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Microglia are the primary cells that exert immune function in the central nervous system, and accumulating evidence suggests that
microglia act as critical players in the initiation of neurodegenerative disorders, such as Alzheimer’s disease (AD). Microglia
seemingly demonstrate two contradictory phenotypes in response to different microenvironmental cues, the M1 phenotype and
the M2 phenotype, which are detrimental and beneficial to pathogenesis, respectively. Inhibiting the M1 phenotype with
simultaneous promoting the M2 phenotype has been suggested as a potential therapeutic approach for cure AD. In this study,
we demonstrated that electroacupuncture at the Shenting and Baihui acupoints for 16 weeks could improve learning and
memory in the Morris water maze test and reduce amyloid f-protein in the parietal association cortex and entorhinal cortex in
mice with mild and moderate AD. Besides, electroacupuncture at the Shenting and Baihui acupoints not only suppressed M1
marker (iNOS/IL-1p3) expression but also increased the M2 marker (CD206/Argl) expression in those regions. We propose that
electroacupuncture at the Shenting and Baihui acupoints could regulate microglial polarization and decrease A plaques to
improve learning and memory in mild AD mice.

1. Introduction

Alzheimer’s disease (AD) is an age-related neurodegenera-
tive disease that has become the fourth leading cause of
death worldwide [1]. More than 50 million people are
affected by dementia, and the total estimated cost of demen-
tia is 818 billion dollars [2]. With the increasing aging pop-
ulation, AD has become an urgent problem to be solved for
all humankind.

Over the past two decades, there has been a global cumu-
lative investment of 600 hundred billion dollars to find a cure

for AD, and more than 95% of drugs have failed in clinical
trials [3]. A progressive cognitive decline clinically charac-
terizes AD, but pathological changes in the brain precede
clinical symptoms for several years. Given the previous fail-
ures, the Food and Drug Administration drafted a guideline
for the development of drugs for early-stage AD [4, 5], and
current paradigms of drug design must shift from a single-
target approach to developing drugs targeted at multiple
disease aspects. Acupuncture is a potential therapeutic pro-
cedure that has shown evidence for clinical efficacy and
safety in the treatment of chronic pain [6] and a variety of
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symptoms and conditions associated with cancer [7]. Elec-
troacupuncture (EA) has been widely used to treat neurode-
generative diseases, including dementia [8, 9]. EA could
improve the Mini-Mental State Examination scores in
patients with AD [10] and ameliorate cognitive deficits in
animal models of AD [11, 12]. However, how EA improves
cognitive function is still unknown.

Neuroinflammation has an essential impact on neurode-
generative diseases. EA is a nerve stimulation therapy that
uses immunomodulation and controls inflammation to rees-
tablish physiological homeostasis during illness. A previous
study found that EA might play a neuroprotective role [13]
by enhancing anti-inflammatory activity to suppress aber-
rant glial activation and prevent the loss of neurons in neuro-
degenerative disorders [14]. Microglia, the resident immune
cells of the mammalian CNS, play a pivotal role in neuroin-
flammation. In a healthy brain, microglia are involved in
modulating higher cognitive functions such as learning and
memory [15, 16]. However, the function of microglia may
be dynamic because of the different pathological stages of
AD. Microglia are classified as ramified (quiescent/resting),
activated, or ameboid (phagocytotic). There is a model that
describes the mechanism of two opposite polarization states
of macrophage activation: the classically activated proinflam-
matory M1 macrophages and the alternatively activated anti-
inflammatory M2 macrophages. The macrophage nomencla-
ture was adopted to describe the different functional states of
microglia [17]. Microglia have complex roles that are detri-
mental and beneficial to AD pathogenesis: M1 phenotypes
are characterized by the production of inducible nitric oxide
synthase (iNOS) and inflammatory cytokines (such as IL-13)
and damage healthy cells, such as neurons, leading to Af
accumulation; M2 phenotypes express mannose receptor
(CD206) and arginase 1 (Argl) and downregulate neuroin-
flammation and remove Ap plaques.

