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Abstract: Objective: Myocardial ischemia reperfusion (MI/RI) stresses the pathological process of progressive ag-
gravation of tissue damage in ischemic myocardium. Isoflurane (ISO) is cardioprotective in MI/RI. Thus, this work
aimed to identify the mechanism of isoflurane (ISO) post-treatment in MI/RI by regulating microRNA-378 (miR-378)
and mitogen-activated protein kinase 1 (MAPK1). Methods: A MI/RI model was established by ligating the left
anterior descending coronary artery in mice. The modeled mice were injected with ISO or miR-378 or MAPK1 to
define their roles in hemodynamics, myocardial injury, cell apoptosis and inflammatory infiltration of mice. CD45,
miR-378 and MAPK1 levels were detected. Dual luciferase reporter gene assay was utilized for detection of the
targeting connection of miR-378 and MAPK1. Results: Reduced miR-378 and elevated MAPK1 existed in MI/RI. ISO
elevated miR-378 to target MAPK 1. ISO improved hemodynamics and myocardial injury, reduced apoptosis rate and
inflammatory infiltration in MI/RI mice. Up-regulated miR-378 further enhanced the protective effect of ISO on M/
RI mice. Depleting MAPK1 reversed the effects of suppressed miR-378 on MI/RI. Conclusion: This study highlights
that elevating miR-378 strengthens the isoflurane-mediated effects on MI/RI in mice via suppressing MAPK1, which
provides a potential treatment for MI/RI.

Keywords: Myocardial ischemia reperfusion injury, isoflurane post-treatment, microRNA-378, mitogen-activated
protein kinase 1, apoptosis, myocardial infarction, inflammatory infiltration, hemodynamics

Introduction diagnostic markers and therapeutic targets
for MI/RI.

Myocardial ischemia reperfusion injury (MI/RI)

refers to the progress that persistent reperfu-
sion after ischemia frequently leads to second-
ary damage to the myocardium [1]. MI/Rl is a
main cause for damage in cardiac tissues with
high rates of mortality and disability [2].
Moreover, MI/RI also results in serious arrhyth-
mias with great lethality [3]. Ultrasound is a pre-
vailing approach to protect against MI/RI [4].
MI/RI can stimulate the cardiomyocyte apopto-
sis and necrosis or even cardiac arrest, thereby
affecting the treatment outcome of heart dis-
eases [5]. Therefore, it is of great importance to
clarify the exact mechanism of the occurrence
and development of MI/RI and to find early

Isoflurane (ISO) is a commonly-functioned inha-
lational anesthetic medicine [6]. A therapy with
ISO has been reported to ameliorate MI/RI in
rodents and patients [7]. In addition, ISO pre-
treatment in the delayed period has protective
influences on a rabbit model of I/Rl [8].
MicroRNAs (miRNAs) take part in the modula-
tion of target genes at the post-transcriptional
level [9]. MiR-378 is regarded as a vital regula-
tor and a therapeutic target in intestinal I/R
injury [10]. Meanwhile, miR-378 relieves isch-
emic injury, offering a possible therapeutic tar-
get for ischemic stroke in cerebral ischemic
injury [11]. The mitogen-activated protein ki-
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nase (MAPK) is the protein kinase that includes
serine-threonine kinases and greatly conserves
in the progression of biological evolution [12].
Repressing the MAPK pathway is implicated
with AAVO-TLR4 siRNA’s positive influence on
MI/RI, which can be utilized as a possible ther-
apeutic way for MI/RI [13]. Also, suppressing
the MAPK signaling pathway is associated with
butorphanol regulation of the recovery of the
myocardial injury in the rats after MI/RI [14].
Furthermore, an article has demonstrated that
MAPK1 is implicated with testicular I/R injury
[15]. Hence, the goal of the study was to clarify
the mechanism of ISO post-treatment in mice
with MI/RI through miR-378/MAPK1 axis.

