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Role of JNK Signaling Pathway in Dexmedetomidine
Post-Conditioning-Induced Reduction
of the Inflammatory Response and Autophagy Effect
of Focal Cerebral Ischemia Reperfusion Injury in Rats

Yulin Zhu,1 Shihong Li,2 Jingying Liu,3 Qing Wen,4 Jingui Yu,5 Lingzhi Yu,6 and Kun Xie 7,8

Abstract— To investigate the effect of dexmedetomidine post-conditioning on the inflamma-
tory response and autophagy effect of focal cerebral ischemia reperfusion injury in rats, and further
to study its potential mechanisms. Water maze was conducted to evaluate spatial learning and
memory ability of middle cerebral artery occlusion (MCAO) rats. TTC staining was used to
observe the area of cerebral infarction. The expressions of inflammatory factors in serum were
detected by ELISA. TUNEL assay, HE staining, and transmission electronmicroscopy were used
to detect the apoptosis of neurons, neuro-cytopathic changes, and the formation of auto-
phagosome in hippocampus CA1 region, respectively. The mRNA and protein expression of
Beclin-1, Caspase-3, and light chain 3 (LC3) were detected by qRT-PCR and Western blot.
Moreover, the activity of C-Jun N-terminal kinase (JNK) pathway was detected byWestern blot.
The escape latency (EL); cerebral infarction area ratio; positive apoptosis; neuron pathological
changes; auto-phagosome numbers; inflammatory factor contents; mRNA and protein expres-
sions of Beclin-1, Caspase-3 and LC3II/I; and the phosphorylation level of JNK were decreased,
while the times across platform and the times stayed in the quadrant of the original platform were
increased after dexmedetomidine treatment. However, the protective effect of dexmedetomidine
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on brain injury in MCAO rats was reversed by JNK pathway activator. Dexmedetomidine post-
conditioning could improve learning and memory dysfunction caused by MCAO in rats and
reduce the inflammatory response and autophagy effect. The mechanism may be related to
inhibition of JNK pathway activation.

KEYWORDS:Dexmedetomidine; Ischemia reperfusion injury; JNK signaling pathway; Autophagy; Inflammation.

INTRODUCTION

Ischemic cerebrovascular disease is the main type of
cerebrovascular disease, accounting for 60–80% of the
total number of patients with cerebrovascular disease [1,
2]. The main pathogenesis of ischemic cerebrovascular
disease is irreversible injury and death of brain neurons,
and the autophagy effect in this process has attracted in-
creasing attention [3, 4]. Autophagy is a stress response of
the body under the condition of ischemia and hypoxia [5].
Therefore, focal cerebral ischemia reperfusion can activate
autophagy. Autophagy is the process by which cellular
components are transported by vesicles to lysosomes for
degradation [6]. In eukaryotic organisms, autophagy is
involved not only in physiological processes such as
growth and development, metabolism, and immunity but
also in pathological processes such as cerebral ischemia,
myocardial ischemia, and renal ischemia [7–9]. Several
studies have showed that autophagy not only has a neuro-
protective effect but also participates in the process of
nerve cell death [10, 11]. Autophagy microtubule-
associated protein light chain 3 antibody (LC3) is a marker
protein for the formation of auto-phagosomes in mammals.
After the occurrence of autophagy, the content of LC3 in
cells and the transformation from LC3-I to LC3-II are
significantly increased [12, 13]. Beclin-1 is a specific gene
involved in autophagy in mammals and can be used as a
marker of autophagy effect [14].

