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Objective. To investigate the effects of TLR3 and TLR9 signaling pathway on brain injury during CPB in rats pretreated with
sevoflurane and its possible molecular mechanism. Methods. SD rats were randomly assigned to sham group, CPB group, and
Sev group. Brain tissue was obtained at before CPB (𝑇

0
), at CPB for 30 minutes (𝑇

1
), 1 hour after CPB (𝑇

3
), and 3 hours after CPB

(𝑇
5
). ELISA was used to measure S100-𝛽 and IL-6. Western blot was utilized to determine TLR3 and TLR9 expression. TUNEL was

applied to detect neuronal apoptosis. Results. Compared with CPB group, at 𝑇
1
, at termination after 1 hour of CPB (𝑇

2
), 𝑇
3
, 2 hours

after CPB (𝑇
4
) and 𝑇

5
, S100-𝛽 and IL-6 decreased in Sev group. Compared with CPB group, IFN-𝛽 were increased in Sev group,

except 𝑇
0
. Compared with CPB group, TLR3 expression increased, and TLR9 and NF-𝜅B decreased in Sev group. The apoptotic

neurons were less in Sev group than in CPB group (𝑃 < 0.05). Conclusion. Sevoflurane intervention can activate TLR3 and TLR9
signaling pathway, upregulate TLR3 expression and downstream TRIF expression, decrease TLR9 expression, and downregulate
downstreamNF-𝜅B expression in CPB rat models, thereby mitigating brain injury induced by inflammatory response during CPB.

1. Introduction

The emergence, application, and popularization of cardiopul-
monary bypass (CPB) have led to the switch of cardiovascular
surgery and significantly improve the survival rate of patients
[1]. The disadvantage associated with CPB is its damage
to other systems in the body. Researchers have developed
various measures to reduce CPB damage to the body and
significantly improve patient survival and reduce the inci-
dence of other systemic complications, but the incidence of
complications of the nervous system is relatively constant;
for example, the incidences of stroke and encephalopathy
are approximately 2%–5% and 10%–30%, respectively [2].
After CPB, brain injury prolongs the length of hospital
stay, increases the risk of complications, consumes medical
resources, and hinders the development of cardiovascular
surgery.

The mechanism of brain injury after CPB is very com-
plex; the main causes are cerebral emboli (gas, liquid, or
solid), cerebral ischemic injury (such as vascular embolism,
hypoperfusion, and hypoxia), and inflammatory response [3–
5]. During CPB, surgical trauma stimulation, blood contact
with foreign body, body endotoxin, and low temperature can
activate noninfectious systemic inflammatory response syn-
drome [6, 7].Thus, a large number of inflammatory cytokines
enter the brain and produce brain damage. Current study
of brain injury after cardiac surgery showed that a series of
inflammatory factors activated and released after inflamma-
tory response are strongly associated with brain damage after
CPB.

The focus of research on reducing brain injury after CPB
has shifted from trying to manage extracorporeal circula-
tion to using a preventive strategy. These preventive strate-
gies include the use of drug pretreatment and appropriate
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measures such as avoiding aortic operation, exhausting the
gas in the heart cavity, and preventing air from entering
the pump [8]. Pretreatment of narcotic drugs is presented
on the basis of simulated ischemic preconditioning and has
the same effect as ischemic preconditioning. Sevoflurane has
some advantages, including rapid anesthetic induction, rapid
consciousness, and low blood gas distribution coefficient and
has become the current commonly used inhalation anesthet-
ics [9]. A previous study confirmed that sevoflurane pretreat-
ment could provide neuroprotection extensively, enhance
tolerance of brain tissue to ischemic injury, and improve
nerve repair after injury; thus, the neuroprotective effect
of sevoflurane pretreatment has attracted much attention
[10]. Present studies have shown that the protective effect of
sevoflurane pretreatment on the brain may be strongly asso-
ciated with the inhibition of systemic inflammatory response
[11]. Bedirli et al. [12] considered that sevoflurane could
improve inflammation, brain lipid peroxidation, and histo-
logical damage by downregulating TNF-𝛼 and IL-1𝛽. Ye et al.
[13] pointed out that the expression of nuclear factor-kappa B
(NF-𝜅B) increased when cerebral ischemic injury occurred.
In contrast, one of the possible mechanisms of sevoflurane
pretreatment in brain protection is to inhibit the expression of
NF-𝜅B protein. The existing studies suggest that sevoflurane
is associated with inflammatory responses, but its specific
molecular mechanisms are unclear.

