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Abstract. – OBJECTIVE: The aim of this study 
was to investigate the protective effect of remi-
fentanil (RFT) on myocardial ischemia-reperfu-
sion (IR) injury through Fas apoptosis signal-
ing pathway.   

MATERIALS AND METHODS: A total of 36 
Sprague-Dawley (SD) rats were randomly di-
vided into 3 groups, including the sham op-
eration (Sham) group, IR model (IR) group and 
RFT pretreatment (RFT) group, with 12 rats 
in each group. Myocardial tissues of rats in 
each group were collected. Hematoxylin and 
eosin (H&E) staining was used to examine the 
pathological differences of the myocardium in 
the three groups. The levels of lactate dehydro-
genase (LDH), creatine kinase (CK), superoxide 
dismutase (SOD) and malondialdehyde (MDA) 
in the serum of rats in each group were de-
tected by enzyme-linked immunosorbent assay 
(ELISA). Meanwhile, terminal deoxynucleotidyl 
transferase dUTP nick end labeling (TUNEL) 
staining was adopted to detect the apoptosis 
level of myocardial cells in each group. Further-
more, Reverse Transcription-Polymerase Chain 
Reaction (RT-PCR) and Western blotting were 
applied to measure the mRNA and protein ex-
pression levels of Fas and its pathway indexes, 
respectively.   

RESULTS: Compared with the Sham group, 
LDH and CK activities and MDA level in the 
IR group were significantly increased, whereas 
the level of SOD was remarkably decreased 
(p<0.05). Compared with the IR group, RFT pre-
treatment could significantly reduce the release 
of LDH and CK-muscle/brain (CK-MB), increase 
SOD level and decrease MDA level (p<0.05). 
TUNEL results manifested that the apoptosis 
rate of myocardial cells in the IR group was 
markedly increased than that of the Sham group 
(p<0.05). Meanwhile, the apoptosis rate of myo-
cardial cells in the RFT group was notably de-
creased when compared with that of the IR 
group (p<0.05). ELISA results demonstrated 
that the levels of tumor necrosis factor-alpha 
(TNF-α) and interleukin-6 (IL-6) proteins in the 
RTF group were significantly lower than those 
of the IR group (p<0.05). RT-PCR and Western 
blotting results indicated that the expressions 

of Fas, Fas ligand (FasL), and Fas-associated 
protein with death domain (FADD) in IR and RFT 
groups were significantly higher than those of 
the Sham group (p<0.05). However, RTF pre-
treatment could markedly reduce the levels of 
Fas, FasL, and FADD (p<0.05).  

CONCLUSIONS: RFT can reduce the apopto-
sis of myocardial cells as well as IR-induced ox-
idative stress and inflammation by inhibiting the 
Fas/FasL signal transduction pathway.
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Introduction

Ischemic reperfusion (IR) injury can be at-
tributed to many factors, such as oxygen free 
radical release, continuous lipid peroxidation, cell 
apoptosis or necrosis and inflammatory cytokines 
and micro-vessels injury1,2. Although the blood 
flow returns to normal after reperfusion, IR in-
jury still triggers several stress signal processes. 
This may eventually lead to different degrees of 
myocardial injury. Apoptosis is programmed cell 
death, which plays an important role in myocardi-
al cell death after IR3. According to the results of 
Anversa’s quantification of myocardial cell death 
patterns in rats, 86% and 14% of myocardial cell 
death are based on apoptosis and necrosis after 
2 h of continuous ischemia, respectively4. There-
fore, the molecular mechanism of IR cardiomyo-
cyte apoptosis is a hot topic at present.