Inflammatory response is one of the mechanisms
involved in the process of ischemia reperfusion injury
[15]. Inhibiting inflammatory response can effectively al-
leviate ischemia reperfusion injury and reduce infarct area
[16]. TNF-α, IL-6, and IL-1β are important inflammatory
factors involved in the inflammatory response, which are
released in large quantities during ischemia and reperfusion
[17]. C-Jun N-terminal kinase (JNK) is a member of the
mitogen-activated protein kinase superfamily. The JNK
signaling pathway can be activated by cytokines, growth
factors, stress, and other factors, and is involved in various
physiological processes such as cell proliferation and dif-
ferentiation, cell apoptosis, and stress response [18, 19]. In

addition, JNK signaling pathway is closely related to the
activation of autophagy and plays an important role in the
occurrence and development of neurodegenerative dis-
eases, ischemia reperfusion injury, and other diseases [20].

Dexmedetomidine (Dex), as a new type of highly
selective 2 adrenoceptor agonist, has a good sedative effect
and is a commonly used sedative in clinical practice [21].
Studies have found that dexmedetomidine can alleviate
ischemia reperfusion injury in rats by reducing oxidative
stress and reducing the release of inflammatory mediators
[22–25]. However, there is no study that focuses on the
mechanism of dexmedetomidine post-conditioning in in-
flammatory response and autophagy of focal cerebral is-
chemia reperfusion injury in rats. In the present study, a
focal cerebral ischemia model was established in SD rats to
explore the effect of dexmedetomidine post-conditioning
on the spatial learning and memory ability, cerebral infarc-
tion area, the apoptosis, and pathological changes of nerve
cells in the hippocampus CA1 region as well as its possible
molecular mechanism involved in JNK signaling pathway.

MATERIALS AND METHODS

Animals

One hundred and eighty male healthy adult SD rats,
8–9 weeks of age, weighing 250–270 g, were provided by
Jinan Pengyue Experimental Animal Breeding Co. LTD
(License number SCXK 2014-0007). The rats were main-
tained in a SPF grade environment (22–24 °C, 55–60%
humidity) on a 12-h light or 12-h dark cycle for a week,
with free access to standard pellet diet and water. Animal
experiments were conducted in accordance with NIH
guidelines (NIH Pub. No. 85-23, revised 1996), and ap-
proved by the animal protection and use committee of
Shandong University.

Modeling and Experimental Procedure

One hundred and eighty healthy adult rats were ran-
domly divided into six groups (30 rats per treatment group)
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for various treatments. There were sham-operated (Sham)
group, ischemia reperfusion injury (I/R) group,
dexmedetomidine post-conditioning (Dex) group, JNK in-
hibitor (SP600125) group, dexmedetomidine post-condi-
tioning+ JNK activator (Dex + Anisomycin) group and
positive drug nimodipine control (Nim) group.

The model of middle cerebral artery occlusion
(MCAO) in rats was established by suture-occluded meth-
od. Rats fasted for 12 h and drank freely before surgery.
After intraperitoneal injection of 1% sodium pentobarbital
(40 mg/kg) to anesthetize the rats, the right common carot-
id artery (CCA), external carotid artery (ECA), and internal
carotid artery (ICA) were selected as the infarction regions
and the detailed steps that were used are the same as those
described in previous studies [26, 27]. Sham group: The
right ICAwas free but not embolized or ligated. Dex group:
3 μg/kg dexmedetomidine was pumped with through the
left femoral vein within 5 min during ischemia, the remain-
ing dose was 6 g/(kg h) continuously pumped for 2 h.
SP600125 group: The lateral ventricle was injected with
5 μL of SP600125 (6 mg/kg, HY-12041, MCE, USA)
30 min before ischemia. Dex + Anisomycin group: The
lateral ventricle was injected with 5 μL of Anisomycin
(10 mg/kg) 30 min before ischemia, and the same method
was used to pump the same amount of dexmedetomidine in
the ischemic state. Nim group: Nimodipine injection
(0.2 mg/mL) was given at 1 mg/kg through the right
common jugular vein or its branches in the ischemic state.
The sham group and I/R group were given the same
amount of normal saline.

