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Abstract. – OBJECTIVE: Ischemic postcondi-
tioning (IPO) reduces lethal reperfusion injury
under normal conditions, but its effectiveness is
blocked by hypercholesterolemia (HC). This
study aims to determine whether blocking the mi-
tochondrial permeability transition pore (mPTP)
with cyclosporine-A (CsA) can restore cardiopro-
tection of IPO in hypercholesterolemic rat heart.

MATERIALS AND METHODS: Isolated rat
hearts underwent 30 min global ischemia and 120
min reperfusion. Postconditioning protocol was
induced by six cycles of 10s ischemia and 10s
reperfusion at the onset of the reperfusion. CsA
(0.5 µM or 5 µM) was administered 15 minutes be-
fore ischemia. Myocardial infarct size was esti-
mated by triphenyltetrazolium chloride (TTC)
staining. Cardiomyocyte apoptosis was assessed
by TUNEL staining and creatine kinase-MB (CK-
MB) was analyzed from coronary effluent.

RESULTS: In normocholesterolemia (NC)
groups, infarct size, cardiomyocyte apoptosis rate
and release of CK-MB were significantly reduced
after IPO. These reductions were completely abol-
ished by HC, as evidenced by a similar infarct size,
cardiomyocyte apoptosis rate and release of CK-
MB observed between IPO-HC group and control-
NC group, but were restored by IPO combinated
with CsA treatment. However, CsA treatment alone
could not restore cardioprotection in a state of HC.

CONCLUSIONS: Ischemic postconditioning,
blocked by hypercholesterolemia may due to the
excessive opening of the mPTP. Inhibiting of the
mPTP with CsA is able to reverse this loss of
cardioprotection.

Key Words:
Mitochondrial permeability transition pore, Cy-

closporine-A, Ischemic postconditioning, Hypercholes-
terolemia.

Introduction

Short cycles of ischemia-reperfusion per-
formed at the onset of reperfusion, which is
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termed ischemic postconditioning (IPO), has
been found to reduce myocardial ischemia reper-
fusion injury1. The cardioprotection of IPO has
been proved in several animal models and even
in the human heart2-4. Although existing data in
the literature are still somewhat contradicting, the
most of studies show that hypercholesterolemia
(HC) interferes with the cardioprotective effect
of IPO5-8. However, the mechanism of attenua-
tion of the cardioprotective effect of IPO in the
condition of hypercholesterolemia is not well un-
derstood.
The opening of the mitochondrial permeability

transition pore (mPTP) is associated with the
pathogenesis of necrosis and apoptosis. Many
studies have shown that mPTP opens during my-
ocardial reperfusion injury due to oxidative
stress, Ca2+ overload, decreased ATP levels and
increased matrix pH, which causes more necrosis
and apoptosis of cardiac myocyte9,10. Inhibiting
the opening of mPTP by cyclosporine-A (CsA)
produces cardioprotection against ischemia
reperfusion11,12. Recent study has shown that the
attenuation of cardioprotective effect of ischemic
preconditioning in hyperlipidaemic heart may be
involved in inhibition of protective signaling
pathways upstream of glycogen synthase kinase-
3β (GSK-3β) and the opening of mPTP13. There-
fore, we hypothesized that the protective effect of
IPO abolished by hypercholesterolemia is in-
volved in excessive opening of mPTP and in-
hibiting the opening of mPTP with CsA could re-
store the cardioprotection of IPO in the presence
of hypercholesterolemia.
Based on this hypothesis, in our present study,

we tested whether inhibiting the opening of
mPTP by administration of CsA shortly before
the ischemia could restore the cardioprotection of
IPO in the presence of hypercholesterolemia.
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Materials and Methods

Animals
The rats were purchased from the Center of

Experimental Animals, China Medical Universi-
ty. All animals used in this study were treated in
accordance with the Guide for the Care and Use
of Laboratory Animals, published by the Nation-
al Institutes of Health (NIH). The study protocol
was approved by the Institutional Ethics Com-
mittee.

