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Cerebral ischemia-reperfusion injury is a pivotal cause of deaths due to cerebrovascular accident. Increased
research efforts are needed to reveal the mechanism underlying its aggravation or alleviation. In this study,
the effects of dexmedetomidine post-conditioning on the HMGB1/TLR4/NF-kB signaling pathway in cerebral
ischemia-reperfusion rats was explored.

Ninety rats were randomly divided into 5 groups — a sham group (Sham), a model group (I/R), a dexmedeto-
midine post-conditioning group (Dex), a recombinant high mobility group protein B1 group (rtHMGB1), and a
recombinant HMGB1+dexmedetomidine post-conditioning group (tHMGB1+Dex) — with 18 rats in each group.
Longa grading, wet-dry weighing, TTC staining, HE staining, and immunohistochemical staining were used to
assess brain damage. ELISA, RT-PCR, and Western blot analyses were performed to assess expression of IL-1f,
TNF-a, IL-6, IL-8, HMGB1, TLR4, and NF-kB.

Compared with the I/R group, the neurological function score, brain water content, infarction area, and the
number of COX-2- and IBA-1-positive cells in the Dex group were significantly lower, accompanied by down-
regulated expression of the HWGB1/TLR4/NF-kB pathway, alleviated inflammation, and oxidative stress injury
in brain tissue. These trends were mostly reversed in the rHMGB1 group and rHMGB1+Dex group, but not in
the Dex group. Furthermore, when compared to the Dex group, there were significant increases of H,0,, MDA,
NO, IL-1B, TNF-a, IL-6, IL-8, HMGB1, TLR4, and p-P65 in the rHMGB1 group and rHMGB1+Dex group, in which
a significant decrease of T-AOC, SOD, and p-lkBo was also detected.

Dexmedetomidine post-conditioning can alleviate cerebral ischemia-reperfusion injury in rats by inhibiting the
HMGB1/TLR4/NF-xB signaling pathway.

Dexmedetomidine ¢ HMGB1 Protein ¢ NF-kappa B ¢ Toll-Like Receptor 4
RT-PCR - reverse transcription-polymerase chain reaction; TTC - 2,3,5-triphenyltetrazolium chloride
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Background

Cerebrovascular accident is one of the most pernicious neuro-
logical diseases, accounting for about 5.5 million deaths world-
wide annually [1]. Although breakthroughs have been made
with respect to treatment methods in recent years, the progno-
sis of cerebrovascular accidents remains unsatisfactory, espe-
cially in low- and middle-income countries [2]. Among all types
of cerebrovascular accidents, cerebral ischemic disease is an
enduring topic in clinical medicine due to its high incidence,
high mortality, and serious sequelae [3]. Apart from ischemia-
hypoxia damage, ischemia-reperfusion (I/R) injury also plays
a pivotal role in cerebral ischemic disease via Ca2+overload,
free radical damage, and inflammatory damage [4].

HMGB1 is a highly conserved DNA-binding protein found in al-
most all mammals [5]. As a key member of the HMGB family,
HMGB1 can achieve immunoregulation by binding with recep-
tors on the surface of immune cells, resulting in a major effect
on inflammatory factors expression [6-8]. During inflamma-
tory response, HWGB1, as an endogenous ligand of Toll-like
receptors 4 (TLR4), can activate it and then nuclear factor
kappa B (NF-xB) [9]. Thereafter, a series of inflammatory fac-
tors, including IL-1B, TNF-, IL-6, and IL-8, form a cascade of se-
cretion, leading to excessive and injurious inflammation, which
then causes tissue damage [6]. Studies have shown that the
HMGB1/TLR4/NF-kB pathway is activated during I/R in various
organs, including myocardium and kidney, which leads to the
cascade of various inflammatory factors and is an important
part of the mechanism of tissue injury [4,7,9,10].

