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Oxidative stress and hypoxia-induced factor 1α expression 
in gastric ischemia

post-ischemic oxidative stress and the expression of 
HIF-1α of gastric tissue resulting from limb ischemia 
reperfusion injury. MDA, SOD, XOD and MPO were 
regarded as indexes for mucosal injuries from ROS, 
and ROS was found to affect the expression of HIF-1α 
under gastric ischemic conditions.

CONCLUSION: ROS affects HIF-1α expression under 
gastric ischemic conditions induced by limb ischemia 
reperfusion injury. Therefore, ROS can regulate HIF-1α 
expression in gastric ischemia.
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INTRODUCTION
Recent studies have suggested that limb ischemia can in-
duce ischemia reperfusion (IR) of  remote organs (lung, 
liver, kidney and gastrointestinal tract), and limb ischemia 
reperfusion-induced gastric mucosal injury can cause the 
occurrence of  stress ulcer. Although the incidence of  
acute postoperative gastric ulcers decreased after the intro-
duction of  H2 receptor-blockers and HK-pump inhibitors, 
there are still some problems to be solved. Oxidative stress 
plays a very important role through the free radicals and or 
reactive oxygen species (ROS)[1] in gastric ischemia reperfu-
sion injury, and ROS production during reperfusion may 

1915

Tao Wang, Yu-Fang Leng, Yan Zhang, Xing Xue, Yu-Qing Kang, Yue Zhang 

Tao Wang, Yu-Fang Leng, Yan Zhang, Xing Xue, Yu-Qing 
Kang, Yue Zhang, Department of Anesthesiology, The First 
Hospital of Lanzhou University, Lanzhou 73000, Gansu Prov-
ince, China
Author contributions: Wang T and Leng YF contributed equal-
ly to this work, designed research and wrote the paper; Wang T, 
Zhang Y, Xue X, Kang YQ and Zhang Y provided new reagents/
analytic tools, performed research and analyzed data and were 
also involved in editing the manuscript.
Supported by Technology from the School of Basic Medical 
Sciences of Lanzhou University and the Animal Experimental 
Center, Gansu College of Traditional Chinese Medicine
Correspondence to: Dr. Yu-Fang Leng, Department of An-
esthesiology, The First Hospital of Lanzhou University, West 
Donggang Road, Chengguan District, Lanzhou 730000, Gansu 
Province, China. Lengyf@lzu.edu.cn
Telephone: +86-931-8625200  Fax: +86-931-8619797 
Received: October 11, 2010     Revised: December 10, 2010
Accepted: December 17, 2010
Published online: April 14, 2011

Abstract
AIM: To investigate the relation of reactive oxygen 
species (ROS) to hypoxia induced factor 1α (HIF-1α) 
in gastric ischemia.

METHODS: The animal model of gastric ischemia 
reperfusion was established by placing an elastic rubber 
band on the proximal part of the bilateral lower limb 
for ligature for 3 h and reperfusion for 0, 1, 3, 6, 12 
or 24 h. Ischemic post-conditioning, three cycles of 
30-s reperfusion and 30-s femoral aortic reocclusion 
were conducted before reperfusion. Histological and 
immunohistochemical methods were used to assess the 
gastric oxidative damage and the expression of HIF1-α 
in gastric ischemia. The malondialdehyde (MDA) content 
and superoxide dismutase (SOD), xanthine oxidase 
(XOD) and myeloperoxidase (MPO) activities were 
determined by colorimetric assays. 

RESULTS: Ischemic post-conditioning can reduce 
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play a role in the pathogenesis of  gastric mucosal injury 
induced by IR. Many studies demonstrated that besides the 
lesions induced by ischemia, the reperfusion causes addi-
tional cellular damage not only in the primary sites but also 
in remote structures[2,3], such as gastric tissues.

