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Abstract

AIM: To explore the expression of apoptosis-regulating
genes C-jun and Bcl-XL after normothermic liver ischemic
preconditioning and its protective effect on hepatocytes
in the rat.

METHODS: Wistar rats are randomly divided into sham
operation group (S group, n = 10), ischemic reperfusion
group (IR group, n = 10) and ischemic preconditioning group
(IP group, n = 10). After dissection of the hepatoduodenal
ligament in S group, and after 30-min reperfusion in IR
group and in IP group, the samples of liver tissue were
taken for studying the hepatocellular apoptosis, the
expressions of C-jun mRNA, Bcl-XL mRNA and their proteins,
and morphologic changes at 0, 3, 6, 20 h. Meanwhile the
venous blood samples were drawn at 3, 6 and 20 h for
testing ALT, AST and LDH.

RESULTS: The levels of ALT, AST and LDH in IR group
and IP group were significantly higher than those in S
group. Hepatocellular apoptosis was significantly increased
in both IR group and IP group, especially in IR group.
Expressions of C-jun mRNA and protein were significantly
increased in IR group compared with those in both IP group
and S group, but no significant difference between IP group
and S group (P>0.05). Expressions of Bcl-XL mRNA and
protein in IR group and S group were not significant
(P>0.05), but were significantly increased in IP group
compared with those in both S group and IR group. Patch
necrosis of hepatocytes because of severe injury could
be seen in IR group microscopically, and the ultrastructural
changes were irreversible. Meanwhile in IP group, no
hepatocellular necrosis occurred, and the ultrastructural
changes were reversible because of mild injury.

CONCLUSION: (1) IP can protect the rat liver from
normothermic IR injury by modulation of the expression
of apoptosis-regulating genes C-jun and Bcl-XL; (2) IR
injury may activate the apoptosis of hepatocytes by
increasing the expression of apoptosis-inducing gene C-jun;
(3) IP may prohibit the apoptosis of hepatocytes by increasing
the expression of apoptosis-inhibitory gene Bcl-XL.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Temporary hepatic inflow occlusion, which is a practical
procedure during liver surgery, can reduce the intraoperative
bleeding, but may cause ischemic reperfusion (IR) injury
and increase hepatocellular apoptosis as well[1]. A single or
multiple brief periods (minutes) ischemia and reperfusion
render tissue or organ resistance to a subsequent sustained
ischemic insult. This phenomenon called ischemic
preconditioning (IP), which was first discovered by Murry
et al[2], in 1986, has been subsequently documented on the
protective effect in a variety of organs including the
myocardium[3], brain[4], kidney[5], small intestine[6] and skeletal
muscle[7]. Recently, experimental study and clinical trial have
suggested that IP can protect the liver from IR injury[8],
but the mechanisms are still unclear. It is a new area that
the study of  the effect of  normothermic liver ischemic
preconditioning on the expression of apoptosis-regulating
genes. The purpose of the research is to study the characteristics
of the expression of apoptosis-regulating genes C-jun
and Bcl-XL and the relationship between regulation of
hepatocellular apoptosis and its protective effect on hepatocytes.

MATERIALS AND METHODS

Experimental animal and grouping
Healthy male Wistar rats, weighing 250-300 g, were randomly
divided into three groups (10 in each group), which were
sham operation group (S group): the liver was not subjected
to ischemia or IP; IR group: the liver was subjected to
30-min ischemia and 30-min reperfusion; and ischemic
preconditioning group IP group: the liver underwent 30-min
ischemia and 30-min reperfusion after 5-min ischemia
followed by 5-min reperfusion.

Methods
The animal models of IR and IP prepared in Wistar rats,
fasting for 12 h were anesthetized by injection of the
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peritoneal cavity with 3% sodium pentobarbital (30 mg/kg)
followed by intramuscular injection with heparin (100/g·kg)
to prevent clotting of blood after long periods of ischemia.
A laparotomy was performed to expose the liver and the
hepatoduodenal ligament. Total hepatic ischemia was
performed by clamping the hepatoduodenal ligament with
microvascular clamp followed by reperfusion after removing
the clamp. Two microliters of  blood samples were drawn
from inferior vena cava at 3, 6 and 20 h after dissection of
the hepatoduodenal ligament in S group, and after 30-min
reperfusion in both IR group and IP group, for testing the
marker enzymes of  liver damage (ALT, AST and LDH).
Meanwhile the samples of liver tissue (0.5 cm×0.5 cm×0.5 cm
in size) for fresh sections (4-mm thick) were taken from
the left lobes for studying the hepatocellular apoptosis with
TUNEL; the expressions of C-jun, Bcl-XL mRNA with
nucleic acid in situ hybridization; C-jun, Bcl-XL proteins with
immunohistochemistry staining and morphologic changes
with microscopy and electron microscopy at 0, 1, 3, 6 and
20 h. Finger compression was applied to stop bleeding after
drawing blood and taking liver tissue. 0.9% NS of 2 mL
was transfused into the peritoneal cavity at 1, 3, 6 h. The
abdomen of the rats, which were returned to their cages after
the suture of the abdominal wall at 6 h, were reopened at 20 h.

