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Abstract

Background: The Postoperative cognitive dysfunction (POCD) model was constructed by resection of the left he-
patic lobe in aged mice to determine the behavioral effects of the POCD model in aged mice and the relationship
between NF-xB and POCD in apoptosis and autophagy. Provide a theoretical basis for POCD prevention and
treatment.

Methods: This study was carried out in Ningbo No. 6 Hospital, Zhejiang, China, from Jun 2019 to Dec 2020. The
POCD model was constructed after resection of the left extrahepatic lobe in aged mice and randomly divided into 6
groups: sham operation group, operation group (normal saline control group, solvent group, YC-1 group, PDTC
group and 3-MA group). Related indicators of behavioral changes, neuronal inflammatory responses, apoptosis, and
autophagy were examined.

Results: The escape latency of the aged mice in the surgical group was significantly prolonged at three time points
compared with the control group, and the number of insertions decreased significantly. Microglia are activated and
the inflaimmatory response is increased, whereas PDTC has an inhibitory effect. It was demonstrated that apoptosis
and necrosis of neurons can be induced by the NF-xb pathway, and autophagy can be promoted, whereas autophagy
occurs before apoptosis.

Conclusion: Activation of NF-xb pathway in neurons after POCD causes neuronal apoptosis and autophagy, and
cognitive impairment occurs. PDTC, a NF-xb pathway inhibitor, can effectively reduce neuronal apoptosis induced

by secondary brain injury after POCD. Necrosis, to protect the brain tissue.
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Introduction

Postoperative cognitive dysfunction (POCD) is a
decline in cognitive function especially memory,
attention after anesthesia and surgery. Concern
has been growing regarding that POCD as an
important complication of patients after surgery.
Elderly patients in particular are vulnerable to
memory disturbances and other types of cogni-
tive impairment after surgical operations (1,2).
The aging of the population and new develop-
ments in medicine both imply the number of el-

derly patients undergoing surgery and anesthesia
will keep rising. This is an important issue in
perioperative care. POCD has received more and
more attention from scholars.

Although aging is regarded as the only one clear
risk of POCD, the causes of higher POCD mor-
bidity in aging is still unclear. Cytokines play a
crucial role in the pathogenesis of POCD (3).
These cytokines may enter the hippocampus back
through the damaged blood-brain barrier, leading
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to neuronal damage in the hippocampus, affect-
ing learning, memory and cognitive function. In
the inflaimmatory response of the central nervous
system, the NF-KB transcription factor is a cen-
tral regulatory element, and the promoters of IL-
2, I1.-6, and NOS all have a DNA binding region
of p50-p65 (4,5). This inflammatory response has
been validated in the neurotoxicological response
mechanism of heavy metals. NF-kB plays an ex-
tremely important role in the process of synaptic
remodeling and protection as well as apoptosis
caused by stress.

When HIF-la is activated, it regulates the tran-
scription of many genes involved in energy me-
tabolism, angiogenesis, apoptosis, and other
genes, regulates oxygen delivery, or promotes
related metabolism to adapt to hypoxia, which
acts as a major regulator of steady-state hypoxic
response in cells and systems. Therefore, HIF-1a
plays an important role in embryonic angiogene-
sis, tumor angiogenesis, and pathophysiology of
ischemic diseases. In addition, HIF-la plays a very
important role in ischemic brain injury and hy-
poxic brain damage, which is reduced in ischemic
brain damage and hypoxic brain damage, and
HIF signaling pathway plays a role in neuropro-
tection (6,7). The role of HIF-1a expression up-
regulation and maintenance can alleviate cogni-
tive dysfunction. HIF-1a was inhibited, hippo-
campal cell apoptosis increased, cognitive func-
tion decreased, suggesting that HIF-1a has neu-
roprotective effects in subarachnoid hemorrhage,
may be an effective therapeutic target (8). How-
ever, to date, the expression of HIF-1a in the de-
velopment and progression of postoperative
cognitive dysfunction remains controversial and
needs further study.