The main factor involved in tissue lesions in the course 
of  ischemia is hypoxia. It initiates intracellular signaling 
pathways, hence leading to the activation of  the hypoxia-
induced factor 1 (HIF-1)[4]. HIF-1 is a critical regulator of  
the transcriptional response to low-oxygen (O2) conditions 
(hypoxia/anoxia) in mammalian cells under both physi-
ological and pathophysiological circumstances[5]. Heterodi-
meric protein is composed of  a constitutively expressed 
HIF-1β subunit, and an O2-regulated HIF-1α subunit. 
Since the clinical data first indicated that HIF-1α may play 
an important role in human cancer progression in the 
1999[6], significant knowledge has been accumulated and 
it has played a major role in gastric tumor and ischemia 
through activation of  various genes that are linked to regu-
lation of  angiogenesis, cell survival, energy metabolism, 
and apoptotic and proliferative responses[7-9]. 

The mechanism of  ROS in HIF-1α expression in isch-
emia could be solely related to H2O2 initial concentrations 
and production. Some studies have shown increased ROS 
expression in hypoxia, and increased HIF-1α expression 
has been found to contribute to mitochondrial activity, 
and especially ROS formation during hypoxia[10,11]. How-
ever, little is known about oxidative stress and the role of  
HIF-1α in rat gastric injury after limb ischemia reperfu-
sion injury (LI-RI). We aimed to investigate the oxidative 
stress and HIF-1α protein expression in gastric ischemia 
induced by limb ischemia reperfusion, and to test if   
HIF-1α is regulated by reactive oxygen species. We used rat 
hind limbs ischemia as the primary lesion and the gastric 
mucosa as the remote site in order to find out a potential 
etiologic factor of  acute gastric ulcers .

MATERIALS AND METHODS
Animal and reagent 
Male Wistar rats weighing 220-250 g were purchased from 
the Animal Experimental Center, Gansu College of  Tradi-
tional Chinese Medicine (Lanzhou, China). All procedures 
were performed in accordance with the Declaration of  
Helsinki of  the World Medical Association. The kits used 
to determine superoxide dismutase (SOD), malondial-
dehyde (MDA), xanthine oxidase (XOD) and myeloper-
oxidase (MPO) were obtained from Nanjing Jiancheng 
Bioengineering Institute (Nanjing, China), and rat HIF-1α 
assay kits were purchased from Wuhan Boster Bioengi-
neering Institute (Wuhan, China). 

Model and grouping
Animals were divided into three groups randomly, and 
each group contained 36 rats. Group 1, (sham-operated, 
control), a rubber band was used without any constriction; 
group 2, (ischemia/reperfusion, I/R), gastric ischemia/re-
perfusion injury (GI-RI) was induced with bilateral lower 

limb ligated for 3 h by placing an elastic rubber band un-
der a pressure of  290-310 mmHg on the proximal part of  
the lower limb[12,13] and then released to allow reperfusion; 
and group 3, (ischemic post-conditioning, IpostC), at the 
start of  reperfusion, three cycles of  30-s reperfusion and 
30-s femoral aortic reocclusion[14] were conducted before 
reperfusion as shown in Figure 1. Global ischemia in hind 
limb was verified by the absence of  blood flow in femo-
ral aorta and vein. Each group was housed in wire mesh 
cages at room temperature and in a 12/12 h day/night 
cycle. Prior to the experiment, all rats were fasted for  
24 h and allowed access to tap water ad libitum. The ani-
mals were anesthetized by inhalation 2%-3% isoflurane[15] 
and the anesthesia was only maintained in the course of  
the experimental operation. The three groups underwent 
0, 1, 3, 6, 12 or 24 h reperfusion. Following reperfusion, 
blood samples from the inferior vena cava were collected, 
and six rats were humanely killed by venous bloodletting 
and the stomachs were immediately removed to collect 
tissue samples at each time point, respectively.