Chief reagents
Kits for ALT, AST and LDH were purchased from Centronic
Company (Germany). Kits for in situ hepatocellular apoptosis
detection, C-jun and Bcl-XL mRNA in situ hybridization
detection and C-jun and Bcl-XL protein immunohistochemistry
staining were all purchased from Sigma Company (USA).

Statistical analysis
Data were expressed as mean±SE. Group comparisons were
performed by ANOVA with multiple comparisons or t test
when appropriate. A difference of P<0.05 was considered
significant. All statistics were accomplished via software
SPSS10.0 for Windows.

RESULTS

ALT, AST and LDH
The values of these enzymes in IR group and IP group
were significantly higher than those in S group (P<0.01) at
the same time points. The values in IR group, with the peak

level at 6-h point, were significantly higher than those in IP
group (P<0.01) at the same time points (Figures 1A-C).

Hepatocellular apoptosis
Apoptosis was rarely seen in S group, but the apoptosis
index (AI) of hepatocytes was significantly increased in both
IR group and IP group (P<0.01), especially in IR group
(Figure 2).

Figure 2  AI of three groups at different time points.

Expressions of C-jun mRNA and protein
Expressions of C-jun mRNA and protein were significantly
increased in IR group but not significant in both S group
and IR group. Compared with those in both S group and IP
group, the expressions of C-jun were significantly increased
at 3, 6, 20 h (P<0.05 or P<0.01) (Tables 1A and B).

Expressions of Bcl-XL mRNA and protein
Expressions of Bcl-XL mRNA and protein were significant
in IP group but not significant in both S group and IR
group. Compared with those in both S group and IR group,
the expressions of Bcl-XL in IP group were significantly
increased at 3, 6, 20 h (P<0.05 or P<0.01) (Tables 2A and B).

Morphology
Patch necrosis of hepatocytes could be seen in IR group
microscopically, and the ultrastructural changes on electron
microscopy were irreversible because of severe injury, while
in IP group there was no hepatocellular necrosis, and the
ultrastructural changes were reversible because of mild injury
(Figures 3A-D).

Figure 1  A Serum of ALT levels of three groups at different time points; B
Serum of AST levels of three groups at different time points; C Serum of LDH

levels of three groups at different time points.
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DISCUSSION
Apoptosis (programmed cell death), a form of  cell death, is
characterized by DNA fragmentation, which is caused by the
activation of endonuclease, and is a basic mechanism to
maintain the homeostasis. Abnormal cellular apoptosis, which
is increased or decreased, may lead to some disorders. Yadav
et al[9], found that the presence of hepatocellular apoptosis
played an ultimate role in the IR injury of liver. Sasaki et al[10],
revealed that the rats’ hepatocellular apoptosis were significantly
increased when the liver IR injury occurred. Some authors[11]

also showed that IP could reduce the degree of liver IR injury.
The present study demonstrated that the hepatocellular

apoptosis of  rats and concentrations of  AST, ALT, LDH

in IR group were significantly elevated compared with those
in S group, which were greatly elevated at 3-h point, reaching
peak value at 6-h point and then significantly reduced at
20-h point after undergoing 30-min ischemia and 30-min
reperfusion. Correspondent morphologic changes of damages
in both liver tissue and liver ultrastructure could be seen
microscopically and electron-microscopically. Meanwhile, we
also revealed that AI, values of the marker enzymes of liver
damage (ALT, AST and LDH) and morphologic changes
were much improved in IP group compared with IR group.
Hence, our experiment confirmed the theory that IP could
diminish the degree of liver IR injury.

Although it is clear that IP exerts beneficial effects in IR,

Table 1A  Degree of expression of C-jun mRNA of three groups at different time points (h)

   0            1  3         6                 20
Group

–            +            ++            +++            –            +            ++            +++            –            +            ++            +++            –            +            ++            +++            –            +            ++            +++

S 8           2          0         0        7    3 0 0              7           3        0       0      4  6             0                0           6         4      0     0

IR 4           6          0         0        1    3 6 0a             0           0        4       6b      0  1             4                5b             1         5      3      0a

IP 5           5          0         0        4    6 0 0c             5           4        1       0d      2  6             2                0c             5         4      0      0d

aP<0.05, bP<0.01 vs S group; cP<0.05, dP<0.01 vs IR group .

Table 1B  Degree of expression of C-jun protein of three groups at different time points (h)

   0            1  3         6                 20
Group

–            +            ++            +++            –            +            ++            +++            –            +            ++            +++            –            +            ++            +++            –            +            ++            +++

S 6           4          0         0        7    3 0 0              8           2        0       0      4  6             0                0           6         4      0      0

IR 4           6          0         0        0    4 6 0a             0           0        3        7b      0  0             5                5b             1         5      3       0a

IP 5           5          0         0        5    5 0 0c             5           4        1        0d      2  6             2                0c             5         4      0       0d

aP<0.05, bP<0.01 vs S group; cP<0.05, dP<0.01 vs IR group.

