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Abstract. - OBJECTIVE: To explore wheth-
er ischemic postconditioning will lighten hepat-
ic apoptosis caused by hepatic ischemia/reperfu-
sion injury by inhibiting the mitochondria pathway.

MATERIALS AND METHODS: Pathomorphol-
ogy of hepatic tissues in rats was observed
under an optical microscope after hematoxy-
lin-eosin (HE) staining. Hepatic apoptosis was
detected using agarose gel electrophoresis
(AGE) with DNA fragments and flow cytometry.
Changes in morphology structure of mitochon-
dria in hepatocytes of rats were observed under
an electron microscope. Changes in mitochon-
dria transmembrane potential of hepatocytes of
rats were detected using a laser scanning con-
focal microscope (LSCM). Western blotting was
adopted to detect changes in the expression of
caspase-3 and cytochrome C protein in hepato-
cytes of rats.

RESULTS: Compared with that in I/R group,
swelling degree of mitochondria in most hepato-
cytes of rats in ischemic postconditioning (IPOST)
group and IPC group was lighter. Changes in ex-
pression of caspase-3 and cytochrome C protein
in hepatic cells of rats: caspase-3 was lowly ex-
pressed and cytochrome C was highly expressed
in S group. The expression of caspase-3 was ev-
idently higher in I/R group than that in S group
and expression of cytochrome C protein was ev-
idently lower than that in S group (p<0.05). The
expression of caspase-3 protein was evidently
decreased in IPOST group and IPC group and
the expression of cytochrome C protein was evi-
dently increased (p<0.05).

CONCLUSIONS: IPOST can reduce hepatic
apoptosis caused by hepatic ischemia/reperfu-
sion injury in rats, which may be achieved by in-
hibiting the mitochondria pathway.
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Introduction

Ischemia/reperfusion (I/R) injury is a patho-
physiology phenomenon in which the original
hypoxic-ischemic injury is worsening instead of
lighting after the ischemic livers regain blood or
oxygen supply. In clinics, generally in hepatic sur-
gery, such as hepatectomy, liver transplantation,
chemoembolization of hepatic vessels, throm-
bolytic therapy for portal veins, infectious, and
hemorrhagic shock, I/R hepatic injury is often
an important cause of hepatic function damage,
failure or primary graft dysfunction'?. Therefore,
further exploration into the pathophysiology of
I/R hepatic injury and various measures for pre-
venting I/R hepatic injury has always an import-
ant research direction in hepatic surgery.

Ischemic preconditioning (IPC) in one of the
widely used mechanical intervention strategies in
past research and it can play the protective role for
I/R livers by initiating the endogenous protection
mechanism in the body*-*. However, IPC must be
implanted before hepatic ischemia, which has re-
stricted its clinical application and promotion in
clinics. In recent years, ischemic postcondition-
ing (IPOST) has drawn the attention of many
researchers due to its role in lighting myocardial
damage caused by reperfusion®®. The implemen-
tation methods of IPOST are similar to IPC in
some points, but its implementation time is more
reasonable. Therefore, it is more tempting in clin-
ical application and promotion.

Some research has found that apoptosis plays
an important role in the process of hepatic isch-
emia-reperfusion injury. Apoptosis is a form of
active cell death regulated by genes. Apoptosis is
mainly achieved via two pathways, death recep-
tor pathway (extrinsic route) and mitochondrial

6307



W.-W. Chu, X.-Y. He, A-L. Yan, S.-W. Wang, S. Li, S. Nian, Y.-L. Wang, F.-L. Liang

pathway (intrinsic route)’'?. During the process
of ischemia-reperfusion, the above pathways are
both involved in the occurrence of apoptosis.
However, ischemia-reperfusion injury, as a kind
of pathophysiology process, is primarily the dam-
aged caused by ischemia and anoxia, while mito-
chondria are the center of energy and metabolism
of eukaryotic cells. Ischemia and anoxia of tissue
cells will first change the structure and functions
of mitochondria which is also an organelle that
plays a key role in apoptosis signaling transduc-
tion pathway when apoptosis occurs to cells.
When the organs go through long term isch-
emia, calcium overload and a large generation of
reactive oxygen can break the electron transfer-
ence of respiratory chain in mitochondria, gen-
erate free radical, hinder energy supply, decrease
the transmembrane potential of mitochondria,
and even lose the release of protein via the adven-
titia. On the one hand, cytochrome C and other
pro-apoptotic proteins in the interval of the mi-
tochondrial membrane that are released into the
cytoplasm trigger caspase cascade reaction and
result in apoptosis'>'°. On the other hand, the ab-
normally expressed Bcl-2 protein family on the
mitochondrial outer membrane can regulate the
permeability of mitochondria membrane, thus
leading to apoptosis. The latest research has found
that preventing mitochondria being damaged has
become an action target of [POST for preventing
myocardial ischemia-reperfusion injury and he-
patic ischemia-reperfusion injury'®'®. However,
there are few reports about IPOST in this field.
In the present study, [POST was compared with
IPC to explore whether it can lighten apoptosis of
hepatic cells in rats with I/R by inhibiting the mi-
tochondria pathway, thus providing a theoretical
basis for further exploration into the protective
mechanism of IPOST and targets of anti-hepatic
ischemia/reperfusion injury.

