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Abstract: To investigate the mechanism of combination therapy of propofol and sevoflurane on MAP2K3 level and
myocardial apoptosis induced by ischemia-reperfusion (IR) in rat. A total of 30 SD rats were randomly separated into
3 groups: normal, IR (ligation of left coronary artery), and IR+ propofol and sevoflurane (IR+P+S). Different methods
were used to detect the serum index associated IR injury. TUNEL assay was used to analyze the apoptotic cells of rat
heart tissues. gRT-PCR was used to analyze the mRNA levels of cell apoptosis related proteins such as Bcl-2, Bax,
and MAP2K3. Western blotting was used to detect the expression of Bcl-2, Bax, MAP2K3, and Caspase-3 of heart
tissues. Compared with normal group, serum LDH, cTnl, and CK-MB levels in IR group were significantly increased
with time increasing (P<0.05), while that in IR+P+S group were significantly decreased compared with that in IR
group (P<0.05). The percentage of apoptotic cells of heart tissue in IR+P+S group was larger than that in IR group
(P<0.05). Compared with IR group, mRNA expression of MAP2K3 and Bax were significantly decreased with Bcl-2
was significantly increased in IR+P+S group (P<0.05). Also, expression of MAP2K3, Caspase-3, and Bcl-2 in IR+P+S
group were statistically lower while Bax was statistically higher than that in IR group (P<0.05). Our study suggested
that combination therapy of propofol and sevoflurane may protect myocardial cells from damage during IR through
decreasing MAP2K3 level and reducing cell apoptosis via Bcl-2/Bax pathway.
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Introduction

Ischemia-reperfusion is an injury that caused
by the blood resupply when tissue cells with
perfusion, and is usually occurred in some isch-
emia animal bodies such as cardiac surgery,
coronary artery bypass, viscera recanalization
after blood supply infarction, and organ trans-
plantation [1]. Cardiac injuries that caused by
ischemia-reperfusion are permanent to tissues
and are inevitable during surgeries and have
brought huge damage to patients even deaths
[2]. Recently, lots of researches have referred
the injury molecular mechanisms of ischemia-
reperfusion [3, 4].

Numerous studies have demonstrated that
anesthetics such as the widely used inhaled
sevoflurane and intravenous anesthetic inject-
ed propofol played crucial protective roles in

heart injuries that caused by ischemia-reperfu-
sion during some cardiac surgeries. For
instance, Chen and his colleagues proved that
efficacy of sevoflurane post-conditioning gradu-
ally weakened with increasing ischemia dura-
tion in rabbits in vivo [5], and Li et al. experi-
mented that sevoflurane could pre-condition
ameliorates neuronal deficits through sup-
pressing MMP-9 expression after ischemia-
reperfusion in rats [6]. Besides, recent study
refers that propofol could attenuate small inter-
stinal ischemia-reperfusion injury via inhibiting
NADPH oxidase mediated mast cell activation
[7]. Tao et al. reported that anesthetic propofol
protected against ischemia-reperfusion injury
by reducing oxidative stress induced by reactive
oxygen species in rats [8].

Meanwhile, increasing evidences have demon-
strated that cell apoptosis functions as an
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Figure 1. Model of myocardial ischemia-reperfusion in rat. A: Normal heart of
rat (Normal); B: Heart with ischemia-reperfusion of rat (IR); C: Heart with IR
given with the propofol and sevoflurane (IR+P+S).

important factor in IR injuries [9, 10]. MAPK
family proteins are associated with triggering
cell apoptosis through activating the MAPK cas-
cades and some signaling pathways in many
biological processes [11]. Recent paper shows
that sevoflurane induces the delayed neuropro-
tection by enhancing p38MAPK phosphoryla-
tion during ischemia-reperfusion [12] and
p38MAPK phosphorylation was increased by
sevoflurane during ischemia [13]. Also, propofol
protects cells against ischemia-reperfusion
injury via activating MAPK related pathway [14].
Yang et al. predicted the effect of combination
therapy of propofol and sevoflurane on cardiac
tissues using the DNA microarrays [15].
Although many researches have devoted to the
protective mechanisms exploration of anes-
thetics on heart injuries resulted from isch-
emia-reperfusion, the protective mechanism of
combine therapy of propofol and sevoflurane in
protecting heart from damaged by ischemia-
reperfusion has not been fully described.