Figure 3  A: Large extent of patch necrosis of liver tissue and severe hydropic
degeneration of hepatocytes at 6-h point in IR group (stained with hematoxylin
and eosin, original magnification ×600); B:  No apparent necrosis of hepatocytes
and only mild hydropic degeneration of hepatocytes at 6-h point in IP group
(stained with hematoxylin and eosin; original magnif icat ion ×600); C: The
ultrastructural features of apoptotic hepatic cells were recognized as shrinkage

of cytoplasm, condensation of nucleus, chromatin margination and vesicular
mitochondria at 6-h point in IR group (electron microscopy; original magnification
×6 000); D: The ultrastructural changes of hepatocyte were found as slightly
swollen mitochondria and no vesiculation were observed at 6-h point in IP group
(electron microscopy; original magnification ×6 000).
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the mechanisms underlying the protective actions of IP remain
uncertain. However, the bulk of the available experimental
evidence suggested that the beneficial effects of  IP involved
adenosine production during the period of preconditioning
ischemia and of reperfusion after prolonged ischemia. Some
authors[12] found that adenosine served as a regulator of  genes
to suppress cellular apoptosis and produced protective role in
IP. Our research, using the methods of nucleic acid in situ
hybridization, attempted to explore the expressions of
apoptosis-inducing gene C-jun and apoptosis-inhibitory gene
Bcl-XL in Wistar rats during IR and IP, and found that the
expression of C-jun mRNA in IR group was significantly
increased and reached its peak at 3- to 6-h point. Similar findings
were the expression of C-jun protein, by using the test of
immunohistochemistry. These data suggested that enhanced
expression of C-jun during IR might induce hepatocellular
apoptosis and cause hepatocellular damage based on the aspects
of AI, values of marker enzymes of liver damage and
morphologic changes at the same time points. In IP group, the
expressions of Bcl-XL mRNA and protein were significantly
increased and reached the peaks at 6-h point with the
improvement of hepatocellular apoptosis, marker enzymes
of  liver damage and morphology. These data suggested that
the protective function of IP on IR injury was closely associated
with the expression of apoptosis-inhibitory gene Bcl-XL.

Our study also demonstrated that IP protected liver IR
injury by the two-way regulations through hepatocellular
apoptosis-inducing gene and apoptosis-inhibitory gene.
Several studies have demonstrated that the sustained
expression of C-jun, which belongs to the immediate-early
gene, are involved in the initiation and regulation of
hepatocellular apoptosis and C-jun protein may serve as a
transcriptional regulator to modulate the production of
apoptosis. However, the delayed-early gene Bcl-XL has been
shown to suppress apoptosis in a variety of models and
Bcl-XL protein may prevent apoptosis by binding
proapoptotic molecules by functioning as an ion channel,
or altering mitochondrial function.

In conclusion, IP can protect the rat liver from
normothermic IR injury by modulation of  the expression
of apoptosis-regulating genes C-jun and Bcl-XL. IR injury
may activate the apoptosis of hepatocytes by increasing the
expression of apoptosis-inducing gene C-jun. IP may prohibit

the apoptosis of hepatocytes by increasing the expression
of  apoptosis-inhibitory gene Bcl-XL. We hope the results
of our research will provide some new ideas on IP protecting
liver IR injury for clinicians.
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Table 2A  Degree of expression of Bcl-XL mRNA of three groups at different time points (h)

   0            1  3         6                 20
Group

–            +            ++            +++            –            +            ++            +++            –            +            ++            +++            –            +            ++            +++            –            +            ++            +++

S 6           4          0         0        5    5 0 0              6           4        0       0      8  2             0                0              7         3      0     0

IR 5           5          0         0        4    6 0 0              5           5        0       0      4  5             1                0              4         5      0     0

IP 4           6          0         0        4    5 1 0              0           5        5         0a,c      0  0             2                8b,d          0         1      6      2b,c

aP<0.05, bP<0.01 vs S group; cP<0.05, dP<0.01 vs IR group .

Table 2B  Degree of expression of Bcl-XL protein of three groups at different time points (h)

   0            1  3         6                 20
Group

–            +            ++            +++            –            +            ++            +++            –            +            ++            +++            –            +            ++            +++            –            +            ++            +++

S 5           5          0         0        6    4 0 0              5           5        0       0      6  4             0                0           7         3      0     0

IR 5           5          0         0        4    6 0 0              4           6        0       0      4  5             1                0           4         5      0     0

IP 4           6          0         0        4    6 0 0              0           6        4       0a,c      0  1             2                7b,d           0         1      6      2b,c

aP<0.05, bP<0.01 vs S group; cP<0.05, dP<0.01 vs IR group.
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