Materials and Methods

Copy of Hepatic I/R Model in Rats

Healthy male SD rats of SPF level weighing
220-260 g were selected and were fasted and sup-
plied with water at 12 h before surgery. The rats
were narcotized with an intraperitoneal injection
of 0.3% pentobarbital sodium (30 mg/kg). The
left jugular vein was cannulated for liquid infu-
sion or blood collection. The copy of 70% hepat-
ic I/R models in rats": an incision was made in
the middle of the upper abdomen to expose hep-
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atoduodenal ligament. The exposed parts were
carefully separated to enter the hepatic pedicle of
the left hepatic lobe and middle lobe. The vessels
were interdicted with a non-invasive small vessel
clamp for 60 min, causing ischemia in nearly 70%
of livers. Then, the clamp was loosened for 3 h of
reperfusion. This research was approved by the
Ethics Committee of Xi’an Medical University.

Experimental Grouping

1) Sham surgery group (S group; n=10): open
surgery was performed to expose the hepatoduo-
denal ligament without I/R treatment. It was ob-
served for 60 min. 2) Ischemia-reperfusion group
(I/R group; n=10): the methods were shown in
the copy of hepatic I/R model. 3) Ischemic post-
conditioning group (IPOST group; n=10): 30 s of
perfusion and 30 s of blockage were immediately
performed in 3 cycles after 60 min of ischemia,
followed by 3 h of reperfusion. 4. Ischemic pre-
conditioning group (IPC group; n=10): 5 min
of ischemia and 5 min of reperfusion were per-
formed in 2 cycles. Next, 60 min of ischemia, fol-
lowed by 3 h of reperfusion.

Changes in the Pathomorphology
of Hepatic Tissues in Rats was Observed
Under an Optical Microscope after
Hematoxylin-Eosin (HE) Staining

Rats were executed via bloodletting at the
scheduled time point. The hepatic tissue of the
middle lobe was cut off, fixed with 10% neutral
buffered formalin for 24 h, embedded in paraffin,
cut into pieces, and stained using HE. Morpholog-
ical changes of the hepatic tissues were observed
under a light microscope.

Changes in the Activity of Serum Alanine
Aminotransferase (ALT) and Aspartate
Aminotransferase (AST) in Rats were
Determined Via Biochemical Methods

A total of 0.5 mL venous blood was collected
on the left neck of rats, with which the activity of
ALT and AST was determined on Beckman’s LN
Synchron automatic biochemical analyzer using
ALT and AST Kkits.

The Hepatic Apoptosis was Detected
Using AGE with DNA Fragments
Hepatocellular DNA was extracted and deter-
mined for concentration. The DNA samples were
added into the loading wells of sepharose gel (20
ug/well) and placed in 0.5xTBE buffer solution at
30V for 4 h of electrophoresis, which made DNA
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migrate to the positive pole. After 4 h, the gel im-
aging system was used for detection, with 100 bp
DNA marker as reference. The results were re-
corded and photographed for preservation.

Hepatocyte Apoptosis in Rats Detected
Via Flow Cytometry

The livers were taken out in aseptic condition
and prepared into a single-cell suspension using the
steel mesh grinding method. Annexin V/PI double
staining method was adopted to determine the rates
of survival, apoptotic, and necrotic hepatocytes in
hepatic tissues of SD rats after reperfusion.

Morphology Structure of Mitochondria in
the Hepatocytes of Rats was Observed
Under the Electron Microscope

The fresh hepatic tissues were rapidly collect-
ed, washed off the blood with cold normal saline,
soaked in 3% glutaraldehyde for 1 h, fixed in 1%
osmium tetroxide for 3 h after repeated washings.
Then, dehydrated with graded ethanol, embedded
in epoxy resin, cut into ultra-thin slices, which
were observed with an electron microscope after
dual staining with uranyl acetate and lead citrate.

