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We investigated the cardioprotective effect of renal ischemic postconditioning (RI-PostC) and its mechanisms in a rabbit model.
Rabbits underwent 60min of left anterior descending coronary artery occlusion (LADO) and 6 h of reperfusion. The ischemia-
reperfusion (IR) group underwent LADO and reperfusion only. In the RI-PostC group, the left renal artery underwent 3 cycles
of occlusion for 30 seconds and release for 30 seconds, before the coronary artery was reperfused. In the RI-PostC + GF109203X
group, the rabbits received 0.05mg/kg GF109203X (protein kinase C inhibitor) intravenously for 10min followed by RI-PostC.
Light microscopy and electron microscopy demonstrated that the RI-PostC group showed less pronounced changes, a smaller
infarct region, and less apoptosis than the other two groups. Bcl-2 and Bax protein expression did not differ between the IR and
RI-PostC + GF109203X groups. However, in the RI-PostC group, Bcl-2 protein expression was significantly higher and Bax protein
expression was significantly lower than in the other two groups (𝑃 < 0.05). Changes in heart rate and mean arterial pressure were
also smaller in the RI-PostC group than in the other two groups. These results indicate that RI-PostC can ameliorate myocardial
ischemia-reperfusion injury and increase the Bcl-2/Bax ratio through a mechanism involving protein kinase C.

1. Introduction

Remote ischemic conditioning (RIC), where brief nonlethal
ischemia is undertaken on a remote organ or tissue, is a
technique that has the potential to protect the heart against
ischemia-reperfusion injury [1, 2]. In 1986, Murry et al.
[3] brought attention to the phenomenon of ischemic pre-
conditioning (IPC). Preconditioning can effectively reduce
myocardial injury induced by ischemia-reperfusion and pro-
tect the myocardium. However, to be clinically useful, an
IPC intervention must be made before myocardial ischemia
occurs. Unfortunately, it is not possible to predict the timing
of an ischemic episode in the clinical setting; therefore, IPC
has very limited clinical use and so the concept of remote
ischemic postconditioning has been explored. Ischemic post-
conditioning is a novel technique for reducing ischemia-
reperfusion injury that differs to IPC [4].

In recent years, domestic and foreign scholars have
shown that ischemic postconditioning can exert a similar

cardioprotective effect to IPC [5–8]. Repeated opening and
closing of the coronary artery during reperfusion mitigated
against ischemia-reperfusion damage and produced notable
cardioprotection. Shliakhto et al. [8] found that ischemic
postconditioning could significantly reduce the ventricular
tachycardia evoked by continuous reperfusion in a rat iso-
lated perfused heart model, presenting a new method to
prevent reperfusion damage. It has also been reported that
nontraumatic, bilateral, pelvic limb ischemic postcondition-
ing can protect the ischemic-reperfused myocardium [9–
11]. Ischemic postconditioning of other organs as a method
for protecting the myocardium against ischemia-reperfusion
injury is a new field of research [12–16].

There is now evidence that the protein kinase C (PKC)
signaling pathway is involved in the process of ischemia-
reperfusion injury. The reactive oxygen species scavenger
U83836E has been reported to protect against myocardial
ischemia-reperfusion injury in rats by reducing oxidative
stress and activating PKC [17]. Similarly, the cardioprotective
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effect of polydatin preconditioning has been attributed to
activation of the PKC signaling pathway as well as antioxida-
tive stress mechanisms [18]. Overexpression of diacylglycerol
kinase in mouse heart was found to inhibit the activation of
PKC and increase the infarct size and left ventricular systolic
dysfunction associatedwith ischemia-reperfusion injury [19].
Interestingly, ischemic postconditioning has been reported to
attenuate renal ischemia-reperfusion injury via PKC signal-
ing, raising the possibility that PKC-dependent mechanisms
may play a role in the cardioprotective effects of RIC [20].

This study aimed to investigate the effects of renal
ischemic postconditioning (RI-PostC) on the ultrastructure
and apoptosis-related gene expression of reperfused ischemic
myocardiumanddetermine the relevance of PKC signaling to
any effects of RI-PostC.