Morris Water Maze Test

Twenty-four hours after cerebral ischemia reperfu-
sion, the Morris water maze test was conducted to evaluate
the spatial learning ability and memory ability of rats.
Morris water maze (Huaibei Zhenghua Biological Instru-
ments and Equipment Co., LTD.) is a circular pool, which
is divided into four quadrants at four equidistant points on
the pool wall, and the platform is placed in the middle of
the third quadrant. Put each group of rats into water with
their heads facing the wall of the pool, and randomly
selected one of the four starting positions of east, west,
south, and north. The rats entered the water and recorded
the time from entering the water to finding the underwater
platform(s) (escape incubation period, EL). If the platform
position was not found within 90 s, the rats were guided to
the platform position, and the time was recorded as 90 s.
After the rats stayed on the platform for 10 s, they were
removed from the pool and dried. Each rat was trained four

times a day with an interval of 15–20 min. The mean value
was taken as the result of the day, and the training lasted for
5 days. On the second day after the place navigation test,
the platform was removed and the 90-s space exploration
training was started. Put the rats in the water from the first
quadrant. The times across platform and the times stayed in
the quadrant of the original platform within 90 s were
recorded to judge whether the rats had remembered the
location of the original safety platform.

TTC Staining

Six rats in each group were randomly selected
and intraperitoneally injected with pentobarbital sodi-
um 40 mg/kg for deep anesthesia. The whole brain
was cut off rapidly, and five coronal slices were
sequentially cut from the frontal pole to the back
with rat brain molds, 2 mm thick. Using 10 g/L of
TTC solution (Batch no. 30187713, Shanghai
Sinopharm Chemical Reagent Co., LTD., China) in
37 °C under dark stain for 15 min. After staining,
PBS solution containing 4% paraformaldehyde was
used for fixation and preservation. Image J 1.43
(National Institutes of Health, Bethesda, MD, USA)
was used to calculate the infarct area of each layer
after taking photos layer by layer. The normal brain
tissue was stained red and the infarcted tissue was
white.

TUNEL Assay

Six rats in each group were randomly selected
and intraperitoneally injected with pentobarbital sodi-
um 40 mg/kg for deep anesthesia. The isolated hip-
pocampal tissue was fixed in 4% paraformaldehyde
solution after cervical dislocation. The hippocampal
tissue was embedded with paraffin and made coronal
section (4 μm), and each specimen was cut into five
pieces (biological tissue paraffin embedding machine,
paraffin slicer, Leica, Germany). After conventional
xylene dewax and gradient ethanol dehydration, apo-
ptosis detection kit (Batch number: ZK-8005, Beijing
Zhongshan Jinqiao Biotechnology Co., LTD., China)
and TUNEL assay were used to quantitatively detect
apoptotic nerve cells. Five fields were randomly se-
lected under an optical microscope (BX50/Olympus,
Japan) with 400 times (10 eyepieces, 40 objective
lens). The normal nuclei were blue, and the positive
apoptotic cells were brown-yellow, and the number
of positive apoptotic cells was recorded.
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Hematoxylin-Eosin (HE) Staining

Hippocampal tissue sections were processed as de-
scribed in “TUNEL assay”. Then the hippocampal tissue
sections were stained with hematoxylin (Solarbio, Beijing,
China) for 5 min and rinsed with running water. Hippo-
campal tissue sections were differentiated by hydrochloric
acid ethanol for 30 s, soaked in tap water for 15 min, and
then stained with eosin stain (Solarbio, Beijing, China) for
2 min. Routine dehydrated, transparency and tablet sealed.
The pathological changes of neuron in the hippocampal
CA1 region were observed under a 400-fold optical micro-
scope (Olympus BX51, Olympus, Japan).

Enzyme-Linked Immunosorbent Assay (ELISA)

The contents of TNF-α (ABIN625216, RayBiotech),
IL-6 (ab100767, abcam), and IL-1β (ab100772, abcam)
inflammatory factors in serum were detected by ELISA
assay, and the specific operation steps were strictly in
accordance with the instructions of the kit.

