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Abstract. - OBJECTIVE: To investigate the
influences of remifentanil on myocardial isch-
emia-reperfusion injury in rats and the expres-
sions of b-cell lymphoma 2 (Bcl-2), Bcl-2-asso-
ciated X protein (Bax) and other apoptosis-relat-
ed proteins.

MATERIALS AND METHODS: A total of 60
Sprague-Dawley (SD) rats were randomly di-
vided into sham operation (S) group, model
(M) group, low-dose remifentanil (L) group and
high-dose remifentanil (H) group, with 15 rats in
each group. The rat model of myocardial isch-
emia-reperfusion injury was established by the
ligation of the left anterior descending branch
(LAD). After ischemia for 30 min and reperfusion
for 24 h, the cardiac function of rats in each
group was measured by an ultrasonic instru-
ment. Triphenyl tetrazolium chloride (TTC) stain-
ing was used to detect the myocardial infarction
area of rats in each group. The activity of myo-
cardial enzymes in the serum of rats in each
group was detected. Terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL)
staining was adopted to examine the apopto-
sis level of rat cardiomyocytes in each group.
Quantitative polymerase chain reaction (QPCR)
and Western blotting were applied to detect the
expression levels of apoptosis-related proteins
and messenger ribonucleic acids (MRNAs) in rat
cardiomyocytes in each group.

RESULTS: Compared with those in S group, left
ventricular internal dimension in systole (LVIDs)
and left ventricular internal dimension in diastole
(LVIDd) were markedly increased (p<0.01), while
left ventricular ejection fraction (LVEF) and left
ventricular fractional shortening (LVFS) were no-
tably decreased in M group (p<0.01). LVIDs and
LVIDd in L group and H group were lower than
those in M group (p<0.05, p<0.01), whereas LVEF
and LVFS were higher than those in M group
(p<0.05, p<0.01). The myocardial infarction area
in M group was significantly larger than that in S
group (p<0.01), and those in L group and H group
were remarkably smaller than that in M group
(p<0.05, p<0.01). The activities of aspartate amino-
transferase (AST), lactate dehydrogenase (LDH)
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and creatine kinase-muscle/brain (CK-MB) in the
serum of rats in M group were evidently higher
than those in S group (p<0.01), and compared with
those in M group, those in L group and H group
were significantly decreased (p<0.05, p<0.01). The
apoptosis level of myocardial cells in M group was
significantly higher than that in S group (p<0.01),
while those in L group and H group were markedly
lower than that in M group (p<0.05, p<0.01). Com-
pared with those in S group, the expression levels
of cleaved caspase-3 and its mRNAs in myocar-
dial cells in M group were remarkably increased
(p<0.01), while those of Bcl-2/Bax and it mRNAs
were significantly decreased (p<0.01). The expres-
sion levels of cleaved caspase-3 and its mRNAs
in myocardial cells in L group and H group were
significantly lower than those in M group (p<0.05,
p<0.01), but those of Bcl-2/Bax and its mRNAs
were significantly higher than those in M group
(p<0.05, p<0.01).

CONCLUSIONS: Remifentanil can effectively
reduce myocardial cell injury caused by myocar-
dial ischemia-reperfusion in rats, improve car-
diac function, reduce the myocardial infarction
area, decrease cleaved caspase-3 in myocardi-
al cells, and increase Bcl-2/Bax.
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Introduction