2. Materials and Methods

2.1. Experimental Animals and Groupings. Thirty-six healthy
New Zealand white rabbits (both genders, weighing 2.0–
2.5 kg) were obtained from the Animal Experiment Center
of Zhengzhou University School of Medicine. The animals
were kept separately in cages under normal conditions
(temperature, 16–26∘C; relative humidity, 40–70%; noise,
≤60 dB; working illumination, 150–300 lx; and animal illu-
mination, 100–200 lx). All rabbits were subjected to left
anterior descending coronary artery occlusion (LADO) for
60min followed by 6 h of reperfusion. The rabbits were then
randomly allocated into one of three groups (𝑛 = 12 per
group). Rabbits in the IR group were subjected to ischemia
and reperfusion without further intervention. Rabbits in the
RI-PostC group were subjected to RI-PostC: after 60min
of LADO the left renal artery was occluded for 30 seconds
and released for 30 seconds, and this was repeated for 3
cycles before the coronary artery was reperfused for 6 h.
In the RI-PostC + GF109203X group, the rabbits received
0.05mg/kg of the protein kinase C antagonist GF109203X
(Sigma Corporation) for 10min (administered by auricular
vein injection) followed by RI-PostC; the coronary artery was
then reperfused for 6 h (Figure S1 in SupplementaryMaterial
available online at http://dx.doi.org/10.1155/2016/9349437).
This study was approved by the Institutional Animals Ethics
Committee of Qingdao University and was conducted in
accordance with the Guidelines for the Care and Use of
Laboratory Animals provided by the National Institutes of
Health (NIH publication number 80–82).

2.2. Surgery. The animal model of ischemia and reperfusion
was created using conventional methods [21]. The rabbit
was anesthetized by injection of urethane (1 g/kg) into the
auricular vein and placed in the supine position. Electrocar-
diogram (ECG) leads were connected to the limbs and chest
of the rabbit for recording of the 12-lead ECG. The hair at
the neck was removed, the left common carotid artery was
separated and intubated to connect with a pressure sensor,
and the mean blood pressure (MAP) and heart rate (HR)
were monitored with a BL-420E Data Acquisition Analysis
System for Life Sciences (Taimeng, China).The ventilator rate
was set at 45 beats/min. The chest hair was removed, and the

skin was incised 0.5 cm to the left of the sternal midline to
expose the third and fourth left ribs. Blunt separation of the
intercostal muscles was performed, and 2 threads were used
for ligation with small curved forceps. The third and fourth
costal cartilages were resected along the ligature, after which
the threads were retracted to expose the thoracic cavity. The
adipose tissues were separated to expose the pericardium and
beating heart. The pericardium was lifted at the middle, and
a pair of ophthalmic scissors was used to cut the anterior
part of the pericardium. The pericardium was sutured to the
thoracic wall to fully expose the heart. The left auricle was
gently lifted by a pair of hemostatic forceps to observe the
path taken by the coronary artery. The left main coronary
artery was used as the marker; a ligature was applied to the
root of the anterior descending coronary artery through the
surface layer of the myocardium with a small needle held in
a holder, and the needle was pulled out at the tissue near
the pulmonary conus. Another ligature was applied at about
0.5 cm below the first ligature. For the ligation, a plastic tube
of diameter 0.2 cm was passed through the ligature, and then
hemostatic forceps were used for clamping and ligation. After
the left anterior descending branch had been double ligated
for 1 h, reperfusion was performed for 6 h under anesthesia
with 3% pentobarbital at 1ml/kg by injection in the ear-vein
of the rabbit. ST segment elevation on the V1 lead of the ECG
was considered as successful ligation.

For RI-PostC [22], a median abdominal incision was
made, and the left renal artery was carefully identified and
separated via a left retroperitoneal approach. 4-0 thread was
positioned beneath the renal artery to help fix the artery; an
artery clamp was used to occlude and release the renal artery.
After the coronary artery had been ligated for 1 h, the renal
artery was subjected to 3 cycles of occlusion for 30 seconds
followed by release for 30 seconds. Subsequently, reperfusion
of the coronary artery was performed for 6 h.

For all animals, samples of cardiac tissue were collected
immediately after the 6 h period of cardiac reperfusion had
ended.

