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Abstract: Cardiopulmonary bypass (CPB) constitutes one of the primary methodologies
pertaining to cardiac surgery. However, this form of surgery can cause damage to the body.
Many studies have reported that dexmedetomidine confers cerebral protection. In this study,
we aimed to investigate the effect and mechanism of dexmedetomidine on neuronal apoptosis
caused by CPB. Here, rats were treated with different doses of dexmedetomidine by intravenous
infusion 2 hours after CPB. We observed that dexmedetomidine treatment to rats reduces the
S100B, NSE levels in plasma, and neuronal apoptosis following CPB in a dose-dependent
manner. Furthermore, we observed that the beneficial effect of dexmedetomidine treatment
following CPB was associated with a reduction in IL6, an inflammatory cytokine in plasma
and cortex. Our results suggest that dexmedetomidine provides neuroprotective effects by
inhibiting inflammation and reducing neuronal apoptosis. There was a correlation between the
protective effect on the brain and the dose of dexmedetomidine. In addition, dexmedetomidine
administration inhibits phosphorylation of JAK2 and STAT3 proteins in the hippocampus
of rats 2 hours after CPB. Therefore, we speculate that the JAK2-STAT3 pathway plays
an important role in the neuroprotective effects of dexmedetomidine following brain injury
induced by CPB.

Keywords: apoptosis, cardiopulmonary bypass, dexmedetomidine, neuroprotective effect,
JAK2, STAT3

Introduction

Cardiopulmonary bypass (CPB) is the predominant technique associated with
cardiovascular surgery, and this form of surgery is known to improve the curative
rate pertaining to numerous cardiac diseases. However, CPB can induce an abnormal
physiological status, which can cause damage to the body.' Following blood contact
with the inner surfaces of the CPB apparatus, the complement system is activated and
in turn stimulates release of proinflammatory cytokines, thereby influencing inflamma-
tory response.” Consequently, nervous system complications have become a concern
after CPB.> Many studies have been performed to elucidate the mechanisms that
mediate the occurrence of brain injury following CPB,** and an increasing number of
treatments are now used to prevent brain injury caused by CPB.° Several studies have
shown that CPB-mediated brain injury is associated with embolism, hypoperfusion,
arrhythmias, rapid rewarming, and inflammation.>*’ Moreover, a substantial amount
of research has been conducted into brain injury associated with CPB in relation to
different cell factors and signal pathways.*8
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Dexmedetomidine is an o, -adrenergic receptor agonist,
andisknownto exhibit sedative, analgesic, and anti-sympathetic
nerve activities. It has been widely used in clinical anesthesia
and sedation in intensive care units. Dexmedetomidine can
significantly reduce cerebral injury induced by transient
global cerebral ischemia—reperfusion in diabetic rats,
mainly through altering the oxidative stress markers and
inflammatory cytokines.” Recent studies have shown that
dexmedetomidine exhibits renoprotective effects following
renal ischemia—reperfusion injury by inhibiting JAK-STAT
signaling pathway. Investigators have also found similar
renoprotective effects upon AG490 treatment, an inhibitor
of JAK2."!

The JAK-STAT signaling pathway is not only involved
in renal protection but also involved in brain protection.'?
AG490 reduces brain injury and inflammatory responses
in rats following heatstroke by inhibiting the activation of
the JAK2-STAT3 pathway.!® The STAT3 signaling path-
way is activated following traumatic brain injury, and may
be involved in the recovery of neurological function.!*!
We investigated the effect of different doses of dexmedeto-
midine on cerebral injury related to CPB. Furthermore, the
study aimed to characterize whether JAK2—STAT3 signaling
was involved in dexmedetomidine-induced neuroprotection
following CPB.

Materials and methods

Animals and grouping

A total of 96 adult male Sprague Dawley rats weighing
300-350 g were provided by the Guangxi Medical University
Laboratory Animal Center. Animal experiments and pro-
tocols were approved by the medical ethics committee of
the First Affiliated Hospital of Guangxi Medical University
(2016[KY-E-002]).