Toll-like receptors (TLRs) recognize pathogens by patho-
gen-associatedmolecular patterns (PAMPs) in the early stage
of pathogen invasion and then participate in the inflammato-
ry response. So far, 10 human TLRs (TLR1-10) and 12 rat TLRs
(TLR1-9, TLR11-13) have been identified [14]. Recent studies
have found that signal transduction pathway mediated by
TLR3 and TLR9, which are important members of TLRs
family, may have an inseparable relationship with ischemic
injury [15, 16]. He et al. [17] observed periventricular axonal
injury, ependymal rupture, and activation of glial cells around
the hippocampus through intracerebroventricular injection
of TLR9 specific ligand nonmethylated CpG oligodeoxynu-
cleotides in rats, indicating that TLR9 signaling pathway
may induce inflammatory response in the nervous system
and further cause brain damage [18]. TLR3 is an unique
member of the TLR family. First, TLR3 is highly expressed
in astrocytes; second, there are two immune pathways in
downstream in the TLR family [10].The vastmajority of TLRs
(TLR2, 4, 8, and 9) is transmitted via the MyD88 pathway
[17, 19, 20]; only TLR3 depends on the TRIF pathway [21].
Pan et al. [22] verified that TLR3 preexcitation could increase
the tolerance of brain tissue to ischemic injury, reduce in-
flammatory response, promote the production of anti-in-
flammatory cytokines and neuroprotective mediators, and
attenuate ischemic brain injury.

Taking whether sevoflurane suppressed inflammatory
lesions during CPB through activating TLR3 and TLR9 sig-
naling pathway and protected the brain against injury as the
starting point, the present study observed the effects of 2.4%
sevoflurane pretreatment on brain injury andTLR3 andTLR9
signaling pathway during CPB in rat models. We also ana-
lyzed whether sevoflurane pretreatment exerted protective
effect on the brain by activating TLR3 and TLR9 signaling

pathway and investigated the possiblemolecularmechanisms
so as to establish a certain basis for investigating the exact
mechanism of TLR3 and TLR9 signaling pathway in the
neuroprotection of sevoflurane treatment in rats undergoing
CPB.

2. Materials and Methods

2.1. Experimental Animals and Groups. Sixty-four adult male
Sprague-Dawley rats weighing 350–450 g were provided by
the Experimental Animal Center of the General Hospital of
Shenyang Military of China (approval number: 20120002).
The protocols were approved by the Animal Experiment
Ethics Committee of the General Hospital of Shenyang Mili-
tary. The rats were fasted for 12 hours before surgery. All rats
were randomly assigned to sham surgery group (sham, 𝑛 =
8), CPB group (CPB, 𝑛 = 24), and sevoflurane pretreatment
group (Sev, 𝑛 = 32).

2.2. Model Establishment and Interventions

2.2.1. Preparation of a RatModel of CPBPrimedwithout Blood.
Ratmodel of CPBwas performed as previously reported [23].
Rats were intraperitoneally anesthetized with 10% chloral
hydrate 300mg/kg. Direct orotracheal intubation was con-
ducted using a 16G venous catheter. Mechanical ventilation
was carried out with a small animal ventilator at a frequency
of 60 times/min, oxygen flow of 11/min, tidal volume of
3ml/kg, and inspiratory-to-expiratory ratio of 1 : 1.5. Rat
heart rate, saturation of blood oxygen, and rectal temperature
were monitored using a monitor.

The hair was shaved at the site of puncture. After disin-
fecting and cutting, blood vessels were isolated and exposed.
23G venous catheter on the left side was connected to the
microinfusion pump. 24G femoral artery catheter on the left
side was connected to the monitor to real-time detect blood
pressure. A self-made multi-empty drainage needle (16G)
was inserted in the right internal jugular vein and reached the
right atrium as blood pressure drainage during CPB. Right
femoral artery puncture catheter was fixed for perfusion
during CPB. The sites of puncture were connected with a
drainage tube, a self-made blood reservoir, a constant flow
peristaltic pump, a silica gel pipeline, and a rat membrane
oxygenator to establish CPB circuit. The left femoral vein
was chosen as the site of systemic heparinization in rats
and injected with heparin sodium injection 300 IU/kg.When
ACT reached 400–500s, it was considered up to standard.
After the rats were primed without blood, rat models of CPB
on a beating heart were established. Priming solution consists
of 6%hydroxyethyl starch 12ml, 5% sodiumbicarbonate 2ml,
20% mannitol 1ml, and heparin sodium 150 IU/kg.

Membrane oxygenator was immediately used after CPB.
The bypass speed was 35ml/(kg⋅min) (low flow) at beginning
and gradually increased to 100–120ml/(kg⋅min) (full flow). In
order to prevent the formation of air embolism, 1-2ml blood
was kept in the blood container. MAP was kept higher than
60mmHg; PH was at 7.35–7.45 level; PaCO

2
was between 35

and 45mmHg; Hct was greater than 0.25. Vasoactive drugs
and fluid supplement were given during the operation to
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maintain the circulatory stability in rats. At 1 hour after
CPB, extracorporeal circulation was gradually terminated,
and mechanical ventilation was carried out. At 2 hours
after termination of the circulation, stable vital signs of rats
indicated successful model establishment.