Based on the current research basis, we evaluated
the POCD model of eldetly mice with left hepa-
tectomy, and then determined the behavioral ef-
fects of POCD model in aged mice and the role
and apoptosis of NF-«B and POCD. The rela-
tionship between autophagy and thus provides a
theoretical basis for the prevention and treatment
of POCD.
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Materials and Methods

Grouping and administration of mice

This study was carried out in the Central labora-
tory of Ningbo No. 6 Hospital, Zhejiang, China,
from Jun 2019 to Dec 2020.0One week after adap-
tive feeding, the mice were randomly divided into
4 groups: control group, model group (model
group, model+YC-1 group and model+PDTC
group). There were 6 rats in each group. In the
model+YC-1 group, mice were intraperitoneally
injected with 2 mg/kg of YC-1 (YC-1 dissolved
in DMSO) 30 min before and 24 h after liver par-
tial resection; model+PDTC group was injected
with 20 mg/kg (PDTC dissolved in DMSO) 30
min before and 24 h after liver partial resection;
the control group was injected with the same
dose of normal saline in the PDTC group.

E'thics approval

This study was approved by the ethics committee
of Ningbo NO.6 Hospital (with approval number
EC2020-007).

Animal model establishment

The mice were anesthetized with 10% chloral
hydrate at a body mass of 0.04 mL/10g. After the
righting reflex disappeared, the supine position
was fixed and disinfected, and a 1.5-2.0 cm inci-
sion was made in the midline of the lower abdo-
men of the xiphoid process. The left lobe liver
was isolated, and the left hepatic lobe was re-
moved after ligation at the distal pedicle with a
No.1 silk thread. After the hemostasis was com-
pletely stopped, the abdomen was closed layer by
layer. Strict aseptic operation was maintained dut-
ing the operation, and intraperitoneal injection of
penicillin sodium 50 U/g, 1 time/d for 2 days to
prevent infection.

Mouse learning and memory function test

Mice were tested for learning and memory ability
on the first day after surgery using the Morris
water maze system. Positioning navigation exper-
iment: lasted for 5 days, divided into two periods,
upper and afternoon, respectively. From two dif-
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ferent marking points, the mice were placed in
the water facing the pool wall, and the time re-
quired to find the platform within 1 min of the
mouse was recorded. (le escape the incubation
period). If the platform fails to find the platform
within 1 min after entering the water, place it on
the platform for 15 s and record the escape laten-
cy as 1 min. Take the average of the time twice a
day as the value of the day. Escape the incubation
period to reflect the animal's ability to gain expe-
rience that is, learning ability. Space exploration
test: After the navigation test was completed, the
platform was removed. The mouse was placed in
the water at the entrance point. The mouse was
recorded in the original platform quadrant for 1
min. The space exploration experiment was only
performed once. Space exploration experiments
reflect the ability of animals to maintain experi-
ence, that is, their ability to remember. Data col-
lection and processing was done by Mortis soft-
ware.

Specimen collection

After the end of the water maze experiment, all
the rats were anesthetized with sevoflurane until
the righting reflex disappeared. After the rats
were fixed, the heart was perfused, the head was
broken, and the brain was quickly removed on
the ice. The right hemisphere was separated and
the right side was separated. The hippocampus
tissue was placed in a cryotube and stored in a -
80 °C freezer.

Western blot

Hippocampal tissue protein expression levels
were determined by immunoblotting. Hippo-
campus tissue was added to cell lysate and prote-
ase inhibitor PMSF for 30 min on ice. After ul-
trasonic lysis and centrifugation at 4 °C, the su-
pernatant was taken and denatured in a 100 °C
water bath for 10 min and frozen at -20 °C. Pro-
tein was separated by 8% polyacrylamide gel elec-
trophoresis and transferred to PVDF membrane.
5% skim milk powder was blocked at room tem-
perature for 1 h, and B-Actin antibody (1:5000),
iNOS, NF-xb, HIF-1a, Bcl- were added. Bax,
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Caspase-3, Beclin, BECN1 and p62 primary anti-
body (1:500) were placed on a shaker, incubated
at 4 °C for 12 h, TBST was fully rinsed and then
added with horseradish peroxidase-labeled sec-

ondary antibody at room temperature shaker 2 h,
TBST was rinsed and developed with ECL.

