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1. Introduction
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Sagacious Confucius’ Pillow Elixir (SCPE) is a traditional Chinese medicine that is mainly used for cognitive impairment in aging;
however, the underlying mechanisms remain unclear. Aging is one of the most important pathogenic factors leading to in-
flammation and pyroptosis in the hippocampus, which may be a potential mechanism in elderly patients with cognitive im-
pairment. Here, we examined whether SCPE could improve cognitive impairment in SAMP8 mice by reducing hippocampal
inflammation and pyroptosis. Seven-month-old senescence-accelerated P8 mice (SAMP8) received SCPE (2.3 g/kg/day; 4.6 g/kg/
day; 9.2 g/kg/day) for 28 days. Cognitive function and morphometric examinations were performed followed by water maze
testing, hematoxylin-eosin staining, Congo red staining, toluidine blue staining, and TUNEL analysis of hippocampal CA1 and
CA3 regions. Escape latency increased and times across platforms decreased in SAMP8 mice; however, both of them were
normalized by SCPE after 28 days. Aging caused significant pyroptosis in hippocampal CA1 and CA3 regions, as evidenced by
neuronal degeneration and necrosis, amyloid deposition, and decreased Nissl body amounts after cognitive impairment, which
were greatly improved by SCPE. SCPE reduced serum IL-1j, IL-6, IL-18, and TNF-« levels and reduced hippocampal NLRP3,
ASC, caspase-1, GSDM-D, IL-1p, IL-6, IL-18, and Af expression. Thus, SCPE exerts an antipyroptotic effect in aging, mainly by
suppressing the NLRP3/caspase-1 signaling pathway.

receptor blockers, calcium ion antagonists, and neuron
protectants [4-6].
Traditional Chinese medicine has been used to treat CI

Cognitive impairment (CI) is a common complication of
aging [1]. The predicted incidence of CI in people over 60
years old is 1%, and the rate increases to 8% for those older
than 65 years. Moreover, the morbidity of the elderly above
85 years old is as high as 20% [2,3]. Currently, CI is the most
common and least treatable of all geriatric diseases. Most CI
drugs are used for the treatment of Alzheimer’s disease
(AD); however, their efficacy remains uncertain, and un-
pleasant side effects limit the application of these drugs,
which mainly include cholinesterase inhibitors, glutamate

for thousands of years. Some Chinese medicinal herbs, such
as Polygala tenuifolia Willd (Chinese name, yuan zhi) [7]
and Acorus tatarinowii (Chinese name, shi changpu) [8],
have significant curative effects in treating almost all kinds of
dementia. Among traditional Chinese medicine formulas,
Sagacious Confucius’ Pillow Elixir (SCPE) [9], Kai-Xin San
[10] and decoction of Rehmannia [11] are the most fre-
quently clinically prescribed Chinese medicinal products to
treat CI.
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SCPE is a classic Chinese medicinal formula mainly used
for treating cognitive decline, which was first described in
Essential Prescriptions from the Invaluable Prescriptions for
Ready Reference (Beiji Qianjinyaofang) by the “king of
traditional Chinese medicine” doctor Si-Miao Sun during
the Tang Dynasty (581~682 AD). For improving learning
and memory ability, SCPE is the most frequently prescribed
clinical Chinese medicinal product. SCPE consists of four
herbs: Acorus tatarinowii, Polygala tenuifolia Willd, Chi-
nemys reevesii (Gray), and Fossilia Ossia Mastodi. The tra-
ditional effects of SCPE are tonifying the kidneys, calming
nerves, and improving learning and memory ability. SCPE
has anti-inflammatory, antiapoptosis, and sedative effects on
aging-related diseases [9]. Senescence-accelerated mouse
prone 8 (SAMP8) mice have been widely used in preclinical
drug screening for improving cognitive function and re-
vealing the mechanisms of intervention by traditional
Chinese and western medicine in CI caused by aging [12,13].

Hippocampal pyroptosis activated by chronic in-
flammation reportedly plays an important role in the de-
velopment of CI. In mice, plasma levels and hippocampal
protein expression of cytokines such as NLR family pyrin
domain containing 3 (NLRP3), cysteine-dependent aspar-
tate-specific programmed-1 (caspase-1), interleukin-1f (IL-
1/3), interleukin-6 (IL-6), interleukin-18 (IL-18), and tumor
necrosis factor-f (TNF-f) have revealed the potential roles
of drugs in the management of pyroptosis and chronic
inflammation [14]. Few studies have also shown that in-
creased expression of caspase-1, IL-1f3, IL-6, and IL-18 is
associated with hippocampal pyroptosis in AD [15].
Therefore, the present study was designed to identify
changes in pyroptosis in SAMP8 CI model mice treated with
SCPE and to explore the effects of SCPE on the levels of
NLRP3, ASC, caspase-1, GSDM-D, IL-1p, IL-6, IL-18, and
B-amyloid (Af) expression in hippocampal tissues.

