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Polyphenols Isolated from Allium cepa L. Induces 
Apoptosis by Induction of p53 and Suppression of 
Bcl-2 through Inhibiting PI3K/Akt Signaling Pathway 
in AGS Human Cancer Cells
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Background: The extract of Allium cepa Linn is commonly used as adjuvant food for cancer therapy. We assumed that it includes 
a potential source of anti-cancer properties. 
Methods: We investigated anti-cancer effects of polyphenols extracted from lyophilized A. cepa Linn (PEAL) in AGS human cancer cells. 
Results: PEAL inhibited cell growth in a dose-dependent manner. It was related to caspase-dependent apoptosis. We confirmed this 
finding with annexin V staining. PEAL up-regulated p53 expression, and subsequent Bax induction, down regulated Bcl-2 protein, 
anti-apoptotic protein. In addition, PEAL suppressed Akt activity and PEAL-induced apoptosis were significantly accentuated with Akt 
inhibitor (LY294002). 
Conclusions: Our data suggested that PEAL induce caspase-dependent apoptosis through mitochondrial pathway by up-regulating p53 
protein, and subsequent Bax protein as well as by modulating Bcl-2 protein, and that PEAL induces caspase-dependent apoptosis at 
least in part through the inhibition of phosphatidylinositol 3-kinase (PI3K)/Akt signaling pathway. This study provides evidence that 

PEAL might be useful for the treatment of cancer. (J Cancer Prev 2014;19:14-22)
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INTRODUCTION

  Allium cepa Linn (onion, A. cepa), a member of the family 

Liliaceae, has been used as a supplementary folk remedy 

for cancer treatment. A. cepa has plentiful flavonoids and 

organosulfur compounds,1 which have exhibited anti- 

cancer properties. A French epidemiological study showed 

that high intake of A. cepa was correlated with lower risk of 
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cancer.2 A. cepa extract has been demonstrated to have 

inhibitory effects on carcinogenesis. In addition, A. cepa 

and its constituents have anti-cancer potential.3 However, 

the molecular mechanisms of the anti-cancer effects of 

polyphenols extracted from lyophilized A. cepa Linn (PEAL) 

are poorly understood in human cancer cells.

  As advances in medical science, our lifespan has been 

extended. The elderly cancer patients and their cancer- 

related mortality are expected to increase because the 

elderly have a high risk for cancer development. Therefore, 

it is essential to find out less toxic agents in controlling 

cancer for this population. To meet the demands for finding 

out less toxic agents, dietary agents has arisen as one of the 

candidates for the possibility of controlling cancer with 

minimal toxicity because these dietary agents are known to 

have or enhance anti-inflammatory and/or anti-cancer 

activity without showing any toxicities.4 Moreover, many 

studies suggested that the most dominant mechanism of 

anti-cancer effects of the dietary agents be apoptosis 

triggered by modulating numerous molecular targets. 

Apoptosis is a type I programmed cell death requiring 

active-energy consuming process. It features cytoplasmic 

shrinkage, blebbing of the plasma membrane, chromatin 

condensation, and DNA degradation.5 Apoptosis usually 

occurs through intrinsic pathway, which is mediated by 

mitochondria.

  In this study, we investigated the mechanisms of anti-

cancer effects of PEAL on human AGS cells. 

MATERIALS AND METHODS

1. Preparation of PEAL

  PEAL isolated from the plants of A. cepa Linn which we 

bought from the market and 100 mg/mL concentration 

stock solution was made by dissolving the PEAL in distilled 

water. For the isolation of PEAL, the lyophilized plant 

material (100 g) of flowers was ground into powder and 

extracted in aqueous 70% methanol (500 mL) at 50oC for 12 

h. The extract was filtered through a Buchner funnel and 

concentrated to 100 mL at 50oC with evaporator. The 

concentrated solution was washed with n-hexane (100 mL 

×3), extracted with ethyl acetate (100 mL×3), dried, and 

kept at 4oC with light shield. PEAL contains 8 flavonoids; 