Transmission Electron Microscopy

Six rats in each group were randomly selected and
intraperitoneal injected with pentobarbital sodium
40 mg/kg for deep anesthesia. The isolated hippocampal
tissue was fixed in 2.5% glutaraldehyde solution after
cervical dislocation. After rinsing with PBS, the hippocam-
pal tissue samples were fixed with 1% osmium acid. After
gradient acetone dehydration, the samples were embedded
by resin and 1-μm slices were prepared. Ultra-thin slices of
60 nm thickness were prepared after the light microscope
was positioned. The ultra-thin sections were stained with
lead citrate for 10 min, and then cleaned with CO2-free
double distilled water. The samples were stained with
uranium acetate for 30 min, then washed with double
distilled water and dried into slices. Transmission electron
microscopy (JEM-1400/JEOL, Japan) was used to observe
the ultrastructure of neurons in the hippocampal CA1
region and take pictures.

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

Six rats in each group were randomly selected and
intraperitoneally injected with pentobarbital sodium
40 mg/kg for deep anesthesia. After putting into liquid
nitrogen, the rat hippocampal tissues were saved to −
80 °C refrigerator. After the hippocampal tissue samples
were homogenized, the total RNAwas extracted by Trizol
(15596018, Invitrogen, Carlsbad, CA, USA) method.

When OD260/OD280 was between 1.8 and 2.0, the purity
of RNAwas qualified. RNAwas reversely transcribed into
cDNA using reverse transcription kits (Applied
Biosystems, Waltham, MA, USA). qRT-PCR used
Mastercycler® nexus X2 (Eppendorf, Hamburg, Germa-
ny) and the reaction conditions were 95 °C for 15 min,
95 °C for 10 s, and 59 °C for 30 s (40 cycles). The 2−ΔΔCt

method was used to process experimental data, and the
mRNA of GAPDH was used as internal reference to
calculate the relative expression levels of the genes.

Western Blot

The expressions of characteristic proteins in hip-
pocampal tissues were measured by Western blot. Six
rats in each group were randomly selected and intra-
peritoneally injected with pentobarbital sodium
40 mg/kg for deep anesthesia. After being put into
liquid nitrogen, the rat hippocampal tissues were
saved to − 80 °C refrigerator. After the hippocampal
tissue samples were homogenized in RIPA buffer
solution, the protein concentration was determined
by BCA (Pierce™ BCA Protein Assay Kit, Thermo
Fisher Scientific, Waltham, USA) method. The sam-
ple size of SDS-PAGE electrophoresis (Mini-Protean-
3, Bio-Rad, Hercules, CA, USA) was 40 g, and the
5% concentrated gel and 12% separation gel were
used for the Western blotting analysis. All the pri-
mary antibodies were diluted with TBST solution
containing 3% bovine serum protein, Beclin-1
(1:1000, ab62557, Abcam, UK), Caspase-3 (1:500,
ab13847, Abcam, UK), LC3 (1:2000, ab192890,
Abcam, UK), JNK1 (1:2500, ab199380, Abcam,
UK), p-JNK1 (1:1000, ab47337, Abcam, UK), and
β-actin (1:1000, ab8227, Abcam, UK) and were in-
cubated with goat anti-rabbit IgG (1:2000, ab6721,
Abcam, UK) for 1 h. The immune-reactive bands
were detected using an enhanced chemiluminescence
(ECL) kit. β-Actin was used as internal reference
and Image J (NIH) software was used for grayscale
scanning and quantification.