Dexmedetomidine (Dex is a potent short-term tranquilizer
that exerts its sedative, anti-anxiety, anti-sympathetic, and
analgesic effects mainly by stimulating the a2 adrenergic re-
ceptor [11-13]. However, in recent years, a variety of studies
have revealed that Dex also has neuroprotective effects, thus
attracting the attention of medical researchers [11,12,14,15].
Antioxidant and anti-inflammatory effects were hypothesized
to account for the neuroprotective function of Dex, which may
be directly associated with microglia and the HMGB1 path-
way [16]. Thus far, the protective effect of Dex on tissue in-
jury has been reported in the fields of renal I/R injury, acute
lung injury, myocardial I/R injury, and spinal cord injury, but
there has been relatively little research on its role in brain I/R
injury [7,9,10,15,17-20]. Furthermore, the few studies on Dex,
cerebral I/R injury, and HMGB1 also basically concentrated on
preconditioning, lacking insights into post-conditioning adminis-
tration, and being limited by fewer experimental observation in-
dicators and fewer experimental methods. Therefore, the pres-
ent study innovatively combined the HMGB1/TLR4/NF-xB
pathway in I/R injury with Dex post-conditioning and microglia,
and extensively assessed the indicators T-AOC, p-P65, p-IxBa,
H,0., MDA, SOD, NO, IL-1B, TNF-q, IL-6, IL-8, HWGB1, and TLR4
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to comprehensively and systematically elucidate the mecha-
nism underlying the neuroprotective effects of Dex.

Material and Methods

Experimental animal

Ninety SPF male SD rats (8—-10 weeks old, 250+30 g) were pur-
chased from Jinan Pengyue Laboratory Animal Breeding Co.
Rats were fed a standard diet and housed with standard con-
ditions with temperature 23+2°C and average humidity 55+5%.
All animals were given free access to food and water and had
a 12-h light/dark cycle. All animal experiments followed the
NIH guidelines (NIH Pub. No. 85-23, revised 1996) and were
approved by the Animal Protection and Use Committee of Linzi
District People’s Hospital and Yantaishan Hospital.

Model of cerebral ischemia-reperfusion (MCAO)

Cerebral ischemia was induced by middle cerebral artery oc-
clusion (MCAO), and the mortality rate after MCAO was 20%.
The rats were anesthetized by intraperitoneal injection of 3%
sodium pentobarbital (50 mg/kg), then a midline incision was
made to expose the left common carotid artery in the neck
region. A 3-0 monofilament nylon suture (4.0 cm in length;
Ethicon, USA) was inserted into the external carotid artery
lumen through a small nick to block the middle cerebral ar-
tery. Two hours after the induction of ischemia, the filament
was slowly withdrawn and the animals were then returned to
their cages for a period of 22 h of reperfusion. All the proce-
dures were performed with the exception of filament inser-
tion in sham-operated rats.

Experimental protocols

Ninety rats were randomly divided into 1 of the following 5
groups (n=18 each group): the Dex post-treatment group re-
ceived dexmedetomidine hydrochloride injection (Jiangsu
Hengrui Pharmaceutical Co., Lianyungang, Jiangsu) into the
tail vein at 3 ug/kg immediately after embolization for 5 min
and then received pump injection through the tail vein at
3 ug/kg/h [21] for 2 h [22-24], the Model group (I/R group) re-
ceived tail vein injection of an equal amount of saline, the Sham
group received tail vein injection of an equal amount of sa-
line, the recombinant high mobility group protein B1 group
(rHMGB1 group) received rHMGB1 (KeyGEN BioTECH Corp.,
Nanjing, Jiangsu) injection into the tail vein at 8 ug/kg, and
the rHMGB1+Dex group received rHMGB1 injection into the
tail vein at 8 ug/kg and then we repeated the Dex group treat-
ment method 15 min later.
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Neurologic assessment

Using the Longa scoring method, the symptoms of neurologi-
cal deficit were recorded 24 h after awakening from anesthe-
sia [25-28]. The scoring criteria were as follows: 0 points, no
neurological injury symptoms; 1 point, the contralateral forelimb
of the lesion could not be fully straightened when lifting the tail;
2 points, turning to the paralysed side when walking; 3 points,
falling to the opposite side of the lesion when walking; and 4
points, unable to walk spontaneously and lose consciousness.
Neurological symptoms were scored by single-blind method.

Brain water content

Six rats in each group were sacrificed after anesthetization, and
their brain tissue was quickly removed in an ice bath. Water
and blood stains on the brain surface were blotted by filter
paper. The wet weight of brain tissue was accurately weighed
by electronic analysis balance. Then, the dry weight was deter-
mined after the brains were dried in an oven for 24 h to a con-
stant weight. The water content measurement was calculated
according to Elliott’s formula. The water content of brain tissue
was calculated as: (wet weight-dry weight)/wet weightx100%.
Brain water content represented the degree of brain edema.