(1): quercetin 3,7,4’-triglucoside; (2): quercetin 7,4’- 

diglucoside (3): quercetin 3,4’-diglucoside (4): Isorhamnetin 

3,4’-diglucoside (5): quercetin 3-glucoside (6): quercetin 

4’-glucoside (7): isorhamnetin 4’-galactoside (8): isorham-

netin 4’-glucoside 

2. Cells and reagents

  Human AGS cells from the American type culture collec-

tion (Rockville, MD, USA) were cultured in RPMI 1640 

medium (Invitrogen Corp, Carlsbad, CA, USA) supple-

mented with 10% (v/v) fetal bovine serum (FBS) (GIBCO 

BRL, Grand Island, NY, USA), 1 mM L-glutamine, 100 U/mL 

penicillin, and 100 μg/mL streptomycin at 37oC in a 

humidified atmosphere of 95% air and 5% CO2. Antibodies 

against Bcl-2, Bid, Bcl-xL, phospho p53, p53, BAX, 

c-IAP-2, X-linked IAP (XIAP), Akt, phospho Akt, ERK, 

phospho ERK, and procaspase 3 were purchased from 

Santa Cruz Biotechnology (Santa Cruz, CA, USA). Antibody 

against poly (ADP-ribose) polymerase (PARP) was pur-

chased from PharMingen (San Diego, CA, USA). Antibody 

against β-actin was from Sigma (Beverly, MA, USA). 

Peroxidase-labeled donkey anti-rabbit and sheep anti- 

mouse immunoglobulin, and an enhanced chemilumine-

scence (ECL) kit were purchased from Amersham (Arling-

ton Heights, IL). All other chemicals not specifically cited 

here were purchased from Sigma Chemical Co. (St. Louis, 

MO, USA). 

3. Cell viability

  For the cell viability assay, the cells were seeded onto 

24-well plates at a concentration of 1×105 cells/ml, and 

then treated with the indicated concentration of PEAL for 

24 h. 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetra-

zolium bromide (MTT, 0.5 mg/ml) was subsequently added 

to each well. After 3 h of additional incubation, 100 μL of 

a solution containing 10% SDS (pH 4.8) plus 0.01 N HCl was 

added to dissolve the crystals. The absorption values at 570 

nm were determined with an enzyme-linked immuno-

sorbent assay (ELISA) plate reader.

4. Flow cytometry assay analysis for the sub-G1 phase 

  The cells were plated at a concentration of 2×105 

cells/well in six-well plates. Reduced (sub-G1) DNA 



16 Journal of Cancer Prevention Vol. 19, No. 1, 2014

content was measured by propidium iodide (PI) staining. 

The DNA content in each cell nucleus was determined with 

a FACSCalibur flow cytometer (Becton-Dickinson, San 

Jose, CA, USA).6

5. Nuclear staining 

  The cells were harvested after treatment with the indi-

cated concentration of PEAL, washed with phosphate- 

buffered saline (PBS) and fixed with 3.7% paraformal-

dehyde in PBS for 10 min at room temperature. Fixed cells 

were washed with PBS and stained with 2.5 μg/ml of 

4,6-diamidino-2-phenylindole (DAPI) solution for 10 min 

at room temperature. The cells were washed two times 

with PBS, and analyzed by a fluorescent microscope.

6. Detection of apoptosis by annexin-V fluorescein 

isothiocyanate (FITC) staining 

  The cells were washed with PBS and re-suspended in an 

annexin-V binding buffer containing 10 mM HEPES/NaOH 

(pH 7.4), 140 mM NaCl, and 2.5 mM CaCl2. Aliquots of the 

cells were incubated with annexin-V FITC, mixed, and 

incubated for15 min at room temperature in the dark. 

Propidium Iodide (PI) at a concentration of 5 mg/ml was 

added to distinguish the necrotic cells. The apoptotic cells 

(Annexin V＋/PI−) were measured with a flow cytometer.

7. Western blot analysis 

  The cells were harvested and lysed with lysis buffer (20 

mM sucrose, 1 mM EDTA, 20 μM Tris-Cl, pH 7.2, 1 mM 

DTT, 10 mM KCl, 1.5 mM mgCl2, 5 μg/mL pepstatin A, 10 

μg/mL leupeptin, and 2 μg/mL aprotinin) to prepare total 

protein. Protein concentrations were determined using a 

Bio-Rad Protein Assay kit (Bio-Rad, Hercules, CA, USA). For 

Western blot analysis, an equal amount of protein was 

subjected to electrophoresis on sodium dodecyl sulfate 

(SDS)-polyacrylamide gels and transferred to nitrocellu-

lose membranes (Schleicher & Schuell, Keene, NH, USA) by 

electroblotting. Blots were probed with the indicated 

antibodies. The membranes were then incubated with 

diluted enzyme-linked secondary antibodies for 1 h at 

room temperature. After washing, the membranes were 

developed by enhanced chemiluminescence. 

