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Butorphanol protects on myocardial
ischemia/reperfusion injury in rats through
MAPK signaling pathway
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Abstract. - OBJECTIVE: To explore the influ-
ence of butorphanol on myocardial ischemia/
reperfusion (I/R) injury in rats through the mito-
gen-activated protein kinase (MAPK) signaling
pathway.

MATERIALS AND METHODS: The I/R modelin
Sprague-Dawley rats was established. The rats
were randomly divided into normal group (n=20),
myocardial I/R model group (model group,
n=20), and butorphanol treatment group (treat-
ment group, n=20). Next, the liver function indi-
cators such as alkaline phosphatase (ALP), ala-
nine aminotransferase (ALT), and the myocardial
function index creatine kinase (CK) in rats were
detected. ELISA was carried out to measure the
relative levels of tumor necrosis factor-gamma
(TNF-y), interleukin-6 (IL-6), and IL-1a in serum
samples of rats. The cardiac function indexes
were examined via magnetic resonance imag-
ing (MRI) and echocardiography (ECG). Besides,
the pathological changes of the myocardial tis-
sues were detected through hematoxylin-eosin
(HE) staining. The quantitative Real Time-Poly-
merase Chain Reaction (qRT-PCR) and West-
ern blotting were performed to measure the mR-
NA and protein expression levels of the relative
genes in the MAPK signaling pathway in the rat
myocardial tissues.

RESULTS: The serum levels of ALP, ALT, and
CK in I/R model group were significantly high-
er than those in the normal group. In I/R mod-
el group, the relative levels of TNF-y, IL-6, and
IL-1a, as well as left ventricular end-diastolic di-
ameter (LVEDd) and left ventricular end-sys-
tolic diameter (LVESd), were remarkably high-
er, while the fractional shortening (FS, %) and
the ejection fraction (EF, %) were lower in com-
parison with those in the normal group. The HE
staining results showed that the myocardial tis-
sues in the I/R model group exhibited severe in-
jury. The expression levels of Caspase3, MAPK,
and c-Jun N-terminal kinase (JNK) were clearly
higher in the I/R model group than those in the
treatment group (p<0.05), while the expression
level of extracellular regulated protein kinase 1
(ERK1) was remarkably lower (p<0.05). The pro-
tein level of MAPK in the treatment group was
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overtly reduced compared with that in the I/R
model group (p<0.05).

CONCLUSIONS: Butorphanol can modulate
the recovery of the myocardial injury in the rats
after the myocardial I/R by inhibiting the MAPK
signaling pathway.

Key Words:
Butorphanol, MAPK signaling pathway, Myocardial
ischemia/reperfusion.

Introduction

The myocardial ischemia/reperfusion (I/R) in-
jury is a myocardial injury caused by coronary
blood flow recovery after an ischemic attack, and
the living myocardial cells are impaired before
reperfusion'. Currently, the complexity of the
myocardium response to ischemic injury has been
well explored. The myocardial ischemia leads to
characteristic changes in metabolism and ultra-
structure, resulting in irreversible injury. The
myocardial I/R serves as an important target in
the treatment of myocardial infarction and may
lead to cell death?. The reactive oxygen species
production, calcium overload, pro-inflammatory
cytokine activation, apoptosis, neutrophil fill-
ing, and endothelial cell dysfunction are relevant
pathological factors for I/R3. The inhibition of
oxidative stress and apoptosis may be potential
strategies for the treatment of ischemic diseases.
In case of myocardial ischemia, the myocardial
cell damage occurs via a series of events. In case
of focal ischemia, the cell death in the center area
rapidly occurs if blood flow disorder is severe,
while the damaged cells in the peripheral blood
zone with moderate blood circulation may sur-
vive through prompt intervention®. The I/R injury
is mediated by the elements secreted by the dam-
aged myocardial cells and inflammatory cells, as
well as apoptosis®. Besides, it is found that myo-
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cardium undergoes apoptosis after transient I/R,
whereas the ischemic tissues are not apoptotic in
the absence of reperfusion®. Therefore, apoptosis
suppression may be an effective way to relieve the
myocardial injury after the oxidative stress.