Rats were randomly divided into six experimental groups
of 16 rats in each group. In group 1, rats did not undergo
surgical operation for CPB, and hence served as sham controls
(group Sham). In group 2, all 16 rats underwent surgery to
develop CPB as a model system. Rats in group 2 did not receive
any treatment, and hence served as CPB control (group CPB).
Rats in groups 3 and 4 received 1 pg/mL dexmedetomidine
(Jiangsu Hengrui Medicine, Lianyungang, China), which was
diluted with 0.9% saline. In addition, rats in groups 3 and 4
received loading doses of dexmedetomidine 2.5 pg/kg (low
dose [group L]) and 5 pg/kg (high dose [group H]) intrave-
nously using a microinfusion pump 15 minutes before CPB.
Then, maintenance doses of dexmedetomidine — 2.5 pg/kg/h
(group L) or 5 pug/kg/h (group H) — were administered

intravenously during the CPB procedure after the loading the
dose. In group 5, rats received AG490 (Selleck Chemicals,
Dallas, TX, USA), a JAK2 inhibitor, at a dose of 10 mg/kg
intraperitoneally, and served as the AG490 group (10 mg
AG490 diluted with 0.6796 mL dimethyl sulfoxide [DMSO]
and then diluted with physiological saline).!! In group 6, rats
received DMSO at a dose of 0.6796 mL/kg, intraperitoneally
(0.6796 mL DMSO in physiological saline as vehicle dose),
and served as the DMSO group.

CPB-model preparation

Rats were anesthetized with pentobarbital sodium (65 mg/kg
intraperitoneally) and mechanically ventilated to maintain
end-tidal carbon dioxide between 35 and 45 mmHg. The
protocol followed for the development of this CPB model
has been described previously.'® To sustain mean arterial
pressure of 70-85 mmHg and hematocrit of approximately
20%—25%, each rat was covered with a heat lamp to maintain
the body central temperature at 36.5°C%1°C throughout the
experiment. The CPB procedure continued for 2 hours.

Specimen collection and processing

Venous blood samples (n=8) were collected prior to CPB
(Z,), 1 hour after CPB (), and 2 hours after CPB (¢,). Blood
samples were centrifuged at 1,000 g for 15 minutes. Plasma
supernatants were harvested and stored at —20°C for enzyme-
linked immunosorbent assay (ELISA).

Rats were killed and fresh brain-tissue samples collected
2 hours after CPB (n=8). Hippocampal tissue samples were
harvested to determine JAK2, pJAK2, STAT3, pSTAT3, and
cleaved caspase-3 protein levels. Tissue samples were frozen
and stored at —80°C prior to Western blot analysis. Parietal
cortices were weighed according to the proportion of 100 mg
hippocampal tissue homogenized in 1 mL PBS, and stored
overnight at —20°C. After two freeze—thaw cycles had been
performed to break the cell membranes, homogenates were
centrifuged for 5 minutes at 5,000 g, 2°C—8°C. The super-
natant was collected and stored at —20°C for analysis of IL6
and IL10 using ELISA. The remaining fresh brain tissue was
used for determination of brain water content.

Other rats (n=7 for groups CPB and DMSO, n=8 for other
groups) were subjected to cerebral perfusion for TUNEL
assay and immunohistochemistry. Transcardial perfu-
sions were performed after blocking the abdominal aorta
(100 mL 0.9% saline, followed by 200 mL refrigerated 4%
paraformaldehyde solution). Brains were removed, cut open
along the coronal incision at 4 mm after the optic chiasma,
and 2 mm-thick hippocampal tissue was excised and stored
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in refrigerated paraformaldehyde (<24 hours). Specimens
were then dehydrated by being passed through graded series
of ethanol, cleared in xylene, and embedded in paraffin wax.
The paraffin-embedded hippocampal tissues were cut into
4 um sections.

