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Dexmedetomidine alleviates inflammatory
response and oxidative stress injury of vascular

smooth muscle cell via a2AR/GSK-33/MKP-1/
NRF2 axis in intracranial aneurysm

Ze Zhang', Xiue Mu" and Xiaohui Zhou"

Abstract

Vascular smooth muscle cell (VSMC) phenotypic modulation regulates the initiation and progression of intracranial
aneurysm (IA). Dexmedetomidine (DEX) is suggested to play neuroprotective roles in patients with craniocerebral
injury. Therefore, we investigated the biological functions of DEX and its mechanisms against |A formation and pro-
gression in the current study. The rat primary VSMCs were isolated from Sprague-Dawley rats. A and superficial tem-
poral artery (STA) tissue samples were obtained from patients with IA. Flow cytometry was conducted to identify the
characteristics of isolated VSMCs. Hydrogen peroxide (H,O,) was used to mimic IA-like conditions in vitro. Cell viability
was detected using CCK-8 assays. Wound healing and Transwell assays were performed to detect cell motility. ROS
production was determined by immunofluorescence using DCFH-DA probes. Western blotting and RT-qPCR were
carried out to measure gene expression levels. Inflammation responses were determined by measuring inflammatory
cytokines. Immunohistochemistry staining was conducted to measure a,-adrenergic receptor levels in tissue samples.
DEX alleviated the H,O,-induced cytotoxicity, attenuated the promoting effects of H,0, on cell malignancy, and pro-
tected VSMCs against H,0,-induced oxidative damage and inflammation response. DEX regulated the GSK-33/MKP-1/
NRF2 pathway via the a2AR. DEX alleviates the inflammatory responses and oxidative damage of VSMCs by regulating
the GSK-33/MKP-1/NRF2 pathway via the a2AR in |A.
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Introduction

Intracranial aneurysm (IA) is a regional bulging on
intracranial artery characterized by asymptomatic lesion
[1]. Rupture of IA may lead to subarachnoid hemor-
rhage (SAH) accompanied by severe headache, vomiting
and consciousness impairment [2, 3]. The mortality rate
of IA-induced SAH is 50% worldwide. The living quality
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of only 30%-45% survivors returns to their pre-onset
state [4]. History of hypertension, genetics, sex, age, and
cigarette smoking are potential contributors of aneu-
rysm rupture [5]. The abnormal hemodynamic changes
are considered as the initiating factor of endothelial cell
dysfunction [6]. Despite this contributor, inflammatory
responses, oxidative damage and cell death are associ-
ated with IA etiology [7]. The stimulated inflammatory
mediators release numerous inflammatory cytokines and
oxidative factors, resulting in the phenotype modula-
tion of vascular smooth muscle cell (VSMC) and remod-
eling of dysfunctional extracellular matrix (ECM) [8].
Microsurgery and endovascular interventions have made
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significant advances in treating IA, but morbidity and
mortality remain formidably high. Therefore, develop-
ing noninvasive pharmacological therapies to prevent the
progression and rupture of IA is of great significance.

VSMCs, a major cell type in vessel walls, is well-known
for their multifunctional properties, including maintain-
ing the vessel integrity, regulating blood pressure, and
redistributing blood flow [9, 10]. VSMCs involve two
types: contractile and synthetic. Smooth muscle 22 alpha
(SM22 a), smooth muscle alpha actin (<SSMA), SM myo-
sin heavy chain (MHC), h1l-calponin and smoothelin are
markers of contractile phenotype [11]. The inflammation
and oxidative stress cause the conversion from contrac-
tile phenotype into synthetic type [12]. Under normal
physiological environment, there is a dynamic balance
between the proliferation and apoptosis of VSMCs.
Endothelial dysfunction and phenotypic transformation
of VSMCs contribute to the initiation and development
of IA [13].