Statistical Analysis

SPSS19.0 statistical software was used to analyze the
statistical data and the data were expressed as mean ± SD.
One-way ANOVAwas used for data analysis among mul-
tiple groups, and LSD test was used for subsequent analy-
sis. P < 0.05 was considered statistically significant.
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RESULTS

Behavioral Competence Test of Rats (Morris Water
Maze Test)

Morris water maze experiment was used to evaluate
the spatial learning and memory ability of rats. As shown
in Fig. 1, compared to the Sham group, the escape latency
(EL) were markedly prolonged, while the times across
platform and the times stayed in the quadrant of the original
platform were decreased in other groups (P < 0.05). Com-
pared to the I/R group, the ELweremarkedly shorter, while
the times across platform and during platform quadrant
were significantly increased in Dex group, SP600125
group, Dex+Anisomycin group and Nim group
(P < 0.05). There was no significant difference among
Dex group, Nim group, and SP600125 group. Compared
to the Dex group, the EL were markedly prolonged, while
the times across platform and the during platform quadrant
were significantly decreased in Dex + Anisomycin group.
The results suggested that both the dexmedetomidine post-
conditioning and the JNK pathway inhibitor treatment
could improve the learning and memory dysfunction
caused by focal cerebral ischemia reperfusion injury in rats.

Determination of the Infarct Area of Brain Tissue by
TTC Staining

The infarct area of brain tissue was determined by
TTC staining. As shown in Fig. 2, the infarcted areas were
stained white and the non-infarcted areas were stained red.
No white infarcts were observed in Sham group, while
white infarcts of different sizes were observed in I/R group,
Dex group, SP600125 group, Dex + Anisomycin group
and Nim group. The infarct area of brain tissue in rats was

expressed as the percentage of infarcted area to non-
infarcted area. The infarct areas of brain tissue in the Dex
group, SP600125 group, Dex + Anisomycin group and
Nim group were significantly decreased (P < 0.05) com-
pared with the I/R group. There was no significant differ-
ence in infarct area between the Nim group and the
SP600125 group (P > 0.05) compared to the Dex group,
while the white infarct increased in the Dex + Anisomycin
group. The results showed that both the dexmedetomidine
post-conditioning and the JNK pathway inhibitor treatment
could reduce the infarct area of brain tissue caused by focal
cerebral ischemia reperfusion injury in rats.

The Positive Apoptosis and Pathological Changes of
Neurons in Hippocampal CA1 Region

TUNEL assay was used to detect the positive apopto-
sis of neurons in hippocampal CA1 region of rat brain. As
shown in Fig. 3A, B, the number of apoptotic cells in the
hippocampal CA1 region of Sham group was very small,
and the cells were arranged neatly. The number of positive
apoptosis of neurons were significantly increased in other
groups (P < 0.05) compared with the Sham group. Com-
pared to the I/R group, the number of positive apoptosis of
neurons were significantly decreased to varying degrees,
and the staining degree were decreased in Dex group,
SP600125 group, Dex + Anisomycin group and Nim
group (P < 0.05). Compared to the Dex group, there was
no significant difference in apoptosis of neurons between
the Nim group and the SP600125 group (P > 0.05), while
the number of positive apoptosis of neurons was increased
and the pathological staining was aggravated in the Dex +
Anisomycin group.

HE staining was used to observe the pathological
changes of neurons in the hippocampus CA1 region of

Fig. 1. Morris water maze test. A Escape latency (EL); B the times across platform; C the times stayed in the quadrant of the original platform. Note: The
different letters mean significant difference (P < 0.05).
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rats. As shown in Fig. 3C, neurons in the hippocampal
CA1 region of Sham group were neatly arranged with
complete morphology and clear hierarchy (layers 3–5).
The morphological structure of neurons in other groups
showed different degrees of abnormality compared with
the Sham group. Especially in the I/R group, the heteroge-
neity was the most obvious in showing disordered arrange-
ment of neuron cells, unclear hierarchy, significantly re-
duced number of neurons, partial nucleoplasmic shrinkage,
nucleolus disappearance, and other phenomena. Compared

to the I/R group, the degree of the pathological changes of
neurons was reduced in the Dex group, SP600125 group,
Dex + Anisomycin group, and Nim group. There were no
significant differences among the Dex group, Nim group,
and SP600125 group, while the degree of the pathological
changes of neurons was slightly heavier in the Dex +
Anisomycin group.