Enzyme-linked immunosorbent assay

All biomarkers were analyzed using commercially available
ELISA kits. Plasma samples were analyzed for IL6 (Cusabio
Biotech, Wuhan, China), IL10 (Thermo Fisher Scientific,
Waltham, MA, USA), S100B (Cusabio Biotech), and NSE
(Cusabio Biotech). Cortex samples were analyzed using
ELISA according to the ELISA-kit manufacturer’s instruc-
tions for IL6 and IL10.

Western blot analysis for JAK2, pJAK2,
STAT3, pSTAT3, and cleaved caspase 3

For Western blot analysis, proteins from different groups
were extracted and protein concentration quantified. Then,
samples were used for routine Western blot analysis;
the detailed protocol has been described previously.!’
Antibodies were replaced by the primary antibodies JAK2
(1:1,000, AB_2128522; Cell Signaling Technology,
Danvers, MA, USA), phospho-JAK2 (phospho-Y1007 +
Y1008, 1:1,000, AB_775808; Abcam, Cambridge,
UK), STAT3 (1:1,000, AB_331269; Cell Signaling Tech-
nology), phospho-STAT3 (Tyr705, 1:1,000, AB_1658549;
Abcam), cleaved caspase 3 (1:1,000, AB_2070042; Cell Sig-
naling Technology), and B-actin (1:3,000; Bioworld Technol-
ogy, Minneapolis, MN, USA). The secondary antibody was
horseradish peroxidase conjugated to goat antirabbit/mouse
IgG (1:10,000; Cell Signaling Technology). The membranes
were developed using an Odyssey two-color infrared scanner
(LI-Cor Biosciences, Lincoln, NE, USA).

Brain water content

Fresh brain tissue was weighed promptly after removal of the
parietal cortex and hippocampus. Brain water content was
measured using the standard wet/dry weight method.'®

Detection of apoptosis of hippocampal

neurons and cortex by TUNEL assay
Apoptosis of hippocampal neurons in the CA1 region and
the parietal cortex adjacent to the CA 1 region was monitored
using a TUNEL-assay kit according to the manufacturer’s
instructions and finally observed under microscopy. All
TUNEL-positive cells were counted, and numbers of apop-
totic cells were calculated for each area.’

Immunohistochemistry

The immunohistochemistry protocol followed in this study
was as previously described.!? After being blocked in
3% H,0, and 3% normal goat serum, tissue sections were
incubated with anti-pJAK?2 antibody (dilution 1:200) or
anti-pSTAT3 antibody (dilution 1:100) rabbit monoclonal
antibodies in PBS overnight.

Statistical analysis

Data are presented as means = SEM. All statistical analyses
were performed using SPSS 16.0 (SPSS Inc, Chicago, IL,
USA). Multiple comparisons were performed with one-way
analysis of variance, followed by Tukey’s post hoc test.
P-values <0.05 were considered significant.

Results

A total of 96 rats were used. Two rats (one in group CPB
and one in group DMSO) were excluded, due to survival
failure. The remaining 94 rats were used for analysis of
various parameters. Venous blood samples and cortex
samples were collected for ELISA (n=8). Hippocampal
tissue samples were harvested for Western blot analysis
(n=8). The remaining fresh brain-tissue samples were used
for determination of brain water content (n=8). Other rats
(n=7 for group CPB and group DMSO, n=8 for other groups)
were subjected to cerebral perfusion for TUNEL assay and
immunohistochemistry.

Dexmedetomidine reduced brain water

content in rats following CPB

The brain water content in group CPB was significantly
increased compared with group Sham (P<<0.05). The brain
water content in group AG490, group L, and group H was
significantly decreased compared with group CPB (P<<0.05).
However, there was no significant difference between
group L and group H in brain water content (P>0.05,
Figure 1). Not surprisingly, DMSO-administered rats did
not shown significant decreases in brain water level, which
indicates the vehicle dose of DMSO used in this study did
not play any pharmacological role.

Dexmedetomidine decreased S100f3 and
NSE plasma levels in CPB rat model

S100B and NSE are major biomarkers of brain injury and
mainly used in brain trauma, cerebral stroke and hypoxic
ischemia encephalopathy. We measured levels of these
markers by ELISA. Remarkably, ELISA indicated levels of
S100B and NSE in plasma were significantly increased in
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Figure | Brain water content in rats after 2 hours of CPB.