In early-stage AD, A3 oligomers, the hydrolysis product
of amyloid precursor protein by - and y-proteinase, lead
to the M2 phenotype activation and introduce cell factors
to prevent the overproduction of Af and further pathological
damage. However, the chronic Af deposition stimulates
microglia persistently [18] and causes the M1 phenotype
activation to increase. In 18-month-old mice, the microglial
activation is expanded into hippocampal areas free of pla-
ques, showing that classic M1 phenotypes produce cytotoxic
effects on neurons [19]. The ablation of iNOS in APP/PS1
mice can protect mice from the plaque formation and prema-
ture mortality [20]. These contradictory functions of microg-
lia reflect their acquisition of distinct M1/M2 phenotypes in
response to different microenvironmental cues [21, 22]. A
study found that naringenin promotes the microglial M2
polarization and A degradation enzyme expression in AD
[23], and the suppressor of cytokine signaling 3 suppresses
the microglial polarization to the M1 phenotype by blocking
the IL-6 production in vitro [24]. Therefore, with microglia,
as essential members of the CNS, the conversion of pheno-
type and functions may lead to a novel therapeutic strategy
to cure AD.

Our previous studies have demonstrated that learning
and memory impairment in AD model mice could be
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improved by EA [25, 26] EA could repress the activation of
microglia in various pathological models [27, 28]. Recently,
research showed that the transformation of microglia into
an engulfing state could reduce A, but overactivated
microglia would accelerate the Af deposition in AD [29].
Therefore, we wondered whether EA could regulate the
microglial polarization in different pathological stages. In
the present study, we chose 4- and 12-month-old APP/PS1
mice to simulate mild AD and moderate AD, respectively,
aiming to investigate whether EA could regulate the micro-
glial polarization to modulate learning and memory at differ-
ent stages of Alzheimer’s disease.

2. Methods and Materials

2.1. Animals. Male APPSwe/PS1B6C3-Tg [B6C3-Tg (APPswe,
PSENIAE9) 85Dbo/MmJNju] mice and female wild-type mice
(C57/BL6) were purchased from the Model Animal Research
Center of Nanjing University (SYXK2013-009) for breeding.
Animals were housed 3-4 per cage in temperature (21-25°C)
and light (12-h light/dark cycle) controlled rooms, with free
access to food and water until the end of the experiment.
All studies performed on mice were performed following
the guidelines of the Fujian University of Traditional Chinese
Medicine Animal Care and Use Committee, which approved
all protocols used in this study.

2.2. Experimental Design. Data presented in this study were
obtained in animals aged 4 months (mild AD) and 12
months (moderate AD). For mild AD mice, the intervention
began at 4 months old and ended at 8 months old. For mod-
erate AD mice, the intervention began at 12-month-old and
ended at 16-month-old. The treatment lasted for 16 weeks.
The Morris water maze (MWM) test was carried out twice
before and after the intervention immediately. When trials
were carried out, mice were sacrificed.

A total of 48 male APP/PSI transgenic mice and 16 male
wild-type mice were used in this study. According to age,
mice were divided into mild AD and moderate AD. APP/PS1
mice were identified by polymerase chain reaction (PCR).
According to the results of PCR, transgenic APP/PS1 mice
were randomly divided into the AD group, the EA group,
and the nonacupoint (NA) group. Wild-type (WT) littermate
mice matched for age represented the WT group. There were
8 mice in each group.

2.3. Morris Water Maze Test. The MWM is a classical learn-
ing and memory behaviour test for rodents. The MWM
device is a circular pool that is divided into four quadrants
by a computer identification system to better record the per-
formance of animals. In the place navigation test, mice were
put into water to find a hidden platform within 90 seconds,
which is located in the centre of the target quadrant. The
mice were trained four times every day on four consecutive
days. The platform was fixed for each mouse, but the swim-
start position was randomized every day and alternated
clockwise. The time each mouse took to find the platform
within 90 seconds was recorded (escape latency). If the
platform was not found within 90 seconds, the investigator
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guided it to the platform and kept it on the platform for 15
seconds, and the escape latency was recorded as 90 seconds.
After the place navigation test, the space exploration test
was conducted on the fifth day. The platform was removed,
and the mouse was placed into the water from the contralat-
eral quadrant. The number of crossings over the original
platform within 90 seconds was counted to assess the learn-
ing and memory of mice.