2.3. Observation of Myocardial Cells by Light Microscopy. The
infarct region was identified by nitroblue tetrazolium (NBT)
staining, which is a commonly used method for this purpose
[23]. As soon as the experiments had reached their endpoint
(i.e., after 6 h of cardiac reperfusion), the heart was rapidly
excised and washed with normal saline. The atria and right
ventriclewere removed anddiscarded, and the left ventricular
tissue was stored at −20∘C until use. Cross-sectional slices of
the left ventricle, with a thickness of 2mm, were obtained
from the apex to the base, and the apical and basal slices were
discarded. Slices located toward the cardiac apex were used
for the analysis. The slices were incubated at 37∘C for 20min
in phosphate-buffered saline (PBS) containing 0.5%NBT, and
the slices were then washed with normal saline to remove
residual dye. Using this technique, normal myocardium
stained purple while necrotic myocardium stained gray-
white. All slices were photographed with a digital camera
with a fixed focus. An OPTONVIDAS image analysis system
(Germany) was used to measure the area of necrosis and
calculate the area of necrosis as a percentage of the total area.
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A piece of tissue (about 5mm × 5mm × 2mm) from the
center of each infarct region was stained using hematoxylin
and eosin. Briefly, the tissue was removed, fixed with 10%
formalin, and dehydrated with alcohol. The sample was then
embedded in wax, sectioned, and dewaxed with xylene.
Afterwards, the tissue sample was stained with hematoxylin,
acid-washed until the background was transparent, stained
again, and then rinsed. The section was sealed with neutral
gum and observed microscopically. Morphological changes
of the myocardial cells were then assessed.

2.4. Observation of Myocardial Cells by Electron Microscopy.
Immediately after the period of reperfusion had ended, sec-
tions of ischemic and necrotic myocardial tissues were taken
from all test animals and ultrathin sections were prepared
[24]. Briefly, the tissues were removed and cut into 1mm3
blocks and fixed for 4 h at 4∘C with 2.5% glutaraldehyde.
The samples were then rinsed 3 times with PBS and fixed
for 3 h with 1% osmium tetroxide. The samples were rinsed
an additional 3 times with PBS and then dehydrated by
soaking in a mixture of acetone and Epon812 embedding
medium (1 : 2).The tissueswere then embeddedwith Epon812
medium. Slices 50–100 nm in thickness were made using an
ultramicrotome and dried and stained for 15min with uranyl
acetate. Afterwards the sections were washed thoroughly
3 times with distilled water, stained for 15min with lead
citrate, and then washed thoroughly 3 more times with
distilled water. The samples were then examined by electron
microscopy (model JEM-1200EX, JEOL Corporation, Japan).

2.5. Detection of Bcl-2 and Bax Protein Expression. A small
amount of ischemic and necrotic myocardial tissue was
removed from the test animals immediately after the end of
the experiment (i.e., after 6 h of reperfusion) to assess the
expression of the Bcl-2 and Bax gene products by Western
blot analysis. The investigator performing these laboratory
analyses was blinded to the grouping of the animals. Briefly,
total protein content was extracted by the addition of 100–
200𝜇L of lysis buffer (20mMTris [pH 7.5], 150mMNaCl, 1%
Triton X-100, sodium pyrophosphate, 𝛽-glycerophosphate,
EDTA, Na3VO4, and leupeptin) per 20mg sample. Samples
were then centrifuged for 5min at 12000 rpm at 4∘C. Next,
SDS-PAGE was performed using a 10% separation gel and a
5% stacking gel under constant high-voltage (80V). To trans-
fer to the stacking gel, the samples were subjected to constant
current for about 3 h at room temperature (RT). Blocking
solution was then added for 60min at RT. Afterwards,
diluted primary antibody (1 : 1000; Beyotime Corporation,
China) was added and this was incubated overnight with
shaking at RT. The gel was then washed 3 times (10min
each) with Tris-buffered saline tween solution (TBST). A
diluted secondary antibody (Beyotime Corporation, China),
labeled with horseradish peroxidase (HRP), was added and
incubated at RT for 1 h with shaking. Gels were then washed
with TBST 3 times for 10min each. 3,3󸀠-Diaminobenzidine
(DAB) color reagent was added for about 15min and then
washed off using double distilled water. Western blot images
were analyzed with gel analysis software (Quantity One,

Bio-Rad Laboratories) and Origin75 software (OriginLab
Corporation, USA).

