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Objective: Postoperative cognitive dysfunction (POCD) after anesthesia and surgery (AS)
is a common complication in the elderly population. A cholinergic-dependent signal, the
alpha7-nicotinic acetylcholine receptor (a7-nAChR), has been suggested to regulate cogni-
tive processes in a variety of neurologic diseases. In the current study, we determined
whether electroacupuncture (EA) pretreatment ameliorates AS-induced POCD in aged rats,
as well as the underlying mechanism.

Methods: Male Sprague-Dawley rats (20 months old) were randomly assigned to the
following 5 groups (n=12): vehicle; POCD (tibial fracture surgery); EA plus POCD; EA
plus POCD and alpha-bungarotoxin (a-BGT); and POCD plus o-BGT groups. Alpha-
bungarotoxin (1 pg/kg), a selective antagonist of a7-nAChR, was administrated via intraper-
itoneal injection before EA. Thirty days post-AS, the Morris water maze and a novel
objective recognition test were used to evaluate cognitive function. Neuronal amount,
apoptosis, microglial activation, percentage of high mobility group box 1 (HMGBI1)- and
nuclear factor-kB (NF-«kB)-positive microglia, and levels of HMGB-1 downstream factors,
including NF-«B, interleukin-6 (IL-6), and IL-1p, were detected by Nissl staining, immuno-
fluorescence, and Western blot assays.

Results: EA pretreatment significantly increased crossing platform times and elevated the
time with a novel object, restored the quantity of neurons, decreased TUNEL-positive
neurons, alleviated activation of microglia, downregulated expression of HMGB1 and NF-
kB in the microglia, and reduced levels of phosphor-NF-kB, IL-6, and IL-1f 35 days after
AS, while a-BGT partially reversed these changes.

Conclusion: EA pretreatment improved AS-induced POCD in aged rats, and the underlying
mechanism may be associated with inhibition of HMGB1-NF-kB via an a7-nAChR signal in
the microglia.

Keywords: electroacupuncture, EA, postoperative cognitive dysfunction, POCD,
a7-nicotinic acetylcholine receptor, a7-nAChR, microglia, high mobility group box 1,
HMGBI1

Introduction

Postoperative cognitive dysfunction (POCD), which involve concentration, atten-
tion, or memory impairment, have been reported to be a common complication after
anesthesia and surgery (AS)." POCD is more frequently associated with increased
mortality in the elderly population.”* POCD, an age-associated perioperative
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complication, has become a worldwide problem affecting
the family and community in addition to the aging.” Until
now, the pathogenic mechanism underlying POCD
remains unclear, and available means to prevent and cure
POCD are still lacking.

Previous studies have demonstrated that the stress
response induced by surgical treatment with anesthesia
leads to an inflammatory reaction in the central neuronal
system.®’ Inhaled anesthetics, including isoflurane and
sevoflurane, have been reported to induce inflammatory
reactions in the hippocampus, which in turn lead to cog-
nitive impairment in aged rats.®° Moreover, surgical treat-
ment in mice, as well as mechanical ventilation, further
result in chronic neuroinflammation and aggravate cogni-
tive impairment.'®'" Acupuncture, a traditional Chinese
medicine therapeutic technique, has been suggested to
restore homeostatic balance and have anti-inflammatory
effects.'” Recently, electroacupuncture (EA), which has
a controllable stimulation frequency and intensity, exerts
preventive effects against cognitive dysfunction in rodent

models of POCD."*'* In addition, a previous study from
our group showed that EA improves cognitive decline in
elderly patients with a focal lacunar infarction;'> however,
the mechanism underlying EA against POCD in elderly
patients remains to be determined.

It has been reported that EA incites an anti-
inflammatory cholinergic-dependent signal, the alpha7-
(a7-nAChR), thus
suggesting neuroprotective effects against cerebral ische-

nicotinic  acetylcholine receptor
mia-reperfusion injury.'®'” In addition, activation of
a7-nAChR ameliorates radiation-induced lung injury and
zymosan-induced acute kidney injury via inhibition of the
high-mobility group box 1 (HMGBI)-nuclear factor-xB
(NF-kB) pathway.'®'® Interestingly, EA has also been
reported to ameliorate neuropathic pain via suppression
of the HMGBI/NF-xB signal in the spinal cord.?
HMGBI, an abundant inflammatory protein in the brain,
is likely to involved in the pathogenesis of cognitive
decline-associated diseases.”! NF-xB, as a downstream
signal of HMGBI, can induce the transcription of multiple

2600

Dove!

