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INTRODUCTION
Ischemia is defined as the diminished oxygen supply to 

levels no longer sufficient to maintain physiologic cell function. 
Oxygenated blood reperfusion is very important to the survival 
of ischemic tissue, but reperfusion can injure ischemic tissue. 
Reperfusion injury refers to the tissue damage that is caused 
when the blood supply returns to the tissue after a period 
of ischemia. The absence of oxygen from blood during the 
ischemic period creates a condition in which the restoration 
of circulation results in inflammation and oxidative damage 

through the induction of oxidative stress rather than restoration 
of normal function [1]. 

The mechanism of ischemic reperfusion injury of the liver 
is complicated and interactive. Oxidative stress is initiated 
from reactive oxygen species produced by Kupffer cells [2]. 
Microcirculation in the hepatic sinusoid is inhibited by 
endothelial swelling, vasospasm, leucocyte entrapment and 
plate aggregation, and complement activation resulting from 
ischemic reperfusion injury is fatal. Neutrophil infiltration-
induced inflammatory cytokines and oxidative free radicals 
aggravate liver cell injury. This injury is usually seen during the 
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first 48 hours of reperfusion [3]. 
Malondialdehyde (MDA) is final product of lipid peroxide 

that can reflect the degree of ischemic reperfusion injury as 
a product of ischemic damaged cells [4,5]. The survivin gene 
belongs to the antiapoptotic protein family and is a well-known 
pivotal antiapoptotic gene. Higher expression of survivin 
lessens ischemic reperfusion injury [6]. 

Clinically, ischemic reperfusion liver injury occurs in 
situations like systemic shock and recovery from trauma, and 
in surgical procedures including liver transplantation and 
hepatectomy. The Pringle maneuver is an intraoperative method 
that halts blood supply from the hepatic artery and portal 
vein by clamping the porta-hepatis. The maneuver is done to 
minimize blood loss during hepatectomy. But, a prolonged 
Pringle time can result in oxidative stress-mediated liver cell 
injury, which can ultimately result in liver failure [7]. Warm 
ischemic reperfusion injury occurs in hepatectomy, systemic 
shock, toxic liver injury and hepatic venous thrombosis. Cold 
ischemic reperfusion injury occurs in liver that is preserved at 
cold temperatures during liver transplantation. Warm ischemic 
reperfusion liver injury is more severe and irreversible damage 
and multiple organ failure is more frequent [8].

Ischemic postconditioning (IPC) is method involving the 
intermittent and repetitive preperfusion and occlusion of blood 
supply before reperfusion [9]. Slow and intermittent oxygen 
supply to ischemic tissue could prevent the abrupt onset of free 
radical on excessive oxygen supply, suppress the intracellular 
production of oxidative free radicals and induce free radical 
scavengers [10-15].

In this study, IPC was done in a rat model of ischemic 
reperfusion injury. AST and ALT were checked to evaluate the 
degree of liver injury after IPC. Tissue MDA was evaluated 
to assess the degree of mitochondrial injury and expression 
of tissue survivin was analyzed to determine the degree of 
antiapoptosis. The goal was to determine the efficiency of IPC.

METHODS
Twenty-four healthy male rats weighing 250–350 g were 

fed standard lab chow in accordance with the relevant Korean 
University animal care criterion. The rats were randomly 
divided into three groups: a sham group (SHAM) group, 
ischemic reperfusion (IR) group and ischemic postconditioning 
group (IPC).

Intraperitoneal ketamine (30 mg/kg) injected as the anes-
thetic. 3–4 hours of anesthesia could be achieved by the 
intraperitoneal ketamine injection. Within the time, sampling 
of blood and liver tissue should be taken before euthanasia. So, 
our experimental group composed of 1 hour of ischemic time 
and 2 hours of IR or IPC time. After anesthesia, the abdominal 
cavity was opened by scissors, the hepatic hilum was exposed 

and the left hepatic artery and portal vein were identified. 
SHAM group was the control group, and the rats were not 

manipulated during the 3-hour experimental period. Rats 
in the IR group received 1 hour of clamping and 2 hours of 
reperfusion of left hepatic artery and left portal vein. IPC group, 
intermittent 2, 3, 5, and 7 minutes of reperfusion followed by 1 
hour of warm ischemia. Two-minute reocclusion was done after 
each reperfusion. After 4 cycles of reperfusion and reocclusion, 
persistant reperfusion was done.

 After reperfusion, blood was withdrawn from the heart and 
the tissue was collected from the left lobe of the liver. The liver 
tissue was kept in liquid nitrogen and serum was analyzed for 
AST and ALT using an automatic biochemical analyzer.

 Half of each liver tissue sample was assayed for MDA 
concentration using an Oxiselect TBARS assay kit (Cellbiolabs, 
San Diego, CA, USA). TBA regent from the kit was added to the 
liver tissue for standardization. The absorption was determined 
at a wavelength of 532 nm using a spectrophotometric plate 
reader.