Dexmedetomidine (DEX), a highly selective a,-
adrenergic receptor (a2AR) agonist, exhibits sympatholy-
tic, sedative, amnestic and analgesic properties [14, 15].
DEX can serve as an auxiliary analgesic to strengthen
the sedative and analgesic effects, can maintain hemo-
dynamic stability, and can reduce the necessary dosage
of other analgesic agents [16, 17]. A previous study has
elucidated that during the operation of craniocerebral
patients, DEX can ameliorate the surgery-induced harm-
ful stimulation and improve cerebral blood flow [18]. In
patients with craniocerebral injury, DEX also inhibits the
generation of inflammatory mediators, improves cerebral
oxygen, and alleviates oxidative damage, thereby effec-
tively enhancing the vessel stability and reducing the
craniocerebral injury-induced brain edema [19]. DEX
plays antioxidant and anti-apoptotic roles in cerebral
ischemia and hypoxia to alleviate brain damages and
restore the function of perioperative brain in patients
with IA [20]. In an in vivo model of SAH, the DEX-medi-
ated reduction in blood—brain barrier permeability leads
to a better neurological outcome [21]. Furthermore, as
reported, in patients with SAH, the clinical application
of DEX is promising in neurocritical care and diagnos-
tic cerebral angiography [22, 23]. However, the biological
functions of DEX and its related mechanisms in IA pro-
gression have not been fully understood.

Multiple proteins participate in the regulation of the
antioxidant response, including glycogen synthase kinase
3B (GSK-3p), mitogen-activated protein kinase phos-
phatase-1 (MKP-1), and the nuclear factor erythroid
2-related factor 2 (NRF2) [24, 25]. GSK-3f, ubiquitously
expressed in eukaryotes, possesses multiple functions in
various cellular behaviors, such as cell proliferation, dif-
ferentiation, and apoptosis [26]. GSK-3 is inactivated by
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phosphorylation at Serine 9 residue (Ser9) and activated
by phosphorylation at Tyrosine 216 residue (Tyr216) [27].
Activated MAPK promotes the proliferation of VSMCs,
and MKP-1 is a critical contributor of the inactivated
MAPK pathway [28, 29]. NRF2 activation promotes the
production of the antioxidant response element (ARE),
inducing the reduction in the oxidative stress [30].

Hydrogen peroxide (H,0,), an inducer of oxidative
stress, is involved in apoptosis of VSMCs [31]. H,O, has
been used to establish an in vitro model of IA via induc-
ing the apoptosis of VSMCs [32-34]. Therefore, we
herein investigated the biological functions of DEX and
its related mechanisms in a H,O,-induced cellular model
of IA. We hypothesized that DEX might prevent progres-
sion of rupture of IA. We believed that our study would
provide theoretical reference for IA treatment.

Methods

Patients and tissue samples

Before the study, written informed consents were
obtained from the patients, and this study was granted
approval of the Ethics Committee of The First Hospital of
Hebei Medical University (Ethical approval: 20,190,506).
All participates were over 16 years of age. The study pro-
tocols were also based on the ethical principles of the
Declaration of Helsinki for medical research involving
human subjects. 80 patients with IA participated in this
study. IA tissue samples were obtained during the sur-
gery, and superficial temporal artery (STA) vascular tis-
sue samples were collected as controls. All samples were
fixed in 10% formaldehyde (Yuanmu Biotech, Shanghai,
China) and embedded in paraffin.

VSMCisolation and cell culture

Sprague—Dawley rats (male, 8 weeks old, 300—320 g) were
purchased from Hunan SJA Laboratory Animal CO.,
LTD (Hunan, China). All experimental procedures were
based on the National Institutes of Health Guidelines for
the Care and Use of Laboratory Animals and approved by
the Ethics Committee of the First Hospital of Hebei Med-
ical University (Ethical approval: 2019-DWLL0506A).
All methods were conducted in accordance with the
ARRIVE guidelines (https://arriveguidelines.org). Rat
brain VSMCs were separated from the Circle of Willis.
The brain vessels were collected under sterile conditions
followed by phosphate buffer solution (PBS; Absin Bio-
technology, Shanghai, China) washing. After washing,
excess fat and fascia were removed. Subsequently, the
vessels were placed in enzyme solution containing 0.2%
collagenase IT and 1 mg/ml soybean trypsin inhibitor for
20 min at 37°C. For VSMCs isolation, the blood vessels
were cut off along the long axis and the intima was tore
off. Next, the vessels were cut into pieces (1 mm?) and
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0.125% trypsin was added. After incubation for 15 min at
37°C, DMEM (Sunncell Biotech, Hubei, Wuhan, China)
supplemented with 10% fetal bovine serum (FBS; Excell
Biotechnology, Shanghai, China) was added. Then the
digested VSMCs were collected by centrifugation and the
supernatant was removed. The collected cells were cul-
tured in DMEM supplemented with 10% FBS, 100U/ml
penicillin, and 100 mg/ml streptomycin at 37°C with 5%
CO, in a humidified condition. After 3 days of primary
culture, the cells grew adhering to the wall. After 2 weeks,
the cells were observed to be spindle shaped using a light
microscope (Imager D2, ZEISS, Germany). VSMCs at
passages 3 to 8 were used for subsequent experiments.

