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reoxygenation-induced injury in human gastric epithelial cells

Yu LI, Jian-fu ZHANG*, Yong-mei ZHANG, Xiao-bo MA

Department of Physiology, Xuzhou Medical College, Xuzhou 221002, China

Aim: The aim of this study was to investigate the protective effect of genistein postconditioning on hypoxia/reoxygenation-
induced injury in human gastric epithelial cells and to begin a tentative discussion on the mechanism behind this protec-
tion.  
Methods: A model of hypoxia/reoxygenation-induced injury was established in the human gastric epithelial cell line 
(GES-1).  All cells in our present study were randomly divided into five groups: a normal control group (N), a hypoxia/
reoxygenation group (H/R), a genistein postconditioning group (GP), a capsazepine+genistein postconditioning group 
(C+GP) and a DMSO vehicle postconditioning group (DM).  The methods used included MTT assays to test cell viability, 
flow cytometric analyses to quantify the percentage of cell apoptosis, Western blot analyses to measure the protein expres-
sion of calcitonin gene-related peptide (CGRP), Bcl-2, and Bax, and immunocytochemistry assays to detect the expression of 
CGRP in each group.  
Results: The MTT assays indicated that the cell viabilities of the groups were 100.0%±0%, 51.4%±4.1%, 66.7%±2.0%, 
56.1%±2.8%, and 50.7%±2.4%, respectively.  Compared with the H/R group, the viability of the GP group was significantly 
increased (P<0.01).  Flow cytometric analysis showed that the cell apoptosis percentage of each group was 2.28%±0.44%, 
12.17%±2.15%, 5.40%±1.22%, 10.43%±1.37%, and 11.02%±2.19%, respectively.  Western blot analysis demonstrated that 
CGRP, Bcl-2, and Bax were expressed in normal human gastric epithelial cells.  Compared with the H/R group, the GP 
group exhibited increased expression of CGRP and Bcl-2 and decreased expression of Bax.  Immunocytochemistry assays 
indicated that the number of CGRP-positive cells in the GP group was significantly increased.  
Conclusion: Genistein postconditioning has a protective effect on hypoxia/reoxygenation-induced injury in human gastric 
epithelial cells.  The mechanism by which genistein exerts this protection may be via activation of cellular vanilloid receptor 
subtype 1, resulting in the generation of an endogenous protection substance, CGRP.

Keywords: genistein; pharmacological postconditioning; apoptosis; VR1
Acta Pharmacologica Sinica (2009) 30: 576–581; doi: 10.1038/aps.2009.29; published online 6th April 2009

* Correspondence to Prof Jian-fu ZHANG.
E-mail jfzhang@xzmc.edu.cn
Received 2009-01-14    Accepted 2009-03-02 

Introduction

A number of severe stressors could contribute to 
gastric ischemia to some degree, leading to gastric mucosal 
reperfusion injury (GMRI).  Clinically, however, few 
satisfactory treatment methods exist.  In 2003, Zhao et al[1] 
first introduced the conception of ischemic postconditioning 
(IPostC), in which a series of brief mechanical interruptions 
of reperfusion is applied at the onset of reperfusion following 
a specific prescribed algorithm; this postconditioning then 
affords protection in vivo.  Pharmacological postcondi

tioning[2] involves a modification of the IPostC concept in 
which a drug is applied to ischemic myocardium or hypoxic 
cardiomyocytes during the first few minutes of reperfusion 
or reoxygenation, reducing myocardial death significantly.  
At present, only a few reports include a discussion of gastric 
ischemic postconditioning.

Soy isoflavones are naturally occurring plant estrogens 
derived from soybeans, and genistein is the most impor-
tant bioactive ingredient of these isoflavones.  It can resist 
oxidation, tumors, and thrombosis and also degrade blood 
lipids[3, 4].  Tissier et al[5] recently demonstrated that genistein 
postconditioning could reduce myocardium ischemia/rep-
erfusion (I/R) injury by inhibiting apoptosis in rabbits.  Our 
previous laboratory studies have shown that genistein post-
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conditioning clearly protects rats from gastric I/R injuries.
The aims of the present study were to investigate the 

protective effect of genistein postconditioning on hypoxia/
reoxygenation-induced injury in human gastric epithelial 
cells and to begin a tentative discussion on the mechanism 
behind this protection.