Materials and methods
Ethics statement

The protocol was permitted by the Institutional
Animal Care and Use Committee of N0.988
Kaifeng hospital, joint logistic support force of
the PLA. Efforts were made to avoid all unnec-
essary distress to the animals in compliance
with the recommendations in the Guide for the
Care and Use of Laboratory Animals of the
National Institutes of Health.

Experimental animals

Female C57BL/6 mice aged 8 weeks, weighed
18-20 g, were purchased from the Laboratory
Animal Center Zhengzhou University (Henan,
China) and kept in specific pathogen-free grade
animal cages (n = 5/cage) in the Animal
Experimental Center of N0.988 Kaifeng hospi-
tal, joint logistic support force of the PLA. The
environmental conditions were set with 12 h:
12 h light-darkness living mode and 50%-60%
relative humidity at 20-22°C. The mice were
fed with conventional pellet feed and free to
drink and eat.

Establishment of Ml/RI model

C57BL/6 mice were fixed in a supine position,
anesthetized via intraperitoneal injection of
pentobarbital sodium (30 mg/kg). Il lead elec-
trocardiogram was connected with the mice
which were cleaned and disinfected with 75%
absolute ethyl alcohol in neck and chest.
Through a central incision about 1 cm below
the neck, the jugular anterior fascicles were
implemented blunt dissection along the midline

2351

to expose the trachea. The mice were intubated
in trachea from the mouth of mice, the cannula
was fixed and the ventilator was quickly con-
nected to assist breathing. A longitudinal inci-
sion was made on the left side of the sternum
and the fourth costicartilage was cut at about
0.5 cm of left margin of the sternum. The heart
was exposed, and the ligation was performed
with a non-invasive needle at about 1/3 of the
left anterior descending branch of the coronary
artery with a depth of about 1.5 mm. Successful
modeling was confirmed by darker myocardium
at the distal end of the ligation and raised
ST-segment of the electrocardiogram (15 mice
of failed modeling).

Treatment of animals

The mice were divided into 8 groups (n = 15).
Sham-operated mice were treated with thread-
ing without ligation. The mice for modeling were
treated with ischemia for 30 min and reperfu-
sion for 2 h. Five days before modeling, miR-
378 or anti-miR-378 was injected into the cau-
dal vein for 3 d, while si-MAPK1 (2 x 107 pfu/
mL) was injected into the myocardium after 3-d
injection of anti-miR-378 [16]. ISO post-treat-
ment (1.0 MAC) was performed for 30 min after
modeling [17]. After 30 min of the last adminis-
tration, mice were euthanized by neck
dislocation.

Hemodynamic indices test

Six mice were randomly selected from each
group, and the right common carotid artery was
intubated to the left ventricle. The pressure
sensor was connected to the biological signal
acquisition and analysis system to record left
ventricular systolic pressure (LVSP), left ven-
tricular end diastolic pressure (LVEDP), maxi-
mal rate of the increase/decrease of left ven-
tricular pressure (+dp/dt__ /-dp/dt

max max)'

Specimen collection and treatment

The blood and heart tissues were collected,
and the myocardial tissues of mice (n = 5) were
fixed in 4% paraformaldehyde, dehydrated with
conventional alcohol, cleared with xylene,
embedded in paraffin and cut into slices of 5
pum for hematoxylin-eosin (HE) staining, CD45
detection and apoptosis detection. After rinsed
with cold phosphate buffered saline (PBS), the
myocardial tissues from another 10 mice were
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immediately frozen in liquid nitrogen and stored
at -80°C. The blood was allowed to stand for 2
h, and centrifuged at 3000 rpm for 20 min, and
then the upper serum was absorbed and stored
at-20°C.

Inflammatory factor detection

The contents of tumor necrosis factor-o« (TNF-
«), interleukin (IL)-1B, and IL-6 were detected in
serum with the enzyme-linked immunosorbent
assay (ELISA) kit (Labsystems, Helsinki, Fin-
land).