At present, ischemic heart disease is an im-
portant cause of death in the global population.
The survey and research of the World Health
Organization reveal that patients with ischemic
heart disease are getting younger and younger
under the influences of the increasing pressure
of life and other factors'. Removing the ische-
mic factors and ensuring the blood supply to
the heart in time are important measures for the
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treatment of ischemic heart disease. Thrombolytic
therapy in internal medicine and coronary artery
bypass grafting in surgery are currently the most
commonly used methods**. In recent years, a
large number of literatures have reported that
myocardial ischemia-reperfusion will aggravate
myocardial cell injury and markedly increase the
level of apoptosis of myocardial cells and the
area of myocardial infarction, thus leading to
heart failure and seriously affecting the prognosis
of patients*’. Research® evidence has indicated
that apoptosis and oxidative stress are impor-
tant causes of myocardial ischemia-reperfusion
injury. After ischemia-reperfusion, adenosine tri-
phosphate (ATP) production and active oxygen
content will increase significantly, thereby leading
to serious injury of myocardial cells and dysfun-
ction of the myocardium. Szobi et al” manifested
that the expression levels of apoptosis-related pro-
teins, cleaved caspase-3 and b-cell lymphoma 2
(Bcl-2)-associated X protein (Bax), in myocardial
cells of rats with ischemia-reperfusion injury, are
significantly increased, and the expression level
of anti-apoptosis protein, Bcl-2, is significantly
decreased. Genade et al®* demonstrated that an-
tioxidants can effectively protect myocardial cells
from injury during ischemia-reperfusion. Rese-
archers’ have denoted that opioids can protect
the heart by activating opioid receptors in heart
tissues. According to Sharma et al'®, low-dose
morphine can effectively reduce the infarction
area after heart ischemia, decrease the expression
of apoptosis-related proteins and protect the heart.
Remifentanil, as a new short-acting opioid recep-
tor agonist, is widely distributed outside blood
vessels and has powerful sedative, analgesic and
anesthetic effects. Remifentanil is an ideal intra-
venous anesthetic drug'' because it can effectively
excite the p receptor and has the characteristics
of short acting time and no accumulation. Jeon-
gwara et al'? found that remifentanil pretreatment
can effectively reduce the infarction area in brain
tissues of the intraluminal middle cerebral artery
occlusion (MCAO) rat model and lower the level
of apoptosis in hippocampal tissues. However,
there is still little research on remifentanil’s effect
on myocardial ischemia-reperfusion injury. This
experiment is intended to evaluate the protective
effect of remifentanil on myocardial cells and
analyze its possible mechanism by establishing
a rat model of myocardial ischemia-reperfusion
injury, so as to provide a theoretical basis for
developing remifentanil into a protective drug for
myocardial ischemia-reperfusion injury.
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Materials and Methods

Animals and Grouping

A total of 60 male Sprague-Dawley (SD) rats,
weighing 220-240 g, were purchased from the
Laboratory Animal Center of Jining Medical
University (Laboratory Animal Production Li-
cense No.. SCXK2015-0006). The feeding en-
vironment for rats: specific-pathogen-free (SPF)
animal feeding room with a day and night rule
of 12-h illumination and a humidity of (45+£2)%
at (23+2)°C. The rats could eat and drink freely,
adapt to the environment for 1 week, and were
subjected to solid but not liquid fasting before
the experiment. The rats were randomly divided
into sham operation (S) group, model (M) group,
low-dose remifentanil (L) group and high-dose
remifentanil (H) group, with 15 rats in each
group. The rats in L group were infused with 0.6
pg/kg/min remifentanil through a micropump at
30 min before ischemia, received the ligation of
the left anterior descending branch (LAD) for
30 min, and re-perfused for 24 h. The rats in H
group were infused with 1.8 pg/kg/min remifen-
tanil through the micropump at 30 min before
ischemia, underwent the ligation of the LAD for
30 min, and re-perfused for 24 h. The rats in M
group was infused with normal saline using the
micropump at 30 min before ischemia, underwent
the ligation of the LAD for 30 min, and re-per-
fused for 24 h. In S group, only the roots of the
LAD of rats were threaded, but not ligated. All
animal operations and programs were in accor-
dance with the Guidelines for the Breeding and
Use of Laboratory Animals issued by the U.S.
National Institutes of Health, and the experimen-
tal programs were reviewed and approved by the
Ethics Committee of Jining Medical University
Animal Center.

Establishment of the Animal Model

The myocardial ischemia-reperfusion model
was established according to the experimental
method of Yogaratnam et al'*: 10% chloral hy-
drate was prepared at a dose of 3 mL/kg to
anesthetize rats. After anesthesia and fixation of
the rats, the ventilator cannula was inserted into
the trachea of the rats (tidal volume: 2 mL/100
g, breathing frequency: 70 times/min and brea-
thing ratio: 3:2), and an oblique incision was cut
between the 3™ and 4™ ribs to expose the heart.
The left coronary artery was pink-white, running
down the left anterior wall from the middle of
the left atrial appendage and passing through
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the posterior end of the LAD with the No. 6-0
silk thread. Finally, the ligation was successful
when the LAD was ligated until the apex became
white. After 30 min of ischemia, the ligature was
untied, and the ischemic area turning red was
used as a sign of coronary artery recanalization.
After suturing and closing of the chest, 400,000
U penicillins were injected into the muscles to
prevent infection. After the rats woke up, the
endotracheal cannula was pulled out, and the rats
were transferred to a dry clean squirrel cage. The
electric blanket was used to keep warm.