Induction of Experimental
Hypercholesterolemia
One hundred male Wistar rats weighing 180 ±

10 g were randomly assigned to two different di-
etary groups: animals in the control diet group
(n=40) were fed with normal diet, whereas those
in the high fat diet group (n=60) received diet en-
riched with 1.5% cholesterol, 5% egg yolk pow-
der, 10% lard, 0.5% sodium cholate, 3% sugar
and 80% normal feedstuff for 8 weeks, and this
formula was modified based on that reported pre-
viously14. At the end of 8-week feeding period,
blood samples were taken from the rats’ vena
caudalis for determination of plasma levels of to-
tal cholesterol (TC), high density lipoprotein
(HDL) and low density lipoprotein (LDL) using
commercial kits [(Total Cholesterol Assay Kit -
Fluoro Cholesterol, Cell Tech, Santa Monica,
CA, USA), (Biosystems S.A., Cholesterol HDL
direct, Barcelona, Spain) and (Biosystems S.A.,
Cholesterol LDL direct, Barcelona, Spain)] in or-
der to judge the success of hypercholesterolemic
models.

Drugs and Chemicals
CyclosporineA (CsA) was purchased from

Sigma Aldrich, St Louis, MO, USA. Triphenylte-
trazolium chloride (TTC) was purchased from
Sigma, St Louis, MO, USA.

Heart Preparation
Rats were anesthetized with an intraperi-

toneal injection with 4 mg/kg 10% chloral hy-
drate and then heparinized by injecting 3 mg/ml
heparin via the inferior vena cava to prevent in-
tracoronary clot formation. After one minute,
the rats were fully heparinized and the heart was
dissected and placed in Krebs Henseleit (KH)
solution containing (in per mmol) 127NaCl,
17.7NaHCO3, 5.1KCl, 1.5CaCl2, 1.26MgCl2,
11D-glucose (pH7.4). at 4°C for trimming. The
heart was mounted on a Langendorff-perfusion
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apparatus and retrogradely perfused through the
aorta with recirculating KH solution saturated
with 95% O2-5% CO2 at 37°C. The heart was
maintained in a thermostatic chamber at 37°C.
Perfusion was maintained at a constant pressure
of 75 mmHg. A fluid-filled latex balloon was in-
serted in the leftventricle (LV) via the left atrium
for pressure measurement. The balloon was con-
nected to a pressure transducer and inflated to an
initial LV end-diastolic pressure between 8 and
10 mmHg.

Experimental Protocol
Rats were divided into 10 groups as shown in

Figure 1. In all groups, the isolated rat hearts
were perfused with K-H solution and allowed for
10 min of stabilization. Control-normocholes-
terolemia group (Control-NC) (n=10): global is-
chemia for 30 min, and reperfusion for 120 min.
Ischemic postconditioning-normocholesterolemia
group (IPO-NC) (n=10): ischemia for 30 min,
followed by six cycles of reperfusion and is-
chemia, both with equal lengths of 10 s, and
reperfusion for 120 min. Cyclosporine A-normo-
cholesterolemia group (CsA-NC) (n=10): 0.5 µM

Figure 1. Representation of experimental protocol. NC =
normocholesterolemia; HC = hypercholesterolemia; IPO = is-
chemic postconditioning for six cycles of reperfusion and is-
chemia; CsA = 0.2 µM cyclosporineA pretreatment; IPO2 =
ischemic postconditioning for twelve cycles of reperfusion and
ischemia; CsA2 = 5 µM cyclosporineA pretreatment.
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cyclosporine A was added to the perfusate for 15
min before ischemia. Then global ischemia for
30 min and reperfusion for 120 min. Ischemic
postconditioning+cyclosporineA-normocholes-
terolemia group (IPO+CsA-NC) (n=10): 0.5 µM
cyclosporine A was added to the perfusate for 15
min before ischemia. After 30 min ischemia, fol-
lowed by 6 cycles of reperfusion and ischemia,
both with equal lengths of 10 s and reperfusion
for 120 min. Control-hypercholesterolemia group
(Control-HC) (n=10): rats underwent ischemia
and reperfusion as described in Control-NC. Is-
chemic postconditioning-hypercholesterolemia
group (IPO-HC) (n=10): rats received ischemic
postcodintioning as described in IPO-NC. Cy-
closporine A-hypercholesterolemia group (CsA-
HC) (n=10): rats received 0.5 µM CsA as de-
scribed in CsA-NC. Ischemic postcondition-
ing+cyclosporine A-hypercholesterolemia group
(IPO+CsA-HC) (n=10): rats received ischemic
postconditioning and 0.5 µM CsA as described in
IPO+CsA-NC.
To investigate whether more cycles of IPO or a

higher concentration of CsA alone could restore
cardioprotection during HC, we added two more
groups with IPO induced by 12 cycles of reperfu-
sion and ischemia and 5 µM CsA.
Ischemic postconditioning2-hypercholes-

terolemia group (IPO2-HC) (n=10): rats received
twelve cycles of ischemic postconditioning as
described above. Cyclosporine A-hypercholes-
terolemia group (CsA2-HC) (n=10): rats received
5 µM CsA as described above.