Measurement of malondialdehyde content and activity 
of superoxide dismutase, xanthine oxidase and myelo­
peroxidase
The stomach was homogenized in 0.9% saline solu-
tion using a homogenizer. The  homogenate was then 
centrifuged at 2000-3000 rpm for 10 min at 4℃. The 
supernatant obtained was used to determine the MDA 
content and SOD, XOD and MPO activities according 
to the manufacturer’s instructions. MDA content was 
determined spectrophotometrically at 532 nm by the thio-
barbituric acid method, and was expressed in nmol/mg 
of  protein. The protein concentrations were determined 
by Coomassie brilliant blue protein assay. SOD activity 
was evaluated spectrophotometrically at 550 nm by the  
the xanthine oxidase method, and SOD activity was ex-
pressed in U/mg of  protein. XOD was determined spec-
trophotometrically at 530 nm using a commercial XOD 
kit, and XOD activity was expressed in U/g of  protein. 
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Figure 1  Experimental protocol. In the sham-operated group (n = 36) there 
was no intervention; ischemic/reperfusion (I/R, n = 36) was elicited by 3 h I fol-
lowed by 0, 1, 3, 6, 12 or 24 h R; ischemic post-conditioning (IpostC) (n = 36) 
was performed by 3 circles of 30 s of R followed by 30 s of I before 0, 1, 3, 6, 
12 or 24 h of R, respectively. R: reperfusion; I: ischemia.

0 h R

3 h I
IpostC

Sham-operated

1 h R
3 h R

6 h R
12 h R

24 h R

1 h R
3 h R

6 h R
12 h R

24 h R

1 h R
3 h R

6 h R
12 h R

24 h R

0 h R

0 h R

3 h I

3 h I
I/R

R IR IR I



MPO activity was determined spectrophotommetrically at  
460 nm by the O-dianisidine method, and MPO activity 
was expressed as U/g of  wet tissue. Each measurement 
was performed in triplicate.

Measurement of gastric mucosal injury 
The murine stomach was incised along the lesser gas-
tric curvature and fixed in 10% phosphate-buffered 
formalin, paraffin-embedded and sectioned at 4 μm in 
thickness. After deparaffinization and gradual hydration, 
they were examined using hematoxylineosin staining. 
Based on a cumulative-length scale where an individual 
lesion was limited to the mucosal epithelium (including 
pinpoint erosions, ulcers, and hemorrhagic spots), the 
index was scored according to its length: 1, ≤ 1 mm;  
2, > 1 mm and ≤ 2 mm; and 3, > 2mm and ≤ 3 mm. 
For lesions > 1 mm in width, the score was doubled. The 
sum total of  the scores of  all lesions represented the gas-
tric mucosal injury index as outlined by Zhang et al[16]. To 
avoid bias, the index was determined by a researcher who 
was blind to the treatment.

Histological examination 
The stomach fixed in 10% phosphate-buffered formalin 
was paraffin-embedded and sectioned 4 μm thick. After 
deparaffinization and gradual hydration, it was examined 
using hematoxylin-eosin staining. Morphologic assess-
ment was performed by an experienced pathologist who 
was unaware of  the treatment under a light microscope.

Immunohistochemical staining of HIF-1α
The best tissue section for immunohistochemistry was 
selected and the corresponding formalin-fixed, paraffin-
embedded resection specimens were obtained. Immuno-
histochemical detection of  HIF-1α was performed using 
the image pro-plus 6.0 analysis system (Media Cybernetics 
Co., America) based on a StreptAvidin-Biotin Complex 
formation. Sections 4 mm in thickness were deparaf-
finised and the antigen was retrieved by microwaving in 
10 mmol/L citrate buffer (pH 6.0) for 20 min followed by 
blocking steps according to the manufacturer’s protocol. 
Mouse monoclonal antibody (Wuhan Boster Co., China), 
diluted at 150-200, was applied and the slides were incu-
bated overnight at 41℃. The biotinylated goat anti-rat sec-
ondary antibody (Wuhan Boster Co., China), was applied 
using additional blocking precautions to minimize the am-
plification of  nonspecific background. The antibody was 
visualized using diaminobenzidine and the sections were 
counterstained with haematoxylin, dehydrated and mount-
ed. Substitution of  the primary immunoadsorption with 
immunizing peptide served as negative control. Batch-
to-batch variation was assessed by choosing two sections 
showing high and low HIF-1α expressions and running 
additional sections from these biopsies in each batch. 