2.2.2. Treatments in Each Group. In the sham group, tracheal
intubation and mechanical ventilation were only performed
in the right femoral artery. Bypass was not conducted in the
right internal jugular vein puncture catheterization. In the
CPB group,models of CPBwere established. In the Sev group,
after pretreatment with 2.4% sevoflurane for 1 hour, CPB
models were established. In theCPB and Sev groups, CPBwas
performed for 1 hour.

Sevoflurane pretreatment was as follows: Soda lime was
paved under the gauze at the bottom of the pretreatment box.
Two holes were provided at both ends of the box. One end
connected to anesthesia ventilator, and one end connected to
the gas collection port of the monitor to real-time monitor
oxygen and sevoflurane concentrations. The temperature in
the box wasmaintained at 35–37∘C. After the rats were placed
in the box, oxygen and sevoflurane flowmeter was opened to
adjust their concentrations.When sevoflurane was kept at the
needed concentrations, pretreatment time was counted for 1
hour.

2.2.3. Specimen Collection and Processing. Arterial and ve-
nous blood was collected before CPB (𝑇

0
), at CPB for 30

minutes (𝑇
1
), termination after 1 hour of CPB (𝑇

2
), 1 hour

after CPB (𝑇
3
), 2 hours after CPB (𝑇

4
), and 3 hours after CPB

(𝑇
5
). Eight rats from each group were sacrificed at 𝑇

0
, 𝑇
1
,

𝑇
3
, and 𝑇

5
in the Sev and CPB groups, and brain tissue was

obtained.

2.2.4. Brain Tissue. After the heart was exposed, the circu-
latory system was perfused and washed with 250–400ml
of physiological saline. The skull was broken off and the
brain was obtained on the ice plate. The brain was cut into
two pieces through the median sagittal line. The hippocampi
were isolated and stored in –80∘C (left side) and 10% neutral
formalin (right side).

2.2.5. Venous Blood Serum and Arterial Blood Gas. Venous
blood was centrifuged at 3000 rpm for 10 minutes, and
serumwas collected and stored at –80∘C. Blood was collected
from left femoral artery and subjected to blood gas analysis,
1.3ml/time. After sampling, an equal volume of 6% hydrox-
yethyl starch was intravenously injected.

2.2.6. Cell Apoptosis as Measured by Terminal Deoxynu-
cleotidyl Transferase dUTP Nick End Labeling (TUNEL) Assay
In Situ. Paraffin sections were dewaxed and hydrated, treated
with proteinase K for 15 minutes, washed four times with
water at room temperature, treated with H

2
O
2
-PBS mixture

for 15 minutes, and washed three times with PBS, each for 5
minutes. These sections were then treated with TUNEL for
10 minutes, stop buffer for 30 minutes, washed with PBS,
incubated with horseradish peroxidase for 30 minutes, and
washed with PBS. Afterwards, sections were incubated with

DAB-H
2
O
2
mixture for 3minutes, washedwith PBS, counter-

stained with methyl green for 10 minutes, and washed three
times with distilled water and three times with N-butanol,
each for 1minute. Subsequently, the sections were dehydrated
with xylene, dried, and mounted. Nuclei of normal neurons
were stained blue using hematoxylin, considering as negative
cells. Nuclei of injured neurons were stained brown, with
the presence of DNA breakage, considering positive cells. Six
sections were selected from each group and five fields of each
section were selected at 400x magnification. Mean integrated
optical density values of injured neurons were analyzed using
Metamorph Dplo BX41 image analysis system.

2.2.7. Serum S100-𝛽, IFN-𝛽, IL-6, TLR3, and TRIF Concentra-
tions in Rats as Detected by Enzyme Linked Immunosorbent
Assay (ELISA). Sample (50 𝜇l) was added in each well after
standard substance was diluted. The sample (50𝜇l) diluted
five times was added and incubated at 37∘C for 30 minutes.
The washing liquid was added to the waste liquid hole for
30 seconds, repeatedly for five times. ELISA reagents (50𝜇l)
were added in each well, and developers A and B (each 50 𝜇l)
were added and incubated at 37∘C for 15 minutes. Stop buffer
(50 𝜇l) was added for 15 minutes. Absorbance values were
measured at 450 nm, and results were analyzed.