Neuropsychiatric Disease and Treatment 2021:17


https://www.dovepress.com
https://www.dovepress.com

Dove

Wang et al

inflammatory factors.”* Currently, the roles of a7-nAChR
and HMGBI1-NF-«xB in EA against AS-induced POCD is
unclear.

The current study determined whether EA pretreatment
ameliorates POCD in a rodent model of tibial fracture
surgery. In addition, the roles of the o7-nAChR-
HMGBI1-NF-«B signal under POCD condition was further
investigated.

Methods

All experiments involving animals were performed
according to the National Institute of Health Guideline
for the Care and Use of Laboratory Animals. The proto-
cols involving animals were also approved by the Animal

Review Board of Hebei Medical University.

Group Assignment

Male Sprague-Dawley rats were randomly assigned to one
of the following five groups (computer-based randomiza-
tion): (1) vehicle; (2) POCD; (3) EA + POCD; (4) alpha-
bungarotoxin (a-BGT) + EA + POCD; and (5) a-BGT +
POCD. Rats in the POCD group were subjected to tibial
fracture surgery. EA pretreatment was performed once
a day for 5 days and were subjected to POCD 24 h after
the last treatment. Alpha-bungarotoxin (catalog # HY-
P1264; MedChemExpress, Newark, NJ, USA), a specific
a7-nAChR antagonist, was administrated via intraperito-
neal injection 30 min before EA pretreatment for 5 days.
Alpha-bungarotoxin (1 pg/kg dissolved in sodium chloride
at a concentration of 150 mM) was used based on
a previous study” and our preliminary experiments.
Sodium chloride (150 mM) was administrated via intra-
peritoneal injection to the POCD and EA + POCD groups
as a vehicle treatment (Figure 1A).

POCD Model

Male Sprague-Dawley rats (20 months old) were used to
establish the POCD model following tibial fracture
surgery.”* Before surgical treatment, the rats were kept in
separate cages with wood shavings at 20-22°C with an
alternating 12 h day—night cycle (40-60% of humidity)
and permitted access to water and food ad libitum. Rats
were kept in an anesthetic box filled with 7-8% sevoflur-
ane as an induction agent, then placed on a warming pad
(3—4% sevoflurane for anesthetic maintenance at 36—
38°C). Following shaving and disinfection, a median inci-
sion was performed on the left-hind paw, and the tibial
periosteum was stripped. After a tibial osteotomy was

performed, a pin (diameter, 0.38 mm) was inserted into
the intramedullary canal and the wound was sutured with
silk thread. The rats in the vehicle group were only treated
with a skin incision and suture on the left-hind paw fol-
lowing anesthesia.

Electroacupuncture Pretreatment

An electronic acupuncture treatment device (Model
G6805; SMIF, Shanghai, China) was used to practice EA
treatment. In brief, after anesthetic induction with 7-8%
sevoflurane, EA pretreatment at the Hegu, Neiguan, and
Zusanli acupoints was performed at a frequency of 2-15
Hz. In addition, the EA intensity was performed during
a moderate muscle contraction. Hegu (LI4) is situated
between the first and second metacarpal bones, Neiguan
(PC6) is located approximately 3 mm from the transverse
stripe of the wrist at the axopetal end, and Zusanli (ST36)
is located approximately 5 mm lateral to the anterior
tubercle of the tibia® (Figure 1B). The rats in the vehicle
and POCD groups received acupuncture, but were not
stimulated.

Novel Object Recognition (NOR)

Thirty days after AS treatment, we assessed the ability of
cognition using a NOR test. At 28 and 29 days after
surgical treatment, rats were allowed to freely explore an
empty black box (60 x 60x40 cm) for 5 min/d for 2 days
as the adaptation phase. At 30 days, rats were allowed to
explore the same two cubic objects, which were located in
the left and right corners of the black box. The exploration
phase was 5 min in duration. Then, the right cubic object
was removed and replaced with a novel spherical object.
During this phase, continuous monitoring recorded by
a video analysis system (XR-XZ301; Xinruan, Shanghai,
China) was performed for 5 min. The recognition index
(RI) was used to analyze the cognitive ability, as follows:
RI = novel object exploration time/(novel object explora-
tion time + familiar object exploration time).