These results revealed that both the dexmedetomidine
post-conditioning and the JNK pathway inhibitor treatment
could reduce the positive apoptosis and pathological

Fig. 2. Effect of dexmedetomidine post-conditioning on the infarct area of brain tissue. TTC staining of brain tissue in rat; B percentage of the infarct area of
brain tissue. Note: The different letters mean significant difference (P < 0.05).

Fig. 3. Effect of dexmedetomidine post-conditioning on the positive apoptosis and pathological changes of neurons in hippocampal CA1 region.ATUNEL
staining of neurons in hippocampal CA1 region of rats (400×); B comparison of the number of apoptotic nerve cells; Cmorphology of hippocampal CA1 in
rats (HE, 400×). Note: The different letters mean significant difference (P < 0.05).
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changes of neurons in hippocampal CA1 region caused by
focal cerebral ischemia reperfusion injury in rats.

Effect of Dexmedetomidine Post-conditioning on the
Inflammatory Response and Autophagy Effect of
MCAO in Rats

The expression levels of inflammatory factors
(TNF-α, IL-6, and IL-1β) in serum of rats were deter-
mined by ELISA. As shown in Fig. 4A–C, the contents
of TNF-α, IL-6, and IL-1β in other groups were sig-
nificantly increased (P < 0.05) compared to the Sham
group. Compared to the I/R group, the contents of

TNF-α, IL-6, and IL-1β were significantly decreased
in the Dex group, SP600125 group, Dex + Anisomycin
group, and Nim group, and the differences were statis-
tically significant (P < 0.05). Compared to the Dex
group, there was no significant difference in the levels
of TNF-α, IL-6, and IL-1β between the Nim group and
the SP600125 group (P > 0.05), while the contents of
TNF-α, IL-6, and IL-1β in the Dex + Anisomycin
group were increased. The results showed that both
the dexmedetomidine post-conditioning and the JNK
pathway inhibitor treatment could reduce the expres-
sions of inflammatory factors caused by focal cerebral
ischemia reperfusion injury in rats.

Fig. 4. Effect of dexmedetomidine post-conditioning on the inflammatory response and autophagy effect of MCAO in rats.A. The content of TNF-α; B the
content of IL-6; C the content of IL-1β; D ultrastructure observation of autophagy of neurons in hippocampal CA1 region of rat brain. Note: The different
letters mean significant difference (P < 0.05).
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The autophagy in hippocampal CA1 region was
observed by transmission electron microscopy. The
auto-phagosomes or auto-phagocytes with bilayer or
monolayer membrane in cells under electron micros-
copy is the morphological feature of autophagy. As
shown in Fig. 4D, the cells in the hippocampal CA1
region of the Sham group were clearly structured,
with normal intracytoplasmic organelles and clear
mitochondrial cristae structure, but no lysosome or
bilayer membrane structure. In the I/R group, there
were obvious edema around the neurons in the hip-
pocampal CA1 region, mitochondrial cristae fracture,
and severe vacuolation. The auto-phagosomes of bi-
layer or monolayer membrane were observed, and the
number of lysosomes was increased in the I/R group.
Compared to the I/R group, the autophagy was re-
duced to varying degrees, with the degree of edema
and cavitation reduced in the Dex group, the
SP600125 group, the Dex + Anisomycin group and
the Nim group. There were no significant differences
among the Dex group, Nim group, and SP600125
group, while the autophagy was slightly heavier in
the Dex + Anisomycin group. The results showed
that both the dexmedetomidine post-conditioning
and the JNK pathway inhibitor treatment could re-
duce autophagy effect of focal cerebral ischemia re-
perfusion injury in rats.