2. Materials and Methods

2.1. Material. SCPE is a famous traditional Chinese medi-
cine composed of four Chinese herbs, Acori graminei rhi-
zoma (Acorus tatarinowii), Polygala tenuifolia (Polygala
tenuifolia Willd), tortoise shell (Chinemys reevesii (Gray)),
and fossil fragments (Fossilia Ossia Mastodi). SCPE pills
were provided by Beijing Tongrentang Co., Ltd., China.
SCPE specimens were deposited in the synthesis laboratory
of the College of Basic Medical Sciences, Heilongjiang
University of Chinese medicine, Harbin, China. The pills
were suspended in sterile water before being administered
orally at a concentration of 0.1 g/mL and dosages of 2.3 g/kg/
day, 4.6 g/lkg/day, and 9.2 g/kg/day. These oral dosages for
mice were determined in the preexperiment.

2.2. Animal Models. Seven-month-old 40 male SAMP8 and
10 male senescence-resistant mouse R1 (SAMRI) mice with a
body weight of 20 +2g were provided by the experimental
animal center of the first affiliated hospital of Tianjin Uni-
versity of Chinese Medicine (animal license number: SCXK
(Tianjin) 2015-0003). All of these experimental animals were
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raised in the drug safety evaluation center of Heilongjiang
University of Chinese medicine with an SPF grade envi-
ronment at a temperature (T) between 20 and 22°C, relative
humidity between 40% and 60%, and a 12h day/night cycle
(6:00 am to 6:00 PM). All animals were kept for adaptive
teeding for 7 days before the formal experiment during which
they were free to eat (sterile feed) and drink (autoclaved
water). The experimental protocol was approved by the
Animal Care and Use Committee of Heilongjiang University
of Chinese Medicine and abided by laboratory animal use
regulations.

2.3. Groups and Administration. Forty SAMP8 mice were
assigned to four groups: model group (model, mice were
orally administered sterile water at 10 ml/kg/day for 28
consecutive days, n=10), SCPE low-dose (LD) group (the
mice were orally administered SCPE at 2.3 g/kg/day for 28
consecutive days, n=10), SCPE medium-dose (MD) group
(the mice were orally administered SCPE at 4.6 g/kg/day for
28 consecutive days, n=10), and SCPE high-dose (HD)
group (the mice were orally administered SCPE at 9.2 g/kg/
day for 28 consecutive days, n=10). Ten SAMR1 mice were
assigned to a control group (control, mice were orally ad-
ministered sterile water at 10 ml/kg/day for 28 consecutive
days, n=10). Water maze training was conducted on
SAMRI1 and SAMP8 mice 7 days before the start of ad-
ministration to select mice with CI for formal experiments.

Morris water maze evaluation was conducted at different
timepoints during the administration to evaluate the
learning and memory ability of each group of mice. After the
drug intervention ended, the mice were sacrificed, and
samples of hippocampal tissue and serum were collected for
turther evaluation. The serum levels of IL-1f, IL-6, IL-18,
and TNF-f were detected with enzyme-linked immuno-
sorbent assay (ELISA). The expression levels of NLRP3, ASC,
caspase-1, GSDM-D, IL-1p, IL-6, IL-18, and A} were de-
tected by western blotting.

2.4. Morris Water Maze Was Used to Evaluate Learning and
Memory Ability. Morris water maze training was conducted
7 days before drug administration, and 40 SAMP8 mice with
CI were selected for formal experiments. According to
previous studies and the preexperiment, the criterion for
selecting mice with CI was a significantly prolonged escape
latency (>80s) compared with the control group [12,13].
Morris water maze evaluation was conducted on each group
of mice at four time points: 7 days, 14 days, 21 days, and 28
days during administration. The water maze device in our
laboratory is composed of a black circular pool with a di-
ameter of 200 cm and a depth of 80 cm and divided into four
quadrants with the same size. In the center of each quadrant
wall above the water, 1 eye-catching color mark and 4
different colors were posted (Biobserve, Bonn, Germany). A
black circular platform with a diameter of 10 cm was hidden
2 cm below the water surface and placed in the center of the
third quadrant with the same position throughout the ex-
periment. References around the pool (outside the water
maze) included the experimenter position, which remained
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the same. This test was mainly divided into two aspects: (1)
navigation experiment used to measure the learning ability
of mice in the water maze, and the main evaluation index
was escape latency (seconds) and (2) space exploration
experiment used to measure the ability of mice to maintain
long-term memory, and the main evaluation index was the
number of platform crossings (times). Each mouse was
separately evaluated in the experiment, and after each water
maze evaluation, the dirty water was replaced, and the
animal’s fur was dried with an animal hair dryer according to
animal welfare guidelines.

