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Background: It was indicated that nucleotide-binding oligomerisation domain-like receptor
protein 1 (NLRP1) inflammasome-mediated pyroptosis is involveg in the progression of
Alzheimer’s disease (AD). This study was designed to explore the effect of Bushen Huoxue
Acupuncture on cognitive defect and NLRP1 inflammasome-mediated pyroptosis in AD mouse.
Methods: Senescence-accelerated mouse prone 8 (SAMPS) mice were used as a model
of AD. Bushen Huoxue Acupuncture was performed in four acupoints: “Baihui acupoint”
(GV20), “Shenshu acupoint” (BL23), “Xuehai acupoint” (SP10), and “Geshu acupoint”
(BL17). Morris water maze test was performed to evaluate the cognitive function of the
mouse. The levels of ABj_40, APi42, IL-1PB, and IL-18 were examined by ELISA assay.
Neuronal apoptosis and damage in hippocampal tissues were measured using TUNEL and
Nissl staining, respectively. The expression of NLRP1, ASC, cleaved caspase-1, IL-1pB, and
IL-18 was examined using Western blot.

Results: Bushen Huoxue Acupuncture improved the learning and memory deficits of AD
mouse. Meanwhile, Bushen Huoxue Acupuncture decreased the production of AP in hippo-
campal tissues of SAMP8 mice and attenuated the neuronal apoptosis and damage.
Furthermore, Bushen Huoxue Acupuncture inhibited NLRP1 inflammasome activation in
SAMPS8 mice.

Conclusion: Bushen Huoxue Acupuncture could notably attenuate the cognitive defect of
mouse AD model and inhibit NLRP1 inflammasome-mediated pyroptosis.

Keywords: Bushen Huoxue Acupuncture, Alzheimer’s disease, NLRP1 inflammasome,

pyroptosis, hippocampal neurons

Introduction
Alzheimer’s disease (AD) is an age-associated neurodegenerative disorder, char-
acterized by progressive decline in cognitive and functional skill." At present, there
are no effective drugs for AD therapy. Pathological deposition of amyloid-f (A)
protein, intracellular neurofibrillary tangles, and neuronal loss caused by neuronal
apoptosis are the important pathological characteristics of AD.> In this present
study, we explored the effect of Bushen Huoxue Acupuncture on cognitive defect of
mouse AD model from a traditional Chinese medicine (TCM) point of view, and
preliminarily analyzed the action mechanism of Bushen Huoxue Acupuncture in
improving the disease.

Nucleotide-binding oligomerisation domain-like receptor protein 1 (NLRP1)
inflammasome is a multi-protein complex, composed of NLRP1, pro-caspase-1
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and adaptor protein apoptosis-associated speck-like pro-
tein (ASC).® In response to A aggregates, NRLP1 inflam-
masome is activated in AD. Subsequently, activated
NLRPI inflammasome induced cleaves caspase-1 into its
active subunits. Next, caspase-1 activation leads to proces-
sing and maturation of the cytokines interleukin-1p (IL-
1B) and interleukin-18 (IL-18), and a lytic form of cell
death termed pyroptosis.®’ It was shown that NLRP1/
caspase-1-dependent pyroptosis plays an important role
in AD progression.®® For instance, Tan et al demonstrated
increased cerebral NLRP1 levels in APPgyo/PS14gg trans-
genic mice. NLRP1 or caspase-1 deficient mice showed
significant reduction in neuronal pyroptosis and
reversed cognitive impairments.® Xu et al reported that
Ginsenoside Rgl protect against H>O,-induced neuronal
damage by inhibiting the activation of NLRP1 inflamma-
some in hippocampal neurons in vitro.” These findings
suggested that the strategies targeting NLRP1 inflamma-
some activation might be useful in the therapy of AD.
Acupuncture is an important TCM therapy that has
been practiced in China for 4000 years.'” It is well-
effects.'!