2.4. Electroacupuncture Stimulation. After the baseline
measurement of the MWM test, electrical stimulation was
performed. Mice in the EA group received electrical stimula-
tion at the Shenting (DU24) and Baihui (DU20) acupuncture
according to our previous study [30]. DU24 was connected
with the positive pole, and DU20 was connected with the
negative pole. Mice in the NA group received electrical stim-
ulation at both side nonacupoints (the area below costal
region, 2cm superior to the posterior superior iliac spine,
and ~3 cm lateral to the spine). The left side was connected
with the positive pole, and the right side is connected with
the negative pole. Acupuncture needles (¢ 0.3 X 13 mm,
Hwato) were connected to the EA apparatus (model G6805;
Suzhou Medical Appliance Factory, Shanghai, China), with
a disperse-dense wave. The frequency was 1/20 Hz, and the
intensity of current was 1 mA. Mice were stimulated for 16
weeks, once every other day, 3 times a week, and the treat-
ment lasted for 30 min each time. Mice in the AD group
and the WT group were fed and grasped under the same con-
ditions without any treatment.

2.5. Immunofluorescence. Mice were sacrificed after anesthe-
sia via 4% paraformaldehyde perfusion. The brain was cut
into 5 ym thick slices after paraffin embedding. After dewax-
ing and tissue antigen repair, sections were incubated in 5%
goat serum for 1 hour at room temperature and in primary
antibody overnight at 4°C. The next day, sections were incu-
bated with fluorescein secondary antibody for 2 hours. The
primary antibodies and concentrations used in this experi-
ment included anti-Ibal (1:500; ab5076, Abcam), anti-
iNOS (1:300, ab49999, Abcam), anti-IL-18 (1:100, ab9722,
Abcam), anti-Argl (1:100, 16001-1-AP, Proteintech), anti-
CD206 (1:200, ab8918, Abcam), and anti-6E10 (1:1000,
803001, Biolegend). The secondary antibodies used were as
follows: donkey anti-goat-Alexa 594 (1:1000; ab150132,
Abcam), donkey anti-mouse-Alexa 488 (1:1000; ab150105,
Abcam), donkey anti-rabbit-Alexa 488 (1:1000; ab150061,
Abcam), and donkey anti-mouse-Alexa 594 (1:1000;
ab150108, Abcam). After referencing The Mouse Brain in
Stereotaxic Coordinates [31], we chose the parietal associa-
tion cortex (PtA, coordinates: -1.82mm to -2.06 mm from
bregma, coronal serial sections, taking every other section
for analysis) and entorhinal cortex (Ent, coordinates:
-2.92mm to -4.24 mm from bregma, coronal serial sections,
taking one out of every five sections for analysis) as the
regions of interest (ROIs). Four views of each piece were
randomly selected for capture. An inverted laser scanning
confocal microscope (LSM780, Zeiss) was used for immuno-
fluorescence colabeling imaging, and the numbers of positive
cells were manually counted. A fluorescence microscope

(DM4000 B, Leica) was used for A3 plaque imaging, and
the number of plaques and plaque area fractions in the obser-
vation field were calculated by the Image] software. All pic-
tures and quantifications were performed by investigators
who were blinded to the experimental grouping.

2.6. Quantitative Real-Time Polymerase Chain Reaction.
Mice were decapitated after anesthesia, and the brain tissue
was separated. In detail, total RNA was isolated from tissues
with RNAiso plus and reverse transcribed into cDNA using
the HiScriptIIQRT SuperMix reagent kit (R223-01, Vazyme).
Finally, the cDNA was quantified by qPCR using a SYBR
qPCR Master Mix (Q311-02, Vazyme). The mRNA expres-
sion levels were calculated by the 274" method after the
normalization to the expression of M1 markers (iNOS/IL-
1), M2 markers (CD206/Argl), or GAPDH. All experiments
were performed in triplicate and repeated at least three times.
Four mice in each group were used for statistical analysis.