2.5. Sample Preparation. Mice were anesthetized with a
small animal anesthesia machine (Shanghai Sango Bio-
technology Co., Ltd., Shanghai, China) (isoflurane gas an-
esthesia) 24 h after the end of the final Morris water maze
experiment (i.e., 29 days after the start of administration).
Then, the blood of the mice was collected from the orbital
vein and placed in a 10 mL biochemical tube. Centrifugation
was carried out at room temperature at a rotational speed of
3300 RPM/min for 10~15min. The isolated serum was
placed into a 2 mL cryopreservation tube that was autoclaved
and placed in liquid nitrogen for rapid freezing and pres-
ervation. After the venous blood was taken, the mice were
decapitated. Hippocampal tissue was rapidly removed with
sterile tweezers and placed in 4°C refrigerated 0.9% saline for
washing. Next, the tissue was placed on the prepared cold
plate, and bilateral hippocampal tissue was rapidly dissected.
Half of the hippocampus was fixed in 4% paraformaldehyde
and embedded in paraffin for histological analysis. The other
half of the hippocampus was stored in a 2mL cryopreser-
vation tube, which was rapidly frozen and stored in liquid
nitrogen for western blot analysis.

2.6. Neuropathological Staining. Neuropathological changes
were determined by hematoxylin-eosin (HE) staining,
Congo red staining, and toluidine blue staining. Hippo-
campal tissue was preserved in 10% buffered formaldehyde,
dehydrated by ethanol, cleared by xylene, embedded in
paraffin, and cut into 4-6 mm slices. Sectioning was followed
by xylene dewaxing, HE staining, Congo red staining, and
toluidine blue staining, dehydration, and clearing. Finally,
the sections were sealed, observed under a light microscope
and photographed. Histopathological evaluation was de-
tected by an expert pathologist with a microscope at 200x,
400x, and 800x. All stained slides were scanned with an
APERIO automatic digital pathological section scanner
(Nikon, Beijing, China), and representative images were
recorded. Briefly, in each group, HE staining was mainly
used to observe the pathological changes in hippocampal
CALl and CA3 regions. Congo red staining focused on the
deposition of amyloid. Toluidine blue staining mainly re-
flects the shape and number of Nissl bodies in hippocampal
neurons.

2.7. TUNEL Staining. After the experiment, paraffin sections
were placed into xylene for dewaxing for 10 min. Next, the

sections were moved to fresh xylene, followed by dewaxing
for 5min, 5min anhydrous ethanol, and then 90% ethanol,
70% ethanol, and distilled water for 2 min each. Proteinase K
was added, followed by digestion for 15min. The sections
were washed twice with PBS. Then, TUNEL detection liquid
was added at 37°C and incubated in the dark for 60 min. The
cells were washed with PBS liquid 3 times. Next, drops of
POD were added at 37°C for 30 min in the wet box, followed
by three washes with PBS. Then, DAB substrate was added
for 5-10 min at room temperature, and slides were analyzed
under a microscope. Hematoxylin staining, alcohol de-
hydration, xylene clearing, resin sealing, microscope ob-
servation, and photography were performed. The Image-Pro
Plus 6.0 pathological image analysis system counted the
number of positive nuclei, and each slice was observed with 6
fields of view. The average value of the 10 calculation results
yielded the final number of TUNEL-positive nuclei.

2.8. Serum Inflammatory Factor Analysis. AnIL-1p,IL-6,IL-
18, and TNF-f cartridge was used in double-antibody
sandwich ELISA (NanJing JianCheng Bioengineering In-
stitute, Nanjing, China). Microwells were precoated with
antibodies, followed by the addition of specimens, standards,
and HRP-labeled detection antibodies for incubation. The
wells were thoroughly washed and stained with the substrate
TMB; TMB is transformed into blue by peroxidase catalysis
and converted to the final yellow color under the activity of
an acid. The depth of the color is positively correlated with
the amount of inflammatory factors in the sample. The
absorbance (OD value) was measured with a microplate
reader at a wavelength of 450 nm to calculate the sample
concentration.

2.9. Western Blot Analysis of Hippocampal Tissue. A portion
of hippocampal tissue was placed in a frozen storage tube
and immediately stored in liquid nitrogen for detection by
western blotting. The total protein and nuclear protein were
extracted from myocardial tissue. SDS-PAGE electropho-
resis was performed with 50 ug protein. After electropho-
resis, the protein was transferred to the NC membrane. Five
percent skimmed milk powder was added for blocking at
room temperature for 1 h. Next, 5% BSA-diluted antibody
was added for incubation at 4°C overnight. The film was
washed with TBST 3 times for 15 min each. Next, secondary
antibodies in diluent (1:1000) were incubated at room
temperature for 1 h. Then, the film was washed with TBST 3
times for 15min each. ECL chemiluminescence color ren-
dering was used, and the film was exposed in a Bio-Rad
device (Thermo Fisher Scientific Inc., Waltham, MA, USA)
to detect NLRP3, ASC, caspase-1, GSDM-D, IL-1p, IL-6, IL-
18, and Ap protein expression (Cell Signaling Technology,
Danvers, MA, USA).

3. Statistical Analyses

All experimental data are presented as the mean+SD by
SPSS 22.0 statistical software. Statistical significance was
assessed by one-way ANOVA, and the paired t-test was used



to examine the significance of the differences in Morris water
maze results. 5 < 0.05 was regarded as statistically significant.