In addition, I/R injury-induced reactive oxygen
species activate the intracellular signaling path-
ways such as mitogen-activated protein kinase
(MAPK) pathway™®. The subfamilies of MAPK,
stress kinases, such as p38, and c-Jun N-terminal
kinase (JNK) induce inflammation, apoptosis, and
cell death, while the pro-survival kinases regu-
late the differentiation and proliferation of cells,
promote cell survival, and protect tissues®'’. Yu et
al'' have manifested that the activated extracellu-
lar regulated protein kinase 1/2 (ERK1/2) and the
inhibited p38/JNK attenuate oxidative stress and
inflammation to maintain the cytoskeletal struc-
ture and protect the myocardium against damage.
Therefore, the relative activities of these pro-apop-
totic and pro-survival kinase pathways determine
the survival or death of cells. ERK1/2 modulates
various life processes, including myocardial in-
farction and ventricular remodeling. It is an im-
portant signal transduction in myocardial regula-
tion and a powerful mediator in the development
and progression of myocardial infarction'*".

This study aims to explore the effect of butorph-
anol on myocardial injury in rats after myocardial
I/R and its impact on the MAPK signaling path-
way. We first established an in vivo I/R model in the
rats, and they were intervened by butorphanol ap-
plication. By assessing the inflammatory response,
the cardiac function, and the pathological injury of
the myocardium in rats, we analyzed the potential
protective effect of butorphanol on I/R injury. In
addition, the involvement of the MAPK pathway
was determined. Our findings aim to provide the
theoretical references for the clinical treatment of
myocardial I/R injury using butorphanol.

Materials and Methods

Establishment of Animal Models

A total of 40 male Sprague-Dawley rats were
randomly selected, generally anesthetized with
sodium pentobarbital (40 mg/kg) and ventilated
(50 times/min), followed by performing thoracot-
omy. Myocardial I/R was conducted by ligation of
the left coronary artery. After 50 min of ischemia,
the ligature was loosened for 3-h reperfusion. 20
rats in the treatment group were administrated
with 25 mg/kg butorphanol. Additionally, 20 rats
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were selected as normal group and they were sub-
jected to the same surgical procedures except for
the ligation of the left coronary artery. This study
was approved by the Animal Ethics Committee of
Jinzhou Medical University Animal Center.

Examination of Cardiac Function
and Liver Function

Since the cardiac function and liver function are
abnormal after myocardial I/R, the liver function
indexes alanine aminotransferase (ALT), alkaline
phosphatase (ALP), and the myocardial function in-
dicator creatine kinase (CK) in rats were detected
for assessing the disease severity. The blood sam-
ples were routinely collected from femoral veins
and centrifuged at 4°C for 10 min to separate and
collect serum. Lastly, a biochemical analyzer was
employed to determine relevant indexes.

Detection of Cardiac Physiological
Function Indexes in Rats

The left ventricular function indicators, in-
cluding left ventricular end-diastolic diameter
(LVEDA), left ventricular end-systolic diameter
(LVESd), ejection fraction (EF), and fractional
shortening (FS) of all rats was examined using a
Philips 7500 ultrasound machine (Philips Medi-
cal, Amsterdam, The Netherlands), magnetic res-
onance imaging (MRI), and echocardiography
(ECG) system according to the requirements in
the instrument manual. In each group, a rat to
be examined was placed in a supine position and
underwent an electrocardiographic examination
with a probe frequency of 10 MHz.

Determination of Inflammatory
Cytokines in Each Group of Rats

The rats were sacrificed to harvest the heart.
After washing in normal saline, about 0.5 g of
myocardial tissues were collected, homogenated
on ice, and centrifuged at 1200xg, at 4°C for 30
min. The supernatant was collected. The serum
levels of the inflammatory cytokines were mea-
sured using an enzyme-linked immunosorbent
assay (ELISA) kit (R&D System, Minneapolis,
MN, USA), and a microplate reader was utilized
to read the absorbance in each group.

Hematoxylin-Eosin (HE) Staining

The heart tissues were fixed in 10% neutral
buffered formalin for 7 d, washed with running
water for 24 h, dehydrated with gradient alco-
hol, and sliced into conventional sections (5 um
in thickness) using a microtome (Leica RM 2125,



Butorphanol in myocardial ischemia/reperfusion injury

Table I. Primer sequences

Target Primer sequence

gene

B-actin F: 5'-CAGTGCCAGCCTCGTCTCAT-3'
R: 5-AGGGCCATCCACAGTCTTC-3'

Caspase3  F: 5-CTACCGCACCCGGTTACTAT-3'
R: 5-TTCCGGTTAACACGAGTGAG-3'