Mitochondria Transmembrane Potential
of Hepatocytes of Rats was Detected
Using a LSCM

A total of 100000-60000 hepatic cell suspen-
sion was resuspended in 0.5 mL of cell culture
medium, added with 0.5 mL of JC-1 staining
solution, incubated in the cell incubator at 37°C
for 20 min, centrifuged at 100 rpm and 4°C for
3-4 min. The precipitated cells were resuspend-
ed with a proper amount of JC-1 staining buffer
solution (1x) and observed via the laser scanning
confocal microscope (LSCM). The red and green
fluorescence values were recorded and their ratio
was used to measure the changing degree of the
transmembrane potential of mitochondria.

Detection of Changes in Expression of
Caspase-3 and Cytochrome C Protein in
Hepatocytes of Rats via Western Blotting
Once the samples were prepared, the protein
content was determined using the bicinchoninic
acid (BCA) method. A total of 50 pg total pro-
tein was added in each lane to carry out sodium
dodecyl sulphate-polyacrylamide gel electropho-
resis (SDS-PAGE) gel electrophoresis, were trans-
ferred onto the nitrocellulose membrane, sealed
with 5% skim milk powder at room temperature
for 2 h, added with mice-anti-rat caspase-3 and

cytochrome C (1:1000) primary antibody and
incubated overnight at 4°C. The membrane was
washed using Tris-Buffered Saline and Tween-20
(TBST) for 4 times, 15 min for each time, add-
ed with secondary antibody (1:6000), marked by
horseradish peroxidase (HRP), developed by en-
hanced chemiluminescence (ECL) system for 20
min and exposed in an x-ray film. With -actin as
the internal reference, the semi-quantitative anal-
ysis was performed using GDS-8000 gel imaging
analysis system.

Statistical Analysis

The SPSS 12.0 statistical software pack was
employed for analysis and detection. The variance
analysis was adopted for intragroup comparison.
When p<0.05, further pairwise comparison of
means was tested with ¢g. The results-were pre-
sented a mean + standard deviation (*+SD) and
p<0.05 suggested that the difference was statisti-
cally significant.

Results

Pathomorphology Changes in Hepatic
Tissues of Rats

The hepatocyte and hepatic sinusoid structure
of rats in S group was normal and the hepatic lob-
ule structure in I/R group was incomplete, with
scattered patchy necrosis and edema of hepato-
cytes, as well as inflammatory cell infiltration.
The hepatic lobule structure of rats in IPC group
and [POST group was basically normal, with
some hepatocyte edema and casual single hepato-
cyte necrosis (Figure 1).

Changes in the Activity of Serum ALT
and AST of Rats

Changes in serum ALT and AST in rats: the
activity of serum ALT and AST in rats from I/R
group was evidently higher than that in S group
(p<0.05). It was significantly lower in IPOST
group than that in I/R group (p<0.05) and the dif-
ference was not statistically significant compared
to that in I[PC group (Table I).

DNA Fragment Gel Electrophoresis of
Hepatocytes of Rats and Analysis Results
of Flow Cytometer

There was a genome DNA band near the loading
well of the electrophoresis lane in S group, with-
out a broken DNA ladder. Typically broken DNA
ladder could be seen in hepatocytes of rats in I/R
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Figure 1. Representative figures of histology in livers of rats HEx100. A, S group; B, I/R group; C, IPOST group; D, IPC

group.

group, which was manifested as 180-200 bp and
its integral multiples. The strength of the broken
DNA ladder in IPOST group and IPC group was
weakened (Figure 2A).

From Figure 2B, the survival rate of hepato-
cytes (Q3) of rats was evidently decreased and the
rate of early apoptotic cells (Q4) was increased af-
ter reperfusion in I/R group than those in S group.
IPOST and IPC can significantly increase the sur-
vival rate of hepatocytes after reperfusion and de-
crease the rate of early apoptotic cells (Table I1).

Changes in the Morphology Structure
of Mitochondria and Changes
in Mitochondria Transmembrane
Potential of Hepatocytes in Rats

The morphology of hepatocytes in rats of S
group was normal, with a complete structure of
organelle. The mitochondria were oval in shape,
with clear bilayers and cristaes. The volume of mi-

tochondria in hepatocytes of rats in I/R group was
increased of uneven size, with evident swelling and
presenting globular or irregular outlines. In severe
cases, cristae may decline or fade away. Compared
with that in I/R group, the swelling degree of mi-
tochondria in most hepatocytes of rats in [POST
group and IPC group was lighter (Figure 3A).