Morris Water Maze Test

At 31 days after surgical treatment, we evaluated the
ability of memory and learning using the Morris water
maze test. In brief, rats were placed in a circular container
(diameter, 200 cm) filled with warm water (temperature,
25 + 1 °C). During the acquisition phase, rats were
allowed to look for a transparent platform which was
placed below the water (depth, 0.5 cm). In addition, we
suspended distinctive distal visual cues surrounding the
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Figure | The experimental schematic diagram. (A) Rats were treated with EA pretreatment once a day for 5 days and were subjected to tibial fracture surgery 24 h after
the last treatment. Alpha-bungarotoxin (0-BGT) was administrated via intraperitoneal injection 30 min before EA pretreatment for 5 days. After NOR and Morris maze tests
were evaluated, rats were sacrificed. (B) EA pretreatment was carried out at the Hegu (LI4), Neiguan (PC6) and Zusanli acupoints (ST36).

Abbreviations: EA, electroacupuncture; NOR, novel object recognition.

container in the experimental room until the end of the
study. The training test was performed from quadrants I—
IV every day and continued for 4 days. The rats were
trapped on the platform for 30 s if unable to climb the
platform within 90 s. Thirty-five days post-AS, the plat-
form was retracted from the pool. We recorded the latency
to the platform, the number of times the platform was
crossed, the total time, and the distance spent in the target
quadrant.

Nissl Staining

At the end of the Morris water maze test (n =6), brains
were removed under anesthesia with sevoflurane, then
cerebral tissue containing the hippocampus were fixed in

4% paraformaldehyde. Following dehydration and embed-
ding, we sectioned the brains at a thickness of 4 pm. After
dewaxing and hydrating at room temperature, the slices
Nissl solution (CO117;
Beyotime, Shanghai, China). Under a light microscope
(BXS51; Olympus, Tokyo, Japan), the total Nissl body
count in the dentate gyrus was analyzed by a pathologist

were treated with staining

blinded to grouping (three sections per section).

Immunofluorescence

The hydrated slices were processed by antigen retrieval,
then a blocking reagent. The slices were treated with
primary polyclonal goat against Ibal antibody (1:200 dilu-
tion, ab5076; Abcam, Cambridge, UK), polyclonal rabbit
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antibody against HMGB1 (1:100 dilution, AFO0180;
Beyotime), and phosphor-NF-kB  (1:100 dilution,
AF2006; Affinity Bioscience, OH, USA) overnight at
4°C. The next day, the slices were processed using corre-
sponding secondary antibodies. After rising with PBS, the
cell nuclei were colored by 5 pg/mL of DAPI (P0131;
Beyotime).

For the TUNEL staining assay, the hydrated slices
were incubated with protease K (20 pg/mL, ST533;
Beyotime) at 37 °C for 35 min was used to determine
apoptosis of the neuron. Then, the slices were treated with
antigen retrieval, blocking reagent, polyclonal mouse anti-
body against NeuN (1:200 dilution, ab104224; Abcam),
CyTM3-conjugated goat anti-mouse IgG (1:500, A0521;
Beyotime), and TDT enzyme containing fluorescent label-
ing solution (C1088; Beyotime).

A fluorescence (MF31;  Mshot,
Guangzhou, China) was used to assess the above slices

microscope

by a pathologist blinded to grouping. Six fields with
a magnification of X200 in 3 slices were randomly selected
from each group. The percentage of HMGBI1- and Ibal-
positive cells and phosphor-NF-«kB- and Ibal-positive cells
were analyzed by Image-Pro Plus 6.0 (NIH, Bethesda,
MD, USA). Sholl analysis was performed to assess branch
tips in a given microglia indicated by Ibal-positive cells.
In addition, we evaluated neuronal apoptosis, which was
defined as TUNEL- and NeuN-positive cells.