Effect of Dexmedetomidine Post-conditioning on the
mRNA and Protein Expressions of Beclin-1, Caspase-3,
and LC3 of Brain Tissues in Rats

The qRT-PCR results were shown in Fig. 5A–C,
compared to the Sham group, the mRNA expressions of
Beclin-1, Caspase-3, and LC3 were significantly increased
in other groups (P < 0.05). The mRNA expressions of
Beclin-1, Caspase-3, and LC3 in the Dex group,
SP600125 group, Dex + Anisomycin group and Nim
group were significantly decreased (P < 0.05) compared
with the I/R group. In addition, there were no significant
differences among the Dex group, Nim group, and
SP600125 group, while the mRNA expressions of
Beclin-1, Caspase-3, and LC3 were slightly higher in the
Dex + Anisomycin group.

Western blot results were shown in Fig. 5D–G, com-
pared to the Sham group, the protein expressions of Beclin-
1, Caspase-3, and LC3II/I were significantly up-regulated
in other groups (P < 0.05), and the overall change trend
was consistent with the qRT-PCR experiment.

Detection of the Activity of JNK Signaling Pathway by
Western Blot

Western blot results were shown in Fig. 6, the protein
expressions of p-JNK1 in other groups were significantly
up-regulated (P < 0.05) compared to the Sham group, and
there were no significant changes in the total JNK1 con-
tent. Compared to the I/R group, the protein expressions of
p-JNK1 were significantly decreased in the Dex group,
SP600125 group, Dex + Anisomycin group, and Nim
group (P < 0.05). Furthermore, compared to the Dex
group, the protein expression of p-JNK1 was slightly up-
regulated in the Dex + Anisomycin group.

DISCUSSION

Dexmedetomidine is a commonly used sedative and
analgesic drug in clinical practice, which has the effect of
improving ischemia reper fus ion in jury [28] .
Dexmedetomidine post-conditioning could significantly re-
duce the content of malondialdehyde (MDA) and nitric oxide
(NO) in the hippocampal tissue in the animal model of whole
cerebral ischemia, which had a neuroprotective effect [29,
30]. In the present study, a model of focal cerebral ischemia
reperfusion injury in SD rats was established to explore the
protective effect of dexmedetomidine on focal cerebral ische-
mia reperfusion injury in rats and its possible mechanism.
Morris water maze and TTC staining results showed that the
dexmedetomidine post-conditioning could significantly short-
en the EL compared to the I/R group, and could increase the
times across platform and during platform quadrant, aswell as
reduce the proportion of cerebral infarction area. The results
indicated that the dexmedetomidine post-conditioning could
improve the spatial learning and memory ability of rats with
focal cerebral ischemia reperfusion and reduce the cerebral
infarction area.

Autophagy is widely found in neurodegenerative dis-
eases, peripheral nerve injury, brain injury, and other neuro-
logical diseases, and is involved in the physiological and
pathological processes of neurological diseases. Focal cere-
bral ischemia reperfusion injury in rats can activate autophagy
and promote the formation of auto-phagosomes and lysosom-
al activation in ischemic penumbra [31, 32]. The auto-
phagosomes or auto-phagocytes with bilayer or monolayer
membrane in cells under electron microscopy is the morpho-
logical feature of autophagy [33]. Our study found that
dexmedetomidine post-conditioning could reduce the apopto-
sis and pathological changes of nerve cells caused by focal
cerebral ischemia reperfusion injury in rats, and reduce the
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number of auto-phagosomes, which indicated that
dexmedetomidine post-conditioning could reduce the autoph-
agy effect activated by focal cerebral ischemia reperfusion
injury in rats. In addition, the formation of autophagy is
related to autophagy-related genes and microtubule-related
protein 3 (LC3). LC3 is mainly involved in the modification
of autophagy vesicles, and its protein expression level is an
important indicator of autophagy detection. Microtubule as-
sociated protein LC3-I and autophagy membrane on the
surface of phosphatidyl ethanolamine form LC3-II in the
process of autophagy. Because of the difference in molecular
weight, two different bands can be formed in Western blot.
Therefore, the LC3-II and LC3-I ratio can reflect the strength
of the autophagy. Beclin-1 is a specific gene involved in
autophagy in mammals, and the expression level of Beclin-
1 can be detected to dynamically monitor the autophagy
activity of cells [34]. Our results showed that
dexmedetomidine post-conditioning could significantly
down-regulate the mRNA and protein expressions of
Beclin-1, Caspase-3, and LC3II/I, which indicated that
dexmedetomidine could reduce the autophagy effect activated
by focal cerebral ischemia reperfusion injury in rats by
inhibiting the expressions of autophagy-related genes and
proteins.