2.6. Terminal Deoxynucleotidyl Transferase dUTP Nick End
Labeling (TUNEL) Assay. Once the experiment had reached
its endpoint (after reperfusion), a sample of necrotic myocar-
dial tissue was fixed in 10% formaldehyde for 24 h, after
which paraffin embedding and sectioning were performed.
The TUNELmethod was used to measure cell apoptosis [25].
Cells with brown granules in the cell nucleus were considered
to be apoptotic cells andwere referred to as positive cells. Five
visual fields under highmagnification were chosen randomly
to count the number of necrotic cells and calculate the
apoptosis index (AI), defined as the percentage of positive
cells among all cells: AI = TUNEL positive cell count/total
myocardial cell count × 100%.

2.7. Statistical Analysis. Continuous variables are presented
as mean ± standard deviation (SD), and categorical variables
are expressed as number and/or percentage. Comparisons
between multiple groups were made using analysis of vari-
ance (ANOVA) with the least significant difference (LSD)
post hoc test. SPSS 19.0 (SPSS Inc., USA) was used for
statistical analysis. A value of 𝑃 < 0.05 was considered to
indicate a statistically significant difference.

3. Results

In this study, four rabbits died of pneumothorax or cardiac
death; we added an additional 4 rabbits to complete the
experiment.

3.1. Observation of Myocardial Cells by Light Microscopy. In
the IR group, there was myocardial interstitial edema, muscle
fiber swelling, unclear cell boundaries, and disappearance
of transverse striations. Additionally, granulocyte infiltration
and a small quantity of red blood cell leakage were observed.
In the RI-PostC group, there was mild edema, a regular
arrangement of cardiomyocytes with clear cell boundaries,
and no granulocyte infiltration or red blood cell leakage.
In the RI-PostC + GF109203X group, myocardial interstitial
edema, partial muscle fiber swelling, some cell lysis, unclear
cell boundaries, an absence of transverse striations, granulo-
cyte infiltration, and leakage of red blood cells were observed.
These results are illustrated in Figure 1(a).

3.2. Infarct Area. Representative images showing NBT stain-
ing of infarct regions are presented in Figure 1(b). The
infarct area (as a percentage of the total area) did not differ
significantly between the IR and RI-PostC + GF109203X
groups (𝑃 > 0.05; Figure 1(c)). However, infarct area in the
RI-PostC group was significantly smaller than that in the IR
group and RI-PostC + GF109203X group (both 𝑃 < 0.05;
Figure 1(c)).

3.3. Observation of Myocardial Cells by Electron Microscopy.
In the IR group, myocardial cells were severely damaged and
edematous. The mitochondria were swollen and extruding
from the cells. The mitochondrial ridges were markedly



4 BioMed Research International

IR RI-PostC MI

4HE × 400HE × 400 HE × 400 4HE × 400

(a)
I/R group RI-PostC group RI-PostC + GF109203X group

(b)
40

30

20

10

0

∗ #

In
fa

rc
t a

re
a (

%
)

I/R group RI-PostC group RI-PostC +

GF109203X group

(c)

Figure 1: Comparison of cardiac histological changes and infarct area between experimental groups. The IR group underwent 60min of left
anterior descending coronary artery occlusion (LADO) and 6 h of reperfusion only.TheRI-PostC group underwent 3 cycles of left renal artery
occlusion for 30 seconds and release for 30 seconds before reperfusion. The RI-PostC + GF109203X group received 0.05mg/kg GF109203X
(protein kinase C inhibitor) intravenously for 10min followed by RI-PostC. There were 12 rabbits in each group. (a) Light microscopy
observations of HE-stained sections. IR group: granulocyte infiltration and a small quantity of red blood cell leakage were observed. RI-PostC
group: mild myocardial interstitial edema was observed without granulocyte infiltration or red blood cell leakage. RI-PostC + GF109203X
group: increased granulocyte numbers and leakage of red blood cells were observed. (b) Sections stained with NBT to identify regions of
ischemia (arrows). (c) Comparison of infarct size between groups, calculated from experiments such as those shown in (b) (𝑛 = 12 per
group). Infarct area was calculated as the percentage of the total cell area. ∗𝑃 < 0.05 compared with the IR group; #𝑃 < 0.05 compared with
the RI-PostC + GF109203X group.
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Table 1: Changes in heart rate (beats/min) during ischemia-reperfusion.