Western Blot

At the end of the Morris water maze test (n =6), total
protein was extracted from hippocampal tissues under
anesthesia with sevoflurane. SDS-PAGE (8%) for NF-xB
and SDS-PAGE (12%) for IL-6 and IL-1p were used to
perform electrophoresis. Then, the protein was shifted
onto a PVDF membrane. After blocking, the PVDF mem-
branes were processed by rabbit anti-rat phospho-NF-kB
(1:1000 dilution, AF2006; Affinity Bioscience, OH, USA),
rabbit NF-xB (1:1000 dilution,
AF7569; Beyotime, China), mouse anti-rat Monoclonal
IL-6 (1:1000 dilution, AF0201; Beyotime, China), and
rabbit anti-rat polyclonal IL-18 (1:500 dilution,
K101295P; Solarbio, China) at 4°C overnight. Next day,
the PVDF membranes were processed by corresponding

anti-rat polyclonal

secondary antibodies (goat anti-rabbit antibody, 1:1000
dilution, A0516; Beyotime; goat anti-mouse antibody,
1:1000 dilution, A0521; Beyotime) at 25°C for 1 h. In
addition, the internal reference was performed by
a polyclonal rabbit anti-rat GAPDH (1:1000 dilution,

K200057M; Solarbio, Beijing, China). Following rising
with TBS-T and incubation with ECL (PO018AM;
Beyotime), we quantified protein bands on the PVDF
membranes with Image-Pro Plus 6.0 software.

Statistical Analysis

Data are indicated as the mean =+ standard deviation (SD).
All statistical analyses were performed using SPSS soft-
ware (version 17.0). For data with a normal distribution,
one-way analysis of variance (ANOVA) was performed to
evaluate differences followed by Tukey’s multiple compar-
ison test. For a non-normal distribution, the Kruskal—-
Wallis test was performed to evaluate differences followed
by a Dunn-Bonferroni test. Two-way repeated-measures
ANOVA followed by Tukey’s post hoc test was used to
analyze the escape latency during training days. Statistical
significance was determined as a P <0.05.

Results

Electroacupuncture Pretreatment
Alleviates POCD in Aged Rats

Because rats have an innate tendency to probe new
objects, novel object recognition was used to judge cogni-
tion and memory. In the familiarization phase, there was
no significant difference in the total time spent between the
in the
(Figure 2B). In the testing phase, the rats treated with

right or left identical objects five groups
tibial fracture surgery exhibited a reduced RI calculated
from time measures compared with the rats treated with
vehicle (P <0.0001; Figure 2A and C); however, EA pre-
treatment significantly increased the RI in the EA + POCD
group compared to the POCD group (P <0.05; Figure 2A
and C), while a-BGT partially reversed the increase
(P <0.01; Figure 2A and C). There was no difference in
the RI between aged rats in the POCD, EA + POCD and o-
BGT + POCD groups (Figure 2A and C). In addition, there
was no significant difference in the total distance and
average speed between rats in the above five groups
(Figure 2D and E).

To further examine learning and memory in aged rats,
the Morris maze water test was performed after the NOR
test. There was no significant difference in escape latency
on day 1 between rats in the 5 groups, but the rats exposed
to tibial fracture surgery in the POCD group had a longer
latency period than the rats in the vehicle group from days
24 after AS (P <0.05; Figure 2F and G). EA pretreatment
before AS significantly decreased latency period to locate
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Figure 2 Electroacupuncture pretreatment alleviates POCD in aged rats. (A) Computer printouts of shift trajectories in the NOR caused by the indicated stimuli. (B) Location
preference index in familiarization phase caused by the indicated stimuli. (C) Recognition index (RI) in testing phase caused by the indicated stimuli. (D) Total distance in testing phase
caused by the indicated stimuli. (E) Average speed in testing phase caused by the indicated stimuli. (F) Computer printouts of shift trajectories in the Morris maze test caused by the
indicated stimuli. (G) Escape latency in the training phase caused by the indicated stimuli. (*P <0.05 versus Vehicle group, *P <0.05 versus POCD group, %P <0.05 versus EA + POCD
group). (H) Average swimming speed in testing phase caused by the indicated stimuli. (I-K) The crossing platform times, and the ratio of total time and distance spent in the targeted
quadrant in the testing phase caused by the indicated stimuli. Data are presented as the mean % SD (n = 6). *P <0.05, *P < 0.01, **P <0.001, ****P <0.0001. Post-operative cognitive
dysfunction (POCD) was initiated by a model of tibial fracture surgery. Vehicle: rats were only treated with a skin incision and suture on the left hind paw following anesthesia. EA and a-
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the platform in the POCD group from days 2—4 after AS
(P <0.05; Figure 2F and G); however, the increased
latency period to locate the submerged platform was
noted in the 0-BGT + EA + POCD-treated rats compared
with the EA + POCD-treated rats from days 2—4 after AS
(P <0.05; Figure 2F and G). In addition, the crossing
platform times (P <0.0001), the total time (P <0.001),
and the distance spent in the targeted quadrant
(P <0.0001) in the POCD group were significantly
decreased compared with rats those in the vehicle group
(Figure 2I-K). It was also shown that EA pretreatment
significantly increased the crossing platform times
(P <0.01), the total time (P <0.01), and the distance
spent in the targeted quadrant (P <0.001) compared with
the POCD group (P <0.05; Figure 2I-K), while a-BGT
partially reversed those changes (P <0.01; Figure 2I-K).
There were no apparent differences in the latency period to
locate the submerged platform, crossing platform times,
total time, and distance spent in the targeted quadrant
between aged rats in the POCD, EA + POCD, and o-
BGT + EA +POCD groups (Figure 21-K). In addition,
there was no significant difference in the average swim-
ming speed between rats in the above five groups
(Figure 2H).