 The remainder of each liver tissue was used for survivin 
protein extraction and Western blot analysis. For extraction 
of protein, 500 mL of chilled RIPA buffer (ELPIS Biotechnology, 
Daejeon, Korea) was added, the tissue was centrifuged for 
20 minutes at 13,000 rpm and the supernatants recovered. 
Protein assay reagent (Pierce, Rockford, IL, USA) was used for 
determination of the concentration of survivin. For Western 
blot, total protein from the tissue was mixed with Laemmli 
sample buffer (Bio-Rad Laboratories, Hercules, CA, USA) and 
20 mg of protein was subjected to sodium dodecyl sulfate-
polyacrylamide gel electrophoresis. The resolved proteins were 
electrophoretically transferred at 4°C to a Protran nitrocellulose 
membrane (Whatman, Dassel, Germany). The membrane was 
blocked with blocking buffer composed of Tris-buffered saline 
(TBS) and 5% skim milk for 30 minutes prior to an overnight 
incubation with the specific antibody to either Surviving (1:1,000 
dilution; Santa Cruz Biotechnology, Santa Cruz, CA, USA) or 
b-actin (1:5,000 dilution; Sigma-Aldrich, St. Louis, MO, USA).  
Each membrane was rinsed with wash buffer for 20 minutes 
and incubated with a 1:2,500 dilution of horseradish peroxidase-
conjugated secondary antibody in blocking buffer for 1 hour 
at room temperature. Each membrane was washed twice with 
TBS containing 0.2% Tween-20. The ECL Plus Western blotting 
detection reagent (Amersham Biosciences, Pitssburgh, PA, USA) 
was used to visualize immune-reactive protein, with Image-J 
software (National Institutes of Health, Bethesda, MD, USA) 
used for optical density analysis. 

The data were analyzed by a one-way analysis of variance and 
P-values < 0.05 was considered significant.
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RESULTS
Among the 24 rats, three anesthesia-related deaths occurred: 

one in the IR group and two in the IPC group. The remaining 
eight rats in the SHAM group, seven in the IR group and six in 
the IPC group were enrolled. 

There was no significant difference in body weight between 
the groups; the mean body weight was 275.63 ± 11.48 g in the 
SHAM group, 306.57 ± 42.49 g in the IR group and 307.50 ± 
29.79 g in the IPC group. Serum ALT was significantly higher 
in the IR group than in the SHAM group (P = 0.003). IPC was 
also higher in the SHAM group compared to the IR group, but 
the difference was not significant (P = 0.101). Serum ALT in 
the IR group was also higher (but not significantly) than in the 
IPC group (P = 0.101). Serum AST was significantly higher in 
the IR group than in the SHAM group (P = 0.001). Serum IPC 
was higher (but not significantly) in the IPC group compared to 
the SHAM group (P = 0.150). Finally, AST of the IR group was 
higher (but not significantly) than the IPC group (P = 0.119) 
(Table 1). 

MDA of liver tissue in the IR and IPC groups were signi-
ficantly higher than in the SHAM group (P = 0.003 and P = 
0.008, respectively). In comparison of the IR and IPC groups, the 
MDA concentration in the IPC group was slightly higher than 

that in the IR group (P = 1.000) (Table 1).
Western blots revealed that the level of survivin in the IPC 

group was higher than that in the IR and SHAM groups. At a 
relative concentration level, IPC was significantly higher than 
the IR and SHAM groups (40.6235 in SHAM, 49.6187 in IR, and 
75.7718 in IPC; P = 0.021 and P = 0.024, respectively) (Fig. 1).

DISCUSSION
Ischemic reperfusion injury is frequently seen in liver resec-

tion, liver transplantation and systemic shock. Injury ranges 
from loco-regional liver injury to systemic multiorgan failure. In 
liver transplantation, primary nonfunction is typically evident 
in 5%–30% of cases. A nonfunctional liver is very dangerous in 
a critically-ill patient undergoing liver transplantation [16]. The 
shortage of donor livers in many countries makes the chance 
for survival for such patients dim. Preventing graft loss due to 
ischemic reperfusion injury requires a better understanding of 
the mechanism of the injury. 

Ischemic reperfusion results in the generation free radical 
oxygen and hyperoxygenation of phospholipids by activated 
Kupffer cells. AST and ALT are good markers of the degree of 
liver cell injury. Released free radical oxygen induces hyper-
oxygenation of phospholipids, leading to the disruption of the 
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Fig. 1. Protein expression level of survivin in groups by Western blot analysis (A) andrelative concentration (B). a)P > 0.05, 
compared with the SHAM group. b)P < 0.05, compared with both the SHAM and IR groups. IR, Ischemic reperfusion; IPC, 
ischemic postconditioning.