2.2.8. TLR3 and TLR9 Expression asMeasured byWestern Blot
Assay. The hippocampus was lysed with 1ml/100mg lysate
and centrifuged at 12000 rpm and 4∘C for 15 minutes. The
supernatant was incubated with loading buffer, subjected to
electrophoresis, and transferred onto the membrane for 90
minutes. The membrane was blocked with 5% defatted milk
powder for 2 hours and incubated with approximately 1ml
of TLR3 antibody or TLR9 antibody (Abcam, USA) at room
temperature for 2 hours. After removal of primary antibody,
the membrane was washed four times with phosphate-
buffered saline/Tween. The incubation with secondary anti-
body was the same as before. After visualization, results were
analyzed using Quantity One software.

2.2.9. Statistical Analysis. Data were analyzed with SPSS 19.0
software. Measurement data were expressed as the mean ±
standard deviation. Intergroup comparison was completed
using one-way analysis of variance. Intragroup comparison
was finished using repeated measures analysis of variance. A
value of 𝑃 < 0.05 was considered statistically significant.

3. Results

3.1. Life Indicators and Blood Gas Analysis in Rats of Each
Group. MAP, HR, rectal temperature, pH value, PaCO

2
,

PaO
2
, BE value, andK+were not significantly different among

groups at various time points (𝑃 > 0.05). MAP decreased to
74mmHg during CPB (versus 𝑇

0
; 𝑃 < 0.05) and gradually

increased to 99mmHg after CPB (versus 𝑇
0
; 𝑃 > 0.05).

HR was 296.51 bpm/min during CPB (versus 𝑇
0
; 𝑃 < 0.05)

and gradually recovered to 309.20 bpm/min afterCPB (versus
𝑇
0
; 𝑃 > 0.05). Hct decreased to 27.49 immediately during

CPB (𝑃 < 0.05). pH value, PaCO
2
, PaO
2
, BE value, and K+

levels were relatively stable at various time points and were
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Table 1: MAP, HR, rectal temperature, and blood gas analysis results in rats of each group (𝑥 ± 𝑠).

Item 𝑇
0

𝑇
1

𝑇
2

𝑇
3

𝑇
4

𝑇
5

MAP (mmHg) 103.80 ± 15.91 74.11 ± 7.06∗ 73.06 ± 5.36∗ 90.60 ± 6.85 98.97 ± 7.04 99.17 ± 7.16
HR (/min) 312.69 ± 12.13 296.51 ± 11.67∗ 293.60 ± 8.83∗ 295.51 ± 7.49 307.83 ± 8.04 309.20 ± 7.65
𝑇 (∘C) 36.96 ± 0.33 34.42 ± 0.26∗ 35.22 ± 0.33∗ 36.61 ± 0.32 36.85 ± 0.27 36.87 ± 0.41
pH 7.40 ± 0.03 7.37 ± 0.02 7.37 ± 0.02 7.38 ± 0.02 7.39 ± 0.03 7.39 ± 0.03
PaCO

2
(mmHg) 39.57 ± 2.82 39.46 ± 3.18 40.29 ± 3.04 38.63 ± 2.81 38.83 ± 2.86 39.71 ± 2.90

PaO
2
(mmHg) 312.06 ± 22.65 307.71 ± 14.83 302.31 ± 21.57 304.57 ± 11.18 307.29 ± 14.43 307.69 ± 15.98

BE (mmol/L) −1.2 ± 1.45 −2.7 ± 1.52 −2.4 ± 1.63 −2.1 ± 1.24 −1.3 ± 1.58 −2.6 ± 1.59
Hct 39.37 ± 1.97 27.94 ± 1.70∗ 31.09 ± 1.76∗ 33.51 ± 1.77∗ 33.06 ± 1.61∗ 33.23 ± 1.94∗

K+ (mmol/L) 4.16 ± 0.43 4.10 ± 0.37 4.27 ± 0.41 4.15 ± 0.36 4.17 ± 0.39 4.16 ± 0.33
Note. ∗𝑃 < 0.05, versus T0.
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Figure 1: After establishment of the CPB model, sevoflurane treat-
ment and ELISAwere used to detect the serum S100 - 𝛽 level in each
group rats at different times. Data collected from sham group, CPB
group, and Sev group. Comparedwith𝑇0, #𝑃 < 0.05; comparedwith
sham group ∗𝑃 < 0.05; compared with CPB group, △𝑃 < 0.05.

not significantly different as compared with 𝑇
0
(𝑃 > 0.05;

Table 1).

3.2. Serum S100-𝛽 Concentrations in Rats of Each Group.
Serum S100-𝛽 concentrations significantly increased during
CPB and gradually diminished after CPB in the CPB group
(versus 𝑇

0
; 𝑃 < 0.05). Compared with the sham group, serum

S100-𝛽 concentrations significantly increased at𝑇1–𝑇5 in the
CPB and Sev groups (𝑃 < 0.05). Compared with the CPB
group, serum S100-𝛽 concentrations significantly reduced at
𝑇
1
–𝑇
5
in the Sev group (𝑃 < 0.05, Figure 1).