TTC staining

After anesthesia, rats were killed by dislocation and the brains
were taken from the ice. Brain tissues of 6 rats in each group
were placed in liquid nitrogen for follow-up experiments, with
the remaining brain tissue being frozen for 30 min at -20°C.
Coronal slices were quickly placed in 2% TTC solution, incu-
bated at 37°C for 15 min, fixed in 4% paraformaldehyde for
24 h, and photographed. The volume of cerebral infarction was
measured using Image J 1.43 software (National Institutes of
Health, Bethesda, MD, USA).

HE staining

The hippocampus of rats immobilized in 4% paraformalde-
hyde solution was dehydrated and embedded in paraffin and
then sliced at a thickness 5 microns. These sections were de-
waxed with xylene and hydrated with ethanol, stained by
hematoxylin (Solarbio, Beijing, China) for 5 min, and rinsed
with tap water. They are further treated with ethanol hy-
drochloride for 30 s, immersed in tap water for 15 min, and
placed in eosin (Solarbio, Beijing, China) for 2 min. After rou-
tine dehydration, transparentizing, and sealing, the morphol-
ogy of pyramidal cells in the hippocampal CA1 region was fi-
nally observed under x400 optical microscope (Olympus BX51,
Olympus Company, Japan).

ANIMAL STUDY

Immunohistochemistry of COX-2- and IBA-1-positive cells
in hippocampal CA1 region

After routine slicing of brain tissue, baked slices were dewaxed
with xylene and then hydrated with gradient ethanol solution.
After 20 min of inactivation with 3% H,O, methanol solution,
they were heated for 10 min in citrate buffer (pH 6.0) to repair
the high-temperature antigen, and then sealed with 5% BSA
for 20 min. Rabbit anti-rat COX-2 (1: 500, orb193247, Biorbyt,
Cambridge, UK) and anti-rat IBA-1 (1: 200, orb336635, Biorbyt,
Cambridge, UK) were dripped onto the slices before incuba-
tion at 4°C overnight. After rewarming, they were incubated
with the goat anti-rabbit 1gG (1: 1000, ABIN101988, antibod-
ies-online, Germany) labeled with horseradish peroxidase and
then colored by DAB, re-dyed, dehydrated, transparentized,
and sealed. Aperio Imagescope 11.1 software and x400 optical
microscope (Olympus, Japan) were used to count the positive
cells and the results showed the percentage of positive cells.

Concentration of biochemical indicators

The brain tissue of the 6 remaining rats were taken from each
group, and parts of them were placed frozen at -80°C, and
the other part were weighed to prepare 10% tissue homoge-
nate. The content of hydrogen peroxide in brain homogenate
was determined by xylenol orange colorimetry, T-AOC was de-
termined by the ABTS method, SOD activity was assessed by
xanthine oxidase method, MDA was assessed by thiobarbitu-
ric acid colorimetry, and NO was assessed by the nitrate re-
ductase method.

ELISA

Determination of inflammatory factors in brain tissue was per-
formed using ELISA. PBS was added to brain tissue, then fully
blended to form a homogenate. The supernatant was obtained
after being centrifuged for 15 min at 3500 rpm. The contents of
IL-1B (orb79117, Biorbyt, Cambridge, UK), TNF-o (orb79138-480,
Biorbyt, Cambridge, UK), IL-6 (orb79123, Biorbyt, Cambridge,
UK), and IL-8 (orb312288, Biorbyt, Cambridge, UK) were de-
tected by ELISA, with their data being read at 450 nm by use
of a microplate reader (RT-6100, Lei Du).

RT-PCR

The expression of HMGB1, TLR4, and NF-kB p65 mRNA
in brain tissue was evaluated by RT-PCR. The brain tissue
was homogenized after grinding and centrifuged at 4°C
(12 000 rpm, 15 min). Total RNA (OD260/0D280 between
1.8 and 2.0 indicates that RNA purity was qualified) was ex-
tracted using a TRIzol kit (Takara, Dalian, China) and tran-
scribed into cDNA by use of a reverse transcription kit (Applied
Biosystems, Waltham, MA, USA). RT-PCR was performed using
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Figure 1. Neurologic assessment and brain water content measurement. (A) Neurologic assessment; (B) Measurement of water
content in brain tissue. Compared with Sham group, * P<0.05; compared with I/R group, #* P<0.05; compared with Dex group,

& P<0.05.