4. Results

4.1. Effects of SCPE on the Learning and Memory Ability of
SAMP8 Mice. As shown in Figure 1, compared with the
control group (SAMRI1 mice) before administration (0 days),
the model group (SAMP8 mice) showed significantly pro-
longed escape latency, but the number of platform crossings
was not significantly different (P>0.05). These findings
indicated that the 7-month-old SAMP8 mice used in this
study had mild CI and did not reach the condition of severe
dementia. After 7 days of administration, compared with the
control group, the model group and LD/MD/HD groups
showed a significant decrease in learning and memory ability
(P <0.01), and improvement in learning and memory ability
by SCPE was not obvious. After 14 days of administration,
SCPE significantly improved learning and memory
(P<0.01). SCPE also improved the learning and memory
ability of mice at 21 days and 28 days after administration,
and this ability was positively correlated with the dose and
time (P <0.01).

4.2. Effects of SCPE on Hippocampal Neuropathological
Changes in SAMP8 Mice

4.2.1. HE Staining Results. As shown in Figure 2, the control
group neurons in hippocampal CA1 and CA3 regions were
relatively complete and clear, with pyramidal cells arranged
in a compact and tidy manner in uniform distributions
(black arrow). The nucleosome in pyramidal cells exhibited a
larger and rounder shape in the center of the nucleus (red
arrow). In the model group, the number of neurons in
hippocampal CAl and CA3 regions was significantly re-
duced, and abnormal pathological changes such as de-
generation and necrosis were observed. The size of
pyramidal cells was generally reduced, and the shape was
irregular (red arrow). Additionally, the arrangement of
pyramidal cells was disordered and discontinuous (black
arrow).

After different doses of SCPE, compared with the model
group, the LD group showed pyramidal cells in hippocampal
CA1 and CA3 regions that were shrunken but exhibited a
less disordered (red arrow) and discontinuous arrangement
and increased intercellular space (black arrow), accompa-
nied by substantial numbers of degenerating necrotic
neurons (red arrow). In the MD group, pyramidal cells in
hippocampal CA1 and CA3 regions increased in size, with a
relatively orderly (red arrow) and continuous arrangement
(black arrow), smaller intercellular space, less nuclear
shrinkage, and fewer degenerating necrotic neurons (red
arrow). In the HD group, pyramidal cells in hippocampal
CALl and CA3 regions were arranged in an orderly manner;
were clear and complete; showed normal morphology and
structure (black arrow); and were evenly distributed with
large and obvious nucleoli and abundant cytoplasm, ac-
companied by a small amount of nuclear condensation and a
clear nuclear membrane (red arrow).
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4.2.2. Results of Congo Red Staining. As shown in Figure 3,
Congo red staining in hippocampal CA1 and CA3 regions
was negative, and there were no brick-red plaques or other
abnormal changes in the control group (black arrow). In the
model group, brick-red plaques caused by a large amount of
scattered amyloid deposition were observed in hippocampal
CALl and CA3 areas (red arrow), with relatively small cell
volumes and low densities (black arrow). In the LD group, a
certain number of brick-red plaques was seen in hippo-
campal CA1 (red arrow), but the number was significantly
reduced compared with that in the model group, with a
relatively large number of shrinking cell volume and sparse
arrangement (black arrow). In the MD and HD groups, there
were no brick-red plaques in the hippocampal CA1 and CA3
areas. With normal cell volume and compact arrangement,
the HD group showed significant pathological improvement
compared with the model group (black arrow).

4.2.3. Results of Toluidine Blue Staining. As shown in Fig-
ure 4, Nissl bodies in the hippocampal CA1 and CA3 regions
appeared as blue granules or plaques (red arrow). In the
control group, neurons in hippocampal CA1 and CA3 re-
gions had abundant Nissl bodies. In the model group, the
number of Nissl bodies in hippocampal CA1 and CA3 re-
gions was decreased or presented as Nissl body granulation
(red arrow); Nissl bodies even disintegrated and disappeared
(red arrow). In each SCPE group (LD, MD, and HD), the
neurons in hippocampal CA1 and CA3 regions showed a
granular distribution of Nissl bodies, and a small number of
Nissl bodies exhibited scattered distribution (red arrow).
The expression in the CA3 area was more obvious (red
arrow), indicating that SCPE can improve the metabolism
level of neurons in the hippocampus of SAMP8 mice. The
basic shape of the neuron is indicated by a black arrow in
each figure.

4.3. Effects of SCPE on the Cell Death of Hippocampal
Neurons in SAMP8 Mice. In the TUNEL staining results in
Figure 5, TUNEL-positive cells are shown in dark brown (red
arrow) and the basic shape of the neurons is indicated by a
black arrow in each figure. Compared with the control group,
the model group showed a significant increase in the number
of TUNEL-positive cells in the hippocampal CA1 and CA3
regions (**P <0.01). Compared with the model group, the
SCPE LD, MD, and HD groups showed a significant re-
duction in the number of TUNEL-positive cells in the hip-
pocampus *# P <0.01). Compared with the LD group, the
MD group showed a significant decrease in the number of
CAL1 region TUNEL-positive cells (*P < 0.05), while the HD
group showed a decrease in the number of CAl and CA3
region TUNEL-positive cells (*P <0.05, 2P <0.01). Com-
pared with the MD group, the HD group showed a decrease in
the number of CA1 TUNEL-positive cells (*P < 0.05).

