7.5). Staining
of DNA was accomplished by ethidium bromide solution (20ug/
ml) in PBS. The slides were visualized using an epifluorescence
microscope (Zeiss Axioskop 20, Carl Zeiss, Microscope Division,
Oberkochen, Germany).

Comet assay quantification

Depending on the relative intensity of fluorescence in the
tail, a total of 100 comets were visually noted on each slide and
classified as belonging to one of five classes as illustrated in
Figure 8b. As previously described by [22], the value of each
category of comet ranges from 0 (undamaged) to 4 (maximally
damaged) as shown in Figure 8b. The total DNA damage score is
calculated by the following equation: Total DNA Damage (TDD) =
(percentage of cells in class 0 x 0) + (percentage of cells in class 1
x 1) + (percentage of cells in class 2 x 2) + (percentage of cells in
class 3 x 3) + (percentage of cells in class 4 x 4).

Acridine orange and ethidium bromide staining assay

Cells (5x10°) were seeded into 6-well culture plates and
incubated at 37°C for 24 h. After 48h of treatment with different
concentrations of luteolin, cells were trypsinized and washed
twice in PBS. Cells were resuspended in 1 ml PBS containing
10 pg acridine orange (AO) and 10 pg ethidium bromide, and
incubated at room temperature for 10 min. Finally, the cells were
washed twice with PBS and placed on glass slide, and 100 cells

were counted using a fluorescent microscope (Zeiss, Oberkochen,
Germany) and the apoptotic chromatin condensation was scored.
Cells stained orange are apoptotic cells (nuclei fragmented),
those stained red are necrotic cells (uncondensed and dispersed
chromatin), and those stained green are healthy cells (condensed
chromatin).

Analysis of DNA fragmentation

Afast, safe and inexpensive method was developed to simplify
the deproteinization process. This DNA extraction method
involves salting out of cellular proteins by dehydration and
precipitation with saturated NaCl solution. DNA was extracted as
described by [23]. Cells were seeded into 6-well microtiter plates
(at 5x10° cells/well; 2 ml) and incubated at 37 °C in the 5% CO,
incubator. After 24 h, serial dilutions of luteolin were added to
wells and the plates were incubated a further 48 h. Cells from each
well were harvested, washed with PBS, and resuspended in 1.5 ml
lysis buffer (10 % SDS; 2 M Tris-HCI pH 7.5; 3 M NaCl; 0.4 M EDTA
pH 8; 10 mg/ml proteinase K) for 2h at 56°C.

After that, ribonuclease A (10 mg/ml) was added to each
sample at 65°C for 1 h and the cellular proteins were salted
out by dehydration with saturated NaCIl (6 M). The DNA was
precipitated with absolute ethanol, washed twice with ethanol
70% and dissolved in free H,0 before running in a 1% agarose gel
electrophoresis containing ethidium bromide (1 mg/ml) at 80 V
and 200 mA. Approximately, 5ul DNA was loaded in each well and
visualized under UV light and photographed.

Evaluation of P-glycoprotein drug efflux modulation

As described by [24], luteolin was tested on the MES-SA/
Dx5 MDR cell line overexpressing P-glycoprotein, 10® MES-SA/
Dx5 MDR cells that express high levels of P-glycoprotein were
incubated for 1 h at 37°C in 1 ml RPMI 1640 medium without
antibiotic containing a final concentration of 2 pM daunorubicin
(DNR), in the presence or absence of 4 ug/ml cyclosporine A (CsA),
an inhibitor of P-glycoprotein used as a positive control. Cells
were then washed twice with ice-cold PBS and kept on ice until
analysis by flow cytometry assay using FACS system (Beckman
Coulter, Switzerland). Luteolin were tested at concentrations of
20, 10 and 5 pM. In the presence or absence of luteolin, its ability
to inhibit Pgp-mediated drug efflux was quantified by comparing
the intracellular fluorescence of DNR and compare it with values
recorded with the positive control (CsA).