In this study, we constructed a rat model of
ischemia-reperfusion and treated the MI rat
with propofol and sevoflurane. Comprehensive
biological experimental methods were used to
detect the serum level of cTnl, LDH, and mRNA
and protein levels of MAP2K3 and MAPK in Ml
and MI+ propofol and sevoflurane models com-
pared with the normal groups. Further experi-
ments were conducted to detect the cell apop-
tosis protein levels of Bax, and Bcl-1. This study
aimed to explore the potential protective effect
of combination therapy of propofol and sevoflu-
rane on ischemia-reperfusion. Our study may
provide basis for the future research of combi-
nation therapy propofol and sevoflurane on pro-
tecting heart injuries that resulted from isch-
emia-reperfusion during some cardiac surgeri-
es.
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Materials and methods
Rat and modeling

All experimental procedures
in this study were approved by
the Institute of Health Ser-
vices Research at Hebei Me-
dical University on the protec-
tion of animal used for scien-
tific purpose. The manuscript
was prepared according to
the guidelines of the declara-
tion of Helsinki for biomedical research. The
male SD (Sprague-Dawley) rats (Medical experi-
mental center of Hebei University, Laboratory
animal center of Hebei University) weighting
220-300 g were individually housed in a
rodents feeding room with the adjustable tem-
perature, humidity, light, and pressure. The
environment was maintained at a 12/12 h
light/dark cycle (lights at 150-200 LX), with the
relative humidity at 55%-75%, temperature set
at 23 £+ 1°C, and noise <50 dB. The total 30
male SD mice were randomly separated into 3
groups (each group with 5 repeats): (1) normal,
(2) ischemia-reperfusion (IR), (3) ischemia-
reperfusion + sevoflurane and propofol (IR+
S+P).

Before modeling, anesthesia was conducted
using the anesthesia apparatus and main-
tained with 25 umol-L* of propofol or 2% of
sevoflurane. Endotracheal intubation was com-
pleted via oral, and then rats were connected
with HSE-HA MiniVent (USA). Chest at the fourth
rib was open to exposure the heart, the left
coronary artery was ligated (with the 8.0 nylon
suture) about 1 mm from their origin. The imme-
diate color change of the heart surface (pale
appearance about 1 min) and the slower move-
ment of ventricular wall were the signs of suc-
cessful coronary ligation (Figure 1). The dia-
phragm was sutured with an absorbable 5.0
suture starting at the muscular segment
towards its tendinous part, and final suture was
tightened after the air was expelled from tho-
racic cavity. After modeling, rats in each group
were maintained for 2 weeks.

Cell apoptosis analysis

After being treated for 6 h, heart tissues in the
three experimental groups of normal, IR, and
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Table 1. Primers used for the targets amplification in this study

eter (Merinton, Shanghai, China).

The purified RNA that adjusted to

Target Primer Sequence (5’-3)

Bcl-2 sense 5-TTGTGGCCTTCTTTGAGTTCGGTG-3’
anti-sense 5-GGTGCCGGTTCAGGTACTCAGTCA-3’

Bax sense 5-ATGGACGGGTCCGGGGAG-3’
anti-sense 5’-TCAGAAAACATGTCAGCTGCC-3’

MAP2K3 sense 5’-GACCTTCATCACCATTGGAG-3’
anti-sense 5’-CGTAGAAGGTGACAGTGTAG-3’

GAPGH sense 5’-GGTGGAGGTCGGGAGTCAACGGA-3’
anti-sense 5’-GAGGGATCTCGCTCCTGGAGGA-3’

0.5 pg/uL with nuclease-free
ddH,0 was used for cDNA synthe-
sis using the cDNA Synthesis Kit
(Takara, China). Primers for the
targets amplification were shown
in Table 1. Then RT-PCR was car-
ried out in an Eppendorf
Mastercycler (Brinkman Instru-
ments, Westbury, NY) using the
SYBR ExScript RT-gPCR Kit

IR+P+S groups were obtained, and apoptosis of
cardiomyocytes was detected using the termi-
nal deoxynucleotidyl transferase-mediated
dUTP-biotin nick-end labeling (TUNEL) assay.
Briefly, apoptosis cells from heart tissues were
identified using an in situ cell death detection
kit (Boehringer Mannheim, Germany) according
to the manufacturer’s instructions. Nuclei with
brown staining indicated TUNEL positive cells.
For each group, 20 randomly selected fields (5
hearts per group, 4 fields per heart) were
observed. Also, the apoptotic index (Al), namely
the percentage of apoptotic nuclei (TUNEL-
positive) vs. total number of nuclei was
measured.