Notes: AG490 administered at |0 mg/kg intraperitoneally, DMSO at 0.6796 mL/kg
intraperitoneally. ¥P<<0.05.

Abbreviations: CPB, cardiopulmonary bypass; L, low dose (dexmedetomidine
2.5 ug/kg/h); H, high dose (dexmedetomidine 5 ug/kg/h); DMSO, dimethyl sulfoxide.

group CPB compared with group Sham at #, and ¢,, respec-
tively (P<<0.05). Compared with group CPB, a decrease in
S100B and NSE plasma levels was observed in group L at
t,(P<0.05). Compared with group CPB, a decrease in S1008
and NSE plasma levels was also observed in group AG490
and group H at the 7, and ¢, time points (£<<0.05), whereas
group L showed a significant effect at . S100B and NSE
plasma levels in group H were significantly decreased com-
pared with group L at ¢, and ¢, (P<<0.05, Figure 2).

Dexmedetomidine reduced apoptosis of

hippocampus and cortex
To evaluate apoptosis of hippocampal neurons and cortex
region induced by CPB, a TUNEL assay was performed.

A stk

®@ 600 - =

g s Fﬁ

s T

£ ~ 4001 T

53 .

53 NI EER

“— 200 + . \ \

s NI B

2 EEN N

° ZIRIEIN ZI=IEIN
t t

1 2

Interestingly, we observed marked TUNEL-positive cells
indicated apoptosis of hippocampal neurons in the CA 1 region
of CPB-group rats, which was significantly comparable to
that of group Sham (P<<0.05). Apoptosis of hippocampal
neurons in the CA1 region in group AG490, group L, and
group H was significantly decreased compared with group
CPB (P<0.05). Apoptosis of hippocampal neurons in the
CA1 region in group H was significantly decreased compared
with group L (P<0.05, Figure 3).

As expected, apoptosis of cortex in group CPB was sig-
nificantly increased compared with group Sham (P<<0.05).
Apoptosis of cortex in group AG490, group L, and group H
was significantly decreased compared with group CPB
(P<<0.05). Apoptosis of cortex in group H was significantly
decreased compared with group L (P<<0.05, Figure 4).

Dexmedetomidine reduced IL6 levels in

plasma and cortex
Levels of IL6 and IL10 in plasma were significantly
increased in group CPB compared with group Sham at
t, and ¢, (P<<0.05). Compared with group CPB, decreased
IL6 was observed in group AG490, group L, and group H
at ¢, (P<<0.05). Compared with CPB group, no significant
difference in IL10 was observed in group DMSO, group
AG490, group L, or group H at ¢, or £, (P>0.05). There was
no significant difference between group L and group H in
plasma levels of IL6 or IL10 (P>0.05, Figure 5).

Levels of IL6 and IL10 in cortex in group CPB were
significantly increased compared with group Sham (P<<0.05).
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Figure 2 Levels of SI00B and NSE in plasma.

Notes: (A) SI00 level; (B) NSE level. SI00B and NSE levels in plasma were significantly increased in the CPB group compared with the Sham group at t, and t,, respectively
(P<<0.05). Compared with the CPB group, decreases in SI00f3 and NSE plasma levels were observed in group L at t, (P<<0.05). Compared with the CPB group, decreases in S1003
and NSE plasma levels were also observed in the AG490 group and the H group at t, and t, (P<<0.05). SI00B and NSE plasma levels in the H group were significantly decreased
compared with the L group at t, and t, (P<<0.05). AG490 administered at 10 mg/kg intraperitoneally, DMSO at 0.6796 mL/kg intraperitoneally. *P<<0.05; **P<<0.01; ***P<0.001.
Abbreviations: CPB, cardiopulmonary bypass; L, low dose (dexmedetomidine 2.5 pg/kg/h); H, high dose (dexmedetomidine 5 pg/kg/h); DMSO, dimethyl sulfoxide.
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Figure 3 TUNEL-positive cells in the hippocampal CAl region.
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Notes: (A) Representative TUNEL-assay images of hippocampal CAl region (400x); (B) TUNEL-positive cells in CAl region. AG490 administered at |0 mg/kg intraperi-

toneally, DMSO at 0.6796 mL/kg intraperitoneally. **P<0.001.