2.7. Statistical Analysis. The SPSS 21.0 software was used to
perform the data analysis. The experimental data are
expressed as the mean + SEM. Mauchly’s test of sphericity
was used to assess the correlation of repeated-measures data.
Repeated-measures analysis of variance was performed for
the place navigation test. One-way analysis of variance was
applied for other data when assumptions of normality and
equal variance (F test) were met; otherwise, the equivalent
nonparametric test will be used. A value of P < 0.05 was con-
sidered statistically significant.

3. Results

3.1. Electroacupuncture Improved Learning and Memory in
APP/PS1 Transgenic Mice. First, we determined whether
the EA stimulation could delay/reverse learning and memory
impairment in APP/PS1 transgenic mice. In mild AD, the
escape latency was decreased (P <0.01, Figure 1(a)), and
the number of platform crossings was increased (P < 0.05,
Figure 1(b)) in the WT group compared with the AD group
in the MWM test. There was no significant difference
between the AD group, the EA group, and the NA group at
baseline. After 16 weeks of intervention, the escape latency
of the EA group was decreased comparing with the AD group
(P <0.01, Figure 1(c)), and there was a significant difference
between the EA group and the NA group (P < 0.05). In the
space exploration test, mice in the EA group performed more
platform crossings than mice in the AD group (P <0.01,
Figure 1(d)). There was a significant difference between the
EA group and the NA group (P < 0.05).

In moderate AD, we also found that the WT group mice
had a lower escape latency (P < 0.01, Figure 2(a)) and more
platform crossing times (P < 0.001, Figure 2(b)) than the AD
group. There was no significant difference between the AD
group, the EA group, and the NA group at baseline. After
treatment, mice in the EA group spent less time finding the
platform than those in the AD group (P < 0.01, Figure 2(c)),
and there was a significant difference between the EA group
and the NA group (P < 0.01). Mice in the EA group showed
more platform crossing times than mice in the AD group
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(P <0.05, Figure 2(d)). There was a significant difference
between the EA group and the NA group (P < 0.05).

These data indicated that APP/PS1 mice showed learning
and memory deficits at an early age that worsened with
increasing age. EA at DU24 and DU20 delayed learning and
memory impairment in mice with mild and moderate AD.

3.2. Electroacupuncture Reduced A Plaques in APP/PSI
Transgenic Mice. Given that the EA stimulation could
improve learning and memory in APP/PS1 mice, we next
assessed its effects on A plaques and performed immuno-
fluorescence with 6E10. The localization map of PtA and
Ent was shown as 3a and 3b. For mild AD mice, the repre-
sentative pictures of Ap-positive plaques were shown in
Figure 3(c). APP/PS1 mice with EA showed a lower number
and area fraction of Af-positive plaques in the PtA than AD
mice (P <0.05, Figures 3(d) and 3(e)). There was no signif-
icant difference in Af plaque number or area fraction in
the Ent between the AD group and the EA group. For mod-
erate AD mice, the representative pictures of Af-positive
plaques were shown in Figure 3(f). We found that the EA
group showed a reduced Ap-positive plaque number in the
PtA and Ent compared with the AD group (P <0.01 and
P <0.05, respectively, Figure 3(g)). However, there was
no significant difference in the plaque area fraction between
the AD group and EA group in the PtA and Ent (Figure 3(h)).

Collectively, these results demonstrated that EA at
DU24 and DU20 could reduce the amyloid load in PtA of
mild AD mice.