Determination of Cardiac Function

After 24 h of reperfusion, rats were anesthe-
tized with 2% isoflurane and fixed on a constant
temperature heating plate. The echocardiogram
of each group of rats was detected via a high-re-
solution small animal ultrasound imaging system
(Vevo2100) with a probe frequency of 250 MHz.
The probe was placed in front of the sternum of
the rats, with the long and short parasternal axes
as the observation fields of view. With the short
axis of the left ventricle as the section, M-mode
ultrasound was applied to record the movement
curve of the left ventricle, left ventricular inter-
nal dimension in systole (LVIDs), left ventri-
cular internal dimension in diastole (LVIDd),
left ventricular ejection fraction (LVEF) and left
ventricular fractional shortening (LVFS) of each
group of rats.

Detection of the Myocardial
Infarction Area Via Triphenyl
Tetrazolium Chloride (TTC) Staining

After 24 h of reperfusion, rats were killed.
The heart was removed, washed with normal
saline and drained with filter paper. The left
ventricle was cut into 1.5-mm slices, which were
weighed, placed in a freshly prepared preheated
1% TTC solution, incubated at 37°C for 15 min
in the dark, and fixed with 4% paraformaldehyde
for 30 min. The red part of the slices was the area
without infarction, and the white part was the
infarction area. Image software was adopted to
calculate the infarction area and the myocardial
infarction area (%).

Determination of Myocardial Enzymes
After 24 h of reperfusion, the peripheral blo-
od of rats in each group was taken. After serum
separation, the levels of the aspartate amino-
transferase (AST), lactate dehydrogenase (LDH)
and creatine kinase-muscle/brain (CK-MB) in the

serum of rats in each group were detected by a
full-automatic biochemical analyzer.

Terminal Deoxynucleotidyl
Transferase dUTP Nick End
Labeling (TUNEL)
Staining Detection of the Level of Apoptosis
After 24 h of reperfusion, rats in each group
were killed, and paraffin sections of heart tissues
were prepared. The TUNEL apoptosis kit [Bo-
ster (Wuhan, China) Biological Technology Co.,
Ltd.] was used to detect the level of apoptosis in
hippocampal tissues. Procedures were operated
in strict accordance with the instructions of the
kit, followed by photographing under a confocal
fluorescence microscope (Nikon, Tokyo, Japan)
after the staining. If green fluorescence could be
observed in the field of view, the cells would be
TUNEL positive. TUNEL positive cells in each
group of rat heart tissues were counted.

Detection of the Messenger
Ribonucleic Acid (mRNA) Expression
Level via Quantitative Polymerase
Chain Reaction (qPCR)

After 24 h of reperfusion, rats in each group
were killed, and the left ventricle was separa-
ted, added with TRIzol (Invitrogen, Carlsbad,
CA, USA) lysed tissues at 100 mg: 1 mL and
centrifuged at 4°C and 12000 rpm for 10 min.
After the supernatant was taken, chloroform was
added, followed by vigorous shaking for 30 s and
standing for 5 min. Subsequently, centrifugation
was conducted at 4°C and 12000 rpm for 10
min. After the supernatant was taken, an equal
volume of isopropanol was added, followed by
violent shaking and centrifugation at 4°C and
10000 rpm for 5 min. Ultimately, the supernatant
was discarded, and 75% freshly prepared ethanol
was added, followed by violent shaking and cen-
trifugation at 4°C and 10000 rpm for 10 min. 50
pL diethyl pyrocarbonate water were added for
dissolution to obtain the total RNA. The purity
of the total RNA was determined, and 20 pL
RT systems were prepared with it as a template
for reverse transcription at 37°C for 15 min and
85°C for 5 s. The qPCR system was prepared.
Amplification conditions set: pre-denaturation at
95°C for 30 s, 95°C for 5 s and 60°C for 35 s for
a total of 40 cycles. Primers were synthesized by
Invitrogen (Carlsbad, CA, USA) with glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH) as
an internal parameter. The sequences are shown
in Table I. Based on the Ct value of the ampli-
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fication results, the relative expression level was
calculated according to 2-44¢,