Acupuncture has been known to be an effective therapeu-

tolerated and has quite rare adverse
tic approach for AD treatment. Jia et al demonstrated that
acupuncture could effectively enhance the learning and
memory functions of patients with AD.'? Cui et al
reported that acupuncturing at GV24 and bilateral GB13
acupoints may enhance the cognitive function and synaptic
plasticity of AD mouse through regulating the distribution
of certain kinds."> A growing evidence revealed that acu-
puncture may enhance hippocampal connectivity in AD
related to

activate brain

12

patients, specific regions

cognition, ©~ and improve cognitive function and global
clinical status.'>'*'® However, its clinical effects and
underlying mechanisms are not fully understood.
According to TCM, kidney deficiency and blood stasis
are the basic pathogenic factors of AD, and run through
the whole process of AD. Accordingly, we developed an
acupuncture method of Bushen Huoxue (tonifying kidney
and resolving blood stasis) in the acupoints of “Baihui
acupoint” (GV20), “Shenshu acupoint” (BL23), “Xuehai
acupoint” (SP10), and “Geshu acupoint” (BL17). Here, the
aim of our study is to examine whether Bushen Huoxue
Acupuncture alleviates the cognitive deficits, Ap aggrada-
tion, and neuronal apoptosis in senescence-accelerated
mouse prone 8 (SAMPS8) mice, a natural model of AD,
and the regulatory mechanism of it.'” In this present study,
we demonstrated that Bushen Huoxue Acupuncture

effectively improved the learning and memory functions
of mouse AD model, and inhibited NLRP1 inflammasome-
mediated neuronal pyroptosis.

Materials and Methods

Animals

Thirty SAMP8 mice (age, 7-month old; weight, 26-30 g)
and ten of age-matched senescence-accelerated mouse
(SAMR1) mice
Experimental Animal Center of The Third Xiangya

resistance 1 were raised in the
Hospital of Central South University. All animals were
housed in a room with controlled temperature (20~23 °
C), humidity (55~58%), and lighting (12 h light/dark
cycle). All mice were provided with enough food and
water. After one week of adaptation feeding, the SAMPS
mice were randomly divided into three groups (n = 10 per
group): AD model, nonacupuncture, and acupuncture. And
age-matched SAMRI1 mice were prepared as a normal
control group. All animal experiments were conducted
with the approval of the Experimental Animal Ethics
Committee of The Third Xiangya Hospital of Central
South University. All animal experiments were performed
according to the Guideline for the Care and Use of
Laboratory Animals. All protocols were performed under
conditions to minimize animal suffering.

Acupuncture Treatment

Mouse acupoint location and acupuncture depth referenced
the experimental acupuncture.'® Mice in the acupuncture
group were intervened by Bushen Huoxue Acupuncture
into the acupoints of “Baihui acupoint” (GV20), “Shenshu
acupoint” (BL23), “Xuehai acupoint” (SP10) and “Geshu
acupoint” (BL17). GV20 was located at the center of the
parietal bone, and the needle was inserted into the epicranial
aponeurosis. BL23 was located adjacent to the second lum-
bar vertebra. SP10 was located in the middle of the medial
hind thigh, medial end of the metatarsal floor to the pubic
symphysis 1/9. BL17 was located in the middle of the
bilateral ribs under the 7th thoracic vertebra. At GV20, the
needle was inserted obliquely to a depth of 3—4 mm. At
BL23 and SP10, the needle was inserted perpendicularly to
2-3 mm depth. At BL17, the needle was inserted obliquely
upward at an angle of 80° to 2-3 mm depth. For BL23, SP10
and BL17, the left side was acupunctured first, and then the
right side was acupunctured the next day. Mice in the non-
acupuncture control group were treated by stimulating the
fixed non-point under the bilateral rib, while mice in the AD
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model group and normal control group were raised without
special treatment but administered the stimulation of catch-
ing with the same time and the same stimulus intensity. All
mice were intervened daily for 6 consecutive days, followed
by one day of rest, for 8 consecutive weeks.