MAPK F: 5'-CCAGATGCCGAAGATGAACT-3'
R: 5-GGGCTGCTGTGATCCTCTTAT-3'

INK F: 5"TTCCATTGTGGGTAGGTGG-3'
R: 5-CTTACAGCTTCCGCTTCAG-3'

ERK1 F: 5'-CTTGGCATCCGCACTCTG-3'

R: 5'-CTGAAGCCTGGCAACCTG-3'

Wetzlar, Germany). Next, the tissue sections were
deparaffinized, hydrated with 95%, 90%, 80%,
75%, and 50% ethanol, respectively, permeabi-
lized, and embedded in paraffin. After that, the
embedded blocks were prepared into pathological
sections. Lastly, the sections were stained with
HE and mounted, and a light microscope was em-
ployed for histological observation.

Quantitative Real Time-Polymerase Chain
Reaction (gRT-PCR)

The total ribonucleic acids (RNAs) were ex-
tracted from rat myocardial tissues in each group
with TRIzol reagent (Invitrogen, Carlsbad, CA,
USA), and then, reversely transcribed into comple-
mentary deoxyribonucleic acid (cDNA). Thereaf-
ter, primer amplification was performed in a 20-
uL system (2 pL of cDNA, 10 pL of mix, 2 pL
of primer, and 6 pL of ddH,0), followed by PCR
amplification. The gRT-PCR reaction conditions
were as follows: 94°C for 30 s, 55°C for 30 s, and
72°C for 90 s, for a total of 40 cycles. The primer
sequences (Table I) of the target genes and B-Ac-
tin (as internal reference) were designed based on
the sequences on GenBank. The expression level
of the target genes was measured via quantitative
Reverse Transcription (RT)-PCR. The mRNA ex-
pression in rat myocardial tissues in each group
was calculated through the 244" method.

Western Blotting

The rat heart tissues were cut into pieces,
weighed, and added to radioimmunoprecipitation
assay (RIPA) lysis buffer (Beyotime, Shanghai,
China) (ratio of 100 mg: 1 mL), and homogenized.
Subsequently, the proteins were extracted using
lysis buffer, and quantified using a bicinchoninic
acid (BCA) protein assay kit (Pierce, Rockford,

IL, USA). Then, the samples were loaded for
electrophoresis and transferred on polyvinylidene
difluoride (PVDF) membranes. Thereafter, the
membrane was blocked, incubated with primary
antibody overnight and secondary antibody for 1
h. The band exposure was conducted using en-
hanced chemiluminescence (ECL) and analyzed
using an Odyssey membrane scanner. The pro-
tein levels were normalized to that of glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH). The
Western blotting bands were quantified using Im-
age Lab software (Bio-Rad, Hercules, CA, USA).

Statistical Analysis

All experimental data recorded were processed
by Statistical Product and Service Solutions
(SPSS) 20.0 software (IBM Corp., Armonk, NY,
USA). The experimental results obtained were
expressed as mean + standard deviation ( y£SD),
and p<0.05 suggested that the difference was sta-
tistically significant. GraphPad Prism 8.0 (La Jol-
la, CA, USA) was used for the histogram.

Results

Examination Results of Cardiac Function
and Liver Function

Levels of ALP, ALT, and CK were significantly
higher in the I/R model group than those in the
normal group (p<0.05). Moreover, they were ev-
idently reduced in the treatment group (p<0.05),
suggesting that the liver function and myocardial
function indexes were significantly impaired due
to I/R. Finally, butorphanol greatly improved car-
diac and liver function (Figure 1).
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Figure 1. Biochemical results. The ALP, ALT, and CK lev-
els in the treatment group clearly decline, implying that the
liver function and myocardial function indicators are abnor-
mal. *¥p<0.05 vs. normal group, #p<0.05 vs. model group.
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Table Il. Cardiac function indexes in rats determined by MRI and ECG.

Group LVEDd (mm) LVESd (mm) EF (%) FS (%)
Normal group 4.98+0.86 4.68+0.28 62.2+3.9 55.7£3.1
Model group 9.45+0.15* 7.51+0.26* 47.6+3.6° 39.842.8*
Treatment group 5.64+0.23° 4.99+0.69° 59.4+2.9 51.6£1.9°

Note: The FS and EF are lower in model group than those in normal group, while the LVEDd and LVESd exhibit contrary

tendencies. p<0.05 vs. normal group, ®»<0.05 vs. model group.