Group 𝑛 Before ischemia After 5min of
ischemia

After 1 h of
ischemia

After 3 h of
reperfusion After 6 h of reperfusion

I/R group 12 255 ± 17 224 ± 15 213 ± 11 146 ± 9 94 ± 8

RI-PostC group 12 253 ± 16 219 ± 14 209 ± 10 161 ± 11∗# 121 ± 6∗#

RI-PostC + GF109203X group 12 252 ± 17 221 ± 16 210 ± 9 144 ± 10 93 ± 7
∗
𝑃 < 0.05 compared with the IR group; #𝑃 < 0.05 compared with the RI-PostC + GF109203X group.

Table 2: Changes in MAP (MAP, mmHg) during ischemia-reperfusion.

Group 𝑛 Before ischemia After 5min of
ischemia

After 1 h of
ischemia

After 3 h of
reperfusion After 6 h of reperfusion

I/R group 12 121 ± 11 102 ± 8 90 ± 7 79 ± 6 71 ± 7

RI-PostC group 12 116 ± 12 101 ± 10 93 ± 10 88 ± 10∗# 81 ± 8∗#

RI-PostC + GF109203X group 12 119 ± 11 98 ± 11 92 ± 9 78 ± 9 69 ± 10
∗
𝑃 < 0.05 compared with the IR group; #𝑃 < 0.05 compared with the RI-PostC + GF109203X group.

less prominent, the electron density was decreased in the
ground substance, the dense granules had reduced or even
disappearedwith vacuole formation, and the sarcolemmawas
damaged to varying degrees. Following membrane breakage
or defects, themyofibrils became fuzzy, some Z lines were not
clearly visible, nuclear swelling occurred, heterochromatin
increased and condensed, and the nuclei became irregular
and sometimes fragmented. In the RI-PostC group, there
were less marked ultrastructural changes, with only a small
degree of myocardial cell edema, slight swelling of the mito-
chondria, vacuolar degeneration, and partial disappearance
of the mitochondrial ridges; the myofibrils were arranged
regularly and in parallel, the sarcomeres were clearly visible,
and only a few filaments were broken. Additionally, Z lines
were present, the intercalated disks were clearly visible,
nuclear material was evenly distributed, and there was no
nuclear cleavage or apparent condensation of chromatin.
In the RI-PostC + GF109203X group, there were severely
edematous myocardial cells showing membrane shrinkage
and disappearance and mitochondrial swelling with some
breakage of cristae and vacuolation. Some mitochondrial
matrices were dense with osmiophilic particles, and the
ridges were disordered and difficult to distinguish. Addition-
ally, the outer membranes were broken, the glycogen content
was decreased, the myofibrils were relaxed and markedly
stretched, the Z lines were distorted, the myofilaments were
transverse, torn, or dissolved, and some myofibrils were
broken into pieces that dissolved and formed large tumors
in the muscle tissue. Lastly, the nuclei were condensed,
apoptotic bodies were visible, and interstitial edema was
evident. These results are shown in Figure 2(a).

3.4. Apoptosis. The TUNEL method was used to compare
the degree of apoptosis between experimental groups. Rep-
resentative images showing regions of apoptosis (brown
nuclear granules) are presented in Figure 2(b). The AI was
not significantly different between the IR and RI-PostC +
GF109203X groups (𝑃 > 0.05) but was significantly lower

in the RI-PostC group than in the IR group or RI-PostC +
GF109203X group (both 𝑃 < 0.05; Figure 2(c)).

3.5. Expression of Bcl-2 and Bax Proteins in Myocardial Cells.
Compared to the IR and RI-PostC + GF109203X groups, the
RI-PostC group showed significantly increased expression of
Bcl-2 protein and significantly decreased expression of Bax
protein (𝑃 < 0.05). However, there were no significant differ-
ences in Bcl-2 protein expression or Bax protein expression
between the IR group and the RI-PostC + GF109203X group
(𝑃 > 0.05). The results are shown in Figure 3.

3.6. Hemodynamic Data. Heart rate before ischemia, after
5min of ischemia, and after 1 h of ischemia did not differ
significantly between the 3 groups (𝑃 > 0.05). Heart rate
values after 3 h of reperfusion and after 6 h of reperfusion
were significantly higher in the RI-PostC group than in the IR
group and RI-PostC + GF109203X group (𝑃 < 0.05) but were
similar between the IR and RI-PostC + GF109203X groups
(𝑃 > 0.05). The data are summarized in Table 1 and Figure
S2.