Materials and methods

Reagents and cell cultures  Genistein and capsazepine, 
acquired from the Sigma Company (USA), were dissolved 
in 100% DMSO and stored at -20 °C.  DMEM (Dulbecco’s 
modified Eagle’s medium) was purchased from Gibco Cor-
poration (USA).  Fetal bovine serum (FBS) was purchased 
from Tianjin Hao Yang Biological Manufacture Co, Ltd 
(China).  The human gastric epithelial cell line (GES-1) was 
purchased from Beijing Cancer Hospital.  The cells were 
plated at a density of 1×105 cells/mL in 100-mL culture 
flasks containing 5 mL DMEM supplemented with 10% FBS 
and placed in a humidified incubator with 95% air and 5% 
CO2 at 37 °C.

Experimental protocol  The complete medium was 
replaced with DMEM containing 1% FBS one day before 
the experiment to synchronize the cells.  The cells were ran-
domly divided into five groups and treated as follows.  Cells 
in the normal control group (N) were kept in normoxic 
culture for 6 h.  In the hypoxia/reoxygenation group (H/R), 
the DMEM was replaced with Krebs-Ringer bicarbonate buf-
fer prior to hypoxia induction.  Cells were transferred into a 
hypoxic incubator in a humidified atmosphere equilibrated 
with 94%N2+1%O2+5%CO2 for 2 h (hypoxia).  After this 
phase, the Krebs-Ringer bicarbonate buffer was replaced 
with DMEM to simulate reperfusion, followed by 4 h in 
normoxic culture (for reoxygenation).  In the genistein 
postconditioning group (GP), the Krebs-Ringer bicarbon-
ate buffer was replaced with DMEM containing 10, 25, 
50, and 100 μmol/L genistein before reoxygenation; other 
procedures were unchanged from the H/R group.  In the 
capsazepine+genistein postconditioning group (C+GP), 
the DMEM was replaced with Krebs-Ringer bicarbonate 
buffer containing 10 μmol/L capsazepine prior to the 2 h 
hypoxic period.  After this phase, the buffer was replaced 
with DMEM containing 100 μmol/L genistein before reoxy-
genation; other procedures were unchanged from the H/R 
group.  In the DMSO vehicle postconditioning group (DM), 
the Krebs-Ringer bicarbonate buffer was replaced with 
DMEM containing 0.05% DMSO before reoxygenation.  
Other procedures were unchanged from the H/R group.

MTT assay  Exponentially growing cells were cultured in 

a 96-well plate at a density of 2000 cells per well.  Following 
each group’s experiment, cells in the wells were treated with 
10 μL MTT (5 g/L, Amresco, USA) and incubated for 4 h.  
Afterward, 100 μL DMSO was added to each well for 10 min.  
A 96-well microplate reader (Thermo, USA) was employed 
to determine the absorbance, A490 nm.  All experiments were 
performed in triplicate.  Viability (%) was determined as 
(the experimental group A490 nm/the normal control group 
A490 nm)×100%.  There was a positive correlation between 
absorbance, A, and cell viability.  The viability of the cells 
increased with an increase in the value of absorbance, A.

Flow cytometric analysis  Cells were plated in 100-mL 
culture flasks and incubated for 48 h.  Following each experi-
ment, the cells were digested by 0.2% trypsin (Amresco, 
USA) and adjusted to a density of 1×106/mL by 0.01 mol/L 
PBS.  Cells were fixed with 95% alcohol at 4 °C for 12 h and 
then stained by 500 μL pyridine iodide (PI, Sigma) at 4 °C in 
the dark for 30 min.  The apoptosis percentage was analyzed 
by flow cytometry (Becton Dickinson, USA).