Hemodynamic Monitoring
The hemodynamic assessment included heart

rate (HR), left ventricular developed pressure
(LVDP), positive first order derivative of ventric-
ular pressure (+dp/dt), negative first order deriva-
tive of ventricular pressure (-dp/dt). These para-
meters were continuously monitored throughout
the experimental protocol. The HR, LVDP,
+dp/dt and -dp/dt were sampled and digitally
processed via a hemodynamic system (BIOPAC
MP150, Goleta, CA, USA).

Assessment of Myocardial Injury
To determine the extent of myocardial injury,

the release of creatine kinase-MB (CK-MB) in
coronary effluents was measured using commer-
cially available kit (Rat Creatine Kinase MB
Isoenzyme (CK-MB) ELISA Kit, BangYi, Chi-
na). Values were expressed in international units
IU per liter.

Measurement of Infarct Size
Infarct size was determined as previously de-

scribed15. After perfusion, the heart was removed
from the perfusion apparatus and placed in the -
20°C freezer for one hour. The frozen left ventri-
cle was cut into six equal sections from the apex to
the bottom along the direction of the atrioventricu-
lar groove. The sections were placed in 1% triph-
enyltetrazolium chloride (TTC) solution (TTC dis-
solved in pH7.8 Na2HP04/NaHPO4 buffer) for 15
min and then fixed in 10% formaldehyde for an-
other 15 min. The red non-infarcted area and gray-
white infarcted area were seen in the sections. The
sections were scanned and the infarct area was
calculated using image J analysis software.

Terminal Deoxynucleotidyl Transferase
dUTP Nick End Labeling (TUNEL) Assay
At the end of two hours’ reperfusion, the heart

was removed as described earlier. Myocardial
apoptosis was detected by in situ DeadEndTM
Colorimetric Apoptosis Detection System
(Promega, Madison, WI, USA) according to the
manufacturer’ s instructions. Briefly, tissue sec-
tions were washed in phosphate buffered saline
(PBS) and then fixed in 4% paraformaldehyde
solution before incubation in 20 lg/ml proteinase
K for 10 min. After washed in PBS for three
times, tissue sections were incubated with termi-
nal deoxynucleotidyl transferase enzyme in a hu-
midified chamber at 37°C for 60 min for incorpo-
ration of biotinylated nucleotides at the 3’-OH
DNA ends. The reaction was terminated by trans-
ferring the slides to 2 × sodium citrate saline so-
lution. Endogenous peroxidase activity was
quenched by incubation in 0.3% hydrogen perox-
ide. Finally, streptavidin horseradish peroxidase
(HRP) was bound to th biotinylated nucleotides
and peroxidase activity was demonstrated in each
section by the application of a stable chromogen
diaminobenzidine. In this technique, apoptotic
nuclei are stained dark brown. The sections were
counter stained with methyl green for total nu-
clei. Three sections from each myocardial sample
were randomly selected and 10 microscopic
fields (Olympus BX51 microscope, Tokyo,
Japan) per section were evaluated by two inde-
pendent blind observers. In each field, the nuclei
were counted and the percentage of TUNEL-pos-
itive nuclei was calculated.

Statistical Analysis
The data were expressed as mean ± SD values.

Statistical analysis was performed by using
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SPSS17.0 statistical software. One-way ANOVA
was applied in analyzing the difference between
the groups. If the difference was statistically sig-
nificant, Student-Newman-Keuls post hoc test
(SNK) was applied in further pairwise compar-
isons. All p values < 0.05 were considered statis-
tically significant.