Measurement of serum LDH, CPK-MB, and
cTnl

Before anesthesia and modeling, blood was
collected from each rat in different groups by
artery intubation at different time point and
stored in liquid nitrogen at-80°C. The extracted
blood was centrifuged at 3000 r/min for 15 min
to obtain the supernatant. Then the total myo-
cardial enzymes of LDH, cTnl, and CK-MB were
detected using the automatic biochemical ana-
lyzer (Hitachi 7600, Japan).

Quantitative RT-PCR

The fresh heart tissues of rats collected at 6 h
were grinded in the liquid nitrogen and then
washed with the PBS buffer (PH 7.4). Total RNA
was extracted from the collected heart tissues
using Trizol reagent as described previously
[16]. The extracted RNA was treated with RNse-
free Dnase | (Promega Biotech), and the con-
centration and purity of extracted RNA were
tested using SMA4000 UV-VIS spectrophotom-
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(Takara, China). The reaction sys-

tem of 20 pL volume containing 1
uL cDNA from the above PCR, 10 uL SYBR
Premix EX Taq, 1 uL each of the primers (10
uM), and 7 pL ddH,0. The PCR program was as
follows: denaturation at 95°C for 2 min; fol-
lowed by 45 cycles of 95°C for 10 s, 59°C for
20 s, and 72°C for 30 s. Melting curve analysis
of amplification products was performed at the
end of each PCR to confirm that only one prod-
uct was amplified and detected. The primers
for target genes such as Bax, Bcl-2, MAP2K3,
and Glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) were shown in Table 1. GAPDH
was the internal control that used for data nor-
malization to determine the relative mRNA
expression of target genes. The 22t method
was used to stand for the gene expression
value.

Western blotting analysis

Heart tissues from rats that harvested at 2
days post-ischemia-reperfusion were lapped in
RIPA (radioimmunoprecipitation assay, Sangon
Biotech) lysate containing PMSF (phenylmeth-
anesulfonyl fluoride) and then were centrifuged
at 12,000 rpm/min for 10 min at 4°C.
Supernatant was collected to measure the con-
centration of proteins by BCA (bicinchoninic
acid) protein assay kit (Sigma, USA). Briefly, a
total of 20 pg protein per cell lysates was sub-
jected to a 10% SDS-PAGE (sodium dodecylsul-
fate-polyacrylamide gel electrophoresis) and
then transferred onto a Polyvinylidence fluoride
(PVDF) membrane (Millipore). The membrane
was blocked in TBST (Tris Buffered Saline
Tween) with 5% non-fat milk for 1 h, and subse-
quently incubated with rabbit anti-human MAP-
2K3, Bcl-2, Bax, Casepase-3, and Casepase-8
monoclonal antibodies (1:100 dilution) over-
night at 4°C, followed by incubation with horse-
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Statistical analysis

The data was calculated as
mean + standard error of
mean (SEM). The differences
among groups (normal vs. IR,
IR vs. IR+P+S) were calculat-
ed using the independent
sample t-test method with
Prism 5.0 software (GraphPad
Prism, San Diego, CA). The
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Results

Measurement of serum cTnl,
LDH, and CK-MB

Our data showed that the
ischemia-reperfusion model
of rat was successfully con-
structed (Figure 1). Different
methods were used to ana-
lyze the significant serum
index of ischemia-reperfusion
of rat (Figure 2). The results
showed that cTnl level was
x significantly increased in IR
group compared to that of
rats in normal groups with
time increasing (P<0.05), oth-
erwise, cInl level was signifi-
cantly decreased in IR+P+S
group compared with that in
IR group, indicating that com-
bination therapy of propofol
and sevoflurane can improve

6h

10min

Figure 2. Serum levels of LDH, cTnl, and CK-MB in different groups. A: Mea-
surement of serum cTnl in three groups; B: Measurement of serum LDH in
three groups; C: Measurement of serum CK-MB in three groups. “stands
for the significant difference between normal group and IR group (P<0.05);
#stands for significant difference between normal group and IR+P+S group
(P<0.05); a stands for the significant difference between IR group and

IR+P+S group (P<0.05).