Table 1. Level of total bilirubin, direct bilirubin, ALT and AST in serum and measurement of MDA concentration in hepatic 
tissue 

Group SHAM (n = 8) IR (n = 7) IPC (n = 6)

Total bilirubin (mg/dL) 0.04 ± 0.01 0.1 ± 0.04 0.08 ± 0.01
Direct bilirubin (mg/dL) 0.03 ± 0.01 0.07 ± 0.03 0.05 ± 0.02
AST (U/L) 180.13 ± 78.58 896.29 ± 498.23a) 523.33 ± 151.16b)

ALT (U/L) 56.13 ± 34.67 687.56 ± 512.70a) 448.83 ± 205.52b)

MDA (nmol/mg) 3.24 ± 1.21c) 12.66 ± 3.46 13.37 ± 4.27d)

Values are presented as mean ± standard deviation.
MDA, malondialdehyde; IR, ischemic reperfusion; IPC, ischemic postconditioning. 
a)P < 0.05, compared with SHAM group. b)P > 0.05, compared with both SHAM and IR group. c)P < 0.05, compared with both IR and 
IPC group. d)P > 0.05, compared with IR group.
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cellular membrane around the portal vein. As a result, cells 
undergoing apoptosis or necrosis release ALT and AST from 
their cytoplasm. 

IPC is a technique of intermittent reperfusion of blood flow 
before full reperfusion [17]. IPC results in decreased intrahepatic 
regional infarct [18,19]. In this study, significantly elevated AST 
and ALT in the IR group as compared to the IPC and SHAM 
groups was an indicator of a well-controlled model of ischemia. 
Comparison of the IR and IPC groups showed that AST and 
ALT were marginally higher in the IR and IPC groups. This was 
indicative of reduced injury to liver cells in the IPC group of 
rats than in the IR group, and demonstrated the prevention of 
ischemia-related cell injury.

Free radical oxygen have been documented to have a pivotal 
role in ischemic reperfusion injury in several studies. Oxidative 
injury to polyunsaturated fatty acids results from the disruption 
of biological membranes by hyperoxygenation with free radical 
oxygen [18,20]. 

Cell survival depends on the reversibility of mitochondrial da-
mage that results from ischemic insult. Mitochondrial damage 
is influential in the development of apoptosis and cell necrosis. 
Free radical oxygen originates from the mitochondria of cells. 
Hyper oxygenation of phospholipids by excessive free radical 
oxygen increases mitochondrial membrane permeability by 
injury to constituent membrane proteins. Structural breakdown 
of the mitochondria releases cytochrome to the cytoplasm. As 
a result, increased caspase activity can induce apoptosis or cell 
necrosis [21].

Estimation of MDA was presently used as a biochemical 
marker for the evaluation of mitochondrial damage. The 
MDA level in the IR and IPC groups was significantly higher 
than that of the SHAM group. The MDA level in liver tissue 
from the IPC and IR groups was similar. These results are 
consistent with the view that IPC has no suppressive effect 
on the hyperoxygenation of phospholipids by free radical 
oxygen. However, the tissue sampling time may not have 
been appropriate for estimation of the MDA level. In another 
study, there was no difference of MDA level after immediate 
reperfusion, while at 72 hours significant difference of MDA 
level was observed between the IR group and the control group 
[22].

Survivin is an antiapoptotic protein. The gene encoding 
sur vivin is very important in the regulation of apoptosis. It 
was therefore pivotal to explore the effect of the expression of 
survivin protein caused by ischemia reperfusion injury. Sur-
vivin was strongly expressed in the IPC group compared to 
the IR and SHAM groups in Western blot analyses. Relative 
concentration of survivin in the IPC group was significantly 
higher than the IR and SHAM groups, indicating marked 
antiapoptotic activity in the IPC group compared to the IR 
group. Reduction of apoptosis and cell necrosis by free radical 
oxygen after reperfusion may have been induced by the high 
expression of survivin in the IPC rats. 

IPC appears as the promising technique to avoid deleterious 
consequences of ischemic reperfusion injury. After evident 
and careful study, IPC could be applied to operation such as 
hepatectomy requiring Pringle’s maneuver and liver trans-
plantation. Warm ischemic reperfusion induced irreversible 
liver damage and multiple organ failure could be minimized by 
this method.

In summary, the collective results support the view that 
IPC can reduce apoptosis and cell necrosis after reperfusion, 
and can eventually minimize liver tissue damage caused by 
reperfusion injury. 

IPC is less active in preventing hyperoxygenation of mito-
chondrial phospholipids, but is influential in reducing apoptosis 
and cell necrosis after reperfusion injury. IPC reduces ischemic 
reperfusion injury by minimizing apoptosis and cell necrosis. 

Clinically, IPC could be applied for operations like liver 
resection and liver transplantation. Clinical trials with IPC 
after Pringle’s maneuver on liver resection or implantation of 
orthotropic liver on liver transplantation should be undertaken 
with the goal of preventing ischemic reperfusion. Laboratory 
experimentation with other species is necessary before clinical 
trials can be contemplated. The most appropriate time and gap 
between perfusion and reperfusion need to be determined in 
laboratory studies. 
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