Results

The Levels of Plasma Lipid
Table I shows the average values for total cho-

lesterol, HDL, and LDL obtained from the plas-
ma of animals fed with a normal diet and of
those fed with a cholesterol-enriched diet. An in-
crease in total cholesterol and LDL cholesterol
values was observed in the animals fed with the
cholesterol-enriched diet versus the normal diet
group (p < 0.05).

Hemodynamic Changes
Table II shows the values of HR, LVDP,

+dp/dt and -dp/dt at baseline and during different
times of reperfusion. No significant differences
in HR, LVDP, +dp/dt and -dp/dt were observed
among the experimental groups during baseline.
In normocholesterolemia groups, IPO group,
CsA group and IPO+CsA group significantly in-
creased values of HR, LVDP, +dp/dt and -dp/dt at
different times of reperfusion. However, in hy-
percholesterolemia groups, only IPO+CsA group
significantly increased values of HR, LVDP,
+dp/dt and -dp/dt at different times of reperfu-
sion. But there were no significant differences in
the values of HR, LVDP, +dp/dt and -dp/dt at
baseline and during different times of reperfusion
in other groups.

Release of CK-MB Measurement
Figure 2 shows the release of CK-MB of iso-

lated heart after 30 minutes of global no-flow is-
chemia, and 120 minutes reperfusion. IPO signif-
icantly reduced release of CK-MB in normal rat
hearts as compared with Control-NC group (85.4

± 6.2 vs. 157.0 ± 10.1, p < 0.05). CsA treatment
could also decrease release of CK-MB in normal
rat hearts as compared with Control-NC group
(83.5 ± 13.5 vs. 157.0 ± 10.1, p < 0.05). Howev-
er, IPO and CsA treatment alone failed to signifi-
cantly decrease the release of CK-MB in hyperc-
holesterolemic rat hearts (167.2 ± 13.2, 164.5 ±
11.8 vs. 157.0 ± 10.1, p > 0.05). In addition,
more cycles of IPO (IPO2) and higher concentra-
tion of CsA (CsA2) were also blocked by hyperc-
holesterolemia (169.4 ± 6.4, 168.0 ± 10.9 vs.
157.0 ± 10.1, p > 0.05). But IPO combined with
CsA treatment restored the effect of decreasing
release of CK-MB in hypercholesterolemic rat
hearts as compared with Control-NC group (87.7
± 12.4 vs. 157.0 ± 10.1, p < 0.05).

Infarct Size Measurement
Figure 3 shows the infarct size after 30 min-

utes of global no-flow ischemia, and 120 minutes
reperfusion. In normohypercholesterolemia rats,
infarct size was reduced after ischemic postcon-
ditioning as compared with Control-NC group
(28.4 ± 7.6% vs. 38.4 ± 9.1%, p < 0.05). CsA
had a similar infarct reducing effect as IPO (27.0
± 4.2% vs. 38.4 ± 9.1%, p < 0.05), but a combi-
nation of IPO did not further reduce infarct size
(25.8 ± 7.0% vs. 27.0 ± 4.2%, p > 0.05). Howev-
er, hypercholesterolemia abolished the infarct
sparing effect of ischemic postconditioning
(45.3% ± 7.0% vs. 38.4 ± 9.1%, p > 0.05).
Meanwhile, the cardioprotective effect of CsA
alone was also blocked by hypercholesterolemia
(43.8 ± 10.8% vs. 38.4 ± 9.1%, p > 0.05). How-
ever, the combination of CsA and IPO provided
an infarct sparing effect against hypercholes-
terolemic heart (28.4 ± 8.1% vs. 38.4 ± 9.1%, p
< 0 .05).

TUNEL Staining for Apoptosis
TUNEL-positive cardiomyocyte nuclei are

shown in Figure 4. In NC groups, IPO, CsA treat-
ment, and IPO combined with CsA treatment all
significantly reduced the number of TUNEL-posi-
tive cells with corresponding values of 8.5% ±

Total cholesterol (mg/dl) HDL-C (mg/dl) LDL-C (mg/dl)

Normal diet fed group 51.2 ± 5.8 43.2 ± 4.5 17.5 ± 5.3
Cholesterol-enriched diet fed group 227.1 ± 7.6* 45.1 ± 5.3 49.5 ± 6.3*

Table I. Biochemical analysis (mean ± SD, n=40 for each group).