Western Blotting Detection
of the Protein Expression Level

After 24 h of myocardial ischemia-reperfu-
sion, rats in each group were killed, and the left
ventricle was separated. Radioimmunoprecipita-
tion assay lysis buffer was added according to
the mass/volume ratio of 100 mg/l mL. After
the homogenate with an ultrasonic homogenizer
at 4°C, centrifugation was performed at 12000
rpm for 10 min, and the supernatant was the to-
tal protein. The bicinchoninic acid assay protein
determination kit (Pierce, Rockford, 1L, USA)
was applied to determine the concentration of
the protein in each group, and a loading system
at the equal concentration was prepared for stan-
dby application after boiling and extinguishment.
The protein was loaded after sodium dodecyl
sulfate-polyacrylamide gel electrophoresis gel
was prepared and electrophoresed to the bottom
at the constant voltage of 80 V. Polyvinylidene
fluoride membrane (5 cmx 8 cm) (IPVHO00010,
Millipore, Billerica, MA, USA) was prepared,
and the protein was transferred onto the membra-
ne after activation at 90 V for 100 min. Freshly
prepared 5% skimmed milk powder was used to
seal the protein band for 2 h. After washing with
tris-buffered saline with Tween 20 (TBST), cle-
aved caspase-3, Bcl-2, Bax and GAPDH (diluted
at 1:1000) (Millipore, Billerica, MA, USA) were
incubated at 4°C overnight, then incubated with
horseradish peroxidase-conjugated secondary an-
tibodies (Fude Biological Technology Co., Ltd.,
Dalian, China) at room temperature for 1 h and
washed with TBST for 3 times, with 5 min each
time. After that, enhanced chemiluminescence
solution was prepared, followed by developing
and fixation in a dark room, washing and airing.
After scanning, the quantitative analysis was
carried out with Imagel.

Table I. Primer sequences

Gene

Bcl-2 Sense GGTGGGGTCATGTGTGTGG
Antisense CGGTTCAGGTACTCAGTCATCC

Bax Sense CCCGAGAGGTCTTTTTCCGAG

Antisense CCAGCCCATGATGGTTCTGAT

GAPDH Sense TATCGGACGCCTGGTTAC
Antisense  TTCCCATTCTCAGCCTTG

Statistical Analysis

Data in this study were expressed as mean +
standard deviation and processed using Statisti-
cal Product and Service Solutions 19.0 software
(SPSS Inc., Armonk, NY, USA). Count data were
analyzed by x? test, and the analysis of variance
was adopted for the comparison among multiple
groups, followed by post-hoc test (Least Signi-
ficant Difference). It was stipulated that p<0.05
represented a statistically significant difference.

Results

Establishment of the SD Rat
Model of Myocardial Ischemia-
Reperfusion Injury

The model of myocardial ischemia-reperfu-
sion injury was established by the LAD ligation.
The criterion for a successful ligation was that the
local myocardium in rats turned white under the
observation of naked eyes, and after the ligature
was untied, the ischemia area turning red was
taken as a sign of coronary artery recanalization.
The success of the model establishment is shown
in Table II. The success rate of the establishment
of myocardial ischemia-reperfusion injury model
in M group was the lowest, while the success
rates in L group and H group were improved to
some extent.

Changes in Cardiac Function
of rats in Each Group

After 24 h of myocardial ischemia-reperfu-
sion, the changes in the echocardiogram in each
group of rats were detected. The results revealed
that LVIDs and LVIDd in M group were mar-
kedly higher than those in S group (p<0.01).
Compared with those in M group, LVIDs and
LVIDd in L group and H group were remarkably
decreased (p<0.05, p<0.01). LVEF and LVFS in
M group were significantly lower than those in S

Table Il. Success rate of the establishment of the laboratory
rat model

Success rate
of the model
establishment

Survived rat
with a success-
fully established

model (n) (%)
S group 15 100%
M group 10 66.67%
L group 11 73.3%
H group 11 73.3%
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Figure 1. Changes in cardiac function in each group of rats. A, LVIDs. B, LVIDd. C, LVEF. D, LVFS. LVIDs and LVIDd in
group M are higher than those in S group, L group and H group, while LVEF and LVFES in M group are lower than those in S
group, L group and H group. ##p<0.01 vs. S group, **p<0.01 and *p<0.05 vs. M group.

group (p<0.01). Compared with those in M group,
LVEF and LVFS in L group and H group were
evidently increased (p<0.05, p<0.01) (Figure 1).

Myocardial Infarction Area of Rats
in Each Group

At 24 h after reperfusion, the left ventricle was
isolated, and the myocardial infarction area of
rats in each group was detected by TTC staining.
According to the results, compared with that in
S group, the myocardial infarction area of rats
in M group was significantly increased (p<0.01).
After remifentanil pretreatment, the left ventri-
cular myocardial infarction areas of rats in L
group and H group were significantly decreased
(p<0.05, p<0.01) (Figure 2).

