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Abstract
AIM: To investigate expression of Bcl-2 and Bax in gas-
tric ischemia-reperfusion (GI-R) and involvement of ex-
tracellular signal-regulated kinase (ERK) 1/2 activation. 

METHODS: The GI-R model was established by ligature 
of the celiac artery for 30 min and reperfusion in Sprague-
Dawley rats. Rats were assigned to groups in accordance 
with their evaluation period: control, 0, 0.5, 1, 3, 6, 24, 
48, and 72 h. Expression and distribution of Bcl-2 and Bax 
proteins were analyzed by immunohistochemistry and 
western blotting in gastric tissue samples after sacrifice. 

RESULTS: Compared with controls, the percentage of 
positive cells and protein levels of Bcl-2 decreased in 

the early phases of reperfusion, reached its minimum 
at 1 h (P  < 0.05); it then increased, reaching its peak 
at 24 h of reperfusion (P  < 0.05). The pattern of Bax 
expression was opposite to that of Bcl-2. Bax expres-
sion increased after reperfusion, with its peak at 1 h of 
reperfusion (P  < 0.05), and then it decreased gradu-
ally to a minimum at 24 h after reperfusion (P  < 0.05). 
On the other hand, inhibition of activation of ERK1/2 
induced by PD98059, a specific upstream MEK inhibi-
tor, had significant effects on Bcl-2 and Bax in GI-R. 
Compared with GI-R treatment only at 3 h of reperfu-
sion, PD98059 reduced the number of Bcl-2 positive 
cells (0.58% of R3h group, P  < 0.05) and Bcl-2 protein 
level (74% of R3h group, P  < 0.05) but increased the 
number of Bax-positive cells (1.33-fold vs  R3h group, P  
< 0.05) and Bax protein level (1.35-fold of R3h group, 
P  < 0.05). 

CONCLUSION: These results indicated that the Bcl-2 
and Bax played a pivotal role in the gastric mucosal I-R 
injury and repair by activation of ERK1/2.
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INTRODUCTION
Current research into gastric ischemia-reperfusion (GI-R) 
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has focused on its pathogenic and underlying molecular 
mechanism[1-8]. GI-R injury and repair is related to the 
changes in gastric mucosal cellular apoptosis and prolifera-
tion induced by GI-R in rats. In our previous experiments, 
we have explored the time course of  gastric mucosal apop-
tosis and proliferation induced by GI-R, and the role of  
the extracellular signal-regulated kinase 1 and 2 (ERK1/2) 
signaling pathway in GI-R-induced gastric mucosal injury 
and repair[7]. We have found that serious gastric mucosal 
damage occurs rapidly at the early stage of  reperfusion 
and is closely related to the suppression of  ERK1/2 acti-
vation. The activity of  ERK1/2 increases as the time of  
reperfusion is extended, and the activated ERK1/2 might 
inhibit apoptosis and promote proliferation in gastric mu-
cosal cells. However, the precise mechanisms by which ac-
tivated ERK1/2 accomplishes gastric mucosal apoptosis 
and proliferation are unknown. 

The balance between apoptosis and cellular proliferation 
is a key in gastric injury and repair, and is regulated by 
several genes, including p53 and members of  the Bcl-2 fam-
ily such as Bax and Bcl-2[9-11]. The Bax gene is a proliferative 
suppressor gene that encodes Bax protein that promotes 
apoptosis. On the other hand, bcl gene encodes Bcl-2 pro-
tein that blocks wild type p53-mediated apoptosis, and het-
erodimers with Bax, antagonizing the function of  Bax[12]. 

Therefore, it is conceivable that increased cellular apop-
tosis and proliferation, because of  altered expression of  the 
regulating proteins such as Bax and Bcl-2, may be associat-
ed with gastric injury and repair induced by GI-R. Although 
Bcl-2 and Bax are expressed in gastric mucosa, their pres-
ence in normal gastric mucosa is controversial. Liu et al[13] 
have reported that Bcl-1 mRNA and protein are expressed 
in the gastric gland zone at a middle level and Bax protein 
is expressed in the epithelial cells of  normal gastric mucosa. 
Xia et al[14] have found that, in intact gastric tissue, Bcl-2 
and Bax are localized predominantly in the glandular base 
region in chief  cells in normal rat gastric mucosa. However, 
a conflicting study has found that no expression of  Bcl-2 
protein is detected in the glandular epithelium of  normal 
gastric mucosa[15]. On the other hand, Bcl-2 and Bax show 
significant changes in many conditions including gastric 
cancer, gastritis, and GI-R[15-18]. El Eter et al[15] have reported 
that cytoplasmic expression of  Bcl-2 protein is observed in 
the superficial portion of  gastric mucosa sections obtained 
from rats subjected to GI-R injury.