3.3.  Electroacupuncture  Transformed the Microglial
Polarization State in APP/PS1 Transgenic Mice. Having
shown that the EA stimulation reduced Af plaques, we next
aimed to investigate whether the EA stimulation could
regulate the microglial polarization state and induce the
expression of different phenotypes. Microglia were labeled
with Iba-1, and we examined the morphological features of
microglia (M1 microglia produce iNOS/IL-13, and M2
microglia express CD206/Argl) in response to the EA inter-
vention. In mild AD, the representative pictures of the iNOS
and IL-1f colocalization with microglia in the PtA and Ent
were shown in Figures 4(a)-4(d). We observed that iNOS-
Ibal (P<0.01 in the Ent, Figure 4(f)) and IL-1B-Ibal
(P<0.01 in the PtA, P <0.05 in the Ent, Figures 4(g) and
4(h)) colocalizations in AD mice were significantly increased
compared with those in their age-matched WT counterparts.
The EA group showed a 63.96% and 64.22% decline in the
iNOS-Ibal and IL-18-Ibal colocalizations, respectively, in
the Ent (P <0.01, Figure 4(f) and p <0.05, Figure 4(h),
respectively). The representative pictures of the CD206 and
Argl colocalization with microglia in the PtA and Ent were
shown in Figures 5(a)-5(d). In the AD group mice, the
CD206-1Ibal colocalization (P < 0.05 in the Ent, Figure 5(f))
and Argl-Ibal colocalization (P < 0.01 in the PtA and Ent,
Figures 5(g) and 5(h)) were significantly reduced compared
with those in the WT group. The CD206-Ibal colocalization
increased 55.56% in the Ent (P < 0.05, Figure 5(f)), and the
Argl-Ibal colocalization increased 55.55% and 42.14% in the
PtA and Ent, respectively (P < 0.01, Figures 5(g) and 5(h)).

In moderate AD, the representative pictures of the iNOS
and IL-1 colocalization with microglia in the PtA and Ent
were shown in Figures 6(a)-6(d). We found that the iNOS-
Ibal colocalization and IL-1B-Ibal colocalization in AD
mice were decreased compared with those in the WT group
(P <0.01 in the PtA, Figures 6(e) and 6(g) and p <0.05 in
the Ent, Figures 6(f) and 6(h)). EA at DU24 and DU20
reduced the iNOS-Ibal colocalization in all areas (55.36%
in the PtA, P <0.01, Figure 6(e); 32.94% in the Ent, P <
0.05, Figure 6(f)) and the IL-B-Ibal colocalization in the
Ent (45.62%, P < 0.05, Figure 6(h)) compared with AD mice.
The representative pictures of the CD206 and Argl colocali-
zation with microglia in the PtA and Ent are shown in
Figures 7(a)-7(d). The CD206-Ibal coexpression and
Argl-Ibal coexpression were decreased in the PtA and Ent
in the AD group compared with the WT group (P <0.01
or P<0.05, Figures 7(e)-7(h)). There was no significant
difference in CD206-Ibal in the PtA and Ent between the
EA group and the AD group (Figures 7(e) and 7(f)). EA at
DU20 and DU24 increased the Argl-Ibal colocalization in
the Ent compared with the AD group (P < 0.01, Figure 7(h)).

These results demonstrated that EA at DU24 and DU20
could regulate the microglial polarization state, promoting
microglia to the M1 phenotype and inhibiting microglia to
the M2 phenotype. Moreover, these effects were more evident
in mild AD mice.

3.4. Electroacupuncture Regulated M1/M2 mRNA Levels in
APP/PS1 Transgenic Mice. We measured the M1 (iNOS/IL-
1) and M2 (CD206/Argl) mRNA levels by qPCR. In mild
AD, we found that IL-18 mRNA levels were increased (5,
Figures 8(a) and 8(b)), and CD206 and Argl mRNA levels
were reduced (P < 0.01, Figures 8(c) and 8(d)) in the AD
group compared with the WT group. After the intervention,
the mRNA levels of iNOS and IL-1f3 were reduced in the PtA
and Ent (P < 0.01), and the mRNA levels of CD206 and Argl
were increased in the PtA and Ent (P < 0.05 or P <0.01) of
the EA group.

In moderate AD, iNOS and IL-13 mRNA levels were
increased while CD206 and Argl mRNA levels were
reduced in both the PtA and Ent in the AD group compared
with the WT group (P < 0.01, Figures 9(a)-9(d)). There was
no significant difference in iNOS, IL-183, CD206, and Argl
mRNA levels in the PtA between the AD group and the
EA group. In the EA group, IL-13 mRNA levels were down-
regulated, and CD206 mRNA levels were upregulated in the
Ent (P <0.01) compared with the AD group.

Overall, our results showed that EA at DU24 and DU20
could regulate M1 and M2 marker mRNA levels in mild
AD mice.