Abbreviations: DMSO, dimethyl sulfoxide; CPB, cardiopulmonary bypass; L, low dose (dexmedetomidine 2.5 pg/kg/h); H, high dose (dexmedetomidine 5 ug/kg/h).

Compared with group CPB, a decrease in cortex IL6 was
observed in group AG490, group L, and group H (P<<0.05).
Compared with the CPB group, no significant difference
in cortex IL10 was observed in group AG490, group L,
or group H (P>0.05). There was no significant difference
between group L and group H in IL6 or IL10 cortex levels
(P>0.05, Figure 6).

Dexmedetomidine decreased expression
of cleaved caspase-3 protein in

hippocampus
To confirm TUNEL positivity for apoptotic cell death in hip-
pocampal neurons and the cortex region, we assessed cleaved

caspase-3 protein expression, which is the most important
protein in intrinsic apoptotic signals. Western blot was per-
formed, and showed significantly increased expression of
cleaved caspase 3 in group CPB rat hippocampi when com-
pared with group Sham (P<<0.05). However, dramatically
decreased expression of cleaved caspase 3 was seen in group
AG490, group L, and group H compared with group CPB
(P<<0.05). These data revealed that dexmedetomidine can
potentially protect cells from CPB-mediated apoptotic cell
death. However, there was no significant difference between
group L and group H in cleaved caspase-3 protein levels
(P>0.05, Figure 7), which indicated a more pronounced
effect of dexmedetomidine.
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Figure 4 TUNEL-positive cells in cortex.

L

H AG490 DMSO

Notes: (A) Representative TUNEL-assay cortex images (400x); (B) TUNEL-positive cells in cortex. AG490 administered at |0 mg/kg intraperitoneally, DMSO at 0.6796 mL/kg

intraperitoneally. **P<0.001.

Abbreviations: DMSO, dimethyl sulfoxide; CPB, cardiopulmonary bypass; L, low dose (dexmedetomidine 2.5 pug/kg/h); H, high dose (dexmedetomidine 5 pg/kg/h).

Dexmedetomidine decreased expression
of pJAK2 and pSTAT3 proteins in

hippocampus

Next, we investigated the underlying mechanisms of the
neuroprotective effect of dexmedetomidine. Western blot
analysis and immunohistochemistry data revealed that
expression of pJAK2 and pSTATS3 proteins in group CPB was
significantly increased compared with group Sham (P<<0.05).
Furthermore, pJAK2 and pSTAT3 expression in group
AG490, group L, and group H was significantly decreased
compared with group CPB (P<<0.05), whereas there were no
significant changes in total JAK2 or STAT3 proteins. How-
ever, there was no significant difference between group L

and group H in the expression of pJAK2 or pSTAT3 protein
(P>0.05, Figures 8—11). This significant inhibition of JAK2
and STAT3 phosphorylation by dexmedetomidine treatment
shows promising anti-inflammatory effects.

AG490 attenuated neuroapoptosis
related to CPB and decreased pJAK2

and pSTAT3

To elucidate the role of JAK2—-STAT3 signaling in dexme-
detomidine-attenuated CPB-related neuroapoptosis further,
we administered a JAK?2 inhibitor (AG490), which resulted
in a significant decrease in the apoptosis of hippocampus
and cortex (Figures 3 and 4). pJAK2 and pSTAT3 protein
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Figure 5 Levels of IL6 and IL10 in plasma.