The available data on expression of  Bcl-2 and Bax 
proteins in the stomach, and their relation to apoptosis of  
gastric mucosal cells, seem equivocal, thus, a further study 
of  Bcl-2 and Bax expression in the stomach is clearly 
important. In the present study, we used an immunohis-
tochemical assay and western blotting to determine the 
changed courses of  Bcl-2 and Bax at different reperfusion 
durations after GI-R, and whether ERK1/2 activation was 
involved in this process. 

MATERIALS AND METHODS
Animals 
Groups of  six adult Sprague-Dawley rats, regardless of  

sex, weighing 220-270 g, were provided by the Experi-
mental Animal Centre of  Xuzhou Medical College. All ex-
periments were performed in accordance with the Nation-
al Institutes of  Health Guidelines for the Care and Use of  
Laboratory Animals. Rats were housed under controlled 
temperature (22-24℃) and photoperiod (12 h light/12 h 
dark), and allowed food and water ad libitum. Rats were 
fasted for 24 h before the experiment, but were allowed 
free access to tap water. Animals were randomly assigned 
to groups: GI-R (different reperfusion time points after 30 
min of  ischemia); PD98059 + R3h (PD98059 + reperfu-
sion for 3 h after 30 min of  ischemia); and vehicle control 
(PD98059 replaced with vehicle but otherwise the same 
as PD98059 + R3h). PD98059 was given 20 min before 
operation [150 μg/kg, administered intraperitoneally (i.p.), 
dissolved in dimethyl sulfoxide]. A sham group in which 
only the same surgical procedure without clamping the 
celiac artery was performed served as a control.

Reagents 
PowerVisionTM two-step immunohistochemistry detec-
tion kit were purchased from Zhongshan Biotech Co. 
(Beijing, China), anti-Bcl-2 and anti-Bax polyclonal anti-
bodies were purchased from Santa Cruz Biotechnology 
(Santa Cruz, CA, USA), alkaline-phosphorylase-tagged 
goat anti-rat IgG antibody, PD98059 was from Promega 
(Madison, WI, USA), and sodium pentobarbital was pur-
chased from Sigma (St. Louis, MO, USA). 

Preparation of GI-R model 
GI-R models were induced according to the method of  
Qiao et al [7]. The randomly grouped rats were all anesthe-
tized with sodium pentobarbital (40 mg/kg, i.p.). Their 
abdomens were incised along the midline, and the celiac 
artery and its adjacent tissues were carefully isolated. The 
celiac artery was clamped with a small non-traumatic vas-
cular clamp for 30 min to induce gastric ischemia and then 
released for 0, 0.5, 1, 3, 6, 24, 48 and 72 h to allow reper-
fusion. Following reperfusion, the rats were sacrificed and 
the stomachs were removed immediately. The stomachs 
were incised along the greater curvature and flushed with 
ice-cold PBS (0.1 mol/L). One half  of  the gastric mucosa 
was frozen at -80℃ for western blotting, and the other 
was fixed in Bouin’s fixative for immunohistochemical 
staining.

Immunohistochemical staining  
The fixed stomach was embedded in paraffin, sliced into 
4-μm-thick sections, and mounted on glass slides. The 
immunohistochemistry was performed with a PowerVi-
sion two-step immunohistochemistry detection kit. The 
sections were stained with 3,3’-diaminobenzidine (DAB), 
then counterstained using hematoxylin. The sections were 
examined with a microscope (Model IX71; Olympus, To-
kyo, Japan). Gastric mucosal cells with brown granules vis-
ible in the cytoplasm or nucleus were considered positive. 
The number of  positive cells per section was counted in 
10 random lower-power (× 10) fields, and the percentage 
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of  positive cells (positive cells/total cells × 100%) was 
calculated. Three non-consecutive sections were selected 
from each specimen and those indexes were averaged. 