Morris Water Maze Test

After acupuncture treatment, the Morris water maze
(MWM) test was performed to evaluate the learning and
memory behaviors of animals. The water maze was
a circular pool with 150 cm of diameter and 50 cm of
depth. The maze was divided into four equal quadrants.
A circular escape platform was placed at the second (tar-
get) quadrant and submerged approximately 1.5 cm below
the surface of the water. Mice were placed on the platform
for 15 s. The mice were placed in the water at the other
quadrants and allowed to swim freely. The time they spent
reaching the underwater platform (escape latency) was
recorded. If mice were unable to reach the platform within
60 s, they were gently guided to it and left on the platform
for 15 s and the escape latency was recorded as 60 s. After
the completion of spatial navigation trial, the hidden plat-
form was removed. Mice were placed in the pool at the
location opposite to the platform position and allowed to
swim freely for 60 s. The time spent in the target quadrant
and the number of crossing the original platform were
recorded. All mice were approved underwent three trials
per day from different release position. The MWM

tests were performed once a day for six days.

Enzyme-Linked Immunosorbent Assay
(ELISA)

After MWM test, all mice were euthanized by carbon
dioxide. Hippocampus tissues were harvested, and then
homogenized with ice-cold RIPA lysis buffer. Next, the
levels of AB1-40, AB1-42, IL-1B, and IL-18 in homoge-
nates of hippocampus tissues were measured using
a Mouse AB1-40 ELISA Kit, Mouse AP1-42 ELISA kit,
Mouse IL-1p ELISA Kit, and Mouse IL-18 ELISA Kit,
respectively. All ELISA assays were performed strictly
according to the manufacturer’s instruction of Kkits.
Mouse AB1-40 ELISA Kit and Mouse AB1-42 ELISA kit
were  obtained from  Shanghai  Enzyme-linked
Biotechnology (Shanghai, China). Mouse IL-1B ELISA
Kit and Mouse IL-18 ELISA Kit were purchased from
Elabscience (Houston, TX, USA).

TUNEL Staining

Hippocampal tissues were removed from the brains of
mice and subsequently washed with ice-cold normal sal-
ine. After that, hippocampal tissues were fixed with 4%
paraformaldehyde at 4 °C overnight. Next, all hippocam-
pal tissues were embedded in paraffin, and sectioned at 6
pm thickness. The sections were dewaxed with xylene,
and rehydrated with a graded alcohol. Neuronal apoptosis
in hippocampus tissues was assessed using a TUNEL
Staining Kit (Keygen Biotech, Nanjing, China) according
to the manufacture’s protocol.'” Finally, the total number
of TUNEL-positive neuron (apoptotic neuron) in hippo-
campus was counted under a fluorescence microscope
(Olympus Corporation, Tokyo, Japan). Randomly three
different fields were selected from each section.

Nissl Staining

Hippocampal sections were stained with 1% toluidine blue
body
Subsequently, the sections were washed with distilled

for 40 min to stain the Nissl in neurons.
water for 5 min, and then quickly dehydrated in graded
alcohol. After that, xylene was then added and the slices
were sealed using neutral gum. At last, the sections were
examined under a microscope (Nikon Eclipse E100; Nikon
Inc., Tokyo, Japan). The number of staining cells was

counted at 400 x magnification in a blinded manner.*

Western Blot

Total protein samples were extracted from the hippocampus in
RIPA lysis buffer (Beyotime, Shanghai, China). Then, the
protein samples were loaded and separated with 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis gels, and
transferred to polyvinylidene difluoride membrane. After
blocking with 5% non-fat milk for 1 h, the membranes were
incubated with primary antibodies as follows (Abcam,
Cambridge, MA, USA): anti-NLRP1 (1:1,000), anti-ASC
(1:1,000), anti-cleaved caspase-1 (1:1,000), anti-IL-1P
(1:1,000), anti-IL-18 (1:1,000), and anti-B-actin (1:1,000).
Then, the membranes were incubated with horseradish perox-
(Abcam). An
enhanced chemiluminescence kit (Pierce, Rockford, IL,

idase-conjugated secondary antibodies
USA) was used to develop blots. B-actin was used as the

loading control.

Statistical Analysis
Statistical analysis was performed using SPSS 22.0. The
unpaired Student’s #-test and one-way analysis of variance
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were used to analyze differences between two or more
groups, respectively. The analysis of escape latency in each
group were analyzed using repeated measures analysis of
variance. P values < 0.05 were considered significant.