VSMC identification

The SMC differentiation markers and stem cell markers
using flow cytometry. The cells were cultured in a Fluo-
rescence-Activated Cell Sorting (FACS) buffer contain-
ing 2% FBS and PBS. After fixation and permeabilization,
SMC-specific markers myosin heavy chain 11 (Myhll;
ab224805, 1:80; Abcam), calponin 1 (ab46794, 1:100;
Abcam), Smoothelin2 (ab236034, 1:50; Abcam) and stem
cell markers CD44 (ab238464, 0.474 pug/ml; Abcam), stem
cell antigen-1 (Scal; ab51317, 0.2 pg/10° cells; Abcam)
and S10 calcium-binding protein B (S100p; Thermo
Fisher Scientific, Waltham, MA, USA) were added.
All antibodies were used at the manufacturer’s recom-
mended dilutions and cellular concentrations. Subse-
quently, the signals of labelled cells were detected by flow
cytometry and the data were analyzed by Flow]Jo software
(Beckman Coulter, Fullerton, CA, USA).

Cell treatment and CCK-8 assays

The first step of the study was to find out the optimal
concentration of hydrogen peroxide (H,O,) and DEX
by conducting CCK-8 assays. The VSMCs were first
exposed to different concentrations (0, 0.1, 1, 10 uM) of
DEX for 120 min. The treated cells seeded in the 96-well
plates (5x 10% cells/well) until 80% confluence. Then
10 pl of CCK-8 reagent (Yeasen Biotechnology, Shanghai,
China) was added into the culture medium. Another 2 h
was given the cells for incubation at 37°C. Absorbance
at 450 nm was measured using a microscope (Bio-Tek,
Winooski, VT, USA). To identify optimal concentration
of H,0,, the cells were exposed to different concentra-
tions (0.2, 0.5, 1, 10 mM/ml) of H,O, for 12 h, and then
CCK-8 assays were conducted as described above. To
identify optimal concentration of DEX, we pretreated
VSMC with different concentrations (0, 0.1, 1, and
10 uM) DEX for 2 h before exposure to 1 mM/ml H202
for 12 h. Then 10 ul of CCK-8 reagent was added, and the
optimal concentration of DEX was obtained based on cell
viability. The optimal concentration of DEX and H,O,
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was 1 uM and 1 mM/ml, respectively. Then the VSMCs
were divided into the control group (DMEM), the DEX
group (1 pM DEX), H,O, group (1 mM/ml H,0O,),
H,0,+NS group (1 mM/ml H,O,+normal saline),
H,0,+ DEX group (1 mM/ml H,0,+1 uM DEX), the
H,0,+DEX+BRL (a2AR inhibitor, group and the
H,0,+ SB (GSK-3p inhibitor) group.

Intracellular ROS measurement

The VSMCs cells were seeded into 6-well plates (1 x 10°
cells/well) to measure the intracellular ROS levels. After
treatment as described above, PBS washing was con-
ducted. The cells were then incubated at 37°C with 10 pM
DCFH-DA (Beyotime, Shanghai, China) for 1 h. Next, the
VSMCs were washed three times using the serum-free
DMEM and suspended in PBS. A fluorescence micro-
scope (Leica Biosystems, Shanghai, China) was used to
visualize the fluorescence intensity of DCF at 488 nm
(excitation) and 525 nm (emission).