4.4. SCPE Treatment Decreased the Levels of Serum In-
flammatory Factors in SAMP8 Mice. As shown in Figure 6,
the serum levels of inflammatory factors IL-1f, IL-6, IL-18,
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FIGURE 1: Learning and memory ability after the administration of SCPE. (a) Dose-effect relationship of the navigation experiment.
(b) Dose-effect relationship of the space exploration experiment. (c) Time-effect relationship of the navigation experiment. (d) Time-effect
relationship of the space exploration experiment. The data are shown as the mean + SD of 10 mice per group; **versus the control group,
P<0.01 (a, b); ## versus the model group, P<0.01 (a, b); *versus the low-dose group, P <0.05 (a); #yersus the low- and medium-dose
groups, P <0.05 (a); Ayversus the low-dose group, P <0.05 (b); Ayersus the low-dose group, P <0.01 (b); **versus the day 0, P < 0.01 (c, d);
*versus the day 0, P <0.05 (c, d); ##versus the 7 day, P<0.01 (c, d); ###yersus the 28 day, P<0.01 (c, d). Ns: not significant.

and TNF-« in the model group were significantly higher
than those in the control group (P <0.01). Compared with
the model group, the SCPE groups exhibited reduced levels
of inflammatory factors IL-1 3, IL-6, IL-18, and TNF-« in the
serum of mice after 28 d of SCPE administration, and the
HD group showed the most obvious effect. The changes in
IL-6 and IL-18 levels were strongly correlated with the dose
of SCPE. This result suggested that SCPE inhibits the chronic
inflammatory cascade reactions in SAMP8 mice.

4.5. SCPE Treatment Decreased NLRP3/Caspase-1 Signaling
Pathway Expression in SAMP8 Mice. As shown in Figure 7,
the expression levels of NLRP3, ASC, caspase-1, GSDM-D,

IL-1f3, IL-18, and Af in the hippocampus in the model group
were significantly higher than those in the control group
(P <0.01). After consecutive administration of SCPE for 28
days, the expression levels of NLRP3, ASC, caspase-1,
GSDM-D, IL-1p, IL-18, and Af proteins in hippocampal
tissue were downregulated to varying degrees, shown as
follows.

As shown in Figures 7(b), 7(d), and 7(f), compared with
the control group, the model group showed significantly
increased expression levels of NLRP3, caspase-1, and IL-1f3
proteins in the hippocampus (**P <0.01). Compared with
the model group, the LD and MD SCPE groups showed no
significant changes in the expression levels of NLRP3,
caspase-1, and IL-1f in the hippocampus (P >0.05).
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F1Gure 2: HE staining results of hippocampal CA1 and CA3 regions in each group. The black arrows show the arrangement and intercellular
space of pyramidal cells in the hippocampal CAl and CA3 regions. The red arrows show the typical morphology of neurons in the

hippocampal CA1 and CA3 regions.

SCPE (g/kg)

%800 %200 %400 X800

F1GUre 3: Congo red staining results of hippocampal CA1 and CA3 regions in each group. The black arrows show the arrangement and
density of pyramidal cells in the hippocampal CA1 and CA3 regions. The red arrows show brick-red plaques in the hippocampal CA1 and

CA3 regions.
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2.3 Model Control

SCPE (g/kg)
4.6

9.2

%200 ><400 %800

%200 %400 %800

F1GURE 4: Toluidine blue staining results of hippocampal CA1 and CA3 regions in each group. The black arrows show the basic shape of the
neurons in the hippocampal CA1l and CA3 regions. The red arrows show Nissl bodies in the hippocampal CA1 and CA3 regions.

Compared with the model group, the HD group showed
significantly decreased expression levels of NLRP3, caspase-
Im and IL-1f in the hippocampus *#P<0.01).

As shown in Figures 7(c), 7(e), and 7(g), compared with
the control group, the model group showed a significant
increase in the expression levels of ASC, GSDM-D, and IL-18
protein in the hippocampus (**P < 0.01). Compared with the
model group, the LD SCPE group exhibited no significant
change in the expression levels of ASC, GSDM-D, and IL-18
protein in the hippocampus (P > 0.05). Moreover, compared
with the model group, the MD and HD SCPE groups showed
significantly decreased expression levels of ASC, GSDM-D,
and IL-18 protein in the hippocampus (*#P <0.01). In ad-
dition, compared with the MD group, the HD group exhibited
a significant decrease in the expression levels of ASC, GSDM-
D, and IL-18 protein in the hippocampus (**P < 0.01).

As shown in Figure 7(h), the expression level of Af3 protein
in the hippocampus in the model group was significantly in-
creased compared with that in the control group (**P < 0.01).
Compared with the model group, the LD, MD, and HD groups
exhibited s1gn1ﬁcantly decreased hippocampal Af protein ex-
pression levels (*# P < 0.01). The reduction in hippocampal AB
protein expression was more pronounced in the HD group than
in the MD group (*2P <0.01).