Results

Bushen Huoxue Acupuncture Improved
Cognitive Deficit and Reduced AP Level
in AD Mice

Compared with the control group, the mice in the AD model
group exhibited longer escape latency, less time spent in the
quadrant that previously contained the platform (target quad-
rant), as well as a smaller number of platform location crosses.
Importantly, compared with the AD or nonacupuncture group,
the AD mice in the acupuncture group showed shorter escape
latency. Furthermore, AD mice that received Bushen Huoxue
Acupuncture treatment remained in the original platform
quadrant longer and crossed the target quadrant more fre-
quently than mice in the untreated AD group (Figure 1A).

Furthermore, the production of AB;_49 and AB;_4, were mark-
edly promoted in hippocampus tissues of AD mice compared
with the mice in the control group. Bushen Huoxue
Acupuncture treatment significantly decreased the AD-
induced levels of AB.49 and AB;_4, (Figure 1B).

Bushen Huoxue Acupuncture Attenuated
Hippocampal Neuronal Apoptosis and
Damage in AD Mice

Next, we assessed neuronal apoptosis in the hippocampus
tissues in each group. Compared with the control group,
the mice in the AD model group showed a significantly
increased number of TUNEL-positive cells. Bushen
Huoxue Acupuncture noticeably decreased the number of
apoptotic cells (Figure 2A). Furthermore, neuronal damage
was assessed histologically using Nissl staining. Nissl
staining revealed significantly reduced Nissl-positive
viable neuronal counts in AD mice, and treatment of

Bushen Huoxue Acupuncture preserved neurons from
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Figure | Bushen Huoxue Acupuncture improved cognitive deficits and decreased AP level in AD mice. After the completion of Bushen Huoxue Acupuncture treatment,
(A) MWM test was performed to evaluate cognitive function. The escape latency, the time spent in the target quadrant and the number of crossing the original platform
were recorded. (B) Levels of AB,_4 and AB,_s, in homogenates from hippocampus were measured using ELISA. N = 10 in each group. **P < 0.01 vs control group; *P < 0.05,

and P < 0.0 vs nonacupuncture group.
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damage, including neuron loss and degeneration

(Figure 2B).

Bushen Huoxue Acupuncture Inhibited
NLRPI Inflammasome-Mediated
Pyroptosis in AD Mice

Compared with the control group, the expression of NLRP1,
ASC, cleaved caspase-1, IL-1pB, and IL-18 were significantly
upregulated in hippocampus tissues of AD mice (Figure
3A). Furthermore, ELISA results further confirmed the
increased levels of IL-1p, and IL-18 in the hippocampus
(Figure 3B). These data indicated NLRP1 inflammasome
was activated in AD mice. Of note, treatment with Bushen
Huoxue Acupuncture notably inhibited the NLRP1, ASC,
cleaved caspase-1, IL-1B, and IL-18 expression in the hip-
pocampus of AD mice (Figure 3A and B).

Discussion

In the current study, Bushen Huoxue Acupuncture was per-
formed in four acupoints of “Baihui”, “Shenshu”, “Xuehai”,
and “Geshu” by manual acupuncture. “Baihui” has long
been used to treat cognitive impairment clinically.'®?'

“Shenshu” has the ability of strengthening kidney and

Control AD
A

200x

B Control AD

Nonacupuncture

Nonacupuncture

dredging meridian and is related to brain function.?
“Geshu” has the effect of promoting blood circulation, and
it is often compatible with “Xuehai” to treat a variety of
blood stasis syndromes.>> However, the efficacy of acupunc-
ture at the acupoints of “Xuehai” and “Geshu” for AD
remains not fully understood. In this present study,
Acupuncture into the four acupoints was observed to alle-
viate cognitive deficits, enhance degradation of A, and
attenuate neuronal apoptosis and loss in AD mice. Our
results confirmed the potential of acupuncture at the acu-
points of “Baihui”, “Shenshu”, “Xuehai”, and “Geshu”
for AD treatment.