Wound healing assays

The cells were seeded into 24-well plates (5 x 10* cells/
well) and incubated at 37°C with 5% CO, for 24 h. Until
the cells reached 90% confluence, a pipette tip (10 pl) was
used to make scratches on the cells. The cells were then
washed using PBS and subsequently cultured at 37°C with
5% CO, for 24 h. The wound width was imaged using an
AxioCam camera (Carl Meditec, Jena, Germany) at 0 and
24 h. Image] software was used to evaluate the remaining
area [35].

Transwell assays

The cells were plated in transwell inserts with 8-uM pore
size in serum free DMEM. DMEM with 10% PBS was
added to the lower chamber. After 12 h, the cells on the
upper side of the insert were removed and the migrated
cells were fixed with 4% paraformaldehyde (Sigma-
Aldrich) and stained with crystal violet. Number of
migrated cells were measured using an inverted micro-
scope (Leica). Six fields were randomly selected, and the
average was calculated [36].

Western blotting

The proteins were collected using RIPA lysis buffer
(Sigma-Aldrich) containing protease inhibitor. Cell
lysates were resolved by sodium dodecyl sulfate—poly-
acrylamide gel electrophoresis and then transferred onto
polyvinylidene fluoride membranes (PVDE). After block-
ing with 5% skimmed milk, the membranes were incu-
bated overnight with primary antibodies against SM22«
(ab14106, 1 pg/ml; Abcam), aSMA (ab7817, 0.341 pg/
ml; Abcam), a2AR (ab85570, 1 pg/ml; Abcam), p-GSK-3
(ab107166, 1 pg/ml; Abcam), GSK-3p (ab93926, 1:1000;
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Table 1 Sequences of primers used for reverse transcription-
quantitative PCR

Gene Sequence (5'3')

NQO-1 forward AGGCTGGTTTGAGCGAGT
NQO-1 reverse ATTGAATTCGGGCGTCTGCTG
GCLC forward ACAGCACGTTGCTCATCTCT
GCLC reverse TCATCCACCTGGCAACAGTC
SOD1 forward GCGTCATTCACTTCGAGCAG
SOD1 reverse TTCCACCTTTGCCCAAGTCAT
a2AR forward GTCATCGGAGTGTTCGTGGT
a2AR reverse GTGAGCCATGCCCTTGTAGT
GAPDH forward GCAAGTTCAACGGCACAG
GAPDH reverse GCCAGTAGACTCCACGACAT

Abcam), MKP-1 (ab138265, 1:1000; Abcam), NRF2
(ab92946, 1:1000; Abcam) and GAPDH (ab8245, 1:1000;
Abcam) at 4°C. Then the membranes were washed three
times. After that, the membranes were incubated with
secondary antibodies for 2 h at room temperature. After
being probed with enhanced chemiluminescence (Yeasen
Biotechnology), the proteins were visualized using an
image analysis system (Tanon, Shanghai, China). The
protein intensity was evaluated by Image] software.
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RT-qPCR

IA and STA tissue samples were stored at -80°C and
placed in pre-cooled lysis buffer (Sigma-Aldrich) after
stirring with an electric homogenate machine. After
centrifugation at 1200 rpm for 30 min, the supernatant
was collected. TRIzol (Sigma-Aldrich) was used for total
RNA isolation from lysed tissues and VSMCs. Reverse
transcription into cDNA was done using the Reverse
Transcription Kit (Sigma-Aldrich). RT-qPCR was per-
formed on the ABI 7300 system (Applied Biosystems,
Foster City, UA, USA). The relative level was calculated
using 2722 and expressed as ratio of GAPDH. The
primer sequences were listed in Table 1.

Measurement of TNF-q, IL-6 and MCP-1 levels

Cellular supernatants were collected after 1000 g centrifu-
gation for 5 min. Interleukin-1f, IL-6 and tumor necrosis
factor (TNF-a) ELISA kits (Enzyme-linked Biotechnology,
Shanghai, China) were applied to measure the levels of
inflammatory cytokines according to the kit instructions.