Notes: (A) IL6 levels; (B) IL10 levels. IL6 and IL10 levels in plasma were significantly increased in group CPB compared with group Sham at t, and t, (P<<0.05). Compared
with group CPB, a decrease in IL6 plasma level was observed in group AG490, group L, and group H at t, (P<<0.05). Compared with the CPB group, no significant difference in
IL10 level was observed in group DMSO, group AG490, group L, or group H at t, or t, (P>0.05). There was no significant difference between group L and group H in plasma
levels of IL6 or IL10 (P>0.05). AG490 administered at |0 mg/kg intraperitoneally, DMSO at 0.6796 mL/kg intraperitoneally. *¥P<0.01; **P<0.001.

Abbreviations: CPB, cardiopulmonary bypass; L, low dose (dexmedetomidine 2.5 ng/kg/h); H, high dose (dexmedetomidine 5 ug/kg/h); DMSO, dimethyl sulfoxide.

expression decreased significantly in group AG490 compared
with group CPB on both Western blot analysis and immu-
nohistochemistry positivity (Figures 8—11). The effect of
dexmedetomidine in CPB rats was similar to that of AG490.
This observation suggested that the JAK2—-STAT3 signaling
pathway played a significant role in dexmedetomidine-
mediated neuroprotection.

Dexmedetomidine attenuated brain

injury related to CPB in a dose-
dependent manner

To determine the protective effect of different doses of
dexmedetomidine on brain injury in rats undergoing CPB, a
maintenance dose of 2.5 ng/kg/h was administered in group L
and a maintenance dose of 5 pg/kg/h administered in group H.
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Figure 6 Levels of IL6 and ILI0 in cortex.

Dexmedetomidine administration to CPB rats resulted in
significant decreases in brain-injury biomarkers, such as
S100B and NSE, in plasma levels at ¢, and ¢,, and S100B
and NSE plasma levels in group H were more pronounced
when compared with group L at ¢, and ¢, (Figure 2). Mean-
while, dexmedetomidine significantly reduced apoptosis of
hippocampal neurons and the cortex region, and apoptosis
of hippocampus and cortex in group H was significantly
decreased compared with group L (Figures 3 and 4). These
results suggest that dexmedetomidine attenuated brain injury
related to CPB in a dose-dependent manner.

Discussion
In this study, we investigated the neuroprotective effects of
dexmedetomidine using a rat model of CPB. We observed
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Notes: (A) IL6 levels; (B) IL10 levels. AG490 administered at 10 mg/kg intraperitoneally, DMSO at 0.6796 mL/kg intraperitoneally. ***P<<0.001.
Abbreviations: DMSO, dimethyl sulfoxide; CPB, cardiopulmonary bypass; L, low dose (dexmedetomidine 2.5 ug/kg/h); H, high dose (dexmedetomidine 5 pg/kg/h).
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Figure 7 Cleaved caspase-3 protein in the hippocampus.

Notes: (A) Representative Western blot analysis of cleaved caspase 3; (B) cleaved caspase-3 protein. AG490 administered at 10 mg/kg intraperitoneally, DMSO at

0.6796 mL/kg intraperitoneally. **P<<0.001.

Abbreviations: DMSO, dimethyl sulfoxide; CPB, cardiopulmonary bypass; L, low dose (dexmedetomidine 2.5 pg/kg/h); H, high dose (dexmedetomidine 5 pg/kg/h).

that dexmedetomidine resulted in a significant decrease in
S100B and NSE plasma levels at 7, and ¢, and reduced neu-
ronal apoptosis following CPB in a dose-dependent manner.
Furthermore, we found that the beneficial effects of dexme-
detomidine treatment were associated with reduced plasma
and cortex levels of the inflammatory cytokine IL6. In addi-
tion, dexmedetomidine treatment resulted in a decrease in
pJAK2 and pSTAT3 protein levels in the hippocampi of rats
that underwent CPB for 2 hours. These effects of dexmedeto-
midine were similar to those of AG490.

According to clinical data from several medical institu-
tions, the average duration of CPB, included valve, valve
and coronary artery-bypass graft, coronary artery-bypass
graft, and others (aortic root, ascending aneurysm), is close
to 120 minutes.?'*? Extracorporeal circulation flow time that
was employed in this study was 2 hours. Previous reports
have shown that dexmedetomidine exhibits neuroprotective,
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Figure 8 JAK2 and pJAK2 protein levels in the hippocampus.