5. Discussion

Mild CI caused by aging is an important early stage of
dementia. As the degree of CI is relatively mild, it is easily

overlooked by patients and medical workers in the clinic
[16]. SAMP8 mice age rapidly and have been widely used in
the study of the pathological mechanism of cognitive dys-
function and the screening of drugs to improve cognitive
function for many years. These mice represent an ideal
animal model to simulate the CI caused by aging factors. We
selected 7-month-old SAMP8 and SAMRI mice with the
same genetic background as the controls. The Morris water
maze experiment was used for behavioral evaluation.
Compared with SAMP8 over 8 months old selected by
previous dementia studies [17], 7-month-old SAMP8 mice
showed a downward trend in learning ability (navigation
experiment), but the memory ability (space exploration
experiment) remained at the same level as that of SAMRI
mice, and the difference was not statistically significant
(P>0.05). As the experimental period progressed, mice in
the control group showed better learning and memory
ability after repeated training, and the escape latency and the
number of platform crossings were better than those in the
other groups (P <0.01). Mice in the model group gradually
showed a process of transformation from mild CI to de-
mentia and showed a significant decline in learning and
memory ability (P<0.01). SCPE had a good, dose-de-
pendent effect on improving cognitive function (P < 0.05 or
P <0.01). However, notably, in the behavioral evaluation of
mice in each group, SAMP8 mice often suffer from physical
exhaustion due to aging, which seriously affects the escape
latency and number of platform crossings. To avoid the
influence of this factor on the behavioral evaluation results,
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Figure 5: TUNEL staining results of hippocampal CA1 and CA3 regions in each group. (a) TUNEL staining morphology dead hippocampal
neurons. The black arrows show the basic shape of the neurons. The red arrows show the TUNEL-positive cells. (b) Number of TUNEL-
positive pyroptotic cells. The data are shown as the mean + SD of 10 mice per group; **versus the control group, P < 0.01; ##yersus the model
group, P <0.01; “versus the low-dose group, P <0.05; *versus the low-dose group, P <0.01. Ns: not significant.

we adopted a strict water maze experiment protocol. The
water temperature was controlled at 20~30°C in the ex-
periment, and all mice were under the same experimental
conditions to ensure that the inevitable influencing factors
exerted the same amount of interference among each group.
Moreover, the feces generated after the experiment were

cleaned in a timely manner, and the water in the water maze
equipment was changed regularly to avoid contamination,
thereby minimizing the experimental error.

In the morphological study of cognitive disorders,
neurons in the hippocampal CA1l and CA3 represent the
region of focus. HE staining was mainly used to observe the
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basic pathological structure of hippocampal tissue, such as
the ordered arrangement of pyramidal cells and the degree
of neuronal edema, but it could not reflect the deposition of
amyloid caused by the neural inflammatory cascade re-
action. During the onset and progression of mild CI to
dementia, the chronic neural inflammatory cascade re-
action plays a crucial role. Chronic inflammatory cascades
in the hippocampus can lead to deposition of Af3 over time,
and Congo red staining can reflect typical pathological
changes [18]. Nissl bodies represent an important char-
acteristic structure to evaluate the metabolism of neurons.
Nissl bodies are mainly composed of free ribosomes and

rough endoplasmic reticulum. The main chemical com-
ponents of Nissl bodies have strong affinity for toluidine
blue dye. Toluidine blue staining is the most commonly
used method to display Nissl body morphology in neurons
[19]. Under normal circumstances, Nissl bodies have rel-
atively complete cell morphology, presenting light blue
staining under the microscope with good definition. When
pathological damage to neurons occurs, the metabolism
level of neurons decreases and the Nissl bodies dissolve and
disappear. In this part of the experimental study, we used
HE staining, Congo red staining, and toluidine blue
staining to observe the pathological changes in neurons in
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significant.

each group. Compared with the control group, the model
group showed basic pathological damage in neuron number
and pyramidal cell arrangement, volume, and shape. More-
over, a small amount of scattered amyloidosis in the hip-
pocampal area of the model group revealed brick-red plaques,
with relatively small cell volumes and low densities. In ad-
dition, the number of Nissl bodies in the hippocampal area of
model mice decreased or presented as degranulation and
disintegration or simply disappeared. SCPE can effectively
improve the basic pathological changes in SAMP8 mice,
including the deposition of amyloid protein, the number of
Nissl bodies, and the amount of degranulation.