Immunohistochemistry

The paraffin-embedded IA and STA tissue sections were cut
into 5 uM and then placed on poly-L-lysine coated slides.
For immunohistochemistry, the slides were incubated with
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Fig. 1 Isolation and characterization of VSMCs. A Morphology of VSMCs. B Flow cytometry of SMC-specific markers (Myh11, Cnn1, and
Smoothelin2). C Flow cytometry of stem cell markers (CD44, Scal, and S100B3)
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Fig. 2 DEX alleviates the H,0,-induced reduction in cell viability. A Chemical structure of DEX. B The viability of VSMCs treated with different
concentrations (0, 0.1, 1, 10 uM) of DEX was detected by CCK-8. C Viability changes of VSMCs after treatment with different concentrations (0.2, 0.5,
1,10 mM/ml) of H,0,. D Viability of VSMCs after treatment with 1 mM/ml H,0O, and different concentrations of DEX (0, 0.1, 1, 10 uM). E Viability of
VSMCs in the control group, the H,O, group, H,0,+ NS group and the H,0, + DEX group. *p <0.05, **p <0.01, ***p < 0.001. DEX, dexmedetomidine

primary antibody against «2AR (ab85570, 1 pg/ml; Abcam)
overnight at 4°C. After washing, the slides were incubated with
secondary antibody. The slides were visualized using a DAB
plus chromogen (Thermo Fisher Scientific). Under 400 x mag-
nification, the pictures were taken in 5 random fields.

Statistics analysis

Each experiment was performed in triplicate. Statistical
analyses were performed using the GraphPad Prism 6.0
software (GraphPad, Sam Diego, CA, USA). Data were
described as the mean+standard deviation. Student’s ¢
test and one way analysis of variance followed by Tukey’s
post hoc test were used to compare differences. p <0.05
was considered statistically significant.

Results

Isolation and characterization of VSMCs

After 2 weeks, the cells were observed to be spindle shaped
as shown in Fig. 1A. As flow cytometry revealed, the

isolated VSMCs positively expressed SMC-specific mark-
ers, including Myh11, Cnnl, and Smoothelin2, while were
negative for the stem cell markers, including CD44, Scal,
and S100B (Fig. 1B-C). These results demonstrate that the
VSMCs were successfully isolated from blood vessels.

DEX reverses the inhibitory effect of H,0, on cell viability

Figure 2A presented the chemical structure of DEX. To
detect DEX influence on cell viability, CCK-8 assays were
carried out and the results demonstrated that compared with
exposure to 0 pM DEX, no significant change of cell viability
was observed when the VSMCs were exposed to 0.1-10 uM
DEX (Fig. 2B). Then we detected the effects of H,O, on
the viability of VSMCs. Compared with that in the control
group, the viability of VSMCs was reduced with increas-
ing concentration of H,0,, as CCK-8 revealed (Fig. 2C).
Afterwards, the cells were treated with 1 mM/ml H,O, and
different concentrations of DEX, and the CCK-8 results
demonstrated that the protective effect of DEX against

(See figure on next page.)

Fig. 3 DEX attenuates the promoting effects of H,0, on cell malignancy. A Immunofluorescence of intracellular ROS in the control group, the

DEX group, the H,0, group, H,0O, + NS group, the H,0, + DEX group, the H,0, 4+ DEX+ BRL group, and the H,O, + SB group. B Wound healing
assays of cell migration in indicated groups. C Transwell assays of cell invasion in different groups. *p < 0.05, **p < 0.01. DEX, dexmedetomidine; BRL,
BRL44408, a2AR inhibitor; SB, SB216763, GSK-33 inhibitor. D Quantification of ROS production. E Quantification of the percentage of remaining area.

F Quantification of the number of invaded cells
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Fig. 4 DEX protects VSMCs against H,O,-induced oxidative damage and inflammation response. A-C Western blotting was conducted to measure
the protein levels of SM22a and aSMA. D-F Measurement of NQO-1, GCLC and SOD1 levels. G-I Quantification of TNF-q, IL-6 and MCP-1 levels.
*p<0.05, **p < 0.01. DEX, dexmedetomidine; BRL, BRL44408, a2AR inhibitor; SB, SB216763, GSK-33 inhibitor
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H,0O,-induced cytotoxicity was optimal at the concentration
of 1 uM (Fig. 2D). Finally, the results of CCK-8 showed that
DEX rescued the reduction in cell viability caused by H,O,
(Fig. 2E). Above findings suggest that the H,0,-induced
decrease in cell viability was reversed by DEX.