Statistical analysis

Analysis was performed using SPSS (Chicago, IL,
USA) 18.0 statistical software. The measurement
data were expressed as mean T standard devia-
tion (x*s). The comparison within the group was
analyzed by repeated measures data analysis. The
comparison between groups was performed by
group ¢ test, and the count data was tested. P
<0.05 was considered statistically significant.

Results

Mouse cognitive impairment associated with
hippocampal microglia activated

The results of spatial memory test showed that
compared with the control group, the mice treat-
ed with the two treatments had better spatial
memory ability than the model mice (Fig. 1A).
Western blot results showed that the expression
of INOS after POCD increased significantly from
24 h after surgery (Fig. 1B). It was confirmed that
after POCD, microglia were activated and the

inflammatory response was increased, and PDTC
inhibited this.

After POCD, NF-xb is activated and hippo-
campal neurons undergo apoptosis

After we cultured neurons, we added NF-»b in-
hibitor PDTC and HIF-1a inhibitor YC-1, re-
spectively, to make NF-xb protein expression in
neurons, and then observe the cell expression. To
judge the expression of NF-xb protein.

In this experiment, the expression of NF-xb pro-
tein in the PDTC group was lower than that in
the surgery group (P<0.01). This indicated that
POCD can activate neurons to express NF-xb
protein, and the expression of NF-xb protein in-
creases gradually from 24h (Fig. 2 A), and peaks
at 72h (Fig. 2 C).
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Fig. 1: (A) Effects of YC-1 and PDTC interventions on cognitive function in aged mice. (B) Effects of YC-1 and
PDTC interventions on activation of hippocampal microglia after POCD modeling
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Fig. 2: Effects of YC-1 and PDTC interventions on hippocampal neurons after POCD modeling. (A) The Western
blotting assay of NF-»xB and HIF-1a at 24h. (B) The Western blotting assay of Bcl-2, Bax and Caspase-3 at 24h. (C)
The Western blotting assay of NF-»B and HIF-1a at 72h. (D) The Western blotting assay of Bcl-2, Bax and Caspase-

3 at 72h

In the detection of Bcl-2, Bax and caspase-3 ex-
pression, in the PDTC group, the time point of
detection was statistically significant compared
with the surgery group (P<0.05), thus indicating
that PDTC can inhibit the induction of NF-xb
pathway. Apoptosis; apoptosis expression was
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lower than the surgery group but higher than the
blank group, which was statistically significant (P
< 0.01) (Fig. 2 B and D). This also indicated that
PDTC does not completely inhibit the apoptosis
induced by the NF-xb pathway. The inhibitory
effect of YC-1 was weaker than that of PDTC.
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In summary, we demonstrate that neuronal apop-
tosis and necrosis can be induced by NF-xb
pathway, and we believe that PDTC can effec-
tively reduce neuronal apoptosis and necrosis
caused by secondary brain injury after POCD,
and protect the brain. The role of the organiza-
tion.

NF-xb activation can induce autophagy in
hippocampal neurons

In this part of the experiment, we applied NF-»xb
inhibitor PDTC to neurons cultured in vitro at
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different time points, and compared the expres-
sion of Beclinl protein with the surgery group to
observe whether NF-xb signaling pathway is in-
volved in autophagosomes. Formation process.
From the experimental results, Beclinl, BECN1
and p62 were significantly different between the
inhibition group and the operation group at 6h
(P<0.05) (Fig. 3 A-C), while at this time, the
caspase-3 was detected again (Fig. 3 D). Statistical
differences have demonstrated that the NF-xb
pathway promotes autophagy and that autophagy
occurs before apoptosis.
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Fig. 3: Effects of MA-3 and PDTC interventions on hippocampal neurons after POCD modeling. (A) The Western
blotting assay of Beclinl. (B) The Western blotting assay of BECNT1. (C) The Western blotting assay of p62. (D) The
Western blotting assay of Caspase-3