Assessment of HIF-1α staining in tissue sections
The extent of  hypoxia gastric tissue staining was quantified 
on 24-h specimens. Digital images of  the gastric tissue 

overlying 3 regions of  the lesser gastric curvature (muco-
sae, muscularis mucosae and glands) were obtained using a 
microscope at × 20 magnification. The total thickness of  
the gastric tissue and positive staining cells were measured 
using Image Pro Software. In each field, 5 measurements 
were obtained and averaged. The HIF-1α protein level 
was expressed as the sum of  the integrated optical density 
(SUMIOD) value in different groups. HIF-1α was also as-
sessed by an experienced pathologist who was unaware of  
the treatment.

Statistical analysis
Data were entered into a database and analyzed using 
SPSS software (SPSS, Chiacgo, IL, USA) and were ex-
pressed as mean ± SD. Data were analyzed by Repeated 
Measures Analysis, and the means of  all groups were 
compared using the least significant difference (LSD) 
test for multiple comparisons. P < 0.05 was considered 
as significant difference.

RESULTS
Gastric oxidative stress and lipid peroxidation after 
gastric I/R injury 
Significant elevation in MDA content and decrease in 
SOD activity were observed in the gastric tissue of  I/R 
group when compared with the sham-operated group. 
Treatment with IpostC prevented marked elevation in 
MDA content and decrease in SOD activities (Figure 2A 
and B). XOD and MPO activities were also much higher 
than in the sham-operated group, whereas administration 
of  IpostC reversed this change (Figure 2C and D). 

Effects of ischemic postconditioning on pathological 
changes of gastric mucosa
Gastric IR resulted in significant injury as evidenced by 
gastric mucosal edema, gastric epithelial hemorrhage, hy-
peremia and erosion, and was infiltrated with inflammato-
ry cells between the muscularis mucosa and the glands. In 
contrast, IpostC treatment ameliorated severe gastric dam-
ages (Figure 3A-C). According to the Yong-Mei Zhang 
scores, 3 h gastric ischemia followed by 6 h reperfusion 
resulted in severe acute gastric lesions. Quantitative analy-
sis showed dramatically increased scores in the I/R group 
compared with the sham-operated group and decreased 
scores in the IpostC group compared with the I/R group 
(Figure 3D).

Expression of HIF-1α in gastric tissue
Photomicrographs of  HIF-1α staining in the gastric tis-
sues of  all groups are shown in Figure 4A-C. The thick-
ness of  gastric specimens containing HIF-1α-positive  
gastric cells was determined at a 6-h time point. HIF-1α 
was seen in the glandular epithelial cytoplasm and the vas-
cular endothelial cytoplasm or nucleus of  normal gastric 
tissues, but expression increased in density and intensity 
with progression to GI-RI (Figure 4D). Compared with 
group I/R, HIF-1α expression level was decreased signifi-
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Figure 2  Gastric oxidative stress and lipid peroxidation after gastric ischemia/reperfusion injury of 3 h of ischemia and 24 h of reperfusion (mean ± SE,  
n = 36). A: The level of malondialdehyde (MDA); B: The activity of superoxide dismutase (SOD); C: The activity of xanthine oxidase (XOD); D: The activity of myelo-
peroxidase (MPO). The activity of SOD decreased with the activities of XOD, MPO and the level of MDA increased in the ischemia/reperfusion (I/R) group compared 
with those of the sham-operated group at 1, 3, 6, 12, and 24 h. However, ischemic post-conditioning (IpostC) treatment significantly increased the activity of SOD, and 
decreased the activities of XOD, MPO and the level of MDA at each time. aP < 0.05, bP < 0.01 vs sham group; cP < 0.05, dP < 0.01 vs I/R group.

cantly in the glandular epithelial cytoplasm, and the vascu-
lar endothelial cytoplasm and nucleus of  gastric tissues of  
the IpostC group (Figure 4D). 