Electroacupuncture Pretreatment
Ameliorates Neuronal Injury After AS in
Aged Rats

The neuronal amount and apoptosis were assessed by Nissl
staining and TUNEL assays. Our data showed that the
neurons were in alignment, and the structure was complete
in the dentate gyrus, but the neurons were disorganized
after surgical exposure. EA pretreatment significantly
restored the alignment and structure in the dentate gyrus,
while a-BGT partially reversed the protective effects of
EA. Also, Nissl bodies were remarkably decreased
(P <0.0001), but TUNEL-positive neurons were increased
(P <0.001) in the POCD group compared with Vehicle
group (vs Vehicle group; Figure 3A-D). However, EA
pretreatment restored the neuronal amount (P <0.01) but
reduced TUNEL-positive neurons (P <0.001) in the EA +
POCD group compared with POCD group (EA + POCD
vs POCD groups, P <0.05; Figure 3A-D), while a-BGT
partially reversed those (Nissl, P <0.05; TUNEL,
P <0.0001; 0-BGT + EA + POCD vs EA + POCD groups;
Figure 3A-D). There was no difference in neuronal

amount and apoptosis between aged rats in the POCD,
EA + POCD and a-BGT + EA +POCD groups.

Electroacupuncture Pretreatment
Ameliorates Microglial Activation After
AS in Aged Rats

Based on the activated morphology, as evidenced by
expanded cell bodies and shortened branches, Sholl ana-
lysis was used to analyze the Ibal-positive cells in the
dentate gyrus. Activated microglia, as indicated by the
number of Ibal-positive cells (P <0.0001) and length of
branches (P <0.0001), was significantly increased in rats
exposed to tibial fracture surgery compared with vehicle
exposure (Figure 4A—C). Note that EA pretreatment sig-
nificantly decreased the number of activated microglia
(P <0.0001) and restored the length of branches
(P <0.0001) in the EA + POCD group microglia compared
with the POCD group (P <0.0001; Figure 4A—C), whereas
a-BGT partially reversed these changes in activated micro-
glia (P <0.0001; Figure 4A—C). In addition, there was no
difference in activated microglia between aged rats in the
POCD, EA + POCD, and a-BGT + EA +POCD groups.

Electroacupuncture Pretreatment
Ameliorates HMGBI and Phosphor-NF

-kB Expression in Microglia

HMGBI and phosphor-NF-kB, vital regulators of neuroin-
flammatory factors, were detected in the microglia using
immunofluorescence assays. It was shown that the percen-
of HMGBI- (P <0.0001) and phosphor-NF
-kB-positive (P <0.0001) microglia were significantly

tages

increased in aged rats after surgical treatment compared
with rats exposed to vehicle (Figure SA-D). Notably, we
also showed that EA pretreatment significantly decreased
HMGBI combined with Ibal-positive cells (P <0.0001)
and phosphor-NF-kB combined with Ibal-positive cells
(P <0.0001) in the EA + POCD group compared with
the POCD group (Figure 5A-D); however, a-BGT admin-
istration significantly reduced the percentages of HMGBI1-
(P <0.0001) and phosphor-NF-kB-positive (P <0.0001)
microglia in the a-BGT + EA + POCD group compared
with the EA + POCD group (Figure SA-D). In addition,
there was no difference in the percentages of HMGBI1- and
phosphor-NF-kB-positive microglia between aged rats in
the POCD, EA + POCD, and o-BGT + EA +POCD
groups.