Cardiac Function Indexes Determined
in Two Groups of Rats

The rats in the I/R model group had notably
lowered FS and EF, but markedly elevated LVEDd
and LVESd in comparison with the normal group
(p<0.05), indicating the successful establishment
of the I/R model in rats (Table II).

Detection Results of Cytokines
in Each Group

The levels of inflammatory factors TNF-v, in-
terleukin-6 (IL-6), and IL-1pB in rats were mea-
sured. The results showed that the levels of TNF-,
IL-6, and IL-1B were remarkably higher in the
I/R model group than those in the normal group.
These levels in the treatment group were lower
compared with those in the I/R group (p<0.05)
(Figure 2). It is suggested that the massive inflam-
matory factors were activated after myocardial
I/R, which further aggravated myocardial I/R in-
jury (Figure 2).

Results of HE Staining
The results of HE staining revealed the disorder-
ly-arranged myocardial cells and thickened muscle

fibers in the I/R model group (Figure 3A), while
administration of butorphanol alleviated patholog-
ical myocardial injury after I/R (Figure 3B).

Expressions of Caspase3 and JNK
Detected via gRT-PCR

QRT-PCR results showed that in the treatment
group, the levels of Caspase3 and JNK marked-
ly decreased (p<0.05), while the expression lev-
els of MAPK and ERK were overtly upregulated
(p<0.05) (Figure 4). However, in the model group,
these expression levels showed opposite trends,
implying that the treatment with butorphanol pro-
moted the proliferation and inhibited the apopto-
sis of the myocardial ischemic cells.

Expressions of Apoptosis-and
Pathway-Related Proteins Determined
Through Western Blotting

Western Blotting results revealed that the ex-
pression level of MAPK in the treatment group
was evidently upregulated (p<0.05), which was
downregulated in I/R model group, indicating
that the treatment with butorphanol facilitated the
repair of the I/R injury (Figure 5).

Normal group

. ] Model group

E3 Treatment group

*
> 200
S —
2
©
£  150-
5 2 ¢
E 5 1004
us 2
") 50-
(]
>
Q
-l = T
IL-6(mg/l)

IL-1p(mg/)

TNF-y(fmol/ml)

Figure 2. The levels of the inflammatory factors. The levels of TNF-y, IL-6, and IL-1f are distinctly raised in the model
group, but remarkably reduced in the treatment group. *p<0.05 vs. normal group, “p<0.05 vs. model group.
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Model group

Treatment group

Figure 3. HE staining results of rat heart. A, Model group (x10). B, Treatment group (x10). Disorderly-arranged myocardial cells
and thickened muscle fibers are detected in the model group, while almost no myocardial injury is found in the treatment group.

Discussion

The reperfusion of the ischemic tissues in-
creases the production of the oxygen free radicals,
disrupts the balance between oxidants and antiox-
idants, and leads to uncontrolled myocardial inju-
ry**. Reperfusion is usually applied for the treat-
ment of myocardial ischemia, which, however,
leads to some pathological consequences, namely
reperfusion injury. The reperfusion injury is me-
diated by apoptosis. During myocardial ischemia,
the myocardial cell injury occurs through a series

Normal group
[ Model group
EEB Treatment group

*

T .

Reletive gene expression

of events, and a severe blood flow disorder leads to
rapid cell death’. The damaged myocardial cells
and inflammatory cells secrete elements to medi-
ate the I/R injury. In addition, the inflammatory
cells secrete a large number of toxic cytokines's.
Currently, the studies on the specific mechanisms
may help to clarify the pathogenesis and thera-
peutic mechanism of the disease, providing the-
oretical support for the treatment of myocardial
ischemia-related diseases. The free radicals can
cause lipid peroxidation and denaturation of cells,
DNAs, and proteins. Inflammation destroys the

Figure 4. Gene expression levels. The treatment group exhibits remarkably decreased levels of Caspase3 and JINK (p<0.05)
and notably raised the expression levels of MAPK and ERK (p<0.05). "p<0.05, *p<0.05.