8. Measurement of mitochondrial membrane potential 

(MMP, ΔΨm)

  The MMP (ΔΨm) in living cells was measured by flow 

cytometry with the lipophilic cationic probe JC-1, which is 

a ratiometric, dual-emission fluorescent dye. There are 

two excitation wavelengths, 527 nm for the monomer form 

and 590 nm for the J-aggregate form. Quantitation of green 

fluorescent signals reflects the amount of damaged 

mitochondria. The cells were trypsinized and the cell 

pellets were re-suspended in 500 μl of PBS, incubated 

with 10 μM JC-1 for 20 min at 37oC. The cells were 

subsequently washed once with cold PBS, suspended in a 

total volume of 500 μl and analyzed using flow cytometry.

9. Statistical analysis

  Data represent means±standard deviations. Statistical 

significance was determined using the one-way analysis of 

variance (ANOVA) with post-test Neuman-Keuls for more 

than two groups and Student’s t test for two groups. P＜ 

0.05 was accepted as statistically significant.

RESULTS

1. PEAL induces apoptosis in human AGS cancer cells

  To investigate the anti-cancer activity of PEAL, AGS cells 

were treated with various concentrations of PEAL for 48 h. 

The cell growth was assessed by MTT assay. The MTT assay 

revealed that the growth of AGS cells were inhibited by 

PEAL treatment in a dose-dependent manner, and the 50% 

inhibition of cell growth (IC50) was less than 50 μg/mL 

(Fig. 1A). To determine whether the cause of the decrease 

in cell viability was apoptotic cell death, we assessed the 

changes in cellular and nuclear morphology of PEAL- 

treated cells under microscopy with or without DAPI 

staining. The light microscope finding showed that the 

cells with shrinking cells and cytoplasmic blebs were 

observed at a concentration of 50 μg/mL (Fig. 1B). As 

shown in Fig. 1C, PEAL-induced nuclear condensation and 

fragmentation increased in a dose-dependent manner. 

Finally we also measured the early apoptotic cells (Annexin 

V＋/PI−) by flow cytometry. The early apoptotic cells were 

increased in a dose-dependent manner (Fig. 1D). 
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Fig. 1. Effects of PEAL on the cell viability of AGS cells. The 
cells were seeded at the density of 1×105 cells per ml and 
incubated with the indicated concentrations of PEAL for 24 h 
at the indicated concentrations of PEAL. (A) Cell viability was 
assessed by the MTT assay. Data are expressed as mean±SD
of three independent experiments (*P＜0.05 versus control). 
(B) Cell morphology was assessed under the light microscopy 
(magnification ×200). (C) Effects of PEAL on the morphology 
of the nuclei of AGS cells. The nuclei stained with DAPI sol-
ution were observed under fluorescent microscope using a 
blue filter (magnification ×200). (D) The apoptotic cells 
(Annexin V＋/PI−) were analyzed by a flow cytometer. 

2. PEAL-induced apoptosis is caspase-dependent in 

human AGS cancer cells

  We then assessed the effects of PEAL at a concentration of 

50 μg/mL on caspases and their substrates (PARP). PEAL 

decreased the expression levels of procaspase-3 in a time- 

dependent manner. With the decrease of procaspases, the 

cleavages of PARP were increased in a time-dependent 

manner (Fig. 2A). This finding suggests that PEAL induce 

caspase-dependent apoptosis. 

3. PEAL down-regulates Bcl-2 in human AGS cancer 

cells

  To elucidate further underlying mechanisms of PEAL- 

induced apoptosis, we investigated the levels of Bcl-2 and 

inhibitor of apoptosis (IAP) family members, which play a 

crucial role in apoptosis and conferring cancer cell drug 

resistance.7 Western blotting revealed that PEAL induced 

cleavage of Bid (activation of Bid protein) in a time- 

dependent manner and significantly suppressed the ex-

pression of Bcl-2 (anti-apoptotic proteins) (Fig. 2B) whe-

reas the expression of c-IAP-2, X-IAP, and survivin was 

not suppressed (Fig. 2C). These findings suggest that acti-

vation of Bid protein, and down-regulation of Bcl-2 are 

associated with PEAL-induced apoptosis in AGS cells.