4. Discussion

In this study, we demonstrated that EA at DU24 and DU20
could improve learning and memory, drive the attenuation
of AB, and regulate the microglial M1/M2 polarization in
mild AD and moderate AD.

A progressive loss of memory and cognitive impairment
is principal clinical presentations of AD, and the MWM test
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is a traditional methodology to measure learning and mem-
ory in animals. Research has suggested that a gradual decline
in cognition could be detected in most 6- to 18-month-old
APP/PS1 mice, and young (less than or equal to 5 months
old) APP/SP1 mice showed little difference in the declining

trend of escape latency after repeated training when com-
pared with WT mice [32]. A study indicated that there
was no significant difference in escape latency between WT
and APP/PSI mice at 3 months of age, while the escape
latency was significantly longer in 5-month-old APP/PSI
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mice than in their counterparts in the MWM test [33].
Therefore, we chose the 4-month-old APP/PSI mice to sim-
ulate the mild AD stage. On the other hand, Af3 plaques were
observed in APP/PS1 mice as young as 3 months of age, with
linear increases with months of age, but slow growth was

observed after 12 months of age [33]. Therefore, we chose
the 12-month-old APP/PS1 mice to simulate the moderate
AD stage.

DU24 and DU20 are located along the governor vessel,
and their stimulation is widely reported to improve cognition
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[34-37]. Our previous studies proved that EA at DU24 and rats following ischaemic stroke [38]. Furthermore, the EA
DU20 improved cognitive deficits [34] and mediated synap-  stimulation of DU24 and DU20 might reactivate cognition-
tic plasticity in the periinfarct hippocampal CAl region of  related brain regions [37]. The Ent is the critical structure
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relaying memory-related information between the neocortex ~ from [18F]flortaucipir PET and T1-weighted magnetic reso-
and the hippocampus, which is first affected in AD [39, 40].  nance imaging showed that the lateral and medial PtA and
The PtA is often considered to be the brain region with obvi- ~ lateral temporal cortex were most relevant to cognitive
ous pathological changes in neuroimaging [41]. Evidence  decline in AD [42].
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Ap, reactive gliosis, and neuroinflammation are hallmarks
of AD [43]. Long considered to be secondary events to neuro-
degeneration, microglia-related pathways have been identified
as central to AD risk and pathogenesis [44, 45]. We proved the
bidirectional regulation of the DU24 and DU20 stimulation
on the microglial polarization: it downregulated the M1 phe-
notype microglia and upregulated the M2 phenotype microg-
lia in mild AD. EA inhibited iNOS and IL-1f and promoted
CD206 and Argl in 8 months old APP/PS1 mice. However,
EA could not upregulate the M2 phenotype microglia in
moderate AD. We found that the iNOS and IL-1 colocaliza-
tion decreased, but CD206 and Argl had no difference in
immunofluorescence and mRNA level in 16 months old
APP/PS1 mice. It could expound that the effect of EA on
AD mice at different stages is different. Therefore, EA was
more effective in mild AD mice than in moderate AD mice.
EA suppressed not only the microglial polarization to the
M1 phenotype but also promoted the microglial polarization
to the M2 phenotype in mild AD mice.

Microglia can be neuroprotective by degrading A plaques
similar to action against the Af3 accumulation [46]. However,
an age-dependent increase in both the number and the size of
Ap plaques in AD might reflect a diminution in the microglial
phagocytic capability [47]. In the present study, we found that
EA at DU24 and DU20 reduced Ap-positive plaques in the
PtA, rather than Ent in mild AD mice. It may be related to
the targeting brain region under different acupoints. Research
had proved that EA at DU20 and right Qubin (GB7, acu-
puncture) could increase glucose metabolism in the parietal
lobe [48]. However, we found changes only in the number
of AB-positive plaques, not in the area fraction in moderate
AD mice. It may indicate that the effect of EA is limited,
which could not eliminate the accumulation of Af in 16
months old APP/PS1 mice. Moreover, it needs further study.

5. Conclusion

EA at DU24 and DU20 reduced A3 plaques to improve learn-
ing and memory in mild AD mice. This finding is mainly
related to the microglial M1/M2 polarization inducing by EA.
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