3.3. ELISA Results of IL-6 Concentrations in Rats of Each
Group. Compared with the sham group, serum (Figure 2(a))
and brain (Figure 2(b)) IL-6 concentrations significantly
increased in the CPB and Sev groups at𝑇

1
–𝑇
5
(versus T

0
; 𝑃 <

0.05, 𝑃 < 0.05). Compared with the CPB group, serum and
brain IL-6 concentrations significantly diminished in the Sev
group at 𝑇

1
–𝑇
5
(𝑃 < 0.05).

3.4. ELISA Results of IFN-𝛽 Concentrations in Rats of Each
Group. Compared with the sham group, IFN-𝛽 concentra-
tions increased at 𝑇1–𝑇5, significantly increased at 𝑇1, and
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Figure 2: ELISA used to detect the IL-6 level in each group rats at
different times. Data collected from sham group, CPB group, and
Sev group. (a) Serum IL-6 level. (b) Brain IL-6 level. Compared with
𝑇0, #𝑃 < 0.05; compared with sham group ∗𝑃 < 0.05; compared
with CPB group, △𝑃 < 0.05.

gradually reduced at 𝑇2 in the CPB and Sev groups (𝑃 <
0.05). Compared with the CPB group, besides 𝑇0, serum and
brain IFN-𝛽 concentrations significantly increased in the Sev
group at various time points (𝑃 < 0.05; Figures 3(a) and
3(b)).
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Figure 3: ELISA used to detect the IFN-𝛽 level in each group rats at different times. Data collected from sham group, CPB group, and Sev
group. (a) Serum IFN-𝛽 level. (b) Brain IFN-𝛽 level. Compared with 𝑇0, #𝑃 < 0.05; compared with sham group ∗𝑃 < 0.05; compared with
CPB group, △𝑃 < 0.05.
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Figure 4:The expression of TLR3 protein in hippocampus of rats by
ELISA. Data collected from sham group, CPB group, and Sev group.
Compared with 𝑇0, #𝑃 < 0.05; compared with sham group ∗𝑃 <
0.05; compared with CPB group, △𝑃 < 0.05.

3.5. ELISA Results of TLR3 Protein Expression in the Rat Hip-
pocampus of Each Group. Compared with the sham surgery
group, TLR3 protein expression increased at 𝑇

1
, 𝑇
3
, and 𝑇

5
,

significantly increased at 𝑇
1
, and gradually diminished at 𝑇

3

in the CPB and sevoflurane pretreatment groups (versus 𝑇
0
;

𝑃 < 0.05, 𝑃 < 0.05). Compared with the CPB group, TLR3
expression significantly increased at 𝑇

1
, 𝑇
3
, and 𝑇

5
in the

sevoflurane pretreatment group (𝑃 < 0.05; Figure 4).

3.6. ELISA Results of TRIF Protein Expression in the Rat Hip-
pocampus of Each Group. Compared with the sham surgery
group, TRIF protein expression increased at 𝑇

1
, 𝑇
3
, and 𝑇

5
,

significantly increased at 𝑇
1
, and diminished at 𝑇

3
in the CPB

and sevoflurane pretreatment groups (versus 𝑇
0
; 𝑃 < 0.05).

Compared with the CPB group, TRIF protein expression
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Figure 5:The expression of TRIF protein in hippocampus of rats by
ELISA. Data collected from sham group, CPB group, and Sev group.

significantly increased at 𝑇
1
, 𝑇
3
, and 𝑇

5
in the sevoflurane

pretreatment group (𝑃 < 0.05; Figure 5).

3.7. Western Blot Assay Results of TLR3, TRIF, TLR9, and NF-
𝜅B Protein Expression in the Rat Hippocampus of Each Group.
Compared with the sham group, TLR3, TRIF, TLR9, and NF-
𝜅B expression significantly increased in the CPB and Sev
groups (𝑃 < 0.05). Compared with the CPB group, TLR3 and
TRIF expression significantly increased and TLR9 and NF-
𝜅B expression significantly decreased in Sev group (𝑃 < 0.05;
Figure 6).

3.8. Neuronal Apoptosis in the Hippocampus as Measured by
TUNEL Assay. The number of positive cells was less in the
sham group. Compared with the sham group, the number of
positive cells was significantly increased in the CPB and Sev
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Figure 6: Western blot used to detect the TLR3 and TLR9 signaling
pathway related proteins TLR3, TRIF, and TLR9, NF-𝜅B expression
in hippocampus of rats.Data collected from shamgroup,CPBgroup,
and Sev group. Compared with sham group ∗𝑃 < 0.05; compared
with CPB group, #𝑃 < 0.05.

groups (𝑃 < 0.05). The number of positive cells significantly
decreased in the Sev and CPB groups (𝑃 < 0.05; Figure 7).