Neuropsychiatric Disease and Treatment 2021:17

2605

Dove:


https://www.dovepress.com
https://www.dovepress.com

Wang et al Dove
&
Vehicle POCD EA + POCD a-BGT + EA + POCD a-BGT + POCD E 150
(e Y e e LR Y 2 @ Kk © Vehicle
)L-——l\ . gt ,‘)’"l\ ;‘\——L E 3% %k %k %k (@] POCD
2F LA 9. cas ~ - —_—
S e i o / gy 810042 % © EA+POCD
’ > ’ A S g O a-BGT +EA +POCD
_\,1 \\ 4 N\ N -g o
T . 3 = 2 £ ns O a-BGT+POCD
) ’ 1]
4 e S 50 & 2
‘;."‘: S 5 Q Y Olo
i 2
. f € 0-
2
TUNEL NeuN DAPI Merge
Vehicle
sokok k
g 50 ke © Vehicle
POCD a IS o PpocD
Z 40 ***  ° + o EA+POCD
2 X
Q
2 3 O «-BGT +EA +POCD
= T 30
'-é-' o A O a-BGT +POCD
EA+POCD Zo
5 20 I~
%Y ° o
229043 1
- olo
a-BGT+EA+POCD o °Io B
= 0-

a-BGT + POCD

Figure 3 Electroacupuncture pretreatment ameliorates neuronal injury after AS in aged rats. (A) Representative photomicrographs of Nissl staining in the dentate gyrus
caused by the indicated stimuli. Scale bar = 50 and 10 pm (B) The number of Nissl bodies was quantified with Nissl staining in the dentate gyrus. (C) Representative
photomicrographs of TUNEL (specificity marker of apoptosis, red) plus NeuN (specificity marker of neuron, green) in the dentate gyrus caused by the indicated stimuli.
Scale bar = 50 um (D) The rate of TUNEL- and NeuN-positive cells in the dentate gyrus caused by the indicated stimuli. Data are presented as the mean * SD (n = 6).
*P <0.05, ¥*¥P < 0.01, **P <0.001, ****P <0.0001. Vehicle, POCD, EA, and a-BGT are described above.

Abbreviation: Ns, not significant.

Electroacupuncture Pretreatment
Ameliorates the Expression of HMGBI
Downstream Factors After AS in Aged

Rats

Furthermore, HMGB1 downstream inflammatory factors,
including NF-«xB, IL-6, and IL-1p in the hippocampus, were
assessed using Western blot. The results of Western blot
indicated that the expression of phospho-NF-«xB (P <0.001),
IL-6 (P <0.0001) and IL-1p (P <0.05), were statistically
increased in rats exposed to tibial fracture surgery in the
POCD group compared rats exposed to vehicle treatment
(Figure 6A-D). Compared with rats in the POCD group, the
rats in the EA + POCD group exhibited significantly reduced
expression of phospho-NF-kB (P <0.001), IL-6 (P <0.0001)

and IL-1B (P <0.05) (Figure 6A-D). Again, each of these
changes (phospho-NF-kB, P <0.001; IL-6, P <0.0001; IL-1p,
P <0.05) was reversed by a-BGT (Figure 6A-D). In addition,
there was no differences in expression of phospho-NF-kB, IL-
6, and IL-1p in the hippocampus between aged rats in the
POCD, EA + POCD and a-BGT + EA +POCD groups.

Discussion

The findings of the current study implicate a7-nAChR
activation induced by EA pretreatment in the cognitive
dysfunction process following tibial fracture surgery.
Specifically, activation of a7-nAChR induced by EA sig-
nificantly increased crossing platform times and the time
with a novel object, restored the number of neurons,
decreased TUNEL-positive neurons, alleviated activation
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Figure 4 Electroacupuncture pretreatment ameliorates microglial activation after AS in aged rats. (A) Representative photomicrographs of Ibal staining and Sholl analysis in
the dentate gyrus caused by the indicated stimuli. Scale bar = 50 and 10 pm. (B) The number of Ibal-positive cells was quantified using an immunofluorescence assay. (C)
The length of branches in Ibal-positive cells was quantified with an immunofluorescence assay. Data are presented as the mean * SD (n = 6). ****P <0.0001. Vehicle, POCD,

EA, and 0-BGT are described above.
Abbreviation: Ns, not significant.

of microglia, downregulated expression of HMGB1 and
NF-kB in the microglia, reduced levels of HMGBI-
associated downstream factors, including NF-kB, IL-6,
and IL-1B, while a-BGT partially reversed these changes.
Overall, this study highlights a critical role for an
a7-nAChR signal in regulating the neuroinflammatory
response under POCD conditions.