Changes of malondialdehyde content, superoxide dism­
utase, xanthine oxidase and myeloperoxidase activities 
and expression of HIF-1α in gastric tissue
Changes of  MDA content, SOD, XOD and MPO activi-
ties and expression of  HIF-1α are shown in Figures 2 and 
4. MDA content, XOD and MPO activities increased, and 
SOD activity decreased. Consequently, the expression of  
HIF-1α significantly increased in the I/R group; and when 
MDA content, XOD and MPO activities decreased and 
SOD activity increased, the expression of  HIF-1α was also 
decreased in the IpostC group.

DISCUSSION
The ischemia of  lower extremities is one of  the most 
common clinical problem. The ischemia reperfusion injury 
(IRI) of  extensive muscle tissue mass and the sensitive 
vascular tissues and endothelium often leads to systemic 
complications with distant organ damage (e.g. lung, liver, 
gastrointestinal mucosa and kidney), and even systemic 
inflammatory response syndrome (SIRS) and multiple or-

gan dysfunction syndrome (MODS)[17,18]. Therefore, limb 
ischemia can result in IRI of  the gastric mucosa, which is 
an important clinical condition with undesirable outcomes 
concerning patients’ morbidity and mortality. In recent 
years, studies on GI-RI have revealed that reactive oxygen 
species (ROS), microvascular dysfunction, polymorpho-
nuclear leukocyte (PMN) infiltration and gastric acid 
secretion during reperfusion may play a role in the patho-
genesis of  gastric mucosal injury induced by IR. Addition-
ally, oxidative stress, due to free radicals and/or ROS, is 
known to cause organ injury and plays an important role 
during ischemia reperfusion injury in the gastrointestinal 
tract[1]. HIF-1α is a nuclear transcription factor and is crit-
ical for initiating cellular response to hypoxia. Many stud-
ies demonstrated that there was a very close relationship 
between the expression of  HIF-1α and the formation of  
ROS in cancer and ischemia[19]. This is the first study to in-
vestigate the relationship between the formation of  ROS 
and the expression of  HIF-1α of  gastric tissue following  
GI-RI. In this study, we investigated the oxidative stress 
and HIF-1α expression of  gastric tissue resulting from 
LI-RI, and found that IpostC can reduce post-ischemic 
oxidative stress and HIF-1α expression of  gastric tissue, 
and that ROS can modulate HIF-1α expression under 
gastric ischemic condition.
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	      Sham	              I/R	 IpostC

In the present study, ischemia-reperfusion (3 + 24 h) 
insult was sufficient to attain a considerable degree of  gas-
tric injury. IpostC prevented this deleterious effect. Some 
studies suggested that IpostC may reduce the post-isch-
emic oxidative damage through its antioxidant action[20]. 
MDA and XOD are regarded as indexes for mucosal 
injuries from ROS.  Scarcity of  MDA and low activity of  
XOD were detected in normal mucosa. MDA is an impor-
tant product of  lipid peroxidation that causes cell injury 
and death[21]. XOD exists in nonischemic tissue predomi-
nantly as xanthine dehydrogenase (XDH) and converts to 
oxygen radical-producing XOD with ischemia[22], which is 
derived from XDH and is capable of  generating ROS. Ox-
ygen radicals derived from XOD are important mediators 
of  the cellular injury associated with reperfusion of  isch-
emic intestine, stomach, liver, kidney, and pancreas. Our 
study showed that gastric MDA content and XOD activity 
were also significantly increased, whereas administration 
of  IpostC reversed this change. These data indicated that 
IpostC against GI-RI may be related to the decreased lipid 
peroxidation caused by oxidative stress.