Fas/Fas ligand (FasL) signaling pathway was 
first proved to play an important role in cell apop-
tosis5. Fas is a 45 kDa membrane receptor protein 
(type I membrane protein) that exists on the cell 
surface. It is known that Fas belongs to a member 
of the tumor necrosis factor (TNF) receptor fami-
ly6. FasL is a type II membrane protein with a mo-
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lecular weight of about 40 kDa, which also belongs 
to the TNF family. It is mainly expressed in ac-
tivated T lymphocytes, cluster of differentiation 4 
(CD4)+ T cells and CD8+ T cells7. Under the control 
of complex signal pathways, Fas binding to FasL 
can initiate apoptotic signal transduction to induce 
apoptosis. This includes a series of steps. First, 
ligands induce trimerization of receptors, thus 
forming an apoptosis-inducing complex on the cell 
membrane. It includes Fas-associated protein with 
death domain (FADD). Once Fas binds to FasL, it 
can initiate lethal signal transduction through Fas 
molecules, eventually leading to cell death8.

Remifentanil (RFT) is a fentanyl derivative, 
which has unique pharmacokinetic characteris-
tics. RFT can recover quickly and predictably, 
and is widely applied in cardiac anesthesia9. With 
characteristics similar to some anesthetics, RFT 
has also been found to have a cardioprotective ef-
fect on IR. However, little research has focused 
on the mechanism of RFT-induced cardiac pro-
tection. This study aimed to explore the protective 
mechanism of RFT on IR injury in SD rats, thus 
providing a new direction for IR treatment.

Materials and Methods

Animal Model
A total of 36 Sprague-Dawley (SD) rats were 

randomly divided into the Sham group, IR group 
and RFT group, with 12 rats in each group. Rats 
were first anesthetized with 2% isoflurane by in-
halation. Subsequently, all rats were placed on a 
heating pad in a supine position to maintain nor-
mal body temperature. Rats in the Sham group 
received thoracic opening and closing operation. 
Meanwhile, anesthetized rats were intubated and 
connected to the ventilator for intercostal thora-
cotomy, followed by closure immediately. In the 
IR group, the heart was exposed and the left ante-
rior descending branch (LAD) of the coronary ar-
tery was placed under the line of sight. Then, the 
AD of coronary artery was separated or ligated 
directly with hemostatic forceps to cause ischemic 
myocardial infarction below the ligation site. The 
success of ligation was marked by a significant 
elevation of the S-T segment of the electrocardio-
gram and the darkening of the myocardium below 
the ligature line. After 1 h, hemostatic forceps 
were released, and hemoperfusion resumed. The 
chest was clean up and closed through squeezing. 
However, rats in the RFT group received intra-
venous instillation of RFT (50 mg/mL) for 5 min 

before the operation. This investigation was ap-
proved by the Animal Ethics Committee of the 
Beijing Jishuitan Hospital Animal Center.

Detection of Serum Indicators 
After 120 min of reperfusion, 4 mL blood 

(about) was collected from the abdominal aorta of 
rats in each group, followed by centrifugation at 
3000 r min and 4°C for 15 min. The supernatant 
was stored in a refrigerator at -20°C for standby 
application. The serum levels of malondialdehyde 
(MDA), superoxide dismutase (SOD), creatine ki-
nase (CK), lactate dehydrogenase (LDH), TNF-al-
pha (TNF-α), interleukin-6 (IL-6), and other bio-
chemical indexes were determined. The specific 
operation was strictly in accordance with the in-
structions of the kit (Solarbio, Beijing, China).

Detection of Apoptosis via Terminal 
Deoxynucleotidyl Transferase dUTP 
Nick End Labeling (TUNEL)

After dewaxing at 60°C for 20 min, xylene was 
used for dewaxing twice for 5-10 min. Hydration 
was performed with gradient ethanol from high 
concentration to low concentration, so that the 
subsequent binding reaction was sufficient and 
uniform. Protease K was selected for incubation, 
and cell permeability was conducted for 10-30 
min. TUNEL reaction solution (Sigma-Aldrich, 
St. Louis, MO, USA) was used for incubation at 
37°C for 1 h. The color development reaction was 
carried out with 3,3’-diaminobenzidine for about 
10 min. Meanwhile, the background color was 
controlled under the mirror for a maximum of 30 
min. Finally, Phosphate-Buffered Saline (PBS) 
was applied for thorough washing. The results 
were observed under a fluorescence microscope.