*p < 0.05, vs. Normal diet fed group.
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3.1%, 9.8% ± 3.5% and 8.9% ± 3.3% as compared
with control-NC group (24.8% ± 3.7%, p < 0.05).
In HC groups, the anti-apoptosis effect of IPO was
abolished by hypercholesterolemia (25.8 ± 4.3%
vs. 24.8% ± 3.7%, p > 0.05), and the anti-apoptosis
effect of CsA alone at the doses of 0.2 µM and 5

µM were also blocked by hypercholesterolemia
(25.3 ± 3.8% and 23.8 ± 3.5% vs. 24.8% ± 3.7%, p
> 0.05). However, the combination of CsA and
IPO provided an anti-apoptosis effect against hy-
percholesterolemic heart during ischemia reperfu-
sion (12.4 ± 3.1% vs. 24.8% ± 3.7%, p < 0.05).

Time Baseline R-10 R-30 R-120

Heart rate
Control-NC 226 ± 23 150 ± 15 164 ± 11 153 ± 8
IPO-NC 217 ± 20 165 ± 11* 185 ± 13* 178 ± 15*
CsA-NC 225 ± 17 168 ± 12* 188 ± 10* 176 ± 9*
IPO+CsA-NC 220 ± 18 166 ± 9* 186 ± 12* 174 ± 7*
Control-HC 215 ± 16 145 ± 11 160 ± 12 155 ± 12
IPO-HC 227 ± 21 142 ± 16 159 ± 9 153 ± 11
CsA-HC 221 ± 22 139 ± 22 162 ± 22 156 ± 17
IPO+CsA-HC 230 ± 18 176 ± 17*,# 189 ± 14*,# 178 ± 16*,#

IPO2-HC 212 ± 26 146 ± 14 168 ± 15 155 ± 24
CsA2-HC 222 ± 21 140 ± 18 170 ± 18 159 ± 21
LVDP (mm Hg)
Control-NC 86 ± 6.4 34 ± 5.4 38 ± 5.1 35 ± 3.2
IPO-NC 84 ± 6.5 44 ± 4.3* 48 ± 4.5* 46 ± 4.3*
CsA-NC 83 ± 6.6 46 ± 4.9* 51 ± 6.0* 49 ± 3.4*
IPO+CsA-NC 88 ± 7.5 48± 6.4* 54 ± 5.7* 50 ± 4.9*
Control-HC 84 ± 6.9 34 ± 6.7 39 ± 4.2 36 ± 3.4
IPO-HC 86 ± 4.4 34 ± 5.4 37 ± 5.1 35 ± 3.8
CsA-HC 85 ± 7.3 32 ± 7.7 36 ± 6.5 31 ± 6.3
IPO+CsA-HC 89 ± 5.6 45 ± 3.2*,# 50 ± 6.6*,# 48 ± 7.4*,#

IPO2-HC 87 ± 8.5 31 ± 9.4 35 ± 5.4 32 ± 4.9
CsA2-HC 82 ± 6.5 31 ± 9.4 36 ± 6.4 33 ± 5.9
+dp/dtmax (mmHg/s)
Control-NC 2322 ± 233 1289 ± 103 1422 ± 178 1162 ± 168
IPO-NC 2318 ± 187 1466 ± 159* 1589 ± 167* 1484 ± 134*
CsA-NC 2472 ± 274 1445 ± 202* 1666 ± 164* 1454 ± 143*
IPO+CsA-NC 2312 ± 233 1489 ± 173* 1602 ± 221* 1462 ± 158*
Control-HC 2298 ± 177 1266 ± 259 1389 ± 137 1144 ± 114
IPO-HC 2402 ± 244 1336 ± 207 1466 ± 287 1254 ± 203
CsA-HC 2231 ± 262 1309 ± 301 1384 ± 212 1135 ± 158
IPO+CsA-HC 2331 ± 251 1439 ± 141*,# 1584 ± 151*,# 1405 ± 138*,#