Inflammatory response is one of the mechanisms in-
volved in the process of ischemia reperfusion injury. TNF-α,
IL-6, and IL-1β are important inflammatory factors involved

Fig. 5. The detection of mRNA and protein expressions of Beclin-1, Caspase-3, LC3 by qRT-PCR andWestern blot.A the mRNA expression of Beclin-1;B
the mRNA expression of Caspase-3; C the mRNA expression of LC3; D protein banding; E the protein expression of Beclin-1; F the protein expression of
Caspase-3; G the protein expression of LC3II/I. Note: The different letters mean significant difference (P < 0.05).

Fig. 6. The detection of protein expression of JNK1 by Western blot. A
Protein banding; B the protein expression of p-JNK1 /JNK1. Note: The
different letters mean significant difference (P < 0.05).
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in the inflammatory response, which are released in large
quantities during ischemia and reperfusion. Wang et al. found
that isoquercetin played a neuroprotective role by inhibiting
the phosphorylation of ERK1/2, JNK1/2, and p38 mitogen-
activated protein kinase (MAPK) and the release of TNF-α,
IL-1β, and IL-6 [35]. Beatriz et al. found that Allopurinol
protected ischemic kidneys through a mechanism associated
with downregulation of TNF-α, IL-1 β, and IL-6 [17]. In the
present study, we found that the concentrations of TNF-α, IL-
6, and IL-1β in the I/R group were higher than those in the
Sham group, which indicated that focal cerebral ischemia
reperfusion in rats might promote the activation of inflamma-
tory cells. Also, the serum concentrations of TNF-α, IL-6,
and IL-1β in the Dex group were lower than those in the I/R
group, which suggested that dexmedetomidine could reduce
the inflammatory response induced by focal cerebral ischemia
reperfusion.

JNK signaling pathway was found to be related to the
activation of autophagy [36, 37]. The results shown that the
protein expression of p-JNK was significantly down-
regulated after dexmedetomidine post-conditioning, which
indicated that dexmedetomidine might play a certain inhibi-
tory effect on the JNK signaling pathway. Also, we found that
JNK pathway inhibitor treatment (SP600125 group) could
effectively improve the brain injury caused by focal cerebral
ischemia in rats, and the results were not significantly differ-
ent from those in the Dex group (P > 0.05). Activation of
JNK signaling pathway can induce the autophagy and apo-
ptosis of nerve cells [38], dexmedetomidine could inhibit the
formation of inflammatory mediators in vivo, and could in-
hibit the activation of JNK signaling pathway, as well as
down-regulate the level of autophagy, which might involve
in alleviating the degree of focal cerebral ischemia reperfusion
injury in rats. We speculated that this might be the neuropro-
tective mechanism of dexmedetomidine.

CONCLUSIONS

In conclusion, the present study assessed the effect of
dexmedetomidine post-conditioning on the inflammatory re-
sponse and autophagy effect of myocardial ischemia-
reperfusion injury in rats. The results showed that the
dexmedetomidine post-conditioning could improve the learn-
ing and memory dysfunction caused by focal cerebral ische-
mia reperfusion injury in rats, and reduce the inflammatory
response and autophagy effect. The mechanism of the effect
might be related to the inhibition of JNK pathway activation,
and to affect the expressions of inflammatory factors and
autophagy-related proteins.
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