The primary ROS produced in aerobic organisms is 
superoxide, which is a highly reactive cytotoxic agent. Su-
peroxide is converted to H2O2 by SOD. H2O2, in turn, is 
converted to water and molecular oxygen by either catalase 
(CAT) or glutathione peroxidase (GSH-Px). Accordingly, 
their deficiencies can cause oxidative stress. The overpro-
duction of  oxygen-derived free radicals (OFRs) during IRI 
brings about a consumption and depletion of  these en-

dogenous scavenging antioxidants. Concurrently, a mem-
ber of  endogenous antioxidant system SOD was found to 
be attenuated in I/R group, reflecting the over-production 
of  OFRs. SOD is an enzyme that exists in cells remov-
ing oxyradicals, whose activity variation may represent the 
degree of  tissue injury. In this study, compared with the 
I/R group, IpostC showed significantly increased antioxi-
dase activities as well as the activities of  SOD. MPO is an 
enzyme located mainly in the primary granules of  neutro-
phils, thus tissue MPO levels may suggest neutrophil accu-
mulation in the site of  inflammation and generate reactive 
oxygen and nitrogen species and proteases[23,24]. Polymor-
phonuclear neutrophil infiltration is characteristic of  acute 
inflammation and has the collective action of  chemotactic 
mediators. Once neutrophils migrate into the ischemic 
area, they release ROS, proteases, elastase, MPO, cytokines, 
and various other mediators, all of  which are involved in 
tissue injury. According to our findings, MPO activity, an 
index of  tissue neutrophil infiltration, was increased by 
GI-RI, whereas IpostC inhibited neutrophil infiltration and 
protected the tissue against further injuries. These results 
indicated that the protective effects of  IpostC against GI-
RI may be related to the improvement in the endogenous 
antioxidant system and anti-inflammatory action.

It is apparent that gastric tissue is vulnerable to remote 
organs or tissue IRI. Some studies found that generation 
of  ROS through xanthine oxidase, lipid peroxidation and 
Ca++-dyshomeostasis trigger secondary release of  leukot-
riene (LTB4) and platelet activating factor (PAF) and pro-
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Figure 3  Histological evaluations of gastric tissue. Representative gastric sections were obtained 6 h after sham-operated surgery or ischemia/reperfusion (I/R).  
A: Section from sham-operated group; B: Section from I/R group; C: Section from IpostC group. All of the sections stained with hema-toxylin and eosin × 200; D: Yong-
Mei Zhang scores for acute gastric lesions from sham, I/R and ischemic post-conditioning (IpostC) groups (mean ± SD; n = 6); aP < 0.01 vs sham-operated group; bP 
< 0.01 vs I/R group.
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mote PMN sequestration within stomach that initiates an 
amplification loop via further liberation of  ROS (oxidative 
burst) and proteolytic enzymes[23,25]. In our study, MDA, 
SOD, XOD and MPO were used as indexes to mucosal 
injuries from ROS, and ROS was found to cause direct 
damage to cellular membranes as well as proteins and in-
duce lipid peroxidation, leading to GI-RI that may be com-
plicated by mucosal edema, microcirculation disturbance, 
epithelia hemorrhagic erosions and impaired function.

We also found that the expression of  HIF-1α pro-
tein significantly increased in I/R group, and when ROS 
decreased, the expression of  HIF-1α also decreased in 
IpostC group. Besides, hypoxia obviously induced the ex-
pression of  HIF-1α in the gastric epithelial cells (GECs) 
and the vascular endothelial cells (VECs) of  gastric tissue. 
Thus, we suggested that ROS might contribute to the 
initiation and progression of  gastric ischemic injury, and 
oxidative stress resulting from gastric oxidative damage 
can induce the expression of  HIF-1α in gastric ischemia 
induced by LI-RI.

HIF-1α is a nuclear transcription factor that mediates 
adaptive responses to hypoxia in mammalian cells. It is 
now recognized that HIF-1α is central to the regulation 
of  genes involved in angiogenesis, vasomotor regulation 
and regulations of  cell proliferation. HIF-1α plays a criti-
cal role in limb ischemia[26]. Some studies demonstrated 
that HIF-1α can stimulate neovascularization of  vessels of  