Western blot analysis  Cells were plated in 100-mL 
culture flasks and incubated for 48 h.  Following each experi-
ment, the cells were rinsed with 0.01 mol/L PBS three times; 
then, 200 μL lysate containing 150 mL/L protease inhibitor 
was added, followed by a 15 min ice bath.  Next, the cells 
were scraped from the flask, harvested and centrifuged for 
supernatant collection (total protein).  The protein content 
was determined by Coomassie brilliant blue assay.  SDS-
PAGE (sodium dodecyl sulfate-polyacrylamide) gel sample 
buffer was added to the lysates.  The lysates were heated to 
100 °C for 3 min, and 100 μg protein was loaded into each 
well of a 12.5% SDS-PAGE gel.  Proteins were transferred 
onto nitrocellulose membrane after electrophoresis.  Immu-
noblotting was performed using the following antibodies: 
rabbit anti-CGRP (Beijing Biosynthesis Biotechnology Co, 
Ltd, China), mouse anti-Bcl-2 (Zhongshan Goldenbridge 
Biotechnology Co, Ltd, China), mouse anti-Bax (ibid), and 
mouse anti-β-actin (ibid).  The secondary antibodies used 
were alkaline phosphatase goat anti-rabbit IgG (Sigma, USA) 
and alkaline phosphatase horse anti-mouse IgG (Zhong-
shan Goldenbridge Biotechnology Co, Ltd, China).  Protein 
expression was quantified by Image J software.

Immunocytochemistry assay  Exponentially growing 
cells were cultured in a 24-well plate at a density of 1×105 
cells per well.  Two-step IHC detection reagent (ibid) and 
a DAB kit were used to examine the expression of CGRP in 
human gastric epithelial cells.  Following each experiment, 
cells were rinsed three times with 0.01 mol/L PBS and fixed 
for 30 min with 4% paraformaldehyde at 4 °C.  Afterward, 
cells were incubated with 0.3% Triton X-100 for 20 min and 
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3% H2O2 for 10 min.  Later, cells were blocked with 10% 
normal goat serum for 1 h at room temperature.  The primary 
antibody (rabbit anti-CGRP) was added and the mixture 
was incubated at 4 °C overnight.  After cells were rinsed with 
cold PBS three times, the secondary antibody (alkaline phos-
phatase goat anti-rabbit IgG) was added and the mixture was 
incubated at room temperature for 3 h.  Finally, cells were 
rinsed with 0.01 mol/L PBS three times and then incubated 
with DAB complexes for 20 min.  Cells were observed and 
their photos were taken under a phase contrast microscope.

Statistical analysis  All data are expressed as means±SD 
and were analyzed by one-way ANOVA and t-test.  A value of 
P<0.05 was considered statistically significant.

Results

Cell viability  The MTT assay indicated that the cell 
viability in the GP group (10, 25, 50, and 100 μmol/L) was 
52.2%±3.6%, 54.6%±2.5%, 60.0%±2.6%, and 66.7%±2.0%, 
respectively.  The assay also indicated that the cell viability 
of each group was 100.0%±0%, 51.4%±4.1%, 66.7%±2.0%, 
56.1% ±2.8%, and 50.7%±2.4% in a normal control group, 
H/R group, a GP 100 μmol/L postconditioning group, a 
capsazepine+genistein postconditioning group (C+GP) and 
a DMSO vehicle postconditioning group, respectively.  Com-
pared with the normal control group, the viability of the H/R 
group was decreased.  Compared with the H/R group, viabil-
ity of the GP group (50 and 100 μmol/L) was significantly 
increased (P<0.05).  It indicated that capsazepine could 
reverse the protective effect of genistein postconditioning.  In 
comparison with the GP group (100 μmol/L), the viability 
of the C+GP group was significantly decreased (P<0.01, Fig-
ure 1).

Apoptosis  Flow cytometric analysis showed that 
the apoptosis  percentages for the dif ferent groups 
were 2.28%±0.44%, 12.17%±2.15%, 5.40%±1.22%, 
10.43%±1.37%, and 11.02%±2.19%, in a normal control 
group, H/R group, a GP 100 μmol/L postconditioning 
group, a capsazepine+genistein postconditioning group 
(C+GP) and a DMSO vehicle postconditioning group, 
respectively.  Compared with the normal control group, the 
apoptosis percentage of the H/R group was increased, with a 
visible hypodiploid peak (apoptotic peak).  Compared with 
the H/R group, the apoptosis percentage of the GP group 
(100 μmol/L) was significantly decreased (P<0.01), and that 
of the C+GP group was increased (P<0.01) (Figure 2).

Expression of CGRP, Bcl-2 and Bax  Western blot 
analysis demonstrated that calcitonin gene-related peptide 
(CGRP) was expressed in normal gastric epithelial cells.  