A growing number of publications recommend that the
clinical nomenclature for impairment in cognitive function
that is temporally associated with anesthesia and/or sur-
gery should be changed from POCD to PNDs.” This
change better aligns these disorders with the phenotypi-
cally similar neurocognitive diagnoses listed in version 5
of the Diagnostic and Statistical Manual of Mental
Disorders, such as Parkinson’s and Alzheimer’s
diseases.”® The preclinical examination of POCD indicates
much in the way of mechanistic insight into cognitive
changes after anesthesia and/or surgery, and several com-
pelling hypotheses regarding neuroinflammation, inflam-
mation resolution, and adverse anesthetic effects have
The

emerged.”’ relationship between perioperative

neurocognitive impairments and the surgery or anesthetic,
however, is uncertain. Thus, the POCD nomenclature was
used in this study. Here, tibial fracture surgery was
selected to establish a model of POCD in aged rats.
Growing evidence has reported that tibial fracture surgery
can initiate the process of POCD and induce significant

effects on 28,29

long-term cognitive  dysfunction.
Considering the influence of movement after surgery,
behavioral tests, including the NOR and Morris maze
tests 30 days after surgery, were chosen in this experiment.
Interestingly, we found that tibial fracture surgery induced
a significant cognitive decline, as indicated by an
increased latency period to platform, decreased crossing
platform times, and reduced time with a novel object,
which was consistent with previous studies.’*?' In addi-
tion, the pathologic changes indicated that the number of
neurons was significantly decreased after tibial fracture
surgery in the dentate gyrus. Our behavioral data revealed
that in this POCD model, cognitive dysfunction was suc-
cessfully initiated and the neuronal injury in the dentate

gyrus may be relative to the POCD process.
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Figure 5 Electroacupuncture pretreatment ameliorates HMGBI and phosphor-NF-kB expression in the microglia. (A) Representative photomicrographs of Ibal (specificity
marker of microglia) and HMGBI plus DAPI staining in the dentate gyrus caused by the indicated stimuli. Scale bar = 50 pm. (B) The rate of HMGBI- and Ibal-positive cells
in the dentate gyrus caused by the indicated stimuli. (C) Representative photomicrographs of Ibal (specificity marker of microglia) and phosphor-NF-«B plus DAPI staining in
the dentate gyrus caused by the indicated stimuli. Scale bar = 50 um. (D) The rate of phosphor-NF-kB- and Ibal-positive cells in the dentate gyrus caused by the indicated

stimuli. Data are presented as the mean = SD (n = 6). ¥**P <0.0001. Vehicle, POCD, EA, and a-BGT are described above.
Abbreviation: Ns, not significant.

Microglia-associated neuroinflammation occurs in the
progression of cognitive dysfunction after anesthesia and
surgical treatment.>? Previous studies have demonstrated
that the inflammatory cascade induced by microglial acti-
vation results in significant micro-environment changes in
the vital
degeneration.”®>* Pro-inflammatory cytokines, including

nucleus, thereby leading to neuronal

IL-6 and IL-1P secreted from microglia, can result in
neuronal injury and apoptosis in models of ischemia or
infection.> >’ Note that the activation of the HMGBI1-
NF-kB signal takes part in the upregulation of inflamma-
tory cytokines.™ In the current study, it was shown that
activation of microglia, as indicated by increased branches
and larger soma, was significantly increased after tibial
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Figure 6 Electroacupuncture pretreatment ameliorates the expression of HMGBI downstream factors after AS in aged rats. (A) Representative Western blot of phosphor-
NF-kB (Ser536), total NF-kB, IL-6, and IL-1B in the dentate gyrus caused by the indicated stimuli. (B) The ratio between the optical density value of phosphor-NF-xB
(Ser536) versus the total NF-kB in the dentate gyrus. (C and D) The ratio between the optical density value of IL-6 and IL-1 versus GAPDH in the dentate gyrus. Data are
presented as the mean = SD (n = 6). *P <0.05, **P < 0.01, ***P <0.001, ***P <0.0001. Vehicle, POCD, EA, and a-BGT are described above.