radish peroxidase labeled goat anti-rat second-
ary antibody (1:100 dilution) at room
temperature for 1 h. The PVDF was washed
using the 1xTBST buffer for 10 min with 3
times. Detection was performed using the
development of X-ray after chromogenic sub-
strate with an enhanced CEL (chemilumines-
cence) method. In addition, R-actin (Sigma,
USA) served as the internal control.
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the cardiac cells from damag-
ing by IR (Figure 2A). With the
same tendency of serum cTnl,
serum level of CK-MB in IR
group was significantly in-
creased compared to the nor-
mal group with time increas-
ing (P<0.05), while this phe-
nomenon was opposite in
IR+P+S group (P<0.05)
(Figure 2B). Additionally, serum level of LDH
was also statistically increased in IR group
compared with normal group with time increas-
ing (P<0.05), and LDH level was significantly
decreased in IR+P+S group compared with that
in IR group (P<0.05) (Figure 2C). Besides, the
results displayed that serum levels of the three
index in IR+P+S group were higher than that in
normal group till 6 h (P<0.05), suggesting that
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the combination therapy of propofol and sevo-
flurane could certainly suppress the IR injury to
cardiac cells, but not absolutely as the normal
tissues.

Cell apoptosis analysis

TUNEL method was used to determine the influ-
ence of combination therapy of propofol and
sevoflurane on cardiac cell apoptosis during IR
injury (Figure 3). Compared with the normal
groups, our data showed that cell apoptosis of
cardiac tissues was apparently observed in IR
group, while the apoptotic cells of cardiac tis-
sues in IR+P+S groups were less than that in IR
group (Figure 3A), suggesting that cell apopto-
sis of cardiac tissues may be suppressed by
the combination therapy of propofol and sevo-
flurane during IR injury (Figures 3B-D).

mMRNA levels of MAP2K3 and cell apoptosis
related proteins

We used gRT-PCR to analyze the mRNA levels
of MAP2K3 and cell apoptosis related proteins
such as Bcl-2 and Bax in three groups (Figure
4). Our data showed that the mRNA level of
Bcl-2 in IR group was significantly decreased
(Figure 4A) while MAP2K3 and Bax mRNA level
were significantly increased (P<0.05) (Figure
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Figure 3. TUNEL analysis of cell apoptosis in different groups. A: The percent-
age of apoptotic cells in three groups, “stands for the significant difference
between IR or IR+P+S groups and the normal group (P<0.05); *stands for the
significant difference between IR+P+S group and IR group (P<0.05). B: Apop-
totic cells of heart tissues in normal group; C: Apoptotic cells of heart tissues
in IR group; D: Apoptotic cells of heart tissues in IR+P+S group.

4B and 4C). Otherwise, mRNA
expression of Bcl-2 in IR+P+S
group was significanly in-
creased while the MAP2K3
and Bax mRNA level were sig-
nificantly decreased com-
pared with the IR group
(P<0.05).

Western blotting analysis

To identify the association of
combination therapy of propo-
fol and sevoflurane on
MAP2K3, Bcl-2, and Bax in
heart tissue during IR injury,
western blotting analysis was
used to further detect their
protein expressions (Figure
4). The relative expression
levels of MAP2K3, Caspase-3,
and Bax in IR group was high-
er while protein level of Bcl-2
in IR group was lower than
that in normal group (Figure
4D). However, protein levels of
MAP2K3 and Bax in IR+P+S group was lower
while Bcl-2 expression was higher than that in
IR group, suggesting that combination applica-
tion of propofol and sevoflurane could suppress
the MAP2K3 and Bax expression but enhance
the Bcl-2 expression during IR injury (Figure
4E).

%
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Discussion

Ischemia-reperfusion is an injury that caused
by the blood resupply when tissue cells with
perfusion, and is usually occurred in some isch-
emia animal bodies during surgeries and have
brought huge damage to patients even deaths
[1, 2]. Many studies have demonstrated that
anesthetics such as the widely used inhaled
sevoflurane or intravenous anesthetic injected
propofol played crucial protective roles in heart
injuries that caused by IR during some cardiac
surgeries [17, 18]. However, few study has
described the role of combination therapy of
propofol and sevoflurane on myocardial cells
during IR injury. In this study, we constructed an
IR injury model of rat to analyze the effect of
combination therapy of propofol and sevoflu-
rane on MAP2K3 level and myocardial cell
apoptosis induced by IR in rat.
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Figure 4. Expression levels of proteins in rat heart tissues in different groups. A: gRT-PCR analysis of mRNA expres-
sion of Bcl-2 in three groups; B: gRT-PCR analysis of mMRNA expression of Bax in three groups; C: gRT-PCR analysis of
mRNA expression of MAP2K3 in three groups; D: Western blotting analysis of protein levels of MAP2K3, Caspase-3,
Bax, and Bcl-2; E: Densitometic analysis of protein levels of MAP2K3, Caspase-3, Bax, and Bcl-2 in three groups.
“stands for the significant difference of mMRNA expression between IR group and IR+P+S group (P<0.05).