Mastercycler® nexus X2 (Eppendorf, Hamburg, Germany).
The data were processed by 224t method, with 3-actin mRNA
as an internal parameter.

The sequences of primers (Shanghai Biotechnology Service Co.)
were as follows:

HMGB1, forward: 5’-TATGGCAAAGGCTGACAAGG-3’,

reverse: 5’-TTTCTTCGCAACATCACCAA-3’;

TLR4, forward: 5'-CCAGAGCCGTTGGTGTATCT-3’,

reverse: 5’-CAGAGCATTGTCCTCCCACT-3’;

NF-kB p65, forward: 5’-GGCAGCACTCCTTATCAAC-3’,

reverse: 5’-GGTGTCGTCCCATCGTAG-3’;

B-actin, forward: 5’-CACCCGCGAGTACAACCTTC-3’,

reverse: 5’-CCCATACCCACCATCACACC-3.

Western blot analysis

The detection of HMGB1/TLR4/NF-kB pathway-related proteins
was performed by Western blot analysis. We used a BCA kit
(Solarbio, Beijing, China) to evaluate the protein concentration
in brain homogenate. The protein sample (40 pg) was mixed
with 10% SDS gel buffer at a 1: 1 ratio and then heated at 95°C
for 5 min to degrade the protein. The sample was then trans-
ferred to a PVDF membrane (Merck, Darmstadt, Germany) at
80 V voltage for 30 min and sealed for 1 h in TBST solution con-
taining 5% skimmed milk powder at 4°C. Rabbit anti-rat HMGB1
(1: 500, orb178187, Biorbyt, Cambridge, UK), TLR4 (1: 500,
orb11489, Biorbyt, Cambridge, UK), P65 (1: 500, orb229138,
Biorbyt, Cambridge, UK), p-P65 (1: 500, orb304662, Biorbyt,
Cambridge, UK), IxBo (1: 500, orb223182, Biorbyt, Cambridge,
UK), p-IxBa (1: 500, orb223035, Biorbyt, Cambridge, UK), and
B-actin (1: 2000, orb178392, Biorbyt, Cambridge, UK) were di-
luted with TBST solution containing 3% bovine serum protein.
After incubation overnight at 4°C and rewarming, goat anti-
rabbit 1gG (1: 1000, ABIN101988, antibodies-online, Aachen,
Germany) labeled with horseradish peroxidase was used for

1-h incubation. The protein was colored for 3-5 min with ECL
luminescent substrates after washing, with its expression level
being standardized by B-actin, and the gray-scale quantifica-
tion was carried out using Image J (NIH) software.

Statistical analysis

SPSS 19.0 statistical analysis software was used for data pro-
cessing, with results being presented as mean+standard de-
viation. Single-factor analysis of variance (ANOVA) was used
for data analysis among multiple groups, which was followed
by LSD test. P values of <0.05 were considered to indicate a
statistically significant result.

Results

Dex reduces neurological score and alleviates
encephaledema

As shown in Figure 1A, the neurological function score of
the Sham group was 0. When compared with the I/R group,
the neurological function score of the Dex group was signifi-
cantly lower, while that of the rHMGB1 group was significantly
higher (p<0.05). In comparison with the Dex group, the scores
of the rHMGB1 group and rHMGB1+Dex group were signifi-
cantly higher (p<0.05). When compared to the Sham group,
the brain water contents of the other groups were signifi-
cantly higher (Figure 1B) (p<0.05). In contrast to the I/R group,
the brain water content of the Dex group decreased signifi-
cantly, while that of the rHMGB1 group increased signifi-
cantly (p<0.05). Compared with the Dex group, the contents
of the rHMGB1 group and rHMGB1+Dex group were signifi-
cantly higher (p<0.05). These results show the neuroprotec-
tive effect of Dex.
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Figure 2. TTC staining of rat brain tissue. (A) TTC staining; (B) Percentage of cerebral infarction volume. Compared with Sham group,
* P<0.05; compared with I/R group, ¥ P<0.05; compared with Dex group, * P<0.05.