IPO2-HC 2330 ± 198 1276 ± 225 1401 ± 201 1148 ± 167
CsA2-HC 2330 ± 198 1306 ± 225 1411 ± 209 1178 ± 147
-dp/dtmax (mmHg/s)
Control-NC 1476 ± 222 878 ± 128 1002 ± 117 938 ± 156
IPO-NC 1378 ± 207 1109 ± 137* 1211 ± 149* 1129 ± 134*
CsA-NC 1408 ± 190 1089 ± 112* 1308 ± 102* 1136 ± 129*
IPO+CsA-NC 1400 ± 156 1146 ± 142* 1298 ± 145* 1178 ± 198*
Control-HC 1476 ± 222 858 ± 168 1016 ± 177 902 ± 176
IPO-HC 1395 ± 137 889 ± 187 1071 ± 189 969 ± 144
CsA-HC 1428 ± 180 939 ± 132 1008 ± 206 936 ± 153
IPO+CsA-HC 1410 ± 176 1132 ± 144*,# 1278 ± 175*,# 1178 ± 108*,#

IPO2-HC 1410 ± 176 976 ± 202 1078 ± 146 1078 ± 208
CsA2-HC 1401 ± 165 898 ± 198 1074 ± 137 956 ± 159

Table II. HR, +dp/dt, -dp/dt, and LVDP before and during reperfusion.

HR = heart rate; +dp/dt = positive first order derivative of ventricular pressure; -dp/dt = negative first order derivative of ven-
tricular pressure; LVDP = left ventricular developed pressure; NC = normocholesterolemia; HC = hypercholesterolemia; IPO =
ischemic postconditioning for six cycles of reperfusion and ischemia; CsA = 0.5 µM cyclosporineA pretreatment; IPO2 = is-
chemic postconditioning for twelve cycles of reperfusion and ischemia; CsA2 = 5 µM cyclosporineA pretreatment. Data are
presented as means ± SD and n = 10 for each. *p < 0.05 vs. Control-NC; #p < 0.05 vs. Control-HC.



Ischemic postconditioning is a powerful form
of protection, but its effectiveness under the
pathological conditions is in dispute. Some stud-
ies reported the cardioprotection of IPO is limit-
ed in the presence of diabetes mellitus, hyperlipi-
demia, uremia and so on16,17. Among these dis-
ease conditions, hyperlipidemia, especially hy-
percholesterolemia, is regarded as an indepen-
dent risk factor in the development of ischemic
heart diseases including myocardial infarction. In
this study, we found that the cardioprotection of
IPO in rats heart is blocked by elevated level of
blood hypercholesterolemia, which is induced by
8-week hypercholesterolemic diet fed. The result
is consist with previous founding by other re-
searchers5-7. However, Donato et al18 showed that
ischemic postconditioning reduces infarct size by
activation of A1 receptors and K+

ATP channels in
both normal and hypercholesterolemic rabbits.
The discrepancies may be probably attributed to
the animal species or duration of hyperlipidemia
diet.
The mechanisms that hyperlipidemia/hyperc-

holesterolemia abrogates the cardioprotective ef-
fects of ischemic postconditioning are not clear.
Kupai et al7 found experimental hyperlipidemia
induced by cholesterol-enriched diet impairs the
cardioprotective effect of postconditioning by al-
terating of nitrosative stress signal and increasing
the production of several oxidants such as perox-
ynitrite and lipid peroxidation compounds. In ad-
dition, a long term (3-week) or short-term (3-
day) statin administration could restore the in-
farct size-limiting effect of postconditioning in
hypercholesterolemic rat heart potentially by in-
creasing the expression and activity of endothe-
lial nitric oxide synthase synthesis (eNOS)19,20.
The mPTP opening might be regarded as a

crucial step from reversible to irreversible cell
death21. IPO mediated its protective effects by in-
hibiting mPTP opening upon reperfusion and
mPTP also is considered to be a critical end-ef-
fector of IPO22. However, whether hypercholes-
terolemia block the cardioprotection of IPO in-
volved in the opening of mPTP is still not
known. In this work we demostrated that CsA, a
mPTP opening inhibitor, could restore the cardio-
protection of IPO in hypercholesterolemic rat
heart. Therefore, we speculated that ischemic
postconditioning is blocked by hypercholes-
terolemia may due to the excessive the opening
of mPTP and Inhibiting of the mPTP is able to
reverse this loss of cardioprotection. We also
found that the cardioprotective effect of CsA
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Discussion

In the present study, this is the first demonstra-
tion that hypercholesterolemia abolishes cardio-
protection of ischemic postconditioning involved
in the opening of mPTP and inhibition of mPTP
with CsA reverses this loss of cardioprotection.