4. PEAL induces apoptosis through up-regulation of 

p53 as well as Bax induction

  p53 is a well-known tumor suppressor protein which 

regulates the cell cycle and, plays its role in conserving 

stability by preventing genome mutation. In cancer cells, 

p53 also plays its role in initiating apoptosis. Hence, we 

investigated the effects of PEAL on p53 and a down-stream 

molecule Bax protein. Western blotting revealed that PEAL 

induced the expression of p53 and a down-stream mole-

cule Bax protein in a time-dependent manner (Fig. 2D). 

These findings suggest that activation of p53 protein might 

be the important mechanisms of PEAL-induced apoptosis 

in AGS cells.

5. PEAL induces apoptosis at least in part by inhibiting 

Akt activity

  PI3K/Akt pathway plays an important role in regulating 

apoptosis and cell death. In addition, the expression of 

anti-apoptotic Bcl-2 protein is regulated by Akt. Hence, 

we investigated the effects of PEAL on Akt in AGS cells. 

Since the activity of Akt is regulated by phosphorylation, 
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Fig. 2. PEAL-induced apoptosis in AGS cells. AGS cells were incubated at indicated concentrations of PEAL for 48 h. (A-D) Equal 
amounts of cell lysate (30 μg) were resolved by SDS-polyacrylamide gels and transferred onto nitrocellulose membranes. The 
membranes were probed with the indicated antibodies. The proteins were visualized using an ECL detection system. β-actin was 
used as an internal control. The expression of the indicated proteins were measured by densitometry and expressed as relative 
ratio. The results were representatives of two independent experiments.

we assessed the levels of phosphorylated Akt in PEAL- 

treated AGS cells. The Western blot analysis revealed that 

PEAL suppressed the phosphorylation of Akt in a time-de-

pendent manner (Fig. 3A). To confirm this finding, we 

evaluated the effects of PEAL with and without treatment 

of Akt inhibitor (LY294002). MTT test, light microscope 

finding and DAPI staining revealed that LY294002 

augmented the effect of PEAL on cell viability and apop-

tosis (Fig. 3B-D). We also confirmed the findings by measu-

ring mitochondrial membrane potential (MMP, ΔΨm). 

PEAL and/or LY294002 induced loss of MMP (ΔΨm) (Fig. 

3E). Next, we investigated levels of Bcl-2 and Bax proteins. 

Western blot revealed that the addition of LY294002 to 

PEAL significantly augmented Bax Induction with near 

complete inhibition of Bcl-2. PEAL also induced ERK 

phosphorylation (Fig. 3A), but an ERK inhibitor augmented 

PEAL-induced cytotoxicity in AGS cells (Fig. 3H), indica-

ting ERK activation was associated with survival pathway 

to escape PEAL-induced apoptosis. Taken together, these 

findings suggest that PEAL induce apoptosis at least in part 

by inhibiting phosphatidylinositol 3-kinase (PI3K)/Akt 

signaling pathway. 

DISCUSSION

  This study was designed to determine whether PEAL has 

anti-cancer properties in human cancer cells, and to 

further investigate the underlying mechanisms of the 
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Fig. 3. The role of Akt/PI3K signaling in PEAL-induced apoptosis. The cells were seeded at the density of 1×105 cells per ml 
and incubated at the indicated concentrations of PEAL for the indicated time duration. (A and G) Western blot analysis for Akt, 
ERK, Bax and Bcl-2 proteins. Equal amounts of cell lysate (30 μg) were resolved by SDS-polyacrylamide gels and transferred 
onto nitrocellulose membranes. The results are from at least two independent experiments that showed similar patterns (B and 
F). Cell viability was assessed by the MTT assay. Data are expressed as mean±SD of three independent experiments (*P＜0.05 
versus control, **P＜0.05 versus PEAL treatment). (C) The cell morphology was assessed under the light microscopy (magnification 
×200). (D) The morphology of the nuclei. The nuclei stained with DAPI solution were observed under fluorescent microscope using 
a blue filter (magnification ×200). (E) The cells were stained with JC-1 and incubated at 37oC for 20 min. The mean JC-1 fluo-
rescence intensity was detected using a flow cytometer. The results are from at least two independent experiments that showed 
similar patterns.

anti-cancer effect of PEAL. Indeed, we demonstrated that 

PEAL induced apoptosis in a dose-dependent manner in 

human AGS cells. This finding was confirmed by annexin V 

staining. During the early stages of apoptosis, phosphati-

dylserine (PS) on the inner leaflet of the plasma membrane 

is translocated to the outer layer. PS is exposed on the 

external surface of the cell. Annexin V forms a shield 

around negatively-charged phospholipid molecules, com-

peting for phosphatidylserine (PS) binding sites. Hence, 

annexin V is a sensitive probe for cell surface exposure of 

PS for quantification of apoptotic cells; Propidium iodide 

(PI) is a probe for discriminating between apoptotic and 

necrotic cells. Therefore, we double stained with PI and 

annexin V. We found that PEAL produced the early apop-

totic cells (Annexin V＋/PI−) in a dose-dependent manner. 