There was no significant difference among the normal con-
trol, H/R and DM groups.  Compared with the H/R group, 
the expression of CGRP was increased in the GP group 
(100 μmol/L) (P<0.01) and decreased in the C+GP group 
(P<0.01).  Bcl-2 and Bax were also expressed in normal 
human gastric epithelial cells.  Compared with the H/R 
group, the expression of Bcl-2 was increased in the GP group 
(100 μmol/L), while whereas the expression of Bax was 
decreased (P<0.01).  On the other hand, in comparison 
with the GP group, the expression of Bcl-2 was decreased in 
the C+GP group, while whereas the expression of Bax was 
increased (P<0.01) (Figure 3).

CGRP-positive cells  The immunocytochemistry assay 
confirmed the expression of CGRP in normal human gastric 

Figure 1.  Effects of genistein postconditioning on cell viability in 
human gastric epithelial cells.  (A) Cells were treated as follows: 
normoxic culture for 6 h, 2 h hypoxia/4 h reoxygenation and four 
different concentrations of genistein postconditioning (10, 25, 
50, and 100 µmol/L).  Cell viability was detected by MTT assay.  
(B) Cells were treated as follows: normoxic culture for 6 h, 2 h 
hypoxia/4 h reoxygenation, genistein postconditioning (100 µmol/L), 
capsazepine+genistein postconditioning (100 µmol/L) and DMSO 
vehicle postconditioning.  Cell viability was detected by MTT assay.  
Means±SD.  bP<0.05, cP<0.01 vs H/R; fP<0.01 vs GP100.
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epithelial cells (Figure 4A).  There were no significant differ-
ences among the normal control, H/R (Figure 4B) and DM 
groups (Figure 4E).  The number of CGRP-positive cells 
in the GP group (100 μmol/L) was significantly increased 
(Figure 4C), whereas it was decreased in the C+GP group 
(Figure 4D).

Discussion

Gastric ischemia/reperfusion injury is a complicated 
issue, related to such factors as excessive generation of oxygen 

Figure 2.  Effect of genistein postconditioning on apoptosis in 
human gastric epithelial cells.  Cells were treated as follows: normoxic 
culture for 6 h (A), 2 h hypoxia/4 h reoxygenation (B), genistein 
postconditioning (100 µmol/L) (C), capsazepine+genistein postcondi
tioning (100 µmol/L) (D), and DMSO vehicle postconditioning (E).  
Subsequently, cells were fixed with 95% alcohol at 4 °C for 12 h and 
then stained with 500 μL pyridine iodide (PI) at 4 °C in the dark for 30 
min.  Percentages of cell apoptosis were detected by flow cytometry.

Figure 3.  Effect of genistein postconditioning on the expression 
of CGRP, Bcl-2, and Bax in human gastric epithelial cells.  Cells 
were treated as follows: normoxic culture for 6 h, 2 h hypoxia/ 
4 h reoxygenation, genistein postconditioning (100 µmol/L), 
capsazepine+genistein postconditioning (100 µmol/L) and DMSO 
vehicle postconditioning.  Afterward, cells were harvested and lysed, 
and the total protein was obtained as described in the text.  The 
protein was isolated by 12.5% SDS-PAGE and then transferred to a 
nitrocellulose membrane.  The expression of CGRP, Bcl-2, and Bax was 
analyzed by Western blot with rabbit anti-CGRP, mouse anti-Bcl-2, 
mouse anti-Bax, and mouse anti-β-actin antibodies.  Protein expression 
was quantified by Image J software.  (A) CGRP expression; (B) Bcl-2 
expression; (C) Bax expression.  cP<0.01 vs H/R, fP<0.01 vs GP100.
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free radicals (OFR) in gastric mucosa, intracellular calcium 
overload, increased gastric acid secretion and gastric micro-
circulation disturbance[6].  Excessive generation of OFRs and 
intracellular calcium overload may lead to apoptosis[7].  Bcl-2 
and Bax belong to the Bcl-2 family and are considered the 
key factors in apoptosis[8].  Ji et al[9] reported that genistein 
preconditioning reduced I/R injury in rabbit myocardium 
by decreasing Fas and Bax expression and by increasing the 
Bcl-2/Bax ratio.  In our study, MTT assays, flow cytometric 
analysis and Western blot were used to test cell viability, 
apoptosis percentages and apoptosis-related protein expres-
sion.  Our results indicate that cell viability is significantly 
decreased and apoptosis percentage is increased in the model 
of 2 h hypoxia/4 h reoxygenation.  They also show that, in 
the same model, the expression of anti-apoptotic protein 
(Bcl-2) was decreased and the expression of pro-apoptotic 
protein (Bax) was increased.  Our experiment has demon-
strated that postconditioning with 50 and 100 μmol/L of 

genistein can reduce H/R-induced injury in human gastric 
epithelial cells.