Dex reduces cerebral infarction area

In this study, the infarcted area of brain tissue was stained
white, with the non-infarcted area being red (Figure 2).
Compared with the I/R group, the percentage of cerebral in-
farction volume in the Dex group was decreased significantly,
while that in the rtHMGB1 group increased significantly (p<0.05).
It was also increased significantly (p<0.05) in the tHMGB1 group
and rHMGB1+Dex group when compared to the Dex group,
which confirmed the neuroprotective effects of Dex from the
perspective of infarction protection.

Dex alleviates the structural disorder of hippocampal cells

It was elucidated that the cells in hippocampal CA1 region
of the Sham group were conical, uniform in size, neatly ar-
ranged, and had clear outlines (Figure 3). In the I/R group and
rHMGB1+Dex group, cells were disorderly arranged, with un-
clear structure, shrinkage of cell, pyknosis of nuclei into tri-
angles or polygons, disappearance of nucleoli, and strong eo-
sinophilic cytoplasm. In the Dex group, the arrangement of
hippocampal neurons was relatively neat but with mild swell-
ing and degeneration. The damage of hippocampal neurons
in the rtHMGB1 group was more severe than that in the I/R
group, further showing that Dex alleviated the nerve damage
and protected the integrity of nerve function.

Dex reduces the number of microglia

In comparison with the Sham group, the number of COX-2-
and IBA-1-positive cells in the hippocampal CA1 area in other
groups increased significantly (Figure 4) (p<0.05). These cells
were significantly decreased in the Dex group when compared
with the I/R group (p<0.05), with the opposite trends pre-
sented in the rHMGB1 group and rHMGB1+Dex group when
compared with the Dex group (p<0.05), which further revealed
the potential involvement of microglia in the neuroprotective
mechanism of Dex.

Dex inhibits inflammatory factor release and alleviates
oxidative stress

When compared to the Sham group, the concentrations of
H,0,, MDA, NO, IL-1B, TNF-a, IL-6, and IL-8 in brain homoge-
nate of the other groups was significantly higher, while those
of T-AOC and SOD were significantly lower (Figure 5) (p<0.05).
Compared with the I/R group, the concentrations of H,0,, MDA,
NO, IL-1B, TNF-0,, IL-6, and IL-8 in the Dex group were signifi-
cantly lower, while T-AOC and SOD were significantly higher
(p<0.05). The concentrations of H,0,, MDA, NO, IL-1f, TNF-c,
IL-6, and IL-8 in the rHMGB1 group were significantly higher,
while T-AOC and SOD were significantly lower (p<0.05) when
compared with the I/R group. Furthermore, the concentrations
of H,0,, MDA, NO, IL-1B, TNF-o, IL-6, and IL-8 in the rHMGB1
group and rHMGB1+Dex group were significantly higher com-
pared with the Dex group, while T-AOC and SOD were sig-

nificantly lower (p<0.05), which suggested that Dex exerts
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Figure 3. HE staining (x400). (A) Sham group; (B) I/R group; (C) Dex group; (D) rHMGB1 group; (E) rHMGB1+Dex group.

its neuroprotective function through anti-inflammatory and
anti-oxidative pathways.

Dex decreases the concentrations of HMGB1, TLR4, and
NF-xB p65 mRNA

In contrast to the expressions of HMGB1, TLR4 and NF-xB p65
in other groups were significantly higher than those in the

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Sham group (Figure 6) (p<0.05). There was a significant de-
crease (p<0.05) with respect to expressions of HMGB1, TLR4,
and NF-xB p65 in the Dex group when compared with the I/R
group, rHMGB1 group, and rHMGB1+Dex group. The concentra-
tions were also higher in the rHMGB1 group compared with the
I/R group, collectively indicating that the HMGB1 signal path-
way is closely involved in the neuroprotective function of Dex.
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Figure 4. Immunohistochemistry of COX-2 and IBA-1 positive cells in hippocampal CA1 region of rats (x400). (A) Immunohistochemical
images; (B) Percentage of COX-2 positive cells (%); (C) Percentage of IBA-1 positive cells (%).Compared with Sham group,
* P<0.05; compared with I/R group, * P<0.05; compared with Dex group, * P<0.05.