ischemia tissue that respond to vascular endothelial growth 
factor (VEGF) and placental growth factor (PLGF)[27], 
and stimulate the recovery of  blood flow in operative 
models of  hindlimb ischemia[28]. ROS is generated from 
a number of  sources including the mitochondrial elec-
tron transport system, xanthine oxidase, the cytochrome 
p450, the NADPH oxidase, uncoupled NOS and MPO, 
including superoxide radical (O2_), hydrogen peroxide 
(H2O2), and hydroxyl radical. They are closely related to 
the oxygen content in cells and extensive biologic activities. 
Exogenous ROS stimulate induction of  VEGF by various 
cell types, and promote cell proliferation and migration, 
cytoskeletal reorganization and tubular morphogenesis in 
endothelia cells (ECs). Some studies demonstrated that 
ROS was also involved in physiological repair processes 
such as ischemia-induced angiogenesis and wound healing 
in vivo[29,30]. Therefore, ROS also play an important role in 
neovascularization during limb ischemia . 

According to some studies, ROS can regulate the ex-
pression of  HIF-1α via some pathways. Firstly, HIF-1α 
expression is regulated in terms of  not only its stability but 
also its transcriptional and translational activities. The extra-
cellular signal regulated kinase (ERK) and phosphatidylino-
sitol 3-kinase (PI3K)/Akt (protein kinase B, PKB) signaling 
pathways are involved in the transcription and translation 
of  HIF-1α and can be activated by ROS. The PI3K/PKB 
signaling pathway phosphorylates the components that 
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Figure 4  Photomicrographs of hypoxia-induced factor 1α (HIF-1α) immunohistochemistry in the gastric tissue (magnification 20 ×). The thickness of gastric 
containing HIF-1α-positive gastric cells was determined at a 6-h time point. A: Weak the glandular epithelial cytoplasm and the vascular endothelial cytoplasm stain-
ing in Sham-operated group gastric; B: Strong the glandular epithelial cytoplasm, and the vascular endothelial cytoplasm and nuclear staining in ischemia/reperfusion 
(I/R) group gastric; C: Moderate the glandular epithelial cytoplasm, and the vascular endothelial cytoplasm and nuclear staining in ischemic post-conditioning (IpostC) 
group gastric; D: SUM IOD of HIF-1α expression level in sham-operated, I/R and IpostC groups of gastric tissue (mean ± SD; n < 8); aP < 0.01 vs sham-operated 
group; bP < 0.01 vs I/R group.
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regulate translation, and provokes the accumulation of  
HIF-1α in response to growth factors, hormones, and 
cytokines[31]. Secondly, HIF-1α is a highly phosphorylated 
protein in vivo and this phosphorylation of  HIF-1α induces 
strong changes in the HIF-1α’s migration pattern. Activa-
tion of  the p42 and p44 mitogen-activated protein kinase 
(MAPK) pathway in quiescent cells induced the phosphor-
ylation and shift of  HIF-1α, which was abrogated in pres-
ence of  the MEK inhibitor. This interaction between HIF-
1α and p42/p44 MAPK suggests a cooperation between 
hypoxic and growth factor signals that ultimately leads to 
the increase in HIF-1-mediated gene expression[32]. Some 
studies suggested that ROS induced HIF-1α expression 
by decreasing the activity of  prolyl hydroxylases (PHDs) 
in cancer and ischemia[19] at high concentrations, and ROS 
would upregulate HIF-1α independently and then PHD2 
would be upregulated by ROS, leading to HIF-1α down-
regulation[33]. So, ROS as a signaling molecule, can stimulate 
HIF-1α protein synthesis via activation of  the PI3K/AKT 
and p42/p44MAPK pathways, and ROS may also have 
the potential to interfere with prolyl hydroxylase activity to 
regulate HIF-1α expression. 

Some reports[34,35] found that a variety of  non-hypoxic 
stimuli including growth factors, hormones, vasoactive 
peptides and metal ions can induce HIF-1α in normoxia, 
and many of  these factors can stimulate ROS production 
as part of  their signaling cascades. These indicate that 
ROS regulates HIF stability and transcriptional activity in 
well oxygenated cells, as well as under hypoxic conditions.