Detection of myocardial enzyme and oxidative
stress-related factors

The serum of mice (nh = 5) was harvested for
detection of myocardial enzymes and oxidation
stress-related indices. Myocardial enzymes
and oxidative stress-related factors were de-
tected via automatic biochemical analyzer (Be-
ckman Coulter Life Sciences, Brea, CA Califor-
nia, USA) with the detection kit (NanJing Jian-
Cheng Bioengineering Institute, Nanjing, China).

Myocardial enzymes: aspartic amino-transfer-
ase (AST), creatine kinase (CK), creatine kinase
isoenzyme (CK-MB) and lactate dehydrogena-
se (LDH). Oxidative stress-related factors:
superoxide dismutase (SOD), malondialdehyde
(MDA), glutathione peroxidase (GSH-Px), cata-
lase (CAT) and nitric oxide (NO).

HE staining

The paraffin sections were dried at 60°C, dehy-
drated with conventional gradient alcohol, and
cleared with xylene. Then the tissue sections
were stained with hematoxylin solution, differ-
entiated with 1% hydrochloric acid alcohol, and
treated with 1% ammonium hydroxide. The tis-
sue sections were counter-stained with 1%
eosin solution, followed by conventional dehy-
dration (75%, 90%, 95%, anhydrous ethanol),
xylene clearance and sealed. The sections
were observed under a microscope and pho-
tographed.

Terminal deoxynucleotidyl transferase-mediat-
ed deoxyuridine triphosphate-biotin nick end-
labeling (TUNEL) staining

Paraffin sections were routinely dewaxed and
hydrated, and rinsed with 0.1 M PBS (pH 7.4)
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for 3 times, 5 min once. Then the sections were
detached with 20 pg/mL protease K for 20
min, and incubated with 0.1% Triton X-100 for 4
min and 3% H,0,. The sections were incubated
with freshly prepared TUNEL reaction solution,
dripped with 50 mL C tube liquid, and devel-
oped via diaminobenzidine (DAB). The sections
were counterstained with hematoxylin solution,
soaked in alcohol, treated with xylene, and
sealed with neutral gum. TUNEL-positive car-
diomyocytes were those with brownish yellow
nucleus observed under the light microscope.
The apoptosis rate = the number of positive
cells/the number of total cells x 100%. TUNEL
kit was purchased from Roche Diagnostics
(Indianapolis, IN, USA).

Immunohistochemistry

Paraffin sections were routinely dewaxed,
immersed in ethylene diamine tetraacetic acid
antigen retrieval solution for 20 min and incu-
bated with endogenous peroxidase blocker for
20 min. The tissues were treated with primary
antibody CD45 (1:50, Invitrogen, Carlsbad,
California, USA), enhanced chemiluminescence
for 30 min and with the second antibody for 90
min. Developed via DAB, the sections were
counterstained with hematoxylin for 35 s, dif-
ferentiated, dehydrated, sealed and observed
under a microscope.

Reverse transcription quantitative polymerase
chain reaction (RT-gPCR)

The total RNA in myocardial tissues was extract-
ed via using miRNeasy Mini kit (Qiagen, Hilden,
Germany). The RNA samples were reversely
transcribed by TagMan® MicroRNA reverse
transcription kit (Applied Biosystems, Foster
City, CA, USA). PCR primers were synthesized
by Shanghai Sangon Biotechnology Co., Ltd.
(Shanghai, China) (Table 1). The cDNA was sub-
jected to real-time PCR reaction via using
TagMan® MicroRNA Assays and TagMan® gene
expression premix (ABIl). U6 and glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH)
were the loading controls. The data were ana-
lyzed via 222¢t method.