Reverse Transcription-Polymerase 
Chain Reaction (RT-PCR)

Rat myocardial tissue was first ground by liq-
uid nitrogen grinding method. 1 mL TRIzol re-
agent (Invitrogen, Carlsbad, CA, USA) was then 
added to extract total ribonucleic acid (RNA). 
Next, the liquid was aspirated, transferred to a 2.5 
mL Eppendorf (EP) tube and placed on ice for 15 
min. 200 μL chloroforms were added for centrif-
ugation at 12000 g and 4°C for 15 min. The upper 
liquid was carefully transferred to a new EP tube. 
200 μL isopropyl alcohol reagent was added, fol-
lowed by shaking for several times and incubat-
ed on ice for 10 min. Subsequently, the samples 
were centrifuged at 12000 g and 4°C for 15 min. 
The supernatant was discarded, and 2 mL 75% 
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ethanol was added to wash RNAs. Then, centrif-
ugation was conducted at 12000 g and 4°C for 10 
min, and the liquid was discarded. RNA precipi-
tate was desiccated at room temperature. Finally, 
RNA precipitate was dissolved by adding a prop-
er amount of RNA-free water. The concentration 
of extracted RNA was measured under a spectro-
photometer. According to the experimental pro-
cedure provided by TaKaRa (Article No.: 2690A) 
(Otsu, Shiga, Japan), 1 μg RNA was taken for RT. 
Complementary deoxyribonucleic acids (cDNAs) 
obtained were stored at -20°C for subsequent use. 
The messenger RNA (mRNA) level of each index 
was measured in strict accordance with All-in-
One quantitative PCR (qPCR) Mix kit. The for-
mula for calculating the relative expression level 
of each mRNA was 2−ΔCt, in which ΔCt = Ct (tar-
get gene) – Ct [glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH)]. The corresponding primer 
sequences were shown in Table I. 

Western Blotting
Rat myocardial tissue was first sheared and 

placed in a 2.5 mL EP tube. The mixture of 150 
μL radio-immunoprecipitation assay buffer and 
protease phosphorylation inhibitor Cocktail (Sig-
ma-Aldrich, St. Louis, MO, USA) was added. 
Then, the EP tube was placed in a tissue homoge-
nizer to homogenize for 10 min. Subsequently, the 
EP tube was taken out and ultrasonically pulver-
ized with an ultrasonic instrument (40 A, 3 s/time, 
3 times). After that, centrifugation was carried 
out at 12000 g and 4°C for 15 min, and the upper 
liquid was collected to obtain tissue protein. The 
concentration of protein was measured using the 
bicinchoninic acid assay kit (Beyotime, Shanghai, 
China). After denaturation of total protein, it was 
separated by 10% acrylamide gel and transferred 
onto 0.22 μm nitrocellulose membranes (Milli-
pore, Billerica, MA, USA) for 1.5 h. After sealing 
with 5% skim milk for 1 h, the membranes were 
incubated overnight with primary monoclonal 

antibodies of Fas (1:1000), FasL (1:2000), FADD 
(1:1000), and GAPDH (1:2000). On the next day, 
the membranes were incubated with anti-mouse 
or anti-rabbit immunoglobulin G antibodies for 
1 h. Immunoreactive bands were detected by 
the enhanced chemiluminescence (ECL) system 
(Bio-Rad, Hercules, CA, USA). The relative level 
of the target protein was calculated by the ratio of 
the gray value of the target protein to that of the 
corresponding internal reference band.

Statistical Analysis
GraphPad Prism software (Version 5.01; La Jolla, 

CA, USA) was used for all statistical analysis. Mea-
surement data were expressed by mean standard ± 
standard deviation. Independent t-test was performed 
to compare the difference between the two groups. 
One-way analysis of variance was adopted to com-
pare the difference among the groups, followed by 
Post-Hoc Test (Least Significant Difference). p<0.05 
was considered statistically significant.