In this study, serum levels of cTnl, LDH, and
CK-MB in IR group were statistically higher than
that in normal group, indicating our IR model
was successfully constructed. CK (creatine
phosphate kinase)-MB is a subtype of CK fami-
ly protein and has been considered as the
detective index of myocardial infarction in clini-
cal [19], while cTnl is a myocardial-high-specific-
ity protein with small molecular [20]. Previous
studies have demonstrated that CK-MB, LDH,
and cTnl would permeate into serum when the
cell membrane permeability was increased dur-
ing IR injury [21], and cTnl could easily perme-
ate into serum in early stage during cardiac
injury [22]. Huang et al. proved that cTnl and
CK-MB levels in cardiac cells were low during IR
injury patients who were treated with propofol
[23]. Also, Law-Koune et al. proved that serum
levels of LDH, CK-MB, and cTnl in patients treat-
ed with sevoflurane before IR injury were lower
than that not treated with sevoflurane [24]. Our
data showed that the serum LDH, CK-MB, and
cInl levels in IR+P+S group were statistically
lower than that in IR group (P<0.05), indicating
that combination therapy of propofol and sevo-
flurane can improve the myocardial cells from
damage during IR.
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Our results displayed that mRNA level and
expression of MAP2K3 in heart tissues from
IR+P+S group was lower compared with that in
IR group (P<0.05). MAP2K3 is a dual specificity
protein kinase that belongs to the MAP kinase
kinase family, and phosphorylated MAP2K3
can activate p38MAPK [25]. Lots of papers
have demonstrated that the phosphorylated
p38MAPK resulted in cell apoptosis through
activating some other signals [26, 27]. Liang et
al. proved that sevoflurane functioned as a
tumor suppressor of lung cancer through inacti-
vating the p38MAPK signaling pathway [28],
and Wu et al. referred that propofol was involved
with the cell invasion and migration inhibition
via p38MAPK [29]. In this study, our data
showed that apoptotic cells in IR group were
more than that in IR+P+S group (P<0.05), we
speculated that the cell apoptosis may be
induced by the activation of MAP2K3 during IR
injury, and combination therapy of propofol and
sevoflurane on apoptosis through MAP2K3.

Meanwhile, previous studies have demonstrat-
ed that the protein pair of Bcl-2/Bax is an
important cell apoptosis related balanced fac-
tor that is related to mitochondria membrane

Int J Clin Exp Med 2015;8(4):6427-6435
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dynamics [30]. Tao et al. proved that Bcl-2
expression was low while Bax expression was
high in heart tissues during IR injury [31]. The
activated p38MAPK would increase the expres-
sion of Bax and decrease the expression of
Bcl-2 to induce cell apoptosis [32]. Besides,
Caspase-3 is a member of Caspase family that
play certain roles in execution-phase of cell
apoptosis [33]. Caspase-3 can be activated
finally after other apoptosis enzymes activation
during the cell apoptosis program and then
induce cell apoptosis [34]. Contereas et al. said
that Caspase-3 decreased IR injury of liver in
mice [35]. Also, propofol could inhibit Caspase-3
expression in astroglial cells [36], and propofol
decreased Caspase-3 expression during fore-
brain IR in rats [37]. Inamura et al. proved that
sevoflurane could prevents Caspase-3 activa-
tion during myocardial IR [38]. Our data showed
that Caspase-3 and Bax, in IR+P+S group were
significantly decreased while Bcl-2 level was
increased compared with that in IR group, sug-
gesting that combination therapy of propofol
and sevoflurane may reduce myocardial cell
apoptosis by suppressing Caspase-3 and Bax
and increasing Bcl-2.

In conclusion, this study attempts to investi-
gate the potential role of combination therapy
of propofol and sevoflurane on MAP2K3 level
and myocardial apoptosis during IR injury.
Combination therapy of propofol and sevoflu-
rane may play protective roles on myocardial
cells during IR through decreasing MAP2K3
level and suppressing the cell apoptosis via
Bcl-2/Bax pathway. Our study may provide
experimental basis for future research on the
clinical use of propofol and sevoflurane during
IR injury. However, further experimental studies
are still needed to explore the comprehensive
protective mechanism of combination therapy
of propofol and sevoflurane on myocardial cells
during IR.
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