Western blot analysis
The protein in myocardial tissues was extracted

by Radio-Immunoprecipitation assay cell lysis
buffer (Thermo Fisher Scientific, Rockford, IL,
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Table 1. Primer sequences

Primer sequences

MiR-378  Forward: 5’-CTGAGACTGGACTTGGAGTC-3’
Reverse: 5-GTGCAGGGTCCGAGGT-3’

ue Forward: 5’-TGCGGGTGCTCGCTTCGGCAGC-3’
Reverse: 5-CCAGTGCAGGGTCCGAGGT-3’

Bcl-2 Forward: 5’-CTGTGCTGCTATCCTGC-3’
Reverse: 5’-TGCAGCCACAATACTGT-3’

Bax Forward: 5’-CCCGAGAGGTCTTTTTCCGAG-3’

Reverse: 5'-CCAGCCCATGATGGTTCTGAT-3’
Caspase-3 Forward: 5’-CCATCCTTCAGTGGTGGACA-3’
Reverse: 5-TTGAGGCTGCTGCATAATCG-3’
MAPK1 Forward: 5’-TCTCCCGCACAAAAATAAGG-3’
Reverse: 5-GCCAGAGCCTGTTCAACTTC-3’
GAPDH Forward: 5’-AAGAAGGTGGTGAAGCAGGC-3’
Reverse: 5’-TCCACCACCCTGTTGCTGTA-3’

Note: MiR-378, MicroRNA-378; Bcl-2, B-cell ymphoma 2; Bax,

Bcl-2-associated X; MAPK1, mitogen-activated protein kinase 1;

GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

USA), and the protein concentration was mea-
sured using a protein concentration assay kit
(Sigma, St Louis, Missouri, USA). The protein
was implemented with sodium dodecyl sul-
phate polyacrylamide gel electrophoresis, and
transferred to the membrane via semi-dry
method. Then the membrane was incubated
with primary antibodies MAPK1 (1:500, Cell
Signaling Technology, Beverly, MA, USA) and
GAPDH (1:500) (Santa Cruz Biotechnology, Inc,
Santa Cruz, CA, USA), the secondary antibody
immunoglobulin G/horseradish peroxidase for
1 h, exposed and developed. GAPDH was used
as the loading control. Image analysis software
BandScan 5.0 was used for semi-quantitative
analysis of relative protein expression.

Dual luciferase reporter gene assay

Jefferson online prediction software was used
to predict the targeting relationship between
miR-378 and MAPK1 and the binding sites of
miR-378 and MAPK1-3’ untranslated regions
(UTR). PCR ampilification of MAPK1 3’'UTR frag-
ments was implemented. The wild type (WT)
and mutant type (MUT) recombinant plasmids
were extracted by plasmid extraction kit
(ThermoFisher), double enzyme-digested via
restriction enzymes Xba | and Xho |, and the
enzyme-digested products were purified and
recycled again. TADNA ligase was used to con-
nect with fluorescein reporter carrier pmir-GLO,
and DH5a competent E. coli was transformed,
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and extraction of plasmids, Xba | and Xho |
double enzyme-digestion preliminary evalua-
tion, sequencing were implemented. The WT
and MUT recombinant double luciferase
reporter plasmids were constructed, and
named MAPK1-WT and MAPK1-MUT. The cul-
tured 293T cells (American Type Culture
Collection, VA, USA) were divided into 4 groups
and co-transfected with miR-378 mimic/
mimic NC and MAPK1-WT/MAPK1-MUT. The
293T cells were collected after transfection
for 30 h, and the luciferase activities of firefly
and renilla were detected by fluorescence
detector with the dual luciferase reporter
assay kit (Promega, Madison, WI, USA).

Statistical analysis

SPSS 21.0 (IBM Corp., Armonk, NY, USA) was

used to analyze the data. The measurement

data were expressed as mean + standard

deviation. The t test was used for two-group
comparison in the data subjected to normal
distribution. One-way analysis of variance
(ANOVA) was used for comparison among mul-
tiple groups, and Tukey’s post hoc test for pair-
wise comparison. P was a bilateral test, and
predictors were kept if they were significant at a
P value of 0.05 or smaller.