4. Discussion

This study established rat models of CPB primed with-
out blood after 1-hour pretreatment with 2.4% sevoflurane.
Serum S100-𝛽 protein was selected as biochemical marker for
brain injury. 1.0 MAC sevoflurane has been extensively used
in the clinic. Previous studies have shown that 2.4% sevoflu-
rane was equivalent to rat 1.0MAC sevoflurane [24, 25]. Hu et
al. [26] demonstrated that sevoflurane couldmitigate cerebral
ischemia/reperfusion injury after 1-hour pretreatment with
2.4% sevoflurane. Sevoflurane is commonly used in the
rat models of middle cerebral artery but seldom used in
rat models of CPB. In accordance with the results of our
preliminary experiments, the concentration of sevoflurane
was 2.4% in this study.

S100-𝛽 is a sensitive neuron-specific protein, and its
expression is very low in the normal brain. Only when brain
tissue is damaged is S100-𝛽 activated early and expressed
rapidly [27]. Because the permeability of cell membrane
and blood-brain barrier increased, S100-𝛽 can be released
into the cerebrospinal fluid and the systemic circulation
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Figure 7: TUNEL was used to detect the apoptotic positive cells
(400x). Data collected from sham group, CPB group, and Sev group.
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through the blood-brain barrier; thus, the detection of S100-
𝛽 concentrations in peripheral blood can sensitively reflect
brain injury [28]. The researchers therefore regard S100-𝛽
protein as a marker that reflects brain injury. Similarly, in
the study of CPB, S100-𝛽 is considered as a specific marker
for early brain injury in CPB [29, 30]. The hippocampus is
more sensitive to cerebral ischemia and hypoxia compared
with other parts of the brain, and ischemia and hypoxia are
more likely to cause neuronal damage, so the hippocampus is
selected in this study [31].

In this study, serum S100-𝛽 levels were close to normal
value before CPB and were low in each group. After CPB,
S100-𝛽 levels were still low in the sham group, indicating that
simple intubation did not cause significant brain injury. Com-
pared with the sham group, serum S100-𝛽 levels obviously
increased during CPB in the CPB and Sev groups, and S100-
𝛽 remained in a remarkably high level after CPB. Singh et al.
[32] found that, under intravenous anesthesia of sevoflurane
and isoflurane, S100-𝛽 protein concentrations maximally
increased after CPB in patients undergoing coronary artery
bypass grafting, and S100-𝛽 concentrations were minimal
in the Sev group, which was consistent with our results.
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These findings suggest that CPB-induced brain injury in rats
through some mechanisms.

During CPB, various factors, such as nonphysiological
perfusion, local oxygen supply, and insufficient blood supply,
can lead to the release of large numbers of proinflammatory
cytokines from lymphocytes, resulting in systemic inflamma-
tory response syndrome [33], which can cause great damage
to the brain. Therefore, inflammatory lesion is an important
cause of cognitive impairment after CPB. How to effectively
reduce inflammatory lesion during CPB is the foothold of our
research.

Ramlawi et al. [34] demonstrated that serum IL-1 levels
remarkably increased, and the changes in concentration were
positively associated with cognitive decline in patients with
postoperative cognitive decline in the early stage after coro-
nary artery bypass grafting and valve replacement. Ashraf et
al. [35] thought that, during CPB, S100-𝛽 protein expression
was positively associated with IL-6 expression; IL-6 expres-
sion had promoting effect on S100-𝛽 protein expression;
inflammatory mediators participate in and aggravate brain
injury. Vila et al. [36] confirmed that IL-6 was strongly
associated with area of acute cerebral infarction; serum IL-6
concentration and cerebral infarction area showed the same
trend and were independent risk factors for cerebral infarc-
tion. In this study, IL-6 concentrations obviously increased
in the CPB group compared with the sham group from the
beginning of CPB and then gradually reduced after CPB
but were still high, indicating that CPB definitely started
the inflammatory response, which was consistent with the
results from previous studies. Compared with CPB and sham
groups, IL-6 concentrations increased during CPB in the Sev
group; however, IL-6 concentrations were still lower in the
Sev group than in the CPB group at various time points.
After CPB, IL-6 concentrations were remarkably decreased,
and the descent speed was faster than that in the CPB group.
Furthermore, the trend of IL-6 concentration was the same
as that of S100-𝛽. S100-𝛽 concentrations were lower in the
Sev group than in the CPB group, suggesting that sevoflurane
mitigated brain injury induced by inflammatory response
during CPB through inhibiting IL-6 expression. Bedirli et al.
[12] believed that sevoflurane pretreatment could diminish
the concentrations of inflammatory factors (TNF-𝛼 and IL-
1𝛽) during ischemia and reperfusion, lessen inflammatory
response-induced brain injury, and exert protective effect on
the brain, which was consistent with our results.