Western blotting 
The frozen gastric mucosa was homogenized with a Tef-
lon glass homogenizer in 1:10 (w/v) ice-cold homogeniza-
tion buffer consisting of  50 mmol/L 3-(N-morpholino) 
propanesulfonic acid (MOPS, pH 7.4), 50 mmol/L NaF, 
20 mmol/L sodium pyrophosphate (NaPPi), 20 mmol/L 
b-glycerophosphate, 1 mmol/L EDTA, 1 mmol/L EGTA, 
1 mmol/L phenylmethylsulphonyl fluoride, 10 mg/mL 
leupeptin, 10 mg/mL aprotinin and 10 mg/mL pepstatin A. 
The homogenate was centrifuged at 800 g for 15 min at 4℃, 
and the supernatant was retained as cytoplasmic parts. Pro-
tein concentrations were determined by Coomassie bril-
liant blue protein assay. The proteins was heated at 100℃ 
for 5 min with loading buffer containing 0.125 mol/L 
Tris-HCl (pH 6.8), 20% glycerol, 4% SDS, 10% mercap-
toethanol and 0.002% bromophenol blue, then separated 
by 10% SDS-PAGE. The proteins were isolated by 12.5% 
SDS-PAGE and transferred to a nitrocellulose membrane. 
The blots were incubated with 4% bovine serum albumin 
in TBST (10 mmol/L Tris, pH 7.5; 150 mmol/L NaCl, 
0.05% Tween-20) at 4℃ for 6 h and probed with primary 
antibodies (anti-Bcl-2 polyclonal antibody 1:500, anti-Bax 
polyclonal antibody 1:400) at 4℃ overnight. Membranes 
were rinsed and incubated with secondary antibody for 
2 h and were detected with an NBT/BCIP assay kit. After 
immunoblotting, the bands were scanned and analyzed by 
Image J software. The optical density (OD) of  the band in 
each lane was expressed as the fold change versus the OD 
of  the sham control.

Statistical analysis 
All results are presented as mean ± SD. Comparisons be-
tween two groups were made with Student’s t test; multiple-
group analyses were made by one-way ANOVA. Statistical 
analyses were performed with SPSS for Windows version 
11.5. P < 0.05 was considered statistically significant.

RESULTS
Quantitative changes in Bcl-2 and Bax positive cells of 
the gastric mucosa for different reperfusion durations 
after ischemia 
Immunohistochemical staining clearly showed that Bcl-2 
and Bax were expressed and limited to the cytosol of  
the cells in the gastric mucosa (Figure 1). Bcl-2 express-
ing cells were found predominantly in the lower part of  
the gastric gland, and were present only in gland cells of  
the stomach fundus (Figure 1A-D). Bax positive cellular 
distribution was similar to that of  Bcl-2, with prominent 
expression in the base, but staining for Bax was also 
noticeable in the cells of  the pit. Bax appeared to be ab-
sent from the middle part of  the gastric gland, and weak 
expression of  Bax was detected in most cells of  the gas-
tric mucosa (Figure 1E-H). The control sample (sham-
operated) obtained prior to the ischemic period showed a 
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normal appearance of  Bcl-2 (Figure 1A and B) and Bax 
(Figure 1E and F), and there were significant differences 
between the GI-R (Figure 1C, D, G and H) and control 
groups (Figure 1A and E) in the quantities of  Bcl-2 and 
Bax immunoreactive cells. 

The percentage of  Bcl-2 and Bax positive cells in vari-
ous groups is shown in Figure 2. Bcl-2 and Bax positive 
cells decreased in the early phase of  reperfusion, with a 
nadir (10.02% ± 1.21%) at 1 h of  reperfusion, then in-
creased significantly after reperfusion for 3 h, with a peak 
(29.76% ± 3.32%) at 24 h of  reperfusion, and returned to 
near the base level (20.47% ± 2.97%) at 72 h of  reperfu-
sion. The opposite pattern was observed for Bax positive 
cells. The percentage of  Bax positive cells increased in the 
initial stages of  reperfusion, reached the highest Bax posi-
tive cell count (49.34% ± 3.83%) at 1 h of  reperfusion, 
then decreased gradually, with its nadir (13.36% ± 3.05%) 
at 24 h of  reperfusion, and recovered to base level (24.94% 
± 2.83%) at 72 h of  reperfusion.