After the experiment, the effect of SCPE on the body’s
chronic inflammatory cascade reaction was investigated by
detecting the levels of IL-1f3, IL-6, IL-18, and TNF-« in
serum. IL-1f3 is generally considered a subtype of IL-1, which
is often found in the body as a nonactive precursor of IL-1
(pro-interleukin-1, pro-IL-1) under normal conditions. IL-
18 can be released by cleavage of caspase-1 to promote
chronic inflammation. IL-1f can be produced by a variety of
cells (e.g., macrophages, endothelial cells, and vascular
smooth muscle cells) and a variety of cytokines in the body.
In the senescence-induced mild CI model, inflammatory
factors such as IL-1f can activate endothelial cells and
leukocytes in the body and brain tissue. IL-1f induces the
adhesion of leukocytes and endothelial cells, leading to the
aggravation of inflammatory necrosis of neurons in brain
tissue and the decline in cognitive function [20]. IL-6 is a
cytokine produced by activated T lymphocytes and fibro-
blasts that is involved in the growth and differentiation of
tissue cells, inflammatory stress, etc. IL-6 is also known as
B-lymphocyte cytokine and often induces B-cell pro-
liferation and differentiation to produce antibodies. In ad-
dition, cytotoxic T lymphocytes can be activated to enhance
the response capacity to chronic inflammation in the body
and regulate the immune function of cerebral tissues [21].
IL-18 is also an important inflammatory factor that is often
widely distributed in the hippocampus, striatum, and other
brain regions and can promote the proliferation of T cells,
induce the immune response of nerve cells, and activate

and secrete inflammatory factors such as IL-1f and TNF-«
[22]. TNF-a is an inflammatory factor produced by neu-
trophils, NK cells, macrophages, etc.; this factor can pro-
mote the entry of white blood cells into cerebrospinal fluid
and participate in aggravating brain tissue inflammation
and injury as well as exacerbating neuroimmune in-
flammation [23]. Aging is a major factor leading to chronic
inflammatory responses in the brain tissue of SAMPS8 mice
and plays an important role in the pathogenesis of CI.
Compared with the control group, the model group showed
a significant increase in all inflammatory factors (P < 0.01).
By contrast, SCPE reduced 4 of these inflammatory me-
diators in vivo in a dose-dependent manner. The HD group
showed the best effect in reducing the chronic in-
flammatory response.

According to previous studies [24], chronic inflammation
in cognitively impaired mice is closely related to the activation
of NLRP3 inflammasome-dependent pyroptosis of neurons.
Martinon et al. [25] first proposed the concept of the
inflammasome in 2002. The inflammasome is mainly com-
posed of effector protein caspase-1, apoptosis-related speckle-
like protein (ASC), and cytoplasmic pattern recognition re-
ceptor (PRR). Inflammasomes recognize pathogen-associated
molecular patterns (PAMPs) and host-derived damage-as-
sociated molecular patterns (DAMPs) to recruit and activate
the proinflammatory protease caspase-1. Activated caspase-1
cleaves the precursors of IL-13 and IL-18, releasing large
amounts of cytokines. Pyroptosis can be directly triggered by
the activation of inflammasomes, and pyroptosis is a strongly
proinflammatory process of programmed cell death. In most
cases, inflammatory cascade reactions occur in the early stages
of inflammation in brain tissue. Pyroptosis is an important
type of cell death induced by initial inflammation in brain
tissue during the progression of mild CI to dementia. The
classic pyroptosis pathway is mediated by the NLRP3/cas-
pase-1 signaling pathway. Based on studies in recent years, the
NLRP3 inflammasome, NLRPI inflammasome, AIM2
inflammasome, and IPAF inflammasome are the top four
important inflammasomes in the process of pyroptosis. The
NLRP3 inflammasome is considered an important molecular
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switch in the regulation of inflammation and plays an im-
portant role in the field of natural immunity. GSDM-D
(Gasdermin-D) is the substrate of caspase-1/4/5/11 [26].
Under the action of various inflammasomes, the activation of
caspase-1 can not only induce IL-1 and IL-18 to mature IL-18
and IL-18 but also leads to the transfer of the GSDM-D amino
terminus (Gasdermin D-NT) of GSDM-D decomposition to
the cell membrane to form active pores, allowing water
molecules and other substances to enter the cell, leading to the
swelling and lysis of cells [14]. GSDM-D is a key downstream
factor of caspase-1. Therefore, inflammasome NLRP3, ASC,
caspase-1, GSDM-D, IL-1B, and IL-18 are key signaling
molecules for inflammation and cell pyroptosis and are in-
volved in the process of CI and other cognitive disorders.

According to previous studies [27], the continuous ac-
tivation of NLRP3 inflammasomes is involved in the de-
position process of amyloid protein in CI and aging.
Reversing the overexpression of NLRP3 inflammasomes can
significantly reduce the incidence of pyroptosis and thus
improve cognitive dysfunction induced by aging and other
factors. Current research has shown that probenecid, as an
inhibitor of the pannexin 1 (PANXI1) channel, inhibits
extracellular ATP release and reduces the levels of TNF-a,
IL-6, and IL-1f3 in the hippocampus to effectively inhibit cell
pyroptosis and improve cognitive function [28]. Pyroptosis
has also been found in the hippocampal tissues of SAMP8
mice, and electroacupuncture can inhibit pyroptosis of the
hippocampus by reducing IL-18, NLRP3, ASC, and caspase-
1 protein expression [29]. Another study also reported that
aged mice treated with MCC950 (NLRP3 inflammasome
inhibitor) could provide neuroprotective effects against
pyroptosis by activating the inflammasome, thus reducing
cognitive impairment. MCC950 could be an effective and
potential drug for elderly CI patients [24].