Statistical analysis

Each experiment was carried out at least three different times,
with essentially identical results. Apoptosis analysis was carried
out twice. Statistical analysis was done using the SPSS 20.0
statistic software via test ANOVA one-way analysis. The graphics
were performed using GraphPad Prism software. The results
were expressed as the mean with +SEM. p value was considered
statistically significant when it was less than 0.05.
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Results
Luteolin inhibits cell viability

In order the effect of luteolin on the viability of human
sarcoma cancer cells, MES-SA-Dx5 cells were treated with different

concentrations of luteolin (20, 40, 80, 160 uM) for 48 hours and
the cell viability was evaluated by the MTT assay. As shown in
Figure 1, luteolin induces cell death in a dose-dependent manner,
and the IC_, value is estimated to be 20 uM £ 5 uM.
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value less than 0.05 was considered statistically significant.

Concentrations uM

Figure 1: Effect of luteolin on cell viability. Cells were plated at 5000 cells/well in the absence and the presence of luteolin at the indicated
concentration. Cell viability was assessed by MTT assay. The results were expressed as the mean + SD of three separate experiments, p

40 80 160

Luteolin promotes ROS production

Effect of luteolin on production of ROS was determined by
measuring the increase of fluorescence upon hydrolysis of DCFH-
DA and its oxidation by ROS. As illustrated in Figure 2, untreated

MES-SA/Dx5 cells generated ROS because of normal metabolic
activity. However, luteolin at 160 uM significantly increased ROS
production, suggesting that luteolin is an ROS generating agent at
high concentration.
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Figure 2: Effect of luteolin on intracellular ROS generation. After 24 h after seeding, MES-SA/Dx5 cells (5%104 cells/well) were loaded with
5 uM DCFH-DA (25 uM) and incubated with different concentrations of luteolin. The ROS generated were determined after 2 h of incubation
by measuring the fluorescent DCF. The results were expressed as the mean + SD of three separate experiments, p value less than 0.05

40 80 160

Luteolin induces cell cycle arrest

To study the impact of luteolin on cell cycle arrest, we
applied fluorescence activated cell sorting (FACS) analysis by
flow cytometry (Beckman coulter, Switzerland) to determine the

number of cells in each stage of cell cycle. Figure 3 shows that the
number of cells in sub G1 peak increased significantly from 1.5%
(control) to 40.5% at 40 uM luteolin in a concentration-dependent
manner. Concomitantly, the number of cells in GOG1 peak
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decreased gradually from 00% to 00%. No significant differencein  These results show that luteolin provokes an accumulation in sub
Sand GZM phases could be observed upon treatment with luteolin. ~ G1 population with simultaneous decrease in GOG1 phase.
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Figure 3: Effect of luteolin on cell cycle. 5 x 105 cells were treated with different concentrations of luteolin for 48 h. After that, cells were
fixed by iced absolute ethanol for 30 min, treated with Ribonuclease A (10 mg/ml) for 30 min and stained with 50 pl propidium iodide (1 mg/
ml). The percentage of cells in the sub G1, GOG1, S and G2/M phases of the cell cycle was analyzed by flow cytometry. The results are
expressed as the mean + SD of three separate experiments, p value less than 0.05 was considered statistically significant.

Luteolin disrupts the mitochondrial potential detected after 1h of incubation with luteolin in a dose-dependent
manner. This data indicates that luteolin can change mitochondrial

membrane potential, suggesting that it may be involved in an
apoptotic mechanism via the mitochondrial pathway in MES-SA/

The decrease of mitochondrial membrane potential (AY )
causes the perturbation of the mitochondrial outer membrane.
As shown in Figure 4, a decrease in mitochondrial potential was

Dx5 cells.
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Figure 4: Effect of luteolin on mitochondrial membrane potential. Cells were incubated with luteolin for 48 h, and then were treated with 100
ul of rhodamine-123 (5uM). After incubation for 1h at 37 °C, (cells were washed with PBS and lysed with absolute ethanol. The uptake of
rhodamine-123 was measured using a fluorescence microplate reader (BioTek, Winooski, USA). The fluorescence intensity is proportional
to the rhodamine-123 uptake. The results are expressed as the mean + SD of three separate experiments, p value less than 0.05 was
considered statistically significant.