Results

Up-regulating miR-378 improves hemodynam-
ics and myocardial injury in Ml/RI mice

Hemodynamic, myocardial enzyme-, and oxida-
tive stress-related indicators were detected. It
was manifested that a decrease was seen in
LVSP and + dp/dt__ values, SOD, GSH-Px and
CAT activities, and NO content, while an
increase in LVEDP value, AST, CK, CK-MB and
LDH activities, as well as MDA content in MI/RI
mice. Up-regulating miR-378 would improve
hemodynamics and myocardial injury, and
impair oxidative stress in MI/RI mice while
down-regulating miR-378 exerted oppositely.
The effects induced by down-regulating miR-
378 were reversed by suppression of MAPK1
(Figure 1A-L).

HE staining reflected that no obvious pathomor-
phological changes were observed in sham-
operated mice. In MI/RI mice, inflammatory cell
infiltration in the myocardial interstitium, and
sarcomere fracture, disappearance and necro-
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Figure 1. Up-regulating miR-378 alleviates hemodynamics and myocardial injury in MI/RIl mice. (A, B) The value
of LVSP and LVEDP in MI/RI mice after up-regulating miR-378; (C) The value of + dp/dt__ in MI/RI mice after up-
regulating miR-378; (D-G) The activities of AST, CK, CK-MB and LDH in MI/RI mice after up-regulating miR-378; (H-L)
The levels of SOD, MDA, GSH-Px, CAT and NO in MI/RI mice after up-regulating miR-378; (M) HE staining results in
MI/RI mice after up-regulating miR-378 (x 200; Scale bar = 50 ym); * vs the sham group, P < 0.05; # vs the I/R
group, P < 0.05; + vs the anti-miR-378 group, P < 0.05; 6 mice in each group (A-C) and 5 mice in each group (D-M).
The data were expressed in the form of mean * standard deviation. One-way ANOVA was used for data analysis, and
Tukey’s post hoc test was used for pairwise comparison after ANOVA analysis.

sis were observed. After up-regulating miR-
378, myocardial injury was attenuated, necro-
sis and dissolution of cardiomyocytes were
reduced and a small amount of inflammatory
cells infiltration was manifested in mice with
MI/RI. After down-regulating miR-378 in mice
with MI/RI, severe myocardial injury and a large
number of inflammatory cell infiltration were
seen. In mice treated with anti-miR-378 and si-
MAPK1, the situation was lighter than those
treated anti-miR-378 only, but inflammatory
cell infiltration and necrosis were still observed
in the myocardial interstitial (Figure 1M). The
results indicated that miR-378 improves hemo-
dynamics and myocardial injury in MI/RI mice
while silencing MAPK1 reversed the effects
induced by down-regulation of miR-378.

Up-regulating miR-378 reduces apoptosis rate
and inflammatory infiltration in Ml/RI mice

TUNEL staining detecting cardiomyocyte apop-
tosis, RT-gPCR detecting apoptosis-associated
factors, together with ELISA measuring inflam-
matory factors in serum reflected that the
apoptosis rate of cardiomyocytes, Bax and
Caspase-3 mRNA expression, and TNF-«, IL-6
and IL-1B contents were obviously increased,
and Bcl-2 was clearly reduced in MI/RI mice.
Restoring miR-378 suppressed cardiomyocyte
apoptosis and inflammatory response in MI/RI
mice. Reducing miR-378 in MI/RI mice promot-
ed cardiomyocyte apoptosis and inflammatory
response, which were reversed by down-regula-
tion of MAPK1 (Figure 2A-D).