AD is a neurodegenerative disorder characterized by
progressive deterioration of memory, cognition, and beha-
vioral patterns.>! Here, SAMP8 mice showed serious impair-
ments in learning and memory functions. Importantly,
Bushen Huoxue Acupuncture improved the cognitive deficit
in SAMPS8 mice. Excessive accumulation of A constitutes
the central process in the pathology of AD.*** The most
abundant forms of AP are AB;.40 and AB;_42. APj4o forms
fibril deposits that damage the cerebral vessel walls, while
AP1_42 peptide is pathogenic by the formation of toxic fibril-
lation intermediates.® Here, Bushen Huoxue Acupuncture
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Figure 2 Bushen Huoxue Acupuncture attenuated hippocampal neuronal apoptosis and damage in AD mice. (A) Representative slides of TUNEL staining assessing
hippocampal neuronal apoptosis. TUNEL-positive cells were qualified. (B) Representative slides of Nissl staining assessing hippocampal neuronal damage. Nissl-positive viable
neuronal cells were counted. N = 10 in each group. **P < 0.0l vs control group; #p <001 vs nonacupuncture group.
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Figure 3 Bushen Huoxue Acupuncture inhibited NLRP| inflammasome-signalling pathway in AD mice. (A) The protein levels of NLRPI, ASC, cleaved caspase-|, IL-1, and
IL-18 in the hippocampus were examined by Western blot. (B) The levels of IL-1B and IL-18 in homogenates from hippocampus were measured using ELISA. N = 10 in each
group. *P < 0.05, and **P < 0.0 vs control group; *P < 0.05, and **P < 0.0 vs nonacupuncture group.

could reduce the production of AB_49 and AB;_4, in hippo-
campal tissues of AD mice. Neuronal apoptosis or loss is
ultimately the main cause of irreversible progression
of AD.? In the present study, the increased hippocampal
neuronal apoptosis and damage were attenuated by interven-
tion with Bushen Huoxue Acupuncture in AD mice.
Collectively, Bushen Huoxue Acupuncture is considered to
be an effective method for treatment of the cognitive impair-
ments in AD model SAMPS8 mice. However, acupuncture at
a non-acupoint revealed similar results to the SAMPS mice.

NLRP1 is highly expressed in the brain, especially in
neurons and oligodendrocytes. NLRP1 inflammasome was
found to be activated in the brain of AD patients.***> Chronic
glucocorticoid exposure significantly activated NLRP1
inflammasome in hippocampal neurons, thus to increase
neuron-inflammation.”® Ginsenoside Rgl protected against
neuronal degeneration by inhibiting NLRP1 inflammasome
both in H,O,-treated hippocampal neurons in vitro® and in
dexamethasone-treated mice.”” NLRP1 inflammasome acti-
vation was proved to result in pyroptosis, a caspase-

1-dependent inflammatory form of cell death that is distinct
from apoptosis or other cell death mechanisms.*® NLRP1
inflammasome assembly leads to caspase-1 activation, which
in turn drives maturation and secretion of IL-1f and IL-18,
and induces pyroptosis.’ Recent studies suggested that
NLRP1/caspase-1-dependent pyroptosis plays an important
role in AD progression.*® Here, we found that Bushen
Huoxue Acupuncture inhibited NLRP1 inflammasome acti-
vation in AD mice. Considering the importance of NLRP1
inflammasome-dependent pyroptosis in AD progression, we
proposed that the mechanism underlying the neuroprotective
effect of Bushen Huoxue Acupuncture may be associated
with the inhibition of NLRP1 inflammasome-mediated pyr-
optosis. However, there are still many deficiencies in our
study. For instance, NLRP3 inflammasome-mediated pyrop-
tosis is also a crucial pyroptosis pathway, and plays an
important role in AD development, and the effect of
Bushen Huoxue Acupuncture on NLRP3 inflammasome-
mediated pyroptosis in AD is unknown. In addition, how
the molecular mechanism of Bushen Huoxue Acupuncture
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suppresses NLRP1 inflammasome-mediated pyroptosis is
also unclear. We will perform more experiments to explain
these questions in further study.

Conclusion

In conclusion, our data demonstrated that Bushen Huoxue
Acupuncture alleviated the cognitive deficit of the
mouse AD model, inhibited AP accumulation, and reduced
neuronal apoptosis in the model. In addition, Bushen
Huoxue Acupuncture possibly inhibits NLRP1 inflamma-
some-mediated pyroptosis to exert its neuroprotective
effect. These results suggested that Bushen Huoxue
Acupuncture may serve as a promising strategy for AD
treatment.
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