The establishment of CPB causes the brain tissue to
undergo multiple noxious stimuli, such as hypoxia and
ischemia of histiocytes induced by abnormal perfusion and
subsequent reperfusion injury, activation of systemic comple-
ment system by foreign bodies such as pipes, and extremely
released endotoxin [37]. These noxious stimuli can strongly
induce the formation of pathophysiological processes charac-
terized by inflammatory response through a variety of factors
and pathways [38]. TLR9 signaling pathway, as an important
hinge between innate immunity and acquired immunity, can
play an immune regulatory role in the early stage of pathogen
invasion [39]. In ischemic brain injury, TLR9 activates the
downstream signalingmolecule NF-𝜅B by binding to specific
ligands and participates in inflammatory response [40]. Trop

et al. [41] found that CPB increased inflammatory response,
induced high expression of interferon-gamma (INF-𝛾), TNF-
𝛼, IL-6, IL-8, and IL-10, activated TLRs signaling pathway,
and upregulated IRAK-4 and NF-𝜅B expression. Mahle et
al. [42] performed a study on the relationship between
inflammatory response and clinical prognosis in neonates
after CPB and found that neonatal cardiac surgery can cause
complex and extensive inflammatory response, leading to
the increase of INF-𝛾, TNF-𝛼, IL-2, IL-5, IL-6, IL-8, IL-10,
and IL-13. In the present study, the establishment of CPB
activated inflammatory TLR9 signaling pathway in the brain
and increased NF-𝜅B expression. This indicates that TLR9
signaling pathway is involved in the pathological process of
cerebral ischemic injury, which was consistent with Trop et
al.’s study [41]. This result may be because CPB can cause
hypoxia and ischemia in brain tissue; blood-brain barrier
is damaged; apoptosis and necrosis occur in neuron cells;
the damaged tissues and necrotic cells can release some
molecules as endogenous activators of TLR9 to activate the
TLR9 signaling pathway. For example, cleavage of DNA
fragments can act as ligands on TLR9 receptors and activate
the TLR9 signaling pathway [43]. Taken together, inflamma-
tory response induced by CPB may be associated with the
signaling pathway of TLR9 inflammatory response.

TLR3 is the only complete, single TLR through the
TRIF-dependent pathway. TLR3 is expressed throughout the
central nervous system and prominently highly expressed in
astrocytes. Astrocytes account for the highest proportion of
cells in the central nervous system, so TLR3 is particularly
sensitive to injury [44]. Relative to the response of TLR
to brain injury caused by inflammatory response during
ischemia, if certain stimuli are given in advance to activate
TLR, it can provide a powerful neuroprotective effect by
reducing inflammatory response [45]. Previous studies have
confirmed that pretreatment with lipopolysaccharide or
upregulation of TRIF expression by ischemic preconditioning
can ultimately increase the release of anti-inflammatory
cytokines, inhibit the release of nuclear factor-kappa B- (NF-
𝜅B-) mediated proinflammatory cytokines, thus playing a
protective effect on the brain [8, 9]. Nhu et al. [46] found
that lipopolysaccharide pretreatment could upregulate TLR3
expression, thereby increasing the expression in the down-
stream TRIF pathway. Because TLR3 signaling is completely
through the TRIF pathway, activation of TLR3 expression
may contribute to the balance of proinflammatory and anti-
inflammatory cytokines, resulting in neuroprotection. Pan et
al. [47] demonstrated that the use of TLR3 agonist polyi-
nosinic:polycytidylic acid could stimulate TLR3 expression,
inhibit the release of proinflammatory cytokines NF-𝜅B and
IL-6, and alleviate the damage to nerve cells.

In the current study, the trend of TRIF expression is
basically the same as that of TLR3, and TLR3 expression is
confirmed by the downstreampathway. Because TLR3 signal-
ing is completely through the TRIF pathway, the activation
of TLR3 expression may help to improve the balance of
proinflammatory and anti-inflammatory cytokines that are
broken by CPB, to search for novel balances and to pro-
duce neuroprotective effects. IL-6 concentrations and S100-
𝛽 protein concentrations showed the same trend, suggesting
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that IL-6 concentrations increased during CPB, accompanied
by or aggravating the occurrence and development of brain
injury. Before CPB, IL-6 concentrations were lower in the
Sev group than in the sham group. The trend of IL-6 change
in the Sev group was approximately identical to that of CPB
group, but IL-6 concentrations were obviously lower. In this
study, after pretreatment with sevoflurane in rat models of
CPB, sevoflurane pretreatment activated TLR3 expression,
increased TLR3 and TRIF levels, and inhibited the produc-
tion of S100𝛽 and IL-6. Sevoflurane pretreatment is similar
to ischemic preconditioning, can activate TLR3 and TRIF
protein expression, enhance the tolerance of brain tissue to
inflammatory lesion caused by CPB, lessen IL-6 release, and
reduce inflammatory factors-induced damage. Results from
the present study confirmed that TLR3 participated in the
brain protection of sevoflurane pretreatment and provided
a new target for the prevention and improvement of CPB-
induced brain injury in clinic.