The mitochondrion potential of hepatocytes
in rats was significantly decreased in I/R group
compared with that in S group (p<0.05) and it
was significantly higher in IPOST group than that
in I/R group (p<0.05). There was no statistical
significance comparing with [PC group (p>0.05)
(Table 111, Figure 3B).

Changes in The Expression of Caspase-3
and Cytochrome C Protein in Hepato-
cytes of Rats

Caspase-3 was lowly expressed and cyto-
chrome C was highly expressed in S group. The

Table I. Changes in the activity of serum ALT and AST in rats in different groups.

Groups No. ALT AST

S group 10 74.92+14.72 144.71+£42.27
I/R group 10 1786.96+266.98" 1805.09+412.21"
TPOST group 10 994.55+535.02™ 1067.80+254.99"
IPC group 10 1012.19+467.27 1165.80+473.19*

group *p<0.05 vs. S; “p<0.05 vs. I/R group. Data are presented as Mean + SD.
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Table Il. Analysis of the percentage of survival, early apoptotic and necrotic hepatocytes after reperfusion via Annexin V/PI

double staining and flow cytometry.

Groups Ql (%) Q2 (%) Q3 (%) Q4 (%)
S 0.1 0 98.5 1.3
I/R 0.4 1.3 78.7 20.2
IpostC 0.3 1.1 92.2 7.6
IPC 0.2 0.9 91.9 6.2
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Figure 2. A, AGE of hepatocytes of rats in different groups. M: Standard molecular weight, 1: I/R group, 2: S group, 3:
IPOST group, 4: IPC group. B, Analysis of the percentage of survival, apoptotic and necrotic hepatocytes via Annexin V/PI
double staining and flow cytometry. Quadrant 1 (Q1) Annexin-V(-)/PI(+): necrosis part, Quadrant 2 (Q2) Annexin-V(+)/PI(+):
advanced apoptotic and necrotic hepatocytes, Quadrant 3 (Q3) Annexin-V(-)/PI (-): normal survival hepatocytes, Quadrant 4
(Q4) Annexin-V(+)/PI(-): early apoptotic hepatocytes. 1: I/R group, 2: S group, 3: IPOST group, 4: IPC group.

expression of caspase-3 was evidently higher in
I/R group than that in S group and the expression
of cytochrome C protein was evidently lower than
that in S group (p<0.05). Compared with that in
I/R group, the expression of the caspase-3 protein
was evidently decreased and the expression of
cytochrome C protein was evidently increased in
IPOST group and IPC group (p<0.05) (Figure 4).

Discussion

The hepatic injury caused by ischemia-reper-
fusion is often manifested as increased apoptosis
of hepatocytes. Currently, various methods can be
used to identify apoptosis, which include morphol-

ogy observation, flow cytometer, DNA degrada-
tion analysis, etc. In the present study, apoptosis of
hepatic tissues in the early stage of reperfusion was
determined using Annexin V/ Propidium iodide
(PI) double staining method and DNA AGE, which
has high sensitivity and specificity. The results
have shown that IPOST can decrease the apoptosis
rate in the early stage of reperfusion and improve
the survival rate of cells, indicating that IPOST in-
tervened the occurrence of apoptosis, thus lighten-
ing the ischemia-reperfusion injury.

Apoptosis is mainly achieved via two path-
ways, death receptor pathway and mitochondrial
pathway. During the process of ischemia-reper-
fusion, the above pathways are both involved
in the occurrence of apoptosis. However, isch-
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Table Ill. Changes in mitochondria membrane potential of hepatocytes in rats in different groups.

Groups No. Red fluorescence Green Fluorescence Red/Green Fluorescence
S group 10 25.44+1.57 6.37+0.82 3.79+0.28

I/R group 10 17.56+0.48* 25.16£3.56* 0.79+0.12*

IPC group 10 22.78+1.63*# 10.39+1.30%# 2.19+0.39%#

IPOST group 10 22.69+1.29* 11.67+3.08*# 2.05+0.58*#

*p<0.05 vs. S group; “p<0.05 vs. I/R group. Data are presented as Mean + SD.

emia-reperfusion injury, as a kind of pathophysi-
ology process, is primarily the damage caused by
ischemia and anoxia, while mitochondria are the
center of energy and metabolism of eukaryotic
cells. Ischemia and anoxia of tissue cells will first
change the structure and functions of mitochon-
dria. When apoptosis occurs to cells, mitochon-
dria are also the organelle that plays an important
role in the transduction pathways of apoptosis sig-
nals, which are manifested as a breakage of the
electron transference of respiratory chain in mi-
tochondria, generation of free radical, blockage
of energy supply, decrease in the transmembrane
potential of mitochondria, and even losing the re-
lease of protein via the adventitia.