MAP before ischemia, after 5min of ischemia, and after
1 h of ischemia also did not differ significantly between the 3
groups (𝑃 > 0.05). MAP values after 3 h of reperfusion and
after 6 h of reperfusion were significantly higher in the RI-
PostC group than in the IR group and RI-PostC +GF109203X
group (𝑃 < 0.05) but did not differ significantly between the
IR and RI-PostC + GF109203X groups (𝑃 > 0.05).The results
are summarized in Table 2 and plotted in Figure S3.

4. Discussion

Although the phenomenon of ischemic postconditioning
is widely accepted, its precise mechanisms, especially the
intracellular signaling pathways involved, remain unclear.
Researchers have carried out a considerable number of stud-
ies on ischemic postconditioning and it has become evident
that this phenomenon is a cardiac self-protectionmechanism
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Figure 2: Comparison of cardiac ultrastructural changes and apoptosis between experimental groups.The IR group underwent 60min of left
anterior descending coronary artery occlusion (LADO) and 6 h of reperfusion only.TheRI-PostC group underwent 3 cycles of left renal artery
occlusion for 30 seconds and release for 30 seconds before reperfusion. The RI-PostC + GF109203X group received 0.05mg/kg GF109203X
(protein kinase C inhibitor) intravenously for 10min followed by RI-PostC. There were 12 rabbits in each group. (a) Electron microscopy
observations. IR group: many mitochondria had extruded from the cells (arrows). RI-PostC group: the mitochondria were slightly swollen,
and there was vacuolar degeneration (arrow) with partial disappearance of the ridges. RI-PostC +GF109203X group: extensive ultrastructural
abnormalities were present, including 2 apoptotic bodies (arrows). (b) TUNEL assay for myocardial cell apoptosis (arrows point to TUNEL
positive cells). (c) Comparison of AI between groups, calculated from experiments such as those shown in (b) (𝑛 = 12 per group). ∗𝑃 < 0.05
compared with the IR group; #𝑃 < 0.05 compared with the RI-PostC + GF109203X group.
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Figure 3: Myocardial Bcl-2 and Bax protein expression levels. The IR group underwent 60min of left anterior descending coronary artery
occlusion (LADO) and 6 h of reperfusion only. The RI-PostC group underwent 3 cycles of left renal artery occlusion for 30 seconds and
release for 30 seconds before reperfusion. The RI-PostC + GF109203X group received 0.05mg/kg GF109203X (protein kinase C inhibitor)
intravenously for 10min followed by RI-PostC. There were 12 rabbits in each group. (a) Representative Western blot image showing the
expression of Bcl-2, Bax, and 𝛽-actin in the 3 groups. (b) Expression of Bcl-2 relative to that of 𝛽-actin (𝑛 = 12). Bcl-2 protein expression was
higher in the RI-PostC group than in the other 2 groups (𝑃 < 0.05). (c) Bax protein expression relative to that of 𝛽-actin (𝑛 = 12). Bax protein
expression in the RI-PostC group was lower than that in the other 2 groups (𝑃 < 0.05). ∗𝑃 < 0.05 compared with the IR group; #𝑃 < 0.05
compared with the RI-PostC + GF109203X group.

that triggers the heart to release endogenous active com-
pounds during the early onset of ischemia, which in turn
regulate cardiac function through intracellular signal trans-
duction systems [22, 26]. Accordingly, ischemic postcondi-
tioning increases the tolerance of the myocardium to longer
ischemic periods and provides protective benefits before and
after such events. Currently, cellular signal transduction in
ischemic postconditioning is believed to involve three basic
component elements [27]: triggering materials (endogenous
active materials), mesomeric materials (protein kinases), and
effector substances (ion channels and protective proteins).
Our current understanding of the mechanism of ischemic
postconditioning is that repeated ischemia-reperfusion could
release numerous endogenous substances such as adenosine
and bradykinin [28, 29]. These substances could affect their

corresponding receptors to induce the activation of PKC and
other kinases. So postconditioning involves pathways includ-
ing adenosine receptor activation and PKC signaling [20];
dopamine receptor activation induced translocation of PKC𝜀
[30] and PKC𝜀 interacting with calcium sensing receptor to
protect cardiomyocytes from apoptosis [31]. Eventually, these
enzymes could alter the function of mitochondrial ATP-
sensitive channels and protect the heart [32, 33].The opening
of the mitochondrial permeability transition pore (mPTP) is
the crucial event that may cause either apoptosis or necrosis
of reperfused myocardium [34–37].