Luteolin induces apoptosis in human sarcoma cancer assay was performed on MES-SA/Dx5 cells. As summarized in
cells Figure 5 upon treatment with luteolin, the population of cells in

early and late apoptosis increased, while the population of viable
cells decreased. In addition, acridine orange staining results
also proved that luteolin could induce apoptosis of MES-SA/Dx5

Cell apoptosis is known as a normal physiologic mechanism of
controlled cell death to keep a stable homeostasis. To determine the
effect of luteolin on apoptosis, annexin V-FITC/PI double staining
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(Figure 6a). Control cell nuclei were stained only with a green These findings confirmed that luteolin increased the percentage
fluorescence, while, in the treated cells with luteolin, nuclei were of apoptotic cells in a concentration dependent manner.
stained with orange fluorescence in majority of cells (Figure 6b).
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Figure 5: Effect of luteolin on apoptosis of MES-SA/Dx5 cells. 5 x 10° cells were seeded for 24 h and then treated with different concentrations
of luteolin for 48 h. After that, cells were suspended in the presence of annexin V-FITC (An) and propidium iodide (PI). Finally, cells were
quantified using flow cytometry.
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Figure 6: Luteolin induced apoptosis in MES-SA/Dx5 cells. (5x105) cells were seeded at 37°C for 24 h. After seeding for 24h, 5x105 cells
were treated for 48h with luteolin. Cells were then incubated with 10 pg acridine orange (AO) and 10 pg ethidium bromide and kept at room
temperature for 10 min. (a) 100 cells were counted and scored for apoptotic chromatin condensation using a fluorescent microscope. The
results are expressed as the mean + SD of three separate experiments, p value less than 0.05 was considered statistically significant.

(b) Cells that had a stained nuclei in orange are apoptotic cells (nuclei fragmented), those stained in red are necrotic cells (uncondensed
and dispersed chromatin) and those who are stained in green are healthy cells (condensed chromatin).
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Luteolin induces DNA damage in human sarcoma
cancer cells

Total DNA damage was first estimated by the alkaline comet

compared with the control group. DNA fragmentation is a
hallmark of apoptosis. Therefore, we secondly treated MES-SA/
Dx5 cells with 20 or 40 uM of luteolin for 48h and analyzed the
degree of DNA damage (Figure 8a). In the presence of of luteolin,

assay. The total score of DNA damage is shown in Figure 7. We
observed that in MES-SA/Dx5 cells treated with different doses
of luteolin, total DNA damage increased in a dependent manner

DNA fragmentation was clearly visible for both concentrations
of luteolin. Altogether, these data confirm that luteolin triggers
apoptosis in MES-SA/Dx5 cells.
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Figure 7: Effect of luteolin on total DNA damage (TDD) assessed through the alkaline comet assay in MES-SA/Dx5 cells. The results were
expressed as the mean + SD of three separate experiments, p value less than 0.05 was considered statistically significant.
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Figure 8: (a) Effect of luteolin on genomic DNA fragmentation. DNA was salted out of the cellular proteins by dehydration and precipitation
with a saturated NaCl solution. DNA fragmentation was analyzed by agarose electrophoresis. (b) Comet pictures of MES-SA/Dx5 cells
revealed by an epifluorescence microscope.
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Luteolin is an inhibitor of P-glycoprotein

The multidrug resistant cancer cells MES-SA/Dx5 were chosen
to estimate the effect of luteolin on p-gp function. The transport
activity of p-gp was measured by the intracellular accumulation of
fluorescent substrate (daunorubicin). The findings are presented

in Figure 9. The inhibition of p-gp by cyclosporine A results
in a strong increase in daunorubicin accumulation. When the
experiment was performed in the presence of luteolin, we also
observed an accumulation, although lower, of daunorubicin. The
fluorescent substrate accumulates by about 2-fold in the presence
of luteolin compared to control cells with only daunorubicin.
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Figure 9: Effect of luteolin on daunorubicin accumulation. 106 MES-SA/Dx5 cells were incubated with a final concentration of 2 uM
daunorubicin (Dauno), in the presence or absence of 4 pg/ml cyclosporine A (Cyclo), an inhibitor of P-glycoprotein used as a positive control
or of 10 to 40 puM luteolin (Lut). The cells were then analysis by flow cytometry assay using FACS. The results were expressed as the mean
+ SD of three separate experiments, p value less than 0.05 was considered statistically significant.