In conclusion, sevoflurane pretreatment has protective
effect against brain injury after CPB. Sevoflurane pretreat-
ment can activate TLR3 and TLR9 signaling pathway, upreg-
ulate TLR3 expression and TRIF expression, decrease TLR9
expression, and downregulate NF-𝜅B expression and inhib-
ited the production of S100𝛽 and IL-6, thereby lessening CPB
inflammation-induced brain injury.
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matory cytokines and early neurological worsening in ischemic
stroke,” Stroke, vol. 31, no. 10, pp. 2325–2329, 2000.

[37] S. Ohki, K. Oshima, I. Takeyoshi, K. Matsumoto, and Y. Mor-
ishita, “Endotoxin removal with a polymyxin B-immobilized
hemoperfusion cartridge improves cardiopulmonary function
after cardiopulmonary bypass,” Journal of Surgical Research, vol.
145, no. 1, pp. 74–79, 2008.

[38] R. A. Bronicki andM. Hall, “Cardiopulmonary bypass-induced
inflammatory response: Pathophysiology and treatment,” Pedi-
atric Critical Care Medicine, vol. 17, no. 8, pp. S272–S278, 2016.

[39] F. C. M. Braun, J. Van Den Brandt, S. Thomas et al., “In vivo
silencing of A20 via TLR9-mediated targeted SiRNA delivery
potentiates antitumor immune response,”PLoSONE, vol. 10, no.
9, Article ID e013544, 2015.

[40] M. Li, J. Liu, Y. Bi, J. Chen, and L. Zhao, “Potential medica-
tions or compounds acting on toll-like receptors in cerebral
ischemia,”Curr Neuropharmacol, 2017, Potential medications or
compounds acting on toll-like receptors in cerebral ischemia,
Curr Neuropharmacol.

[41] S. Trop, J. C. Marshall, C. D. Mazer et al., “Perioperative cardio-
vascular system failure in South Asians undergoing cardiopul-
monary bypass is associated with prolonged inflammation and
increased Toll-like receptor signaling in inflammatory mono-
cytes,” Journal of Surgical Research, vol. 187, no. 1, pp. 43–52,
2014.

[42] W. T. Mahle, E. Matthews, K. R. Kanter, B. E. Kogon, S. E. G.
Hamrick, and M. J. Strickland, “Inflammatory response after
neonatal cardiac surgery and its relationship to clinical out-
comes,” The Annals of Thoracic Surgery, vol. 97, no. 3, pp. 950–
956, 2014.

[43] S. V. Kostyuk, E. M. Malinovskaya, A. V. Ermakov et al., “Frag-
ments of cell-free DNA increase transcription in human mes-
enchymal stem cells, activate TLR-dependent signal pathway,
and suppress apoptosis,” Biochemistry Supplement Series B:
Biomedical Chemistry, vol. 6, no. 1, pp. 68–74, 2012.

[44] G. Barreto, R. E. White, Y. Ouyang, L. Xu, and R. G. Giffard,
“Astrocytes: targets for neuroprotection in stroke,” Central
Nervous System Agents in Medicinal Chemistry, vol. 11, no. 2, pp.
164–173, 2011.

[45] H. L. Rosenzweig, N. S. Lessov, D. C. Henshall, M. Minami, R.
P. Simon, and M. P. Stenzel-Poore, “Endotoxin preconditioning
prevents cellular inflammatory response during ischemic neu-
roprotection inmice,” Stroke, vol. 35, no. 11, pp. 2576–2581, 2004.

[46] M. Q. Nhu, N. Cuesta, and S. N. Vogel, “Transcriptional reg-
ulation of lipopolysaccharide (LPS)-induced Toll-like receptor
(TLR) expression in murine macrophages: role of interferon
regulatory factors 1 (IRF-1) and 2 (IRF-2),” Journal of Endotoxin
Research, vol. 12, no. 5, pp. 285–295, 2006.

[47] L.-N. Pan, W. Zhu, C. Li, X.-L. Xu, L.-J. Guo, and Q. Lu, “Toll-
like receptor 3 agonist Poly I:C protects against simulated cere-
bral ischemia in vitro and in vivo,” Acta Pharmacologica Sinica,
vol. 33, no. 10, pp. 1246–1253, 2012.



Submit your manuscripts at
https://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