PKC is an important component of the myocardial cell
monophosphoinositide signal transduction system and its
role in IPC has been previously described [38–40]. Recently,
new findings have indicated that ischemic postconditioning
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also affects the reconstitution of myocardial cellular mem-
branes and reduces or inhibits myocardial cell apoptosis,
thereby protecting the heart.

Remote IPC involves brief nonlethal ischemia to a remote
organ or tissue with the intention of reducing perioperative
myocardial injury in patients undergoing coronary artery
bypass grafting surgery [41]. Remote IPC can be performed
simply, by inflating and deflating a standard blood-pressure
cuff placed on the upper arm or thigh. However, some
clinical trials suggest that remote IPC does not improve
outcomes after cardiac surgery [42, 43]. Meta-analysis sug-
gests that overall mortality is not decreased with remote
IPC, but it was associated with less myocardial infarction
and acute renal failure and shorter hospitalization time in
patients undergoing cardiac or vascular surgery [44]. Since
the timing of a cardiac ischemic event cannot be predicted
in advance, ischemic postconditioning is potentially better
suited to clinical applications than IPC. It has been shown
that repeated transitory opening and closing of the coronary
artery before continuous reperfusion of the coronary artery
(i.e., ischemic postconditioning) offered relief of ischemic-
reperfusion damage and delivered notable protection. Some
studies [45, 46] have suggested that ischemic postcondition-
ing could affect the expression of substances such as cellular
membrane connexin-43 and nitric oxide (NO).

Changes in myocardial ultrastructure are the most intu-
itive indicators of cellular damage. Myocardial ischemia last-
ing for 30–40min can induce damage tomyocardial cells.We
detected many neutrophils and red blood cells with normal
myocardial cells using light microscopy. Mitochondria are
not only vital to maintain somatic cellular oxygen and energy
production, but, more importantly, to inhibit the destructive
actions of oxygen free radicals.Therefore, themitochondrion
is a key organelle to distinguish reversible from irreversible
cellular changes, as it is a sensitive indicator of myocardial
injury. Damage caused by ischemia includes diffuse mito-
chondrial swelling, membrane rupture, cristae dissolution or
disappearance, and the appearance of osmiophilic particles.
This study found that RI-PostC could ameliorate the ultra-
structural changes ofmyocardial cells caused by ischemia and
enhance myocardial protection.

Apoptosis describes the spontaneous death of normal
body cells induced by physiological or pathological stimuli.
Ischemia-reperfusion injury can induce apoptosis, which is
an important part of the pathogenesis. Bcl-2 is an apoptosis-
suppressor gene and its overexpression can block apoptosis
induced by various stimuli.The Bax gene promotes apoptosis
and is mainly expressed in the mitochondrial membrane and
endoplasmic reticulum. Bax and Bcl-2 share a high homology
and can form heterodimers, which can inhibit the activity of
Bcl-2 and induce apoptosis. Therefore, the Bcl-2/Bax protein
ratio may determine the level of cell apoptosis or survival
following apoptotic injury [47]. In this study, Bcl-2 and Bax
protein expressionwere detected byWestern blot analysis and
the results showed that, compared with the other groups, Bcl-
2 protein expression was increased in the RI-PostC group
while Bax protein expressionwas significantly reduced.These
results further show that RI-PostC had a prominent influence
on the expression of apoptosis-related genes induced by

myocardial ischemia and reperfusion, namely, increased Bcl-
2 expression and decreased Bax expression, thereby exerting
a protective effect on myocardial tissue.

We found that a PKC inhibitor (GF109203X) could block
the protective effects on the heart produced by RI-PostC.
Therefore, we propose that the cardioprotection offered by
RI-PostC may have been related to the ability of PKC to
activate a reperfusion injury salvage enzyme pathway. This
process has been shown to produce effective phosphorylation
ofmitochondrial ATP-sensitive channels and inducemyocar-
dial preservation [48–50]. However, the specific mechanisms
need to be studied further.