DEX attenuates the promoting effects of H,0, on cell
malignancy

The intracellular ROS level was elevated following H,O,
treatment, while DEX or SB treatment restored the

promotion in ROS production, as shown by the repre-
sentative fluorescence images of ROS generation probed
by DCFH-DA. Additionally, the a2AR inhibitor (BRL)
reversed the inhibitory effects of DEX (Fig. 3A, D). DEX
or SB treatment attenuated the inhibitory effects of H,O,
on the percentage of remaining area, indicating that DEX
inhibits cell migration. However, BRL restored the DEX-
induced promotion, as wound healing assays demon-
strated (Fig. 3B, E). Afterwards, the increased invaded cells
induced by H,0, were decreased by DEX or SB treatment,
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Fig. 5 DEXregulates the GSK-33/MKP-1/Nrf2 pathway. A RT-gPCR of a2AR level in 1A and STA. (N=380). B IHC of a2AR level in IA and STA. C-G The
protein levels of a2AR, p-GSK-3f/ GSK-33, MKP-1, and NRF2 were measured by western blotting. **p <0.01, ***p <0.001. DEX, dexmedetomidine;
BRL, BRL44408, a2AR inhibitor; SB, SB216763, GSK-3f3 inhibitor

and BRL further counteracted the suppressive effects of
DEX, as transwell assays showed (Fig. 3C, F). These results
suggest that DEX ameliorates the H,0,-induced malignant
phenotypes of VSMCs via a2AR.

DEX protects VSMCs against H,0,-induced oxidative
damage and inflammation response

Then we conducted western blotting to measure the levels
of SM22a and aSMA (contractile phenotype markers). We
found that H,O, decreased the protein levels of contractile
phenotype markers, while DEX or SB treatment attenuated
the inhibitory effects of H,0,. However, BRL attenuated

the promoting capability of DEX (Fig. 4A-C). As RT-qPCR
revealed, DEX or SB restored the H,O,-induced promo-
tion in the levels of NQO-1 and SOD1 and rescued the
H,0O,-induced reduction in the level of GCLC. Neverthe-
less, BRL played an opposite role against DEX (Fig. 4D-F).
Finally, we found that DEX or SB treatment reversed the
promoting effects of H,O, on TNF-a, IL-6 and MCP-1
levels, which were then increased in response to BRL treat-
ment (Fig. 4G-I). In summary, DEX alleviates the oxidative
damage and inflammatory responses, suggesting that DEX
inhibits the conversion of VSMCs from contractile pheno-
type into synthetic type via a2AR.



Zhang et al. BMC Pharmacology and Toxicology (2022) 23:81

Page 9 of 11

(( ra

a2ARD
B s~
GSK3p
N\
MKP-D
/ —
N\
( Nucleus D \
\ L /

Cytoplasm

NRF2

NQO1 ﬂ TNF-a ﬂ

Synthetic Type GcLCﬂ IL-6 ﬂ

somﬂ MCP-1 ﬂ

Proliferation H

Migration ﬂ

Contraction Type
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DEX activates the GSK-33/MKP-1/NRF2 pathway

Compared with that in STA, the level of a2AR was down-
regulated in IAs, as shown by RT-qPCR (Fig. 5A). The results
of immunohistochemistry staining demonstrated that a2AR
expression was decreased in IAs compared with that in
STAs (Fig. 5B). Finally, as western blotting showed, DEX or
SB ameliorated the H202-induced inhibition in the protein
levels of a2AR, phosphorylated GSK-3, MKP-1, and NRF2,
which were reduced by BRL (Fig. 5C-G). Figure 6 presented
the schematic diagram showing the mechanism of DEX
against H,O,-induced VSMC injury. DEX promoted the
activation of GSK-33/MKP-1/NRF2 pathway via the a2AR
to increase the SM22a and aSMA levels and inhibit oxida-
tive stress, leading to the conversion of VSMCs from syn-
thetic type into contractile phenotype, thereby suppressing
the proliferation, migration, and invasion of VSMCs.