Protein expression of Bcl-2 and Bax in gastric mucosa 
at different reperfusion durations after ischemia
Figure 3 show the Bcl-2 and Bax protein levels in the 
gastric mucosa in different groups of  the study. After 
reperfusion, expression of  Bcl-2 protein was significantly 
lower than that of  the controls, and the lowest level was 
observed at 1 h of  reperfusion (0.59% of  sham group, P 
< 0.05). A peak of  Bcl-2 protein expression was displayed 
in the 24 h reperfusion group (1.36 fold vs sham group, P 
< 0.05). The Bax protein level increased in the early stage 
of  reperfusion, reached its peak (1.62-fold vs sham group, 
P < 0.05) at 1 h of  reperfusion, and then decreased gradu-
ally to its lowest levels (0.57% of  sham group, P < 0.05) 
at 24 h of  reperfusion. At 72 h of  reperfusion, Bcl-2 and 
Bax protein levels were the same as that of  the control 
group.

Effects of PD98059 on expression of Bcl-2 and Bax 
PD98059 is a specific upstream inhibitor of  ERK1/2. 
By immunohistochemical assay, we found PD98059 had 
significant effects on Bcl-2 and Bax expression in GI-R. 
Compared with the control group (R3h group), the 
PD98059 + R3h group showed a fall in the number of  
Bcl-2 positive cells (0.58% of  R3h group, P < 0.05) but an 
increase in Bax positive cells (1.31-fold vs R3h group, P < 
0.05) (Figure 4). To ascertain the effect of  PD98059 on 
expression levels of  Bcl-2 and Bax protein, western blot-
ting was performed. In the PD98059 + R3h group, gastric 
mucosal Bcl-2 protein level was 74% of  that in the R3h 
group (P < 0.05), whereas Bax protein level was 1.35-fold 
more than that in the R3h group (P < 0.05) (Figure 5). 

DISCUSSION
Previous studies have shown that many stress conditions, 
such as hemorrhagic shock, burns, sepsis, major surgery, 
ischemia and trauma can lead to GI-R injury. In recent 
years, studies on GI-R injury have revealed that reactive 
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oxygen species, endothelin, microvascular dysfunction, 
polymorphonuclear leukocyte infiltration, nitric oxide rele
ase, gastric acid secretion and decreased prostaglandin 
concentrations may play a role in the pathogenesis of  gas-
tric mucosal injury induced by GI-R[1,5,19-25]. Although the 
gastric mucosa is vulnerable to damage by various factors, 
it can quickly repair the damage[26]. Mucosal integrity is 
maintained by a balance between proliferation and apop-
tosis of  the gastric mucosal cells. To understand better 
the causes of  gastric lesions, it is important to study the 
imbalance between proliferation and apoptosis[27,28]. 

In previous experiments[7], we have shown the changed 
courses of  gastric mucosal injury and repair induced by 
GI-R, and the role of  ERK1/2 in this process. Our results 
indicated clearly that the gastric mucosal injury induced 
by GI-R was mainly the result of  reperfusion. The seri-
ous gastric mucosal lesions occurred in the initial stages 
of  reperfusion and the aggravating processes of  mucosal 
lesions were at 1 h after reperfusion, which were main-
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Figure 2  Quantitative changes in Bcl-2 and Bax positive cells in rat gas-
tric mucosa for different reperfusion times after GI-R. Reperfusion was 
maintained for 0, 0.5, 1, 3, 6, 24, 48 and 72 h after 30 min of ischemia. Sham: 
sham-operated. Values are percentage of positive cells (positive cells/total cells) 
counted in 10 microscopic fields. Each column represents mean ± SD, n = 6. aP < 
0.05 vs sham.