Results

Myocardial Morphology of Rats
in the Three Groups Via H&E Staining

As shown in Figure 1, myocardial tissue and 
myofibrils in the Sham group were regular, with 
normal transverse striation structure and normal 
cell morphology. In the IR group, myocardial 
cells in the infarction area showed cytoplasmic 
condensation, fatty degeneration, nuclear conden-
sation and even fragmentation, with inflammato-
ry cell infiltration in local areas. Compared with 
those of the IR group, myocardial cells in the RFT 
group had significant transverse striation struc-
ture. Meanwhile, a few nuclei were condensed, 
and inflammatory cells were infiltrated locally. 
These results suggested that IR modeling was 
successful, and RFT pretreatment could protect 
the IR-induced injury.

Table I. RT-PCR primer sequences.

Gene name Primer sequence Size (bp)

Fas F: 5'-3'CTGCATCATGATGGCCAATTCTGC3  391
 R: 5'-3'ATGACACTAAGTCAAGTTAAAGGC 
FasL F: 5'-3'CAGCCCATGAATTACCCATGT 228
 R: 5'-3'ATTTGTGTTGTGGTCCTTCTTCT 
FADD F: 5'-3'GCTGGCTCGTCAGCTCAAA 132
 R: 5'-3'ACTGTTGCGTTCTCCTTCTCT 
GAPDH F: 5'-3'AGGTCGGTGTGAACGGATTTG  95
 R: 5'-3'GGGGTCGTTGATGGCAACA 



Effect of remifentanil on myocardial IR injury

5983

were detected by ELISA. The results revealed 
that the serum levels of TNF-α and IL-6 proteins 
in each group were significantly increased when 
compared with the Sham group (p<0.05). How-
ever, compared with the IR group, the levels of 
TNF-α and IL-6 proteins in the RTF group were 
notably decreased (p<0.05) (Figure 3).

The mRNA Expression Level 
of Apoptosis Indexes Via RT-PCR

The mRNA expression levels of Fas, FasL, and 
FADD were detected by RT-PCR. Compared with 
the Sham group, the mRNA expressions of Fas, 
FasL, and FADD in the IR and RFT groups were 
markedly increased (p<0.05). Compared with the 
IR group, RTF could significantly decrease the 
mRNA levels of Fas, FasL, and FADD, and the 
differences were statistically significant (p<0.05) 
(Figure 4). 

The Expression Level 
of Apoptotic Proteins 
Via Western Blotting

Western blotting was further used to detect 
the protein expression level of apoptosis index-
es in cardiomyocytes of rats in each group. The 
results manifested that, compared with the Sham 

Effects of RFT on Serum Indexes 
of IR Rats

Compared with the Sham group, the activities of 
LDH and CK and the level of MDA in the IR group 
were markedly increased, whereas the level of SOD 
was evidently decreased (p<0.05). Compared with 
the IR group, RFT pretreatment could significant-
ly reduce the release of LDH and CK-muscle/brain 
(CK-MB), increase the level of SOD and decrease 
the level of MDA (p<0.05). This indicated that RFT 
had a certain protective effect on IR (Table II).

Cell Apoptosis Via TUNEL
Compared with the Sham group, the apopto-

sis rate of myocardial cells in the IR group was 
notably increased (p<0.05). The apoptosis rate 
of myocardial cells in the RFT group was sig-
nificantly decreased than that of the IR group 
(p<0.05). This indicated that RFT pretreatment 
could markedly reduce the apoptotic level of myo-
cardial cells (Figure 2).