Discussion

The rupture of IA leads to SAH, causing severe mortal-
ity and morbidity [37]. Inflammation, phenotypic shift of
smooth muscle cells, and ECM remodeling are three major
contributors to IA formation and progression [38]. Herein,
we detected the effects of DEX and its related mechanism
in IA formation and progression.

As a highly selective a2AR agonist, DEX works in the
intensive care unit as an anesthetic adjunct for patient seda-
tion and in the operating room settings for general anesthe-
sia [39]. Accumulating studies have confirmed the protective
effects of DEX. For example, in IA treatment, DEX applica-
tion ensures the stability of arterial pressure and reduces the
injury to the postoperative brain functions caused by intra-
operative hypoxia and brain ischemia [40]. During the first
24 h after admission, low dosage DEX leads to favorable neu-
rological outcomes in patients with SAH [41]. DEX alleviates

the lipopolysaccharide-induced inflammation responses to
microglia cells by suppressing glycolysis [42]. DEX allevi-
ates hippocampal inflammation to protect aged rats against
postoperative cognitive dysfunction [43]. DEX ameliorates
the oxygen—glucose deprivation/reperfusion-induced oxi-
dative damage and neuronal apoptosis [44]. DEX provides
neuroprotection via inhibition of oxidative damage following
traumatic brain injury [45]. We herein first found that DEX
moderated the inhibitory effects of H,O, on cell viability
and restored the promotion in cell migration and invasion.
SM22 a and aSMA are the markers of contractile pheno-
type. Herein, DEX reversed the inhibitory effects of H,O,
on SM22 « and aSMA levels. NQO-1 and SODI are anti-
oxidant enzymes, and TNF-a, IL-6 and MCP-1 participate
in inflammation initiation [46]. GCLC limits the rate of GSH
synthesis, and GSH protects against oxidative stress [47, 48].
In the current study, the reduction in the levels of NQO-1
and SOD1 as well as the upregulation in GCLC level induced
by DEX indicated that DEX alleviated the oxidative damage.
The restoration of increased TNF-q, IL-6 and MCP-1 levels
following DEX demonstrated that DEX ameliorated inflam-
mation responses. Therefore, we drawn a conclusion that
DEX treatment led to the conversion of VSMCs from syn-
thetic type into contractile phenotype.

DEX is reported to exert neuroprotective efficacy in
patients with IA [40]. The underlying mechanism of DEX
is complicated. DEX reduces autophagy and inflammation
in rats with ischemia/reperfusion injury through the JNK
signaling pathway [49]. In rats with traumatic brain injury,
DEX alleviates the early neuronal damage via suppression
of inflammation through the TLR4/NF-kB pathway [50].
DEX reverses the hypoxia/reoxygenation injury-induced
oxidative stress by regulating the SIPT1/CHOP signal-
ing pathway [51]. In a previous study, the authors found
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that DEX treatment results in the inactivation of GSK-3[
via 02AR, thereby activating the MKP-1/NRF2 pathway to
improve antioxidant capacity [52]. We herein discovered
that DEX increased the protein levels of phosphorylated
GSK-3B, MKP-1, NRF2 and o2AR, suggesting that DEX
regulated the GSK-33/MKP-1/NRF2 pathway. To further
verify that the functions of DEX were mediated by GSK-3p,
SB216763 was used to inhibit GSK-3p, and we found that
SB216763 treatment restored the H20O2-induced pro-
motion in ROS generation, cell migration, cell invasion,
inflammatory responses, and oxidative stress.

In summary, this study demonstrated the protective
roles of DEX against H202-induced cell proliferation,
invasion, migration, oxidative damage, and inflammation
responses, leading to the conversion of VSMCs from syn-
thetic type to contraction type by via the a2AR/GSK-3p/
MKP-1/NREF2 axis. To be honest, there are some limita-
tions in this study. First, in vivo experiments and more
comprehensive studies are needed in the subsequent
studies. Second, the studies on a2AR are inadequate.
Despite these limitations, we believed that our study
would provide a theoretical basis for IA treatment.
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