Figure 1  Histological exhibition of Bcl-2 and Bax positive cells in the gastric mucosa at different reperfusion times after ischemia, by immunohistochemical 
staining in rats. The Bcl-2 and Bax positive cells were respectively probed with anti-Bcl-2 and anti-Bax polyclonal antibodies in rat gastric mucosa. Nuclear counterstain-
ing was performed with hematoxylin. The examples of immunoreactive cells are those with dark brown staining in their cytosol (arrows). A and B: Bcl-2, control; C: Bcl-2, 
GI-R at 1 h after reperfusion; D: Bcl-2, GI-R at 24 h after reperfusion; E and F: Bax, control; G: Bax, GI-R at 1 h after reperfusion; H: Bax, GI-R at 24 h after reperfusion. 
Images were obtained at × 100 (A, C, D, E, G and H, Bar 100 μm) and × 400 (B and F, Bar 400 μm).
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tained about 3 h after reperfusion. The gastric mucosal 
repairs started after 3 h of  reperfusion, and the complete 
recovery took almost 3 d. Based on these facts, it indi-
cated that gastric mucosa has an amazing self-repairing 
ability. ERK1/2 are important members of  the mitogen-
activated protein kinase family. The activation of  ERK1/2 
participates in the regulation of  cellular injury and repair 
in many tissues. Our researches have also shown that the 
p-ERK1/2 protein level decreased at 0.5 h after reperfu-
sion began, and then gradually increased, reaching its peak 
after 3 h of  reperfusion. Inhibition of  the activation of  
ERK1/2 aggravated the gastric mucosal injury, with apop-
tosis increased and proliferation reduced in the gastric 
mucosal cells at the same duration of  reperfusion. There-
fore, activated ERK1/2 inhibited apoptosis and promoted 
proliferation in gastric mucosal cells.

Apoptosis and proliferation are fundamental mecha-
nisms for cell death and survival and differentiation in the 
gastric mucosa. The status of  the Bcl-2 family proteins 
determines whether a cell will live or die through the regu-
lation of  cytochrome c release from the mitochondria[29,30]. 
Bcl-2 protein mainly inhibits apoptosis and facilitates cel-
lular survival and differentiation, whereas overexpression 
of  Bax protein induces apoptosis and inhibits the effect 
of  Bcl-2[31-33]. Our data showed that Bcl-2 expression 
decreased significantly after the start of  the reperfusion, 
reaching its nadir at 1 h, before increasing gradually to a 
peak after 24 h of  reperfusion. The pattern of  change in 
Bax expression was opposite to that of  Bcl-2 expression. 
Bax expression increased at first, reaching its maximum 

after 1 h of  reperfusion, and then decreased. Bcl-2 and 
Bax recovered gradually to base level at 72 h of  reperfu-
sion. PD98059, a specific upstream inhibitor of  ERK1/2, 
downregulated expression of  Bcl-2 and upregulated ex-
pression of  Bax in GI-R. These results suggest that the 
course of  expression of  Bcl-2 and Bax were closely cor-
related with p-ERK1/2. Activation of  ERK1/2 causes 
upregulation of  Bcl-2 and downregulation of  Bax. 

In conclusion, Bcl-2 and Bax played a pivotal role in 
GI-R injury and repair by activation of  ERK1/2. Bcl-2 
was involved in recovery of  GI-R-mediated gastric mu-
cosa injury by promoting cellular proliferation, and Bax 
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by western blotting with anti-Bcl-2 and anti-Bax antibodies. A: Representative 
blots corresponding to expression levels of Bcl-2 and Bax proteins; B: Semi-
quantitative analysis of the levels of Bcl-2 and Bax. Sham: Sham-operated. 
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Figure 4  Effects of PD98059 (ERK1/2 inhibitor) on quantitative changes of 
Bcl-2 and Bax positive cells in rat gastric mucosa after gastric ischemia-
reperfusion. R3h: Reperfusion for 3 h after 30 min of ischemia; Vehi + R3h: 
Vehicle + R3h; PD + R3h: PD98059 + R3h; Sham: Sham-operated. Values are 
percentage of positive cells (positive cells/total cells) counted in 10 microscopic 
fields. Each column represents mean ± SD, n = 6. aP < 0.05 vs R3h.
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Figure 5  Effects of PD98059 (ERK1/2 inhibitor) on expression of Bcl-2 and 
Bax proteins in cytoplasm extracts from rat gastric mucosa after gastric 
ischemia-reperfusion. R3h: Reperfusion for 3 h after 30 min of ischemia; Vehi 
+ R3h: Vehicle + R3h; PD + R3h: PD98059 + R3h. Extracts were obtained for 
analysis by western blotting with anti-Bcl-2 and anti-Bax antibodies. A: Repre-
sentative blots corresponding to expression levels of Bcl-2 and Bax proteins; B: 
Semi-quantitative analysis of the levels of Bcl-2 and Bax. Values are means ± 
SD, n = 6. aP < 0.05 vs R3h.
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was involved in gastric mucosal injury induced by GI-R 
by promoting apoptosis. 
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