Abbreviation: Ns, not significant.

fracture surgery. We also found that the HMGB1-NF-xB
signal in the microglia, as well as the expression of
HMGBI1-downstream factors, including IL-6 and IL-1B
in the dentate gyrus, were elevated. These data revealed
that activation of the HMGB1-NF-«B signal in the micro-
glia might be involved in the development of cognitive
dysfunction after anesthesia and surgical treatment.

Based on traditional Chinese medicine theory, Hegu, an
original point of the large intestine meridian, is usually used
to treat various diseases of the head and face.*® Neiguan, one
of the most critical points in our body, exerts potential ther-
apeutical effects against mental and neurologic deficits.*' In
addition, Zusanli, a main acupoint of the “stomach meridian,”
has been reported to promote recovery from neurologic
diseases.* In our previous study, we reported that EA pre-
treatment with Hegu, Neiguan, and Zusanli significantly alle-
viated postoperative cognitive decline in geriatric patients
with silent lacunar infarctions'> and in patients following
spine surgery.*’ In the current study, we found that EA pre-
treatment with Hegu, Neiguan, and Zusanli in aged rats also
significantly increased crossing platform times in the Morris
maze test and elevated the time with a novel object in a model
of tibial fracture surgery. In addition, EA pretreatment also
restored the number of neurons, inhibited the activation of
microglia, reduced the number of HMGBI- and NF-
kB-positive microglia, and downregulated the expression of
IL-6 and IL-1p in the dentate gyrus in this model of POCD.
The above data indicate that the mechanism underlying EA
pretreatment against POCD might be associated with inhibi-
tion of the HMGB1-NF-«B signal in the microglia.

Alpha7-nAChR, a cholinergic-dependent signal, has
been reported to take part in a variety of neurologic

diseases, including Parkinson’s disease, Alzheimer’s dis-
ease, and emotional changes.***® When the a7-nAChR
signal is blocked, cognitive functions, including explor-
ing, memory, and learning, can be significantly worse in
surgical mice after general anesthesia.*’ Interestingly, we
found that a-BGT, a selective antagonist of a7-nAChR,
partially reversed the neuroprotective effects of EA pre-
treatment against cognitive dysfunction after tibial frac-
ture surgery. In addition, a-BGT significantly reduced the
number of neurons, increased the number of activated
microglia, upregulated expression of the HMGBI-NF-
kB signal associated factors, including HMGBI1, phos-
phor-NF-xB, IL-6,
a7-nAChR in the microglia was significantly reduced
after chronic stress.*® In addition, the a7-nAChR plays
an essential role in the cholinergic anti-inflammatory

and IL-1B. The expression of

pathway that regulates macrophage/microglia function in
al>® that
a7-nAChR increases autophagic flux via regulation of

inflammation.** Farré-Alins et reported
the NLRP3 inflammasome and inhibition of reactive oxy-
gen species (ROS), which subsequently regulates the
HMGBI-NF-«kB signal.’"** Previous studies*®° and
our findings revealed that a7-nAChR in the microglia
may be the upstream signaling pathway of anesthesia
plus surgical stress-induced cognitive impairment. Also,
a7-nAChR might mediate decreased microglial activation
in the dentate gyrus, thus causing cerebral inflammation
and cognitive dysfunction after perioperative stress in
aged rats.

Several limitations of the current study should be men-
tioned. First, we performed only one model of POCD in this
current study. Other POCD models in aged rats, such as
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splenectomy and partial hepatectomy, should be further inves-
tigated. In addition, not only Hegu, Neiguan, and Zusanli, but
other acupoints should be studied. Therefore, more efforts are
required to further explore the potential mechanism under-
lying EA pretreatment against POCD other than inflammation.

This study determined the role and exact mechanism
underlying EA pretreatment under POCD conditions. Our
data indicated that EA pretreatment improved cognitive
dysfunction in aged rats after anesthesia and surgical treat-
ment, and the mechanism may be relative to inhibition of
HMGB-1-NF-kB induced by activation of the a7-nAChR
signal in the hippocampus.
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