Discussion

According to United Nations statistics, the global
elderly population has increased rapidly, reaching
1.4 billion by the end of the last century. In 1982,
the elderly over 60 yr old accounted for 7.6% of
the national population; in 1995, the number of
people over 60 yr old reached 120 million, ac-
counting for 9.76% of the total population. It is
predicted that the elderly in China will grow at a
rate of 3.37% per year. By 2025, the eldetly popu-
lation will reach 280 million, accounting for more
than 16% of the national population (9). The in-
crease in the eldetly population has brought
about an increase in the chance of surgery. Elder-
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ly patients often have coronary heart disease, dia-
betes, hypertension, chronic respiratory system,
liver and kidney disease before surgery, which has
a serious impact on the organ reserve function
that has been reduced in eldetly patients (10).
Postoperative cognitive dysfunction (POCD) is
one of the common neurological complications
in the elderly. The patient is characterized by no
mental abnormalities before surgery, postopera-
tive cognitive decline, anxiety, personality chang-
es, insanity, etc. (11, 12). POCD can lead to de-
layed recovery of surgery patients, increased med-
ical costs, and affect the quality of life after sur-
gery.

Although the harmfulness of POCD has been
widely recognized, its specific pathogenesis and

Available at:  http://ijph.tums.ac.ir



http://ijph.tums.ac.ir/

Yuan et al.: Intervention of NF-Kb Signaling Pathway and Preventing Postoperative ...

pathophysiology have not yet been elucidated. It
may occur based on degeneration of the central
nervous system in elderly patients. Surgical trau-
ma leads to the release of a large number of in-
flammatory cytokines, which has serious clinical
consequences. At the same time, elderly patients
also have weakened cerebral wvascular self-
regulation function and low oxygen utilization
rate of brain tissue (12). Under the influence of
anesthesia and surgery, these factors are more
likely to be aggravated and lead to POCD. Mi-
croglia, a congenital immune cell inherent in the
Central Nervous System (CNS), has been
thought to be involved in the pathological pro-
cesses of neurodegenerative diseases and neu-
roinflammation for many years. More and more
evidence indicates that trauma, peripheral in-
flammation and other factors stimulate microglia,
which leads to the release of many neurotoxic
substances after activation (13). These toxic sub-
stances promote each other, leading to neuronal
apoptosis and damage. Our results showed that
the expression of iNOS after POCD increased
significantly from 24 h after surgery, microglia
was activated, and the inflaimmatory response
increased, while PDTC inhibited it.

Like the pathogenesis of Alzheimer's disease,
POCD may be a degenerative change induced or
aggravated by external factors such as anesthesia
and surgery on the basis of aging of the nervous
system (14). Its pathogenesis is a combination of
various factors. Studies have found that splenec-
tomy causes glial cell activation leading to an in-
flammatory response in the hippocampus, ac-
companied by a decline in cognitive function (15-
18). Neuroinflammation is characterized by ex-
cessive activation of microglia. Activated micro-
glia release a large number of inflammatory medi-
ators, such as cytokines, chemical factors, excita-
tory amino acids and reactive oxygen species
(ROS), which damage peripheral neurons (19).
Damaged neurons release intracellular proteins
that bind to microglial membrane surface recep-
tors, further activating microglia, which creates a
vicious circle that leads to progressive neuronal
loss and death. Therefore, inhibition of neuroin-
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flammation may be one of the effective methods
for treating POCD.

NF-xB is a protein molecule with multi-
directional regulation, which can specifically bind
to the NF-«B sequence of promoters and en-
hancers of various cellular genes, participate in
the regulation of gene expression, regulate cellu-
lar immunity, regulate and regulate cancer (20). It
plays an important role in the process of occur-
rence and apoptosis. Functional NF-xB complex-
es are present in various types of functional cells
in the nervous system, such as neurons, astro-
cytes, microglia, and oligodendrocytes (21, 22). In
this experiment, we used cell culture techniques
to culture successful neurons, and then added
NF-«B inhibitor PDTC and HIF-la inhibitor
YC-1, respectively, to make neurons express NF-
#B protein for cellular immunoassay. The intensi-
ty of cell expression to determine the expression
of NF-xB protein.