Changes in Myocardial Enzymes
in Each Group of Rats

The serum of rats in each group was separa-
ted, and the levels of LDH and CK-MB in the
serum of rats in each group were detected using a
full-automatic biochemical analyzer. The results
manifested that the levels of the AST, LDH and
CK-MB in the serum of rats in M group were

notably higher than those in S group (p<0.01).
After remifentanil pretreatment, the levels of
AST, LDH and CK-MB in the serum of rats in
L group and H group were significantly reduced
(p<0.05, p<0.01) (Figure 3).

Apoptosis Level of Rat
Cardiomyocytes in Each Group

TUNEL staining was used to detect the apop-
tosis level of rat cardiomyocytes in each group.
The results demonstrated that the number of
TUNEL positive cells in M group was remar-
kably higher than that in S group (p<0.01). After
remifentanil treatment, the apoptosis levels of
rat cardiomyocytes in L group and H group were
significantly reduced (p<0.05, p<0.01) (Figure 4).

Expression Level
of Apoptosis-Related Genes

QPCR was carried out to detect the expression
level of apoptosis-related genes in left ventricular
tissues after 24 h of myocardial ischemia-reper-
fusion in each group. According to the results,
compared with those in S group, the expression
level of cleaved caspase-3 mRNAs in M group
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Figure 2. Myocardial infarction area of rats. A, TTC staining graph. B, Statistics of infarction area results. The myocardial
infarction area in M group is significantly larger than those in S group, L group and H group. ##p<0.01 vs. S group, **p<0.01
and *p<0.05 vs. M group.
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Figure 3. Changes in myocardial enzymes in the serum of rats in each group. A, AST level. B, LDH level. C, CK-MB level.
The levels of AST, LDH and CK-MB in M group are evidently lower than those in S group, L group and H group. ##p<0.01 vs.
S group, **p<0.01 and *p<0.05 vs. M group.
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Figure 4. TUNEL staining detection of the level of apoptosis of rat cardiomyocytes in each group. A, A micrograph. B, A
statistical graph of TUNEL positive cells. The number of TUNEL positive cells in M group m is significantly higher than those
in S group, L group and H group. ##p<0.01 vs. S group, **p<0.01 and *p<0.05 vs. M group.

was significantly increased (p<0.01), while the
expression level of Bcl-2/Bax mRNAs was evi-
dently decreased (p<0.01). The expression levels
of cleaved caspase-3 mRNAs in L group and H
group were lower than that in M group (p<0.05,
p<0.01), but the expression levels of Bcl-2/Bax
mRNAs were significantly increased (p<0.05,
p<0.01) (Figure 5).

Expression Level
of Apoptosis-Related Proteins

Through Western blotting detection of the
expression level of apoptosis-related proteins in
left ventricular tissues after 24 h of myocar-
dial ischemia-reperfusion in each group, it was
found that compared with those in S group, the
expression level of cleaved caspase-3 in M group
was significantly increased (p<0.01), while the
expression level of Bcl-2/Bax was evidently de-
creased (p<0.01). The expression levels of clea-
ved caspase-3 in L group and H group were lower
than that in M group (p<0.05, p<0.01), but the
expression levels of Bcl-2/Bax were significantly
increased (p<0.05, p<0.01) (Figure 6).