It was caspase dependent. Most of caspase-dependent 

apoptosis was related with mitochondrial pathway. Con-

sistent with this finding, our study demonstrated that PEAL 
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Fig. 3. Continued.

down-regulated Bcl-2 expression which plays a crucial 

role in apoptosis (Fig. 4B).7 The major component of PEAL 

was quercetin.8,9 It has been reported that quercetin in-

duces caspase-dependent apoptosis through down-regu-

lation of Bcl-2,10 and mitochondrial-mediated apoptosis 

pathway,11 which is consistent with our results. In addi-

tion, quercetin enhances anti-cancer activity by up-regu-

lating p53 protein.12 Quercetin-induced apoptosis was 

associated with Akt pathway.10 These findings support our 

findings, and we confirmed with an Akt inhibitor (LY294002). 

However, in a certain cell line, PEAL-induced apoptosis 

was associated with anti-apoptotic factor c-FLIP, Bcl-xL, 

and cIAP-1 rather than Bcl-2.13 Even in some leukemic cell 

lines showing the different results,13 Akt pathway was an 

important pathway in PEAL-induced p53 up-regulation, 

because the up-regulated p53 can help suppress the Akt 

signaling.14 PEAL and/or LY294002 also reduced the mito-

chondrial membrane potential (MMP, ΔΨm), which indi-

cates that PEAL-induced apoptosis was via the mitochon-

drial-mediated apoptosis pathway. This study also demon-

strated that PEAL induced ERK phosphorylation, which 

was survival pathway to survive PEAL treatment condition 

because an ERK inhibitor augmented PEAL-induced cyto-

toxicity in AGS cells (Fig. 3H). From these findings, our 

study suggests that PEAL-induced apoptosis is caspase-de-

pendent apoptosis via Akt pathway.

  The merit of PEAL when compared to the quercetin 

aglycone is that the bioavailability of quercetin in PEAL is 

much better that that of quercetin aglycone15,16 because 

quercetin in PEAL is in the form of quercetin glucosides, 
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Fig. 4. Schematic representation of apoptotic effects of PEAL 
on AGS human gastric cancer cells. PEAL activated p53 and 
subsequent Bax induction as well as by modulating Bcl-2 
protein. The reduce MMP (ΔΨm) triggered by PEAL activates 
caspase 3, then the activated caspases activate Bid, and thus 
the Bid augments the loss of MMP (ΔΨm) through activation 
Bax. Through the process, PEAL induced apoptosis through 
mitochondrial pathway. In addition, PEAL suppressed phos-
phorylation of Akt that regulate the anti-apoptotic proteins. 
This PEAL-induced suppression of Akt may be associated with 
Bcl-2 suppression. Taken together, this study suggests that 
PEAL induced caspase-dependent apoptosis by up-regulating 
p53, and subsequent Bax induction as well as by modulating 
Bcl-2 protein, and that Akt is the critical upstream signaling 
that regulate the apoptotic effect of PEAL in AGS human gas-
tric cancer cells.

which are easily absorbed from the intestine.17 PEAL also 

contains isorhamnetin glucosides, which also have the 

same merit in the bioavailability. Isorhamnetin is a phyto-

chemical present in many plants and is also a metabolite of 

quercetin. isorhamnetin is reported to have anti-cancer 

effects.18,19

  In summary, this study demonstrated that PEAL induced 

caspase-dependent apoptosis in AGS human gastric can-

cer cells. The apoptosis was triggered through mitochon-

drial pathway by up-regulating p53, and subsequent Bax 

induction as well as by modulating Bcl-2 protein (Fig. 4). In 

addition, PEAL induced caspase-dependent apoptosis at 

least in part through the inhibition of phosphatidylinositol 

3-kinase (PI3K)/Akt signaling pathway indicating that 

PI3K/Akt is the upstream signaling that regulate the 

apoptotic effect of PEAL. This study provides evidence that 

PEAL might have anticancer property on human gastric 

cancer cells.
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