The present study was not designed to investigate the
mechanisms underlying the beneficial effects of RI-PostC
on cardiac ischemia-reperfusion injury, and the underlying
pathways have yet to be established. However, based on the
information currently available regarding the mechanisms of
preconditioning and postconditioning [51–55], we speculate
that RI-PostC resulted in the renal release of various media-
tors, possibly including NO and adenosine, that acted on the
heart to limit the damage associated with reperfusion. The
cardiac signaling mechanisms activated by these mediators
likely included the PKC pathway, reperfusion injury salvage
kinase (RISK) pathway (PI3K/Akt and ERK signaling with
downstream inhibition of GSK-3𝛽), guanylate cyclase/cGMP
pathway, and JAK/STAT3 pathway [51–55]. In turn, these
pathways would act to reduce cellular and mitochondrial
calcium overload and inhibit necrosis and apoptosis via alter-
ations in Bcl-2/Bax expression, opening of the mitochondrial
ATP channel, and inhibition of mPTP opening. However,
additional research will be required to elucidate the precise
mechanisms.

This study has some limitations. There are known dif-
ferences in the response to ischemia between the different
genders [56, 57]. However, as this issue is a complex one we
did not address this in this study. To try and avoid bias we
included the same ratio of male/female rabbits in each group,
but gender difference should be considered in the future.
We also did not have a group of rabbits that were treated
with the GF109203X kinase inhibitor alone. Therefore, we
do not know whether the inhibitor had any effect on the
rabbits without RI-PostC. We selected TUNEL and Bcl2/Bax
Western blot analysis to comprehensively demonstrate the
degree of apoptosis, but caspase 3 and other apoptosis-related
proteins were not detected.

5. Conclusions

RI-PostC can protect the heart from ischemia-reperfusion
injury through a mechanism involving PKC. It has been
previously demonstrated that remote organ ischemic post-
conditioning has protective effects on myocardial tissue;
however, studies of ischemic postconditioning are scarce and
clinical reports are particularly rare [58]. In addition, this
study is limited to animal experiments, so there is great
potential for future research to identify potentially beneficial
effects of ischemic postconditioning in other organ systems
againstmyocardial reperfusion injury, particularly in patients
undergoing cardiac revascularization.



BioMed Research International 9

Competing Interests

The authors have no financial disclosures or conflicts to
declare.

References

[1] A. Aimo, C. Borrelli, A. Giannoni et al., “Cardioprotection
by remote ischemic conditioning: mechanisms and clinical
evidences,” World Journal of Cardiology, vol. 7, no. 10, pp. 621–
632, 2015.

[2] M. Ovize and E. Bonnefoy, “Giving the ischaemic heart a shot
in the arm,”The Lancet, vol. 375, no. 9716, pp. 699–700, 2010.

[3] C. E. Murry, R. B. Jennings, and K. A. Reimer, “Precondi-
tioning with ischemia: a delay of lethal cell injury in ischemic
myocardium,” Circulation, vol. 74, no. 5, pp. 1124–1136, 1986.

[4] J. Vinten-Johansen, Z.-Q. Zhao,A. J. Zatta,H.Kin,M. E.Halkos,
and F. Kerendi, “Postconditioning: a new link in nature’s armor
againstmyocardial ischemia-reperfusion injury,”Basic Research
in Cardiology, vol. 100, no. 4, pp. 295–310, 2005.

[5] Z. Q. Zhao, J. S. Corvera, M. E. Halkos et al., “Inhibition of
myocardial injury by ischemic postconditioning during reper-
fusion: comparison with ischemic preconditioning,” American
Journal of Physiology—Heart and Circulatory Physiology, vol.
285, pp. H579–H588, 2003.

[6] D.M. Hong, Y. Jeon, C.-S. Lee et al., “Effects of remote ischemic
preconditioning with postconditioning in patients undergoing
off-pump coronary artery bypass surgery—Randomized con-
trolled trial,” Circulation Journal, vol. 76, no. 4, pp. 884–890,
2012.

[7] X. Weng, L. Wang, H. Chen, X. Liu, T. Qiu, and Z. Chen,
“Ischemic postconditioning inhibits apoptosis in an in vitro
proximal tubular cell model,” Molecular Medicine Reports, vol.
12, no. 1, pp. 99–104, 2015.

[8] E. V. Shliakhto, M. M. Galagudza, A. V. Syrenskĭı, and V.
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