Our study showed that the expression of  HIF-1α 
protein significantly increased in gastric ischemia, and 
when ROS was reduced, the expression of  HIF-1α also 
decreased. It is shown that, at least in GECs and VECs, 
ROS may control the levels of  HIF-1α expression and 
the proliferation of  GECs and VECs through regulating 
HIF-1α expression. The effects of  ROS on HIF-1α can 
be attributed to three factors: the degree of  hypoxia, the 
form and intracellular location of  ROS produced, and the 
molecular microenvironment of  the cell.

In conclusion, our findings suggest that LI-RI can 
markedly induce oxidative stress and the expression of  
gastric tissue HIF-1α, and ROS controls the expression 
of  HIF-1α probably as a signaling molecule and has the 
potential to interfere with prolyl hydroxylase activity under 
gastric ischemic condition. Thus, ROS plays an important 
role in the regulation of  HIF-1α expression in gastric 
ischemia. The possible mechanisms of  how ROS interacts 
with the HIF-1 pathway and alters HIF-1α expression 
might be related to the  activation of  the PI3K/AKT, 
p42/p44MAPK pathways. Further understanding of  these 
mechanisms will be undoubtedly a major contribution to 
the studies in the pathogenesis of  GI-RI.

COMMENTS
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The transcription factor hypoxia-induced factor (HIF) plays a critical role in the 
mammalian response to oxygen (O2) levels. HIF-1 transcriptionally activates 
hundreds of genes associated with angiogenesis in cancer, ischemia, as well 
as energy metabolism, nutrient transport, cell cycle, and cell migration. HIF-1α 

and HIF-1β make up the HIF-1 heterodimer. The intracellular HIF-1α rapidly 
accumulates in the cell nucleus and triggers gene expression under hypoxia 
conditions. Concomitantly, the study of reactive oxygen species (ROS) and 
the interest in antioxidants as potential dietary supplements for prevention of 
cancer, cardiac dysfunction, and neurodegeneration has grown rapidly. Oxidant 
stress, due to free radicals and/or reactive oxygen species, is known to cause 
organ injury. Although, some studies have shown that increased HIF-1α ex-
pression contributed to mitochondrial activity, and especially the ROS formation 
in hypoxia. However, other studies have demonstrated a decrease of HIF-1α 
with increasing ROS, and related observations seem to be conflicting.
Research frontiers
HIF-1α is a key determinant of oxygen-dependent gene regulation in angiogen-
esis. HIF-1α overexpression may be beneficial in cell therapy of hypoxia-induced 
pathophysiological processes, such as ischemic heart disease. Oxidative stress 
plays an important role in the pathogenesis of many clinical conditions involving 
cardiovascular diseases, liver diseases, lung disease, gastrointestinal disorders, 
neurological disorders, muscle damage, diabetes, aging and ischemia reperfusion 
(I/R). These clinical evidence focuses on the role of oxidant stress in the mecha-
nism of I/R injury and the use of antioxidant agents for its treatment.
Innovations and breakthroughs
The authors used a rat model of hindlimb ischemic reperfusion to observe oxi-
dative stress and the expression of HIF-1α in the gastric injury induced by limb 
ischemic reperfusion. This study demonstrated that limb ischemia reperfusion 
injury markedly induced oxidative damage resulting from ROS and the expres-
sion of HIF-1α of gastric tissue, and suggested that ROS controls the expres-
sion of HIF-1α under ischemic conditions. 
Applications 
HIF-1α overexpression may be beneficial in cell therapy of hypoxia-induced 
pathophysiological processes of many clinical conditions. The use of antioxidant 
agents for oxidant stress treatment in pathophysiological processes of many 
clinical diseases.
Peer review
The authors examined oxidative stress and HIF-1α protein expression, and 
the relationship between ROS and HIF-1α in gastric ischemia induced by limb 
ischemia reperfusion. It revealed that limb ischemia reperfusion injury markedly 
induced oxidative damage and the expression of HIF-1α of gastric tissue, and 
ROS controls the expression of HIF-1α under ischemic conditions. The paper 
describes a very careful biochemical and histological documentation.
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