To further demonstrate the effect of miR-378
and MAPK1 on inflammatory infiltration in Ml/
RI mice, CD45 expression was detected by
immunohistochemistry. Fewer CD45-expressed
brown-yellow particles were observed on the
cell membrane of the sham-operated mice.
Much CD45-expressed brown-yellow particles
were expressed in the inflammatory infiltration
site in MI/RI mice, which could be suppressed
by elevating miR-378. After down-regulation of
miR-378, CD45-expressed brown-yellow parti-
cles increased, which would be reversed by
down-regulation of MAPK1 (Figure 2E).
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RT-gPCR and western blot analysis examining
miR-378 and MAPK1 expression in myocardial
tissues revealed that miR-378 level was
reduced while MAPK1 was elevated in MI/RI
mice. However, elevating miR-378 would raise
miR-378 and inhibit MAPK1 levels while sup-
pressing miR-378 had the opposite effects.
Depleting MAPK1 reversed the impact of down-
regulated miR-378 on MAPK1 expression in
mice (Figure 2F-H).

It was suggestive that miR-378 attenuated car-
diomyocyte apoptosis and inflammation in
mice after MI/RI, and knockdown of MAPK1
reversed the effects induced by down-regula-
tion of miR-378.

Restoring miR-378 further enhances ISO-
induced improvement of hemodynamics and
myocardial damage in Ml/RI mice

When inspecting the effects of ISO on hemody-
namics and myocardial damage in MI/RI mice,
it was showed that ISO treatment increased
LVSP, £ dp/dt__, SOD, GSH-Px, CAT activity and
NO content, as well as decreased LVEDP value,
AST, CK, CK-MB, LDH activity and MDA content.
Up-regulated miR-378 could enhance the
effects of ISO treatment on MI/RI (Figure 3A-L).

HE staining showed that the myocardial injury
in mice treated with 1ISO was attenuated, with
necrosis and dissolution of cardiomyocytes
and a small amount of inflammatory cells infil-
tration. The structure of myocardial tissues in
mice treated with ISO and up-regulated miR-
378 was close to that of normal myocardium
(Figure 3M). It showed that up-regulated miR-
378 further improved 1SO-attenuated hemody-
namics and myocardial injury in MI/RI mice.

Elevating miR-378 further strengthens the ISO-
induced effects on apoptosis rate and inflam-
matory infiltration in MI/RI mice

Detected by various assays, it was indicated
that ISO treatment reduced the apoptosis rate
of cardiomyocytes, suppressed Bax and
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Figure 2. Up-regulating miR-378 decreases apoptosis rate and inflammatory infiltration in MI/RIl mice. A. TUNEL staining results in MI/RI mice after up-regulating
miR-378 (x 400; Scale bar = 25 pym); B. The apoptosis of cardiomyocytes in myocardial tissues detected via TUNEL staining; C. Bax, Bcl-2 and Caspase-3 mRNA
expression in myocardial tissues in MI/RI mice after up-regulating miR-378 detected via RT-gPCR; D. The expression of TNF-¢, IL-6, and IL-1f in serum in MI/RI mice
after up-regulating miR-378 detected via ELISA; E. CD45 immunohistochemistry results in MI/RI mice after up-regulating miR-378 (x 200; Scale bar = 50 ym); F.
The expression of miR-378 and MAPK1 in MI/RI mice after up-regulating miR-378 detected via RT-qPCR; G. Protein bands of MAPK1; H. The protein expression of
MAPK1 in MI/RI mice after up-regulating miR-378; * vs the sham group, P < 0.05; # vs the I/R group, P < 0.05; + vs the anti-miR-378 group, P < 0.05; 5 mice in
each group. The data were expressed in the form of mean * standard deviation. One-way ANOVA was used for data analysis, and Tukey’s post hoc test was used for
pairwise comparison after ANOVA analysis.
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Figure 3. Restoring miR-378 further enhances the ISO-mediated improvement of hemodynamics and myocardial damage in MI/RI mice. (A, B) The values of LVSP
and LVEDP in MI/RI mice after ISO treatment and up-regulating miR-378; (C) The values of + dp/dt__ in MI/RI mice after ISO treatment and up-regulating miR-378;
(D-G) The levels of AST, CK, CK-MB and LDH in MI/RI mice after ISO treatment and up-regulating miR-378; (H-L) The levels of oxidative stress-related indices SOD,
MDA, GSH-Px, CAT and NO in MI/RI mice after ISO treatment and up-regulating miR-378; (M) HE staining results in MI/RI mice after ISO treatment and up-regulating
miR-378 (x 200; Scale bar = 50 ym); * vs the I/R group, P < 0.05; # vs the I/R + ISO group, P < 0.05; 6 mice in each group (A-C) and 5 mice in each group (D-M).
The data were expressed in the form of mean * standard deviation. One-way ANOVA was used for data analysis, and Tukey’s post hoc test was used for pairwise
comparison after ANOVA analysis.
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Caspase-3 mRNA expression, and TNF-«, IL-6
and IL-1B levels, and reduced CD45-expressed
brown-yellow particles in MI/RI mice. Up-re-
gulating miR-378 further reduced cardiomyo-
cyte apoptosis and inflammation in MI/RI mice
(Figure 4A-E).