H. Wang, J.-L. Wang, H.-W. Ren, W.-F. He, M. Sun

MAPK protein abundance w

*
.
#
_M
e
S
. o
un
e E
T
Normal Model Treatment
group group group

Figure 5. Protein expressions. The MAPK expression level is significanlty elevated in the treatment group (p<0.05). "p<0.05,

#p<0.05.

integrity of the cell membrane, while intracellu-
lar LDH, CK-MB, and other myocardial enzymes
are released in extracellular fluid'™!8. In this study,
the liver and cardiac functions were assessed. The
serum levels of ALP, ALT, and CK were signifi-
cantly higher in the I/R model group than those in
the normal group (p<0.05). Besides, the rheologi-
cal results of the heart revealed that the rats in the
I/R model group clearly lowered FS and EF and
notably increased LVEDd and LVESd in compar-
ison with the normal group (p<0.05). Moreover,
pathological morphology in rat myocardium was
pronounced in the I/R group. The above patholog-
ical indexes were greatly improved in the treat-
ment group.

The pro-inflammatory cytokines TNF-y and
IL-6 are correlated with I/R injury. TNF-y trig-
gers the inflammatory cascade by up-regulating
the expressions of other pro-inflammatory cyto-
kines, including interleukins'. In addition, TNF-y
leads to apoptosis of myocardial cells and ventric-
ular remodeling®*?'. Some works have manifest-
ed that I/R is involved in both inflammatory re-
sponses and gene activation of cells. In this study,
the relative levels of IL-6, IL-1B, and TNF-y were
elevated in the I/R model group, suggesting the
aggravated inflammatory response following
the I/R injury. The butorphanol treatment sig-
nificantly decreased these levels, suggesting the
anti-inflammatory effect of butorphanol at post-
I/R. TNF-y is an indispensable participant in the
progression of inflammation after myocardial
I/R, and IL-6 can also trigger the excessive pro-
duction of other inflammatory mediators®>*. It is
demonstrated that apoptosis is involved in myo-
cardial I/R injury. Besides, apoptosis can respond
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to cell invasion. Apoptosis is quickly initiated
under different stimuli. In addition, it can serve
as an important marker for many relevant clinical
diseases, such as tumor and myocardial injury.
Consistently with previous reports**?, our find-
ings showed upregulation of Caspase3, an apopto-
sis-related gene, in the I/R model group compared
with that in the normal group.

MAPK acts on many biological processes,
including cell migration and death. Zhou et al*
have shown that the drug treatment of I/R can
enhance cardiac function, suppress heart dam-
age, down-regulate levels of pro-inflammatory
factors, and enhance the antioxidant capacity of
myocardial tissues. This effect is associated with
the inhibition on the p38 MAPK signaling path-
way?’. Besides, inhibited p38 MAPK protects mi-
tochondria from the I/R invasion and injury and
improves cardiac function and ventricular remod-
eling after I/R?. A research has shown that the
expression of phosphorylated (p)-p38 MAPK in
I/R group is significantly higher than that in the
Sham operation group, suggesting that myocar-
dial ischemia leads to the upregulation of p-p38
MAPK. HMGBI treatment reduces the expres-
sion of p-p38 MAPK in a dose-dependent man-
ner. These results imply that the intravenous in-
jection of HMGBI downregulates p-p38 MAPK
in ischemic myocardium?®. It is known that Bax
is activated by MAPK to mediate apoptosis after
reperfusion. Moreover, the activation of ERK1/2
limits the damage to the heart after apoptosis.
Several authors'®***! have manifested that the tar-
geted inhibition on p38 MAPK is able to mitigate
myocardial cell apoptosis and improve myocar-
dial performance after I/R injury. Additionally,
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melatonin®? protects the liver against I/R injury by
inhibiting apoptosis that is mediated by inactiva-
tion of JNK and p38 MAPK signaling pathways.
MAPKs are multifunctional regulators in cardio-
myocyte proliferation, survival, apoptosis, actin
recombination, cytokine production, and other
biological processes. There are four major MAP
kinase subfamilies, namely ERK1/2, JNK1, p38
kinases (a, B, v, and 8), and MAPK?*. The activa-
tion of the ERK1/2 signal** is considered to be one
of the major components of the risk (reperfusion
injury salvage kinase) pathway. In this paper, the
expression levels of MAPK and JNK were overt-
ly downregulated in the treatment group, while
ERK was remarkably upregulated. These results®
indicated that the treatment of butorphanol pro-
tected apoptosis of myocardial ischemic cells by
inactivating the MAPK pathway.

Conclusions

Butorphanol may protect the myocardium
against I/R injury by alleviating the infiltration of
the inflammatory cells and apoptosis of myocardi-
al cells via inactivating the MAPK pathway. This
study provides the theoretical basis for the preven-
tion and treatment of the myocardial I/R injury.
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