In this experiment, the expression of NF-»xB pro-
tein in the PDTC group was lower than that of
the NF-»«B protein in the surgery group at 24 h,
which was statistically significant (P<0.001). This
indicated that POCD can activate neurons to ex-
press NF-xB protein, and the expression of NI-
K B protein increases gradually from 24 h, and
peaks at 72 h.

The NF-»B pathway is the main pathway in-
volved in secondary brain injury after POCD
(23). From our experimental results, it is con-
cluded that NF-xB pathway can activate a large
number of inflammatory factors, while inflamma-
tory factors can stimulate NF-»B protein. The
expression increases, thereby forming a loop that
amplifies the NF-xB pathway effect. The expres-
sion of a large amount of NF-»B protein can in-
duce various forms of death, including autopha-
gy, apoptosis and necrosis.

NF-»B can induce neuronal damage by regulating
the expression of various apoptosis-related genes.
After brain injury, the expression of apoptosis-
related genes induced by NF-xB is one of the
pathways of neuronal apoptosis (24). In the de-
tection of Bcl-2, Bax and caspase-3 expression, in
the PDTC group, the time point of the test was
statistically significant compared with the surgery
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group (P<0.05), thus indicating that PDTC can
inhibit the induction of NF-xB pathway. Apopto-
sis; apoptosis expression was lower than the sur-
gery group but higher than the blank group,
which was statistically significant. PDTC does
not completely inhibit the apoptosis induced by
the NF-»B pathway. The inhibitory effect of YC-
1 was weaker than that of PDTC. We have
proved that apoptosis and necrosis of neurons
can be induced by NF-kappa B pathway. At the
same time, we believe that PDTC can effectively
reduce apoptosis and necrosis of neurons caused
by secondary brain injury after POCD and pro-
tect brain tissue.

There was also a close relationship between NF-
#B and autophagic cell death. Just like apoptosis,
many literature reported that down-regulation of
NF-»B can inhibit autophagic cell death in cells
(25, 26), but recently there have been some re-
ports confirming activation of NF-xb can pro-
mote autophagy in cells (27, 28). Studies have
shown that autophagy is activated after POCD,
and autophagy has both protective effects on cell
involvement and cell damage. This dual action
depends on the location of autophagy after injury
and the stage after injury. Autophagy is currently
considered a double-edged sword (29-32). The
double-sided nature of autophagy is of great sig-
nificance in the study of traumatic brain injury.
On the one hand, it can induce the interaction
between autophagic cell death and apoptotic sig-
nals; on the other hand, autophagy may be in
damaged nerve cells. Helps clear damaged orga-
nelles and prevent the initiation of apoptosis pro-
grams (33, 34). Therefore, in this part of the ex-
periment, we designed NF-»B inhibitor PDTC to
be added to the model group mice at different
time points, and compared the expression of Be-
clinl, BECNT1 and p62 protein with the operation
group, respectively, to observe the NF-«B signal,
testing whether the pathway is involved in the
process of autophagosome formation, participate
in the process of autophagosome formation.
From the experimental results, Beclinl, BECN1
and p62 were significantly different between the
inhibition group and the operation group at 6h
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(P<0.05), which proved that the NF-»«B pathway
can promote autophagy.

Conclusion

Apoptosis and autophagy increased with the in-
crease of neuron expression of NF-kappa B pro-
tein, and autophagy occurred earlier than apopto-
sis. Therefore, we judged that apoptosis and au-
tophagy coexist, and autophagy may transform to
apoptosis after autophagy. We suggested that the
mechanism may be that activation of neuronal
NF-kappa B pathway induces the expression of a
series of inflammatory factors, leading to autoph-
agy and apoptosis in the early stage (1h-24h) and
necrosis in the later stage (24h-48h).
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