120 kDa

myocardial-protective and renal-protective functions in
animal experiments, clinical anesthesia, and intensive
care units.”?® The mechanisms that underpin these phe-
nomena may be related to reductions in inflammation and
oxidative stress markers.” A previous report observed that
treatment with 5 pg/kg/h dexmedetomidine can alleviate
cerebral damage in diabetic rats,” while treatment with
10 or 20 ug/kg/h dexmedetomidine has also been shown to
reduce renal dysfunction.”” According to dose-conversion
coefficients following different animal conversions,?® rat
dosages of 2.5 pug/kg/h and 5 pg/kg/h dexmedetomidine
are near clinical dosages of 0.3 ug/kg/h and 0.7 ng/kg/h,
respectively, both which are commonly used in clinical
procedures.” However, single doses of 1-160 ng/kg have
been employed for a variety of brain injuries in several
animal experiments.***? We prefer continuous infusion with

a micropump.
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Notes: (A) Representative Western blot analysis of JAK2 and pJAK2; (B) JAK2 and pJAK2 protein. AG490 administered at |0 mg/kg intraperitoneally, DMSO at 0.6796 mL/kg

intraperitoneally. **P<0.001.

Abbreviations: DMSO, dimethyl sulfoxide; CPB, cardiopulmonary bypass; L, low dose (dexmedetomidine 2.5 pug/kg/h); H, high dose (dexmedetomidine 5 pg/kg/h).
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Figure 9 STAT3 and pSTAT3 protein levels in the hippocampus.

Notes: (A) Representative Western blot analysis of STAT3 and pSTAT3 in the hippocampus; (B) STAT3 and pSTAT3 protein. AG490 administered at 10 mg/kg
intraperitoneally, DMSO at 0.6796 mL/kg intraperitoneally. ***P<0.001.

Abbreviations: DMSO, dimethyl sulfoxide; CPB, cardiopulmonary bypass; L, low dose (dexmedetomidine 2.5 pg/kg/h); H, high dose (dexmedetomidine 5 ug/kg/h).
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Figure 10 Expression of pJAK2 in hippocampal CAl region by immunohistochemistry.
Notes: (A) Representative images of pJAK2 (400x); (B) pJAK2 expression. AG490 administered at |0 mg/kg intraperitoneally, DMSO at 0.6796 mL/kg intraperitoneally. **P<<0.001.
Abbreviations: DMSO, dimethyl sulfoxide; CPB, cardiopulmonary bypass; L, low dose (dexmedetomidine 2.5 pg/kg/h); H, high dose (dexmedetomidine 5 ug/kg/h).
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Figure |1 Expression of pSTAT3 in hippocampal CAl region by immunohistochemistry.
Notes: (A) Representative images of pSTAT3 (400x); (B) pSTAT3 expression. AG490 administered at 10 mg/kg intraperitoneally, DMSO at 0.6796 mL/kg intraperitoneally.

**¥p<0.001.

Abbreviations: DMSO, dimethyl sulfoxide; CPB, cardiopulmonary bypass; L, low dose (dexmedetomidine 2.5 ug/kg/h); H, high dose (dexmedetomidine 5 pg/kg/h).

S100B and NSE are specific and sensitive biochemical
markers for central nervous system damage. Elevations
in these markers can be reflective of brain injury.* In this
study, S100P and NSE plasma levels were increased after
2 hours of CPB, while dexmedetomidine reduced plasma
levels of S100B and NSE. At the same time, dexmedeto-
midine 5 pg/kg/h significantly decreased plasma levels of
S100pB and NSE compared with dexmedetomidine 2.5 pg/
kg/h. These results revealed that dexmedetomidine attenu-
ated brain injury related to CPB in a dose-dependent man-
ner. Several reports have suggested that an increase in the
level of cleaved caspase 3 results in extensive apoptosis.>*3
In this study, increased cleaved caspase-3 levels were

observed in group CPB, while dexmedetomidine adminis-
tration resulted in a decrease in cleaved caspase 3. These
results are in agreement with the observation that dex-
medetomidine reduces brain water content and apoptosis
of neurons following CPB. Therefore, dexmedetomidine
administration confers protection against brain injury
induced by CPB.