Dex decreases the concentrations of proteins related to
HMGB1/TLR4/NF-xB pathway

As shown in Figure 7, compared with the Sham group, the ex-
pression of HMGB1, TLR4, and p-P65 protein in the brain tis-
sues of other groups increased significantly (p<0.05). We found
a significant decrease (p<0.05) in the Dex group when com-
pared with the I/R group, rHMGB1 group, and rHMGB1+Dex
group. It was also higher in the rHMGB1 group compared with
the I/R group. In terms of the expression of p-IkBa, a signifi-
cant increase (p<0.05) was found in the Dex group when com-
pared with the I/R group, rHMGB1 group, and rHMGB1+Dex
group. There was also a significant decrease (p < 0.05) noted
in the tHMGB1 group when compared with the I/R group, col-
lectively confirming that Dex has a neuroprotective function in
brain I/R injury by regulating the HMGB1/TLR4/NF-kB pathway.

Discussion

The neuroprotective function of Dex is intriguing. In this study,
the post-conditioning of Dex in cerebral I/R injury was explored,

showing a strong relationship with the HMGB1/TLR4/NF-xB
pathway.

It was confirmed that I/R can damage brain tissue, which fur-
ther accounts for the increase of neurological score, deterio-
ration of brain edema, enlargement of cerebral infarction area,
and disorder of hippocampal cells. The above multiple signs of
injury were significantly alleviated by Dex, which can be evi-
dently antagonized by rHMGB1. Being an a2 adrenergic recep-
tor agonist, the neuroprotective effect of Dex is relevant to the
critical role of adrenaline in the blood-brain barrier (BBB) [14].
The regulation of related microcirculation is closely associated
with the locus coeruleus. Studies have shown that electrical
stimulation of the locus coeruleus can significantly increase
the level of noradrenaline in the central nervous system, thus
increasing BBB permeability [14]. Dex attenuates tissue dam-
age by stabilizing the barrier between nerve tissues by allevi-
ating encephaledema [5].

Injurious inflammation and oxidative damage were speculated
to be prominent mechanisms in I/R injury, in which the dy-
namic changes of H,0,, MDA, NO, IL-1B, TNF-a, IL-6,and IL-8

2!
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Figure 5. Determination of biochemical indicators and ELISA in brain homogenate. (A) H,0,; (B) T-AOC; (C) SOD; (D) MDA; (E) NO;
(F) IL-1B; (G) TNF-c; (H) IL-6; (1) IL-8. Compared with Sham group, * P<0.05; compared with I/R group, * P<0.05; compared

with Dex group,  P<0.05.

provided us with notable insights into the neuroprotective
effect of Dex [4,7,10,15,29-34]. In this study, the expressions
of IL-1B, TNF-a, IL-6, and IL-8 were significantly suppressed
in the Dex group when compared to the I/R group, indicating
that Dex plays a clear anti-inflammatory role in amelioration
of cerebral I/R injury.

Glial cells are also closely involved in cerebral I/R injury. Strong
activation of microglia and astrocytes hinder nerve repair, while
glial cells aggravate nerve injury by releasing inflammatory
mediators [35-37]. The TLR4-microglia-NF-kB/IL-1f pathway
forms positive feedback loop in inflammation [5]. In this study,
considering that the hippocampal CA1 region is particularly
sensitive to hypoxia and other injuries, immunohistochemical
staining was applied to analyze the changes of microglia in the
hippocampal CA1 region [11]. COX-2- and IBA-1-positive cells
in the hippocampal CA1 region in the IR group were signifi-
cantly more abundant than in the sham group, indicating that
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microglia are indeed involved in I/R injury. Furthermore, they
were significantly decreased in the Dex group compared with
the IR group, and this trend was eliminated in the rHMGB1
group, suggesting that Dex can achieve neuroprotective ef-
fects by inhibiting the over-activation of glial cells. Similar
phenomena have also been reported in spinal cord injury [11].