Vanilloid receptor subtype 1 (VR1), a non-selective 
cation channel, is widely distributed in capsaicin-sensitive 
primary sensory neurons of the dorsal root ganglion, trigemi-
nal ganglion and vagus ganglion and the sensory nerve 
terminals responsive to mechanical, thermal and chemical 
stimuli[10, 11].  Therefore, VR1 is regarded as a new target for 
drug therapy[12].  Activation of VR1 induces Ca2+ influx into 
sensory nerve terminals, resulting in the exocytosis of neuro-
peptides, such as calcitonin gene-related peptide (CGRP)[13].  
Previous research has shown that CGRP has a protective 
effect on ischemic/reperfused myocardial and endothelial 
cells[14, 15].  It has been suggested that rutaecarpine may pro-
tect the myocardium from ischemia/reperfusion injury by 
activating the vanilloid receptor and generating an endog-
enous protection substance, CGRP[16].

Conventionally, VR1 is recognized as a nervous system-
specific receptor.  Recent research, however, has indicated 
that VR1 is also distributed in some non-nervous tissues, 
such as liver, lungs, gastric epithelial cells[17], bronchi[18], 
bladder epithelium[19], mast cells, skin cells[20], and macro
phages[21].  This finding suggests that VR1 might be involved 
in regulating a variety of physiological functions of dif-
ferent tissues and organs.  We thus speculated that the 
protective effect of genistein postconditioning on I/R (or 
H/R-induced) injury to the stomach was modulated via the 
direct activation of VR1 in gastric epithelial cells, leading 
to the generation of an endogenous protection substance, 
CGRP.

In the present study, the results of Western blot analysis 
and immunocytochemistry assays have shown that normal 
human gastric epithelial cells express a certain amount of 
CGRP and that genistein postconditioning significantly 
increases this expression.  Capsazepine is a specific and com-
petitive antagonist of the vanilloid receptor.  Liu et al[22] con-
firmed that 10 μmol/L of capsazepine blocked the vanilloid 
receptor of trigeminal ganglion neurons.  Our experiment 
showed that capsazepine at this dose could reverse the pro-
tective effect of genistein postconditioning, suggesting that 
this protective effect might be attributed to the activation of 
VR1.

Genistein is a safe, naturally occurring drug.  However, 
genistein does exhibit toxic side effects on retinal function 
when used at the optimal therapeutic concentrations without 
any protective agents[23].  The need to consider the potential 
for genistein neurotoxicity has been previously reported[24].  
The dose of genistein is critical in the induction of tissue-
dependent biological actions.  Finally, it is important to 

Figure 4.  Effect of genistein postconditioning on the expression of 
CGRP in human gastric epithelial cells.  Cells were treated as follows: 
normoxic culture for 6 h (A), 2 h hypoxia/4 h reoxygenation (B), 
genistein postconditioning (100 µmol/L) (C), capsazepine+genistein 
postconditioning (100 µmol/L) (D), and DMSO vehicle postcondi
tioning (E).  The two-step IHC detection reagent and the DAB kit were 
used to examine the expression of CGRP in human gastric epithelial 
cells.  Cells were observed and their photos were taken under a phase 
contrast microscope (×400).
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emphasize that we observed no significant side effects in our 
study.

In conclusion, we have identified a novel therapeutic 
strategy for gastric ischemia/reperfusion injury.  We have 
confirmed that genistein-induced pharmacological postcon-
ditioning exerts its effect in vitro through direct activation 
of the vanilloid receptor subtype 1, resulting in the genera-
tion of an endogenous protection substance (CGRP) and a 
decrease in apoptosis in human gastric epithelial cells.
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