Systemic inflammatory responses can be induced by CPB.
This results in a concomitant increase in inflammatory cytok-
ines, a phenomenon that can result in injury to various organs
of the body.>**37 Several researchers have reported that IL6
and IL10 levels are increased after CPB, and the associated
increase in cytokines activates the inflammatory response. %
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Our results were in accordance with previous studies.
In this study, dexmedetomidine administration resulted in
a reduction in IL6 levels in plasma and cortex, while also
inhibiting systemic inflammatory reactions that are normally
associated with CPB. These results were also in accordance
with a previous study that reported that dexmedetomidine
reduced the inflammatory response to coronary artery-bypass
graft surgery under mini-CPB.*

The protein that encodes for IL6 is a major proinflam-
matory cytokine involved in the inflammatory response
associated with CPB.** An increase in IL6 levels can acti-
vate intracellular signaling.* de Jong et al demonstrated
that STAT3 signaling plays a crucial role in the course of
systemic inflammation caused by CPB.* The JAK-STAT
pathway is an important intracellular signal-transduction
pathway that relays extracellular signals to nuclei. Activated
STAT3 (pSTAT3) is involved in the transcription of genes
that mediate inflammation, apoptosis, endothelial cell dif-
ferentiation, and angiogenesis.*

Previous studies have reported that activation of the
JAK-STAT signaling pathway may play an important
role in organ protection and cell survival during ischemia—
reperfusion injury.?*# Kim et al* demonstrated that sevo-
flurane postconditioning can reduce neuronal apoptosis by
increasing pJAK2 and pSTAT3 expression after transient
global ischemia in rats. Zhao et al'®* showed that activation of
the JAK2-STAT pathway may be involved in neurological
function recovery after traumatic brain injury.

However, some studies have shown that inhibition of
activation of the JAK2-STAT3 pathway has organ protec-
tion. Hristova et al*® demonstrated that inhibition of STAT3
phosphorylation can reduce neonatal hypoxic—ischemic brain
injury. Si et al'' showed that administration of dexmedetomi-
dine protects against renal ischemia and reperfusion injury
by inhibiting JAK-STAT signaling activation. Jia et al¥’
demonstrated that propofol postconditioning attenuates
hippocampus ischemia-reperfusion injury by reducing the
expression of JAK2 and STAT3 in rats after autogenous
orthotropic liver transplantation.

These different results may be related to the experimental
model, experimental object, experimental conditions, and
degree of injury. We hypothesize that when the body is
injured, the body can play a protective role by activating
the JAK2—STAT3 pathway. However, if the JAK2—STAT?3
pathway is activated excessively after the body is injured, the
use of drugs and other methods to protect the body can appear
as inhibition of activation of the JAK2-STAT3 pathway,
such that it can play an organ-protective effect.

In this study, we observed that dexmedetomidine
caused a decrease in pJAK2 and pSTAT3 protein levels
in the hippocampi of rats that underwent CPB. AG490,
an inhibitor of JAK2, was used to verify that dexmedeto-
midine exerted its neuroprotective effect via inhibiting
JAK2-STAT3 signaling. All dexmedetomidine effects were
similar to those in group AG490. These results suggest that
dexmedetomidine plays a role in reducing the expression
of pJAK2 and pSTATS3 in the protective effect of brain
injury following CPB. These findings further validate
the importance of the JAK-STAT signaling pathway in
injury amelioration induced by dexmedetomidine.

Conclusion

In conclusion, dexmedetomidine can reduce inflamma-
tory reactions and neuronal apoptosis related to CPB. The
JAK2-STAT3 pathway plays an important role in the
neuroprotective effects of dexmedetomidine. Dexmedeto-
midine provides neuroprotection during CPB in a dose-
dependent manner.
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