Effects of RFT on Inflammatory 
Factors by Enzyme-Linked 
Immunosorbent Assay (ELISA)

The serum sample of rats in each group was 
collected, and the levels of inflammatory factors 

Figure 1. Morphological differences of myocardial cells in rats of each group. Note: Myocardial tissue in the Sham group had nor-
mal transverse striation structure and normal cell morphology. In the IR group, cells showed cytoplasmic condensation, fatty degen-
eration and nuclear condensation, with inflammatory cell infiltration in local areas. In the RFT group, a few nuclei were condensed, 
and inflammatory cells infiltrated locally.

Table II. Expression levels of serum indexes in each group of rats (χ–±s).

Note: #p<0.05 vs. Sham group and *p<0.05 vs. IR group.

Group LDH (U·L-1) CK (U·L-1) MDA (μmol/L) SOD (μmol/L)

Sham group 4124.5±405.5 214.1±82.4 35.5±10.8 85.6±12.4
IR group 8224.8±780.6# 524.2±124.7# 76.8±13.4# 26.7±8.8 
RFT group 6234.4±572.4 350.1±104.6* 52.7±16.8* 59.5±14.0*
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RFT pretreatment significantly decreased the pro-
tein expression of apoptosis indexes in rats when 
compared with the IR group (p<0.05). The above 
results indicated that RFT had an anti-apoptosis 
effect on myocardial cells in IR rats (Figure 5).

group, the protein expressions of Fas, FasL, and 
FADD in rats of the IR group and RFT group 
were significantly increased (p<0.05). However, 

Figure 2. Effect of RFT on the apoptosis of myocardial cells in IR rats. Note: TUNEL staining was used to detect the apoptosis rate 
of cells. #p<0.05 vs. Sham group and *p<0.05 vs. IR group.

Figure 3. Effect of RFT on the expression of 
inflammatory factors in RI rats. Note: #p<0.05 
vs. Sham group and *p<0.05 vs. IR group.

Figure 4. Effects of RFT on apoptosis indexes and Fas 
expression in RI rats. Note: #p<0.05 vs. Sham group and 
*p<0.05 vs. IR group.

Figure 5. Effect of RFT on myocardial cell apoptosis in RI 
rats. Note: Fas, FasL and FADD expressions in rats of the 
IR group and RFT group were evidently increased, while 
RFT pretreatment significantly decreased the expression of 
apoptosis indexes.
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manifested as remarkably up-regulated SOD and 
down-regulated MDA. It could be observed mi-
croscopically via H&E staining that myocardial 
cells in the IR group showed cytoplasmic conden-
sation, fatty degeneration, nuclear condensation, 
even fragmentation and dissolution, and local in-
flammatory cell infiltration. However, myocardial 
cell injury in the RFT group was significantly re-
duced when compared with that of the IR group, 
with significant transverse striation structure, few 
nuclei condensation and local inflammatory cell 
infiltration. RFT is used for patients by means of 
bolus or continuous intravenous infusion. Sheng 
et al18 have shown that both pretreatment and con-
tinuous infusion can reduce myocardial infarction 
to a similar extent. Most importantly, mechani-
cal ischemic preconditioning of the heart can in-
crease the expression of apoptosis proteins, Fas 
and FasL. Fas can activate Caspase 3 by binding 
to its membrane expression ligand FasL19,20. It can 
be found that RFT plays its role through proteins 
involved in the anti-apoptotic survival pathway. 
In this work, Fas and FasL were weakly positive 
in the Sham group, whereas their levels in isolated 
rat myocardium were remarkably increased in the 
IR model. However, in the RFT group, a signifi-
cant inhibition on Fas and FasL expressions was 
observed. Moreover, TUNEL assay indicated that 
the level of apoptosis in the RFT group was sig-
nificantly lower than that of the RI model group. 
These results indicated that RFT played a role in 
myocardial protection by resisting the apoptosis 
of cardiomyocytes in IR rats.

Conclusions

We found that RFT had a protective effect on 
IR myocardial cell injury in rats. The possible un-
derlying mechanism was to inhibit the Fas/FasL 
signal transduction pathway, thereby inhibiting 
myocardial cell apoptosis and reducing oxidative 
stress level and inflammatory response after IR..
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