miR-378 expression was found to elevate while
MAPK1 expression to suppress in mouse myo-
cardial tissues in response to ISO treatment.
miR-378 up-regulation after ISO treatment fur-
ther enhanced miR-378 and reduced MAPK1
levels (Figure 4F-H).

It was summarized that up-regulating miR-378
further enhanced the function of ISO in reduc-
ing apoptosis rate and inflammatory infiltration
in MI/RI mice.

MAPK1 is the direct target gene of miR-378

Dual luciferase reporter gene assay was used
to determine whether miR-378 regulated the
activity of luciferase in the 3'UTR of MAPK1.
The results showed that the luciferase activity
of MAPK1 was distinctly decreased in 293T
cells co-transfected with MAPK1-WT and miR-
378 mimic, fully confirming that miR-378 direct-
ly regulated MAPK1 (Figure 5A, 5B).

Discussion

MI/RI is a clinically vital problem connected
with coronary artery bypass graft surgery [18].
A study has manifested that emulsified ISO is
cardioprotective in MI/RI [19]. The mechanism
of miR-378 has also been described in the
cerebral ischemic injury [11]. In the meantime,
MAPK signaling pathway has been demonstrat-
ed to participate in butorphanol protection on
MI/RI rats [14]. Nevertheless, the literature
about the association of miR-378 or MAPK1
with MI/RI is not presented. Hence, the desti-
nation of the study was to figure out the mecha-
nism of ISO post-treatment on mice with MI/RI
by modulating miR-378/MAPK1 axis.

The observations of the study were that
reduced miR-378 and elevated MAPK1 existed
in MI/RI. Accordingly, evidences have found
that miR-378 level is markedly reduced in N2A
cells after oxygen-glucose deprivation opera-
tion in cerebral ischemic injury and intestinal
I/R injury [10, 11]. In addition, some studies
have demonstrated that MAPK expression or
its signaling pathway is clearly elevated in Ml/
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RI [13, 14]. One interesting observation was
that ISO elevated miR-378 to suppress MAPK1
level, and miR-378 targeted MAPK1. ISO has
been recorded to elevate miRNA expression,
such as miR-9 and miR-21 in embryonic stem
cell self-renewal and neural differentiation of
rats model [20, 21], but the regulatory mecha-
nism of ISO for miR-378 is not researched. In
fact, ISO can repress p38 MAPK activity during
MI/RI and phosphorylated p38 MAPK in microg-
lial cells [22, 23]. As to the targeting relation
between miR-378 and MAPK1, studies have
previously confirmed that miR-378 negatively
regulates MAPK1 expression [24, 25].

