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Study on the mechanism of scalp-acupoint cluster puncture in improving hippocampal

synaptic plasticity by regulating the cAMP/PKA/CREB signaling pathway in APP/PS1 mice
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[ABSTRACT] Objective To observe the effect of scalp-acupoint cluster puncture on hippocampal synaptic
plasticity and the activity of cyclic adenosine monophosphate (cAMP)/protein kinase A (PKA)/cAMP response element-
binding protein (CREB) signaling pathway in APP/PS1 mice, so as to explore its possible mechanism underlying

improvement of Alzheimer’ s disease (AD). Methods Male APP/PS1 transgenic mice were randomly divided into
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model, acupuncture, and sham acupuncture groups, with 12 mice in each group. In addition, 12 male C57BL/6 mice
with the same genetic background were used as the control group. The mice of the acupuncture group received cluster-
needle stimulation at “Baihui” (GV20) and 2 spots (2 mm to GV20 on the left and right sides), and those of the sham
acupuncture group received cluster-needle stimulation at the bilateral hypochondrial non-acupoints. Following insertion,
the needles were twisted rapidly for about 1 min, then retained for 30 min in the acupuncture group. The intervention
was conducted once a day, for a total of 28 d. The Morris water maze test and Barnes maze test were used to evaluate
the mouse’s learning-memory and cognitive ability. The immunohistochemical staining was employed to detect amyloid-
B (AB) deposition in the hippocampus. The Nissl staining was used to observe the changes of the number of neurons in
the hippocampal CA1 area. A transmission electron microscopy was employed to observe the ultrastructure of
hippocampal synapses. The Golgi staining was used to observe the dendritic spine density of hippocampal neurons. The
protein expressions of cAMP, PKA, CREB, phosphorylated (p)-CREB, postsynaptic density protein 95 (PSD-95) ,
and synapsin | (SYN1) was detected using Western blot. Results Compared with the control group, the model
group showed a significant increase in the escape latency of Morris water maze test and the latency to enter the target
hole of Barnes maze test and the percentage of AP-positive area (P<0.01, P<0.001), and a striking reduction in the
number of target platform crossings in the Morris water maze test, residence time in the target quadrant of the escape
box and the number of correct hole entries in the Barnes maze test, number of neurons, dendritic spine density, and
the expression levels of cAMP, PKA, PSD-95, SYN1 and p-CREB/CREB ratio (P<0.01, P<0.001). After the
intervention, both the increase and decrease of the indexes mentioned above were reversed in the acupuncture group
(P<0.01, P<0.001), but not in the sham acupuncture group. Morphological results showed irregular shapes and
disordered arrangement of the hippocampal neurons with shrunken nucleoli, atrophied mitochondria, broken
mitochondrial cristae, decreased synapses and vesicles in the model group, which was relatively milder in the injury
degree, for example, increase in the number of synapses and vesicles, relatively complete mitochondrial cristae, etc.,
in the acupuncture group. Conclusion Scalp-acupoint cluster puncture can improve the learning-memory ability in
APP/PS1 mice, which may be associated with its functions in enhancing the hippocampal synaptic plasticity and
up-regulating the cAMP/PKA/CREB signaling.
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Fig. 1

Comparison of learning and memory abilities of mice in the 4 groups (Morris water maze test, z+s, 12 mice/group)
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Fig.2 Comparison of cognitive functions of mice in the 4 groups (Barnes maze test, 7+s, 12 mice/group)
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Fig.3 Comparison of positive expression of AP in the hippocampal CA1 region of mice in the 4 groups
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Fig. 5 Comparison of hippocampal synaptic ultrastructure of mice in the 4 groups (transmission electron microscope)



RS 2026424 H 51k 4 . 471 -

—_
W
i

—_

S
N
3
H

SEREAN-10 pme!
W

0

DS I,
) @1’}’/ gg-}// ){Y}\/ @/
%h s N XX
I B IZH Bz

F AR R =10 pm. S5XFHRA M, P<<0.01; SR 4L e, #P<<0.01,

Ee6 SANREBEIXNAREZELR(SRELE, 74,3 2KR/A)

Fig. 6 Comparison of hippocampal dendritic spine density of mice in the 4 groups ( Golgi staining, Z+s, 3 mice/group)
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il AT BB P K 58 fil A OC B 1 Rk ZE AL A A AR A
IR T P 258 SR R0 D6 SR 2 T 0 DA M P A
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5N T A S Ao A Y 5 A 35 1 A% 38 BT L TR JIEL G
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e AD BRI ) 5 fil ) i, B AR R ¥ e IR T R
AU E BB A 45 SR 0 Sk A I T A
APP/PS1 /N R g B 241 21 cAMP . PKA |, PSD-95.,
SYNI # 1 # ik K F 1Y B A%, 42 #F p-CREB/CREB
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