Oxidative stress is also an important mechanism of I/R injury.
Studies on oxidative stress in various organs suggested that
it plays a critical role in this pathological process [11,38,39].
Cerebral ischemia can upregulate reactive oxygen species (ROS)
and ROS generation can be promoted by the reperfusion proce-
dure, causing double-damage by lipid peroxidation, oxidation of
proteins, and DNA fragmentation [40]. The HMGB1/TLR4/NF-xB
pathway is closely related to changes in SOD, NO, H,0,, and
MDA [41-43]. MDA is an end-product of the unsaturated
fatty acids metabolism, indicating the peroxidation status of
cells, while SOD indicates peroxide scavenging capacity [18].
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In the present study, when compared to sham group, the con-
centrations of MDA, NO, and H,0, in the I/R group were signifi-
cantly higher, while SOD and T-AOC were significantly lower.
These trends were reversed in the Dex group. Thus, it was con-
firmed that oxidative stress occurs during cerebral I/R injury,
and that post-conditioning with Dex inhibits this process, thus
producing neuroprotective effects.

HMGBT1 is closely related to immune cell secretion, cell injury,
and cell death [37]. By binding to DNA to promote transcrip-
tion, HMGB1 participates in DNA repair under physiological

conditions [5]. In contrast, the concentration of HWGBI1 is often
excessively elevated in pathological conditions. The increase
of HMGB1 activates the HMGB1/TLR4/NF-kB pathway, which
results in secondary tissue damage, making HMGB1 and its
downstream pathway key links in various pathological pro-
cedures [6,9,17,44]. Studies have shown that knockout of
TLR4 can significantly downregulate downstream inflamma-
tory pathways and notably reduce the secretion of inflam-
matory factors [45]. NF-kB belongs to the transcription fac-
tor protein family, which can affect secondary tissue damage
by modulating the expression of inflammatory factors [43].
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HMGB1 interacts with TLR4 to induce activation and relieve
the inhibitory effect of I-xBa on NF-xB, subsequently upreg-
ulating the downstream products [6,19,42]. After activation
of the HMGB1/TLR4/NF-xB pathway induced by I/R injury,
IL-1B, TNF-qa, IL-6, and IL-8 are secreted to mediate injurious
inflammation. Similar phenomena have also been confirmed
in lung, kidney, spinal cord, and myocardium [7,9,10,46-49].
In this study, the expression of HWGB1, TLR4, and NF-kB
were significantly decreased in the Dex group, but were sig-
nificantly increased in the rHMGB1 and rHMGB1+Dex groups,
suggesting that this pathway indeed participates in cerebral
I/R injury, and can be inhibited by the post-conditioning of
Dex. I-kBa is a potent antagonistic protein of NF-kB and may
provide us with critical insights into nerve injury in cerebral
I/R [19]. In this study, the concentration of I-kBo decreased
significantly in the IR group and increased with the adminis-
tration of Dex, which was antagonized by rHMGB1, suggest-
ing that |-xBa participated in the cerebral I/R injury and can
be increased by Dex, which resulted in the inhibition of the
downstream expression of the HMGB1/TLR4/NF-xB pathway.
In conclusion, the present study suggests that Dex post-con-
ditioning can alleviate cerebral I/R injury in rats by inhibiting
HMGB1/TLR4/NF-xB pathway signaling.

This present study has some limitations. Initially, this study
mainly focused on Dex post-conditioning and consequently
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drew a conclusion without comparison with Dex precondi-
tioning. Although Dex post-conditioning is more feasible in
clinical application, related studies showed that Dex precon-
ditioning is superior to post-conditioning in anti-apoptosis and
anti-oxidative effects, making the comparative experiment
with preconditioning of Dex warranted [11]. Secondly, this
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doses. The dose-dependent effects of Dex can be focused on
in follow-up studies. Thirdly, PI3K/Akt/mTOR is also an pivotal
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can be further inhibited by Dex [17,20]. Its role remains to be
explored in our subsequent research to illuminate the holis-
tic mechanism underlying the neuroprotective effects of Dex.
Finally, BDNF is one of the protective factors for the repair of
cerebral I/R injury [50]. Dex can achieve neuroprotective func-
tion by increasing the concentration of BDNF, suggesting that
BDNF can be used as a complementary indicator in follow-
up studies to further elucidate the mechanism involved [11].

Conclusions

Dexmedetomidine post-conditioning can alleviate cerebral isch-
emia-reperfusion injury in rats by inhibiting HWGB1/TLR4/NF-kB
pathway signaling.
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