Discussion

Myocardial ischemia-reperfusion can effecti-
vely reduce the injury of heart tissues caused
by ischemia and anoxia, but blood reperfusion
can also cause irreversible injury to myocardial
cells, resulting in cardiac remodeling and heart
failure, so that the mortality rate of myocardial
infarction patients after treatment remains hi-
gh'*. Rossoni et al'® used myocardial cells to
investigate the injury of hypoxia/reoxygenation
to myocardial cells. The results showed that
cardiomyocytes are subjected to apoptosis after
2-h hypoxia/2-h reoxygenation. With the prolon-
gation of reoxygenation time, the proportion of
apoptotic cells is markedly increased, and the
cell activity notably declines. Gao et al'®* mani-
fested that the activities of LDH and CK-MB in
the serum of rats with myocardial ischemia-re-
perfusion injury are significantly increased.
Apoptosis is an important form of maintaining
homeostasis in cells, and it is an important way
for cells to eliminate their own injury. Besides, it
also participates in many pathological processes.
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Figure 5. Detection of the mRNA expression level in rat cardiomyocytes via qPCR. A, Expression level of cleaved caspase-3
mRNAs. B, Expression level of Bel-2/Bax mRNAs. Compared with those in S group, the expression level of cleaved caspase-3
mRNAs in M group is significantly increased, but the expression level of Bcl-2/Bax mRNAs is significantly decreased. The ex-
pression levels of cleaved caspase-3 mRNAs in L group and H group are lower than that in M group, while the expression levels
of Bcl-2/Bax mRNAs are significantly higher than that in M group. ##p<0.01 vs. S group, **p<0.01 and *p<0.05 vs. M group.
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Figure 6. Detection of the changes in the expression level of apoptosis-related proteins in each group of rats via Western
blotting. A, A band graph. B, A statistical graph of Bcl-2/Bax. C, A statistical graph of cleaved caspase-3. Compared with
those in S group, the expression level of Bcl-2/Bax in M group is markedly decreased, while the expression level of cleaved
caspase-3 is significantly increased. The expression levels of Bcl-2/Bax in H group and L group are significantly higher than
that in M group, while the expression levels of cleaved caspase-3 are significantly lower than that in M group. ##p<0.01 vs. S
group, **p<0.01 and *p<0.05 vs. M group.
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Cheng et al' found that reperfusion injury is
closely related to apoptosis, and ischemia-reper-
fusion can lead to a significant increase in the
expression level of apoptosis-related proteins.
In this work, the protective effect of remifenta-
nil on myocardial ischemia-reperfusion injury
in rats was evaluated by establishing a model
of myocardial ischemia-reperfusion injury. The
results showed that remifentanil pretreatment
could effectively reduce the myocardial infar-
ction area caused by myocardial ischemia-re-
perfusion injury, decrease LVIDs and LVIDd
and increase LVEF and LVFS. TUNEL staining
results also highly denoted that the apoptosis
level of myocardial cells after remifentanil pre-
treatment was significantly reduced. At the same
time, we found that remifentanil had a dose-de-
pendent protective effect on cardiomyocytes.
1.8 pg/kg/min remifentanil pretreatment had
a significantly better protective effect on car-
diomyocytes than 0.6 pg/kg/min remifentanil
pretreatment, and the infusion rate of remifen-
tanil was an important factor affecting its effect.
Chen et al”® found that both cerebral ischemia
and reperfusion processes in rats can affect the
expression of the c-Jun NH(2)-terminal kina-
se signaling pathway-related proteins, thereby
increasing the expression of apoptotic proteins
and leading to the apoptosis of cardiomyocytes.
Remifentanil can effectively reverse the above
effects. Similarly, it was also observed in this
study that the expression levels of apoptosis-re-
lated proteins, cleaved caspase-3 and Bax, in
myocardial tissues were evidently increased,
while the expression level of anti-apoptosis
protein Bcl-2 was significantly decreased after
myocardial ischemia-reperfusion injury. Jang et
al" showed that myocardial ischemia can lead to
significant increases in the synthesis and release
of opioid peptides in cardiomyocytes, which
can protect cardiomyocytes and reduce myo-
cardial cell injury by acting on opioid receptors
to combat the release of high catecholamines.
Remifentanil, as an opioid receptor agonist, can
also stimulate the opioid receptor by acting on it,
which has a protective effect on cardiomyocytes.
There are still some deficiencies in this study,
and the protective mechanism of remifentanil
on myocardial ischemia-reperfusion injury has
not been thoroughly studied. Bach et al*” showed
that the activation of p42/p44 extracellular re-
gulated protein kinases (ERKSs) after double
phosphorylation in the nucleus is an important
factor leading to myocardial ischemia-reper-

fusion injury, and ischemia-reperfusion will
increase the double phosphorylation of them
in the nucleus. Kim et al*' also revealed that
both ischemia and reperfusion can effectively
activate p38 mitogen-activated protein kinases
(MAPKs) and increase the phosphorylation of
them. The protective mechanism of remifentanil
on myocardial ischemia-reperfusion injury will
be further researched from p38 MAPKs and
p42/p44 ERKs.

Conclusions

We showed that remifentanil can effectively
reduce myocardial cell injury caused by myocar-
dial ischemia-reperfusion in rats, improve cardiac
function, reduce the myocardial infarction area,
decrease cleaved caspase-3 in myocardial cells,
and increase Bcl-2/Bax.
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