The decrease in the transmembrane potential
of mitochondria is considered to be the earliest
event during the process of apoptosis cascade
reaction. Under the normal physiological condi-
tions, the existence of the mitochondria trans-
membrane potential mainly depends on the off

state of mitochondrial permeability transition
pore (mPTP). MPTP, generally considered as a
kind of protein complex, is a non-selective high
conductivity pathway between the inner and out-
er membrane of mitochondria and plays an im-
portant role in apoptosis, which is thought to be
a “kill switch” of cells. Especially after ischemia/
reperfusion, the opening of mPTP is the common
pathway of apoptosis and necrosis. Matrix Ca?'
overload, excessive production of reactive oxy-
gen, and exhaustion of adenine nucleotide caused
by stress conditions like ischemia/reperfusion
injury can all lead to a decrease or even loss of
mitochondria transmembrane potential, thus re-
sulting in the opening of mPTP. The research
has shown that Ca?" overload and mass-produced
reactive oxygen are inducers of mPTP opening,
especially in the early stage of reperfusion. The
opening of mPTP breaks the completeness of mi-
tochondria membrane, makes the transmembrane
potential decrease or even collapse and blocks mi-

Figure 3. A, Changes in hepatocyte mitochondrion of rats in different groups (x20000). B, Fluorescence section of mitochon-
drion of hepatocytes in rats. Group 1: S group 2: I/R group 3: [POST 4: IPC group.
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Figure 4. Expression of caspase-3 and cytochrome C pro-
tein in hepatocytes of rats in different groups. Group 1: S
group 2: I/R group 3: IPOST 4: IPC group.

tochondria RNA and protein synthesis. Besides,
the breakdown of mitochondria transmembrane
potential may cause uncoupling of respiratory
chains and release of cytochrome C, as well as
other pro-apoptotic factors. The formation of cy-
tochrome C, an apoptotic protein activator and
caspase-9 activates caspase-3, which initiates the
internal apoptosis cascade reaction, and it is an
important event of ischemia/reperfusion injury.
Currently, mPTP has become the treatment target
of some diseases'?'.

In the present study, changes in the mitochon-
dria transmembrane potential of hepatocytes of
rats were detected using a LSCM, with JC-1 as
the fluorescent probe. The experimental results
suggested that the mitochondria transmembrane
potential of hepatocytes was notably decreased
after hepatic ischemia/reperfusion injury, indicat-
ing that reperfusion injury in the early stage can
lead to the opening of mPTP and a decrease in the
stability of the membrane. In the experiments, the
respiratory function and morphological changes
of mitochondria in hepatocytes of rats in different
groups were also observed, which indicated that
the respiratory function of hepatocyte mitochon-
dria was evidently decreased at 1 h after hepatic
ischemia/reperfusion and is manifested as swell-
ing in mitochondria and breakage or deficiency
of the cristae. [POST can effectively improve the
morphology and respiratory function of hepato-
cyte mitochondria in rats after ischemia/reperfu-
sion, as well as the mitochondria transmembrane
potential, which is similar to the function of IPC.
To further confirm the action mechanism of IP-
OST, it also detected the key factor cytochrome
C released after the opening of mPTP and the
key enzyme caspase-3 performed by apoptosis.
Results suggested that the expression of cyto-
chrome C in mitochondria of hepatocytes of rats

was evidently decreased and the expression of
caspase-3 was increased in I/R group compared
with S group while it was on the contrary in IP-
OST group. It indicated that IPOST can reduce or
slow the release of cytochrome C by inhibiting or
delaying the decrease of mitochondria transmem-
brane potential, thus reducing the occurrence of
haptic apoptotic.

Conclusions

We showed that IPOST is a kind of mechanical
intervention measure used for the early stage of
reperfusion, which is predictable and controlla-
ble. Its application is easy, convenient, and fea-
sible. The results of the present work suggested
that [IPOST may lighten apoptosis of hepatic cells
in rats with I-R injury by inhibiting mitochondria
pathway of apoptosis. It can provide a scientific
theoretical and experimental basis for further ex-
ploration into the protective mechanism of IPOST
and targets of anti-hepatic ischemia/reperfusion
injury.
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