Figure 2. Release of creatine kinase-MB (CK-MB) in iso-
lated rat heart. NC = normocholesterolemia; HC = hyperc-
holesterolemia; IPO = ischemic postconditioning for six cy-
cles of reperfusion and ischemia; CsA = 0.2 µM cy-
closporineA pretreatment; IPO2 = ischemic postcondition-
ing for twelve cycles of reperfusion and ischemia; CsA2 = 5
µM cyclosporineA pretreatment. Data are presented as
means ± SD and n = 8 for each. *p < 0.05 vs. Control-NC.

Figure 3. Area of necrosis (AN) expressed as a percentage
of left ventric (LV) area. NC = normocholesterolemia; HC =
hypercholesterolemia; IPO = ischemic postconditioning for
six cycles of reperfusion and ischemia; CsA = 0.2 µM cy-
closporineA pretreatment; IPO2 = ischemic postconditioning
for twelve cycles of reperfusion and ischemia; CsA2 = 5 µM
cyclosporineA pretreatment. Data are presented as means ±
SD and n = 8 for each. *p < 0.05 vs. Control-NC.
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alone was also blocked by hypercholesterolemia
and only the combination of CsA and IPO pro-
vided an infarct sparing effect against myocardial
ischemia reperfusion injure. Probable explana-
tion is that the sole cardioprotective intervention
with CsA or postconditioning is not strong
enough to protect the hypercholesterolemic my-
ocardium, but possibly the threshold for cardio-
protection is lowered after combination of both
protective pathways.
Compared with preconditioning which must

be applied before an ischemic event, postcondi-
tiong has the advantage that it may be applied af-
ter sustained ischemia. It has much more exten-
sive clinical applicability. However, mounting

randomized controlled trials RCTs results shown
that ST-elevation myocardial infarction (STEMI)
patients perform IPO during primary percuta-
neous coronary intervention does not reduce my-
ocardial damage, and it may even aggravate my-
ocardial reperfusion injury23,24. The reason for
such results may be that clinical patients tend to
have many complications, such as diabetes, hy-
perlipidemia, renal dysfunction etc.which may
influence the effectiveness of IPO. Several ani-
mal experiments have also proved that the effec-
tiveness of IPO is influenced in some disease
states such as hypertension, diabetes, heart fail-
ure, hypercholesterolemia and atherosclerosis,
renal dysfunction, etc.16,25,26. Among these com-

Figure 4.Apoptosis after myocardial infarction. A, Control-NC. B, IPO-NC. C, CsA-NC. D, IPO+CsA-NC. E, Control-HC. F,
IPO-HC. G, CsA-HC. H, IPO+CsA-HC. I, IPO2-HC. J, CsA-HC. Photomicrographs were taken at 200 × magnification. Apop-
totic cardiomyocyte nuclei appear brown stained whereas terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling
(TUNEL)-negative nuclei appear green. Histogram shows the percent of the TUNEL-positive cells (brown staining). NC = normo-
cholesterolemia; HC = hypercholesterolemia; IPO = ischemic postconditioning for six cycles of reperfusion and ischemia; CsA =
0.2 µM cyclosporineA pretreatment; IPO2 = ischemic postconditioning for twelve cycles of reperfusion and ischemia; CsA2 = 5
µM cyclosporineA pretreatment. Data are presented as means ± SD and n = 8 for each. *p < 0.05 vs. Control-NC.



plications, hypercholesterolemia is likely to be
the main factor duo to the highest incidence
among myocardial infarction patients. Using
drugs reversed the cardioprotection of IPO in the
state of hypercholesterolemia tend to be much
more significance. Andreadou et al20 found that a
long term (3-week) or short-term (3-day) statin
administration could restore the infarct size-lim-
iting effect of postconditioning in hypercholes-
terolemic rat heart. Our findings found that cy-
closporine A, a specific mPTP inhibitor, can re-
store the protective effect of IPO in hyperlipi-
demic/hypercholesterolemic animal heart. It will
provide a new drug to restore the cardioprotec-
tive effect of IPO in the state of complications.

Conclusions

Hypercholesterolemia abolishes cardioprotec-
tion of ischemic postconditioning involved in the
opening of mPTP and inhibition of mPTP with
CsA may reverse this loss of cardioprotection.
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