Discussion

Many plants are used in traditional medicine due to their anti-
tumor activity [25]. Luteolin is a flavonoid found in vegetables,
fruits and traditional Chinese herbal medicines. It has been shown
to have anticancer activity against a variety of cancer cells [26].
The result prove that luteolin inhibits cell proliferation in a dose-
dependent manner, which is in agreement with many studies
showing that luteolin prevents the growth of MDA-MB-231 cells
[27].1tisreported thatluteolin canreduce the cell viability ofhuman
glioblastoma [28], thyroid cancer [29], lung adenocarcinoma
[30], drug-resistant ovarian cancer [31], esophageal squamous
carcinoma [32] and melanoma [33] in a dose dependent manner.
Previous studies have shown that luteolin is an oxidizing agent
that generates ROS. These results indicate that luteolin blocks the
cell cycle and provoke apoptosis as well as it causes DNA damage.
It also activates the signaling pathways ATR, Chk2 and p53, inhibit
the NF-kB signaling pathway, activation of the p38 pathway and
decrease anti-apoptotic proteins in MCF-7 / MitoR [34].

008

Further research has shown that treatment with luteolin can
significantly increase ROS levels, leading to endoplasmic reticulum
stress and mitochondrial dysfunction in glioblastoma cells
U251 MG and U87 MG [35]. Other researchers have shown that
mitochondria play an important role in regulating apoptosis [36].
Excessive generation of ROS causes cellular stress and alteration
of membrane proteins that induces a mitochondrial dysfunction
and loss of mitochondrial membrane potential (Aym) resulting in
apoptosis [37]. In this etude, we observed that the mitochondrial
membrane potential of MES-SA / Dx5 cells decreased after luteolin
treatment. Another result confirmed that luteolin has a good
ability to change the potential of the mitochondrial membrane
and stimulate the cytochrome c released in the cytosol of HL-60
cells [38]. Other findings proved that with elevated concentration
of luteolin, the potential mitochondrial membrane was reduced
[32].

On the other hand, these data showed that luteolin caused
significant DNA damage, indicating that this flavonoid has
the ability to trigger apoptosis in MES-SA / Dx5 cancer cells.
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Recently it has been suggested that luteolin induce an intense
DNA fragmentation in MCF-7/MitoR cells [34] and HL-60 [38].
The impact of luteolin on DNA fragmentation is a characteristic
of apoptosis. Numerous studies have shown that luteolin causes
apoptosis in many cancer cells, like as human cervical cancer
cells [39] esophageal carcinoma cells [32], colorectal cancer
cells [40]. It has also been demonstrated that treatment of A375
cells with high luteolin concentrations can significantly increase
the rate of apoptotic cells [41]. According to a previous studies,
luteolin can cause cell cycle arrest in the G2 / M phase and cause
apoptosis through the mitochondrial pathway in the cell lines EC1
and KYSE450 [32]. On the contrary, several other studies report
that luteolin may promote cell cycle arrest differently in various
types of cancer cell lines, either in G1/S or G2/M block. Moreover,
luteoline may disrupt the cell cycle progression of MCF-7 cells in
sub-G1 and G1 phases [42], In this study, we observed that luteolin
treatment led to accumulation of MES-SA/Dx5 cells in sub G1
phase with a little decrease in GO/G1 phase. Previously, luteolin
was reported to cause cell cycle blockage and cell accumulation in
the G1 phase and not to enter the S phase of human hepatocellular
carcinoma cells [43].

In addition, the result of flow cytometry showed that the
increasing level of cells blocked in G2 / M phase was dose-
dependent in the human gastric cancer AGS cell line [44]. More
than 90% of patients with metastatic cancer have a treatment
failure due to their resistance to chemotherapeutic drugs.
This phenomenon is explained by the enormous efflux of the
chemotherapeutic agent due to the over-expression of the pgp
pump. This study indicates the ability of luteolin to inhibit the pgp
pump. However, this result is consistent with other results that
have shown that natural compounds are characterized by their
anticancer activities and can also make cancer cells more resistant
to chemotherapy treatment by modulating Pgp activity [45].

Conclusion

In conclusion, this study shows that luteolin is a natural
flavonoid able to inhibit proliferation of MES-SA / Dx5 cancer cells,
and to induce apoptosis through the membrane mitochondrial
potentiel decline and fragmentation of DNA, as well as it has the
power to block the function of drug transporters. These findings
prove that luteolin can be considered as an anti-cancer agent that
can be used in the treatment of human uterine cancer. However,
the actual clinical application of luteolin needs to be further
investigated by extensive in vivo testing.
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