The most obvious finding to emerge from the
analysis was that ISO improved hemodynamics
and myocardial injury and reduces apoptosis
rate and inflammatory infiltration in MI/RI mice.
It suits well with that ISO can, through repress-
ing the p38 MAPK signaling pathway, decrease
the oxidative stress response and relieve the
pathological damage in cardiomyocytes from
MI/RI [26]. In addition, a study has indicated
that ISO preprocessing with captopril treatment
eases MI/RI by attenuating oxidative stress
and inflammation [7]. Moreover, I1SO precondi-
tioning has protective effects by reducing
Caspase-3 expression and TNF-a production in
a rabbit model of I/R injury [8, 27, 28]. This
study also revealed that up-regulating miR-378
further enhanced the protective effects of 1ISO
on MI/RI mice. It has been demonstrated that
up-regulation of miR-378 lightens ischemia-
induced apoptosis in cardiacmyocytes [29]. At
the same time, silenced miR-378 may be used
as a sensitive diagnostic or prognostic bio-
marker for acute myocardial infarction patients
[30]. Also, mice genetically with absence of
miR-378 and miR-378* manifest enhanced oxi-
dative ability of insulin-target tissues in control
of mitochondrial metabolism and systemic
energy homeostasis [31].

Furthermore, our study suggested that ISO
post-treatment may up-regulate miR-378 to
improve MI/RI in mice, which may be related to
down-regulation of MAPK1. A similar finding is
also reported by Zhu et al. that MAPK1 turns
around the repressive effects of miR-217 on
apoptosis of cervical cancer cells [32]. An inhib-
itor of MAPK3/MAPK1 after carrageenan mani-
fests a decrease in inflammation [33]. This find-
ing is consistent with that of Shen et al. who
have pronounced that oxidative stress induced
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Figure 4. Elevating miR-378 further strengthens the ISO-mediated effects on apoptosis rate and inflammatory infil-
tration in MI/RI mice. A. TUNEL staining results in MI/RI mice after ISO treatment and up-regulating miR-378 (x 400;
Scale bar = 25 uym); B. The apoptosis of cardiomyocytes in myocardial tissues detected via TUNEL staining; C. Bax,
Bcl-2 and Caspase-3 mRNA expression in myocardial tissues in MI/RI mice after ISO treatment and up-regulating
miR-378 detected via RT-gPCR; D. The expression of TNF-q, IL-6, and IL-13 in serum in MI/RI mice after ISO treat-
ment and up-regulating miR-378 detected via ELISA; E. The expression of miR-378 and MAPK1 in MI/RI mice after
ISO treatment and up-regulating miR-378 detected via RT-qPCR; F. CD45 immunohistochemistry results in MI/RI
mice after ISO treatment and up-regulating miR-378 (x 200; Scale bar = 50 um); G. Protein bands of MAPK1; H.
The protein expression of MAPK1 in MI/RI mice after ISO treatment and up-regulating miR-378; * vs the I/R group,
P < 0.05; # vs the I/R + 1SO group, P < 0.05; 5 mice in each group. The data were expressed in the form of mean
+ standard deviation. One-way ANOVA was used for data analysis, and Tukey’s post hoc test was used for pairwise
comparison after ANOVA analysis.
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Figure 5. MAPK1 is the direct target gene of miR-378. A. The binding sites of MAPK1 and miR-378, N = 3; B. Lucif-
erase assay verified the targeting relationship between MAPK1 and miR-378, N = 3. & vs the mimic NC group, P
< 0.05. The data were expressed in the form of mean + standard deviation, and the t test was used for two-group
comparison.

growth inhibitor 1 is related to MAPK1/3 in children with severe caries under general anes-
mouse spermatogenesis [34]. thesia) and the Science and Technology

Development Plan of Zhengzhou (2015) (No.
Al in all, this study highlights that ISO post- 20150172, application of dexmedetomidine in
treatment may improve MI/RI in mice throu- anesthesia for operation of digestive tract mal-
gh up-regulation of miR-378 and down-regula- formation of newborn; No. 20150171, a com-
tion of MAPK1, and provides a potential treat- parative study of different doses of dexmedeto-
ment for MI/RI. The findings provide a new midine in prevention of cough and restlessness
insight into the mechanism of MI/RI. Future during recovery and extubation of bronchial
studies on the current topic are still recom- foreign bodies in children; No. 20150167, appli-
mended. cation of fast channel anesthesia in fast reha-

bilitation of children with transesophageal
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