The focus of our present study was to determine whether
itis possible to reveal the pathological mechanism of mild CI
caused by aging and the pharmacological effect of SCPE
intervention in the early stage of dementia accompanied by
chronic inflammatory reactions through the classical
NLRP3/caspase-1 pyroptosis signaling pathway. Based on
the TUNEL staining results, compared with the control
group, the model group showed a significant increase in the
number of TUNEL-positive cells and apoptotic bodies were
widely distributed in the tissues of the hippocampal CA1 and
CA3 regions. After the SCPE intervention, the number of
TUNEL-positive cells in SAMP8 mice was effectively re-
duced, especially in the HD group. Western blotting was
performed on the classic NLRP3/caspase-1 signaling path-
way-related proteins and Af proteins. Compared with the
control group, the model group exhibited significantly
higher expression of NLRP3, ASC, caspase-1, GSDM-D, IL-
13, IL-18, and Ap in the hippocampus, while SCPE could
effectively reduce the expression of the NLRP3, ASC, cas-
pase-1, GSDM-D, IL-1, IL-18, and A proteins.

In summary, we showed that SCPE may improve the
brain pathological changes, amyloid deposition, and neuron
metabolism level of SAMP8 mice by reducing Af deposition
and slowing down the classic NLRP3/caspase-1-mediated
pyroptosis pathway of the neuroimmune inflammatory
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cascade, thus playing a pharmacological role in improving the
cognitive function of mice with CI.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Disclosure

Zhitao Hou and Fengjin Li are the co-first authors.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

This work was supported by the National Natural Sciences
Foundation of China (Grant No. 81904307), the Natural
Science Foundation of Heilongjiang University of Chinese
Medicine (Grant No. 201838), and the Young and Middle-
aged Teachers Scientific Research Project of Heilongjiang
University of Chinese Medicine (Grant No. 2017001).

References

[1] J. Bohlken and K. Kostev, “Diagnostic behavior for mild
cognitive impairment in general and neuropsychiatric prac-
tices in Germany,” Journal of Alzheimer’s Disease, vol. 68,
no. 3, pp. 925-930, 2019.

A. Morita, R. O’Caoimh, H Murayama et al., “Validity of the

Japanese version of the quick mild cognitive impairment

screen,” International Journal of Environmental Research and

Public Health, vol. 16, no. 6, p. 917, 2019.

[3] K. Nie, Y. Gao, M. Mei et al., “The clinical characteristics and
cognitive features of mild cognitive impairment in Parkin-
son’s disease and the analysis of relevant factors,” Journal of
Clinical Neuroscience, vol. 63, no. 1, pp. 142-148, 2019.

[4] D.P.Devanand, C. Lentz, R. E. Chunga et al., “Change in odor

identification impairment is associated with improvement

with cholinesterase inhibitor treatment in mild cognitive

impairment,” Journal of Alzheimer’s Disease, vol. 60, no. 4,

pp. 1525-1531, 2017.

D. Ilhan Algin, S. Dagli Atalay, S. Ozkan, D. O. Adapinar, and

I. Ak Sivrioz, “Memantine improves semantic memory in

patients with amnestic mild cognitive impairment: a single-

photon emission computed tomography study,” Journal of

International Medical Research, vol. 45, no. 6, pp. 2053-2064,

2017.

[6] J. M. Moran and J. D. Pedrera-Zamorano, “Comments on

Efficacy and safety assessment of acupuncture and nimodi-

pine to treat mild cognitive impairment after cerebral in-

farction: a randomized controlled trial,” BMC Complementary

and Alternative Medicine, vol. 17, no. 1, p. 119, 2017.

C. Guo, J. Shen, Z. Meng, X. Yang, and F. Li, “Neuroprotective

effects of polygalacic acid on scopolamine-induced memory

deficits in mice,” Phytomedicine, vol. 23, no. 2, pp. 149-155,

2016.

Y. Yang, L. Xuan, H. Chen et al., “Neuroprotective effects and

mechanism of beta-asarone against abetal-42-induced injury

[2

[5

[7

[8



Evidence-Based Complementary and Alternative Medicine

in astrocytes,” Evidence-Based Complementary and Alterna-
tive Medicine, vol. 2017, Article ID 8516518, 6 pages, 2017.

[9] Z.T.Hou, Y.S. Han, Y. T. Liu, Y. Xing, M. Wang, and J. Chen,
“Effects of sagacious confucius’ pillow elixir on cognitive
function in type 2 diabetic rats,” Zhongguo Zhong Yao Za Zhi,
vol. 43, no. 22, pp. 4506-4512, 2018.

[10] W. Qiong, Z. Yong-Liang, L. Ying-Hui et al., “The memory
enhancement effect of Kai Xin San on cognitive deficit in-
duced by simulated weightlessness in rats,” Journal of Eth-
nopharmacology, vol. 187, no. 1, pp. 9-16, 2016.

[11] Z.Li, W. Yuan-Yuan, Z. Jing-bo et al,, “Effects and mechanisms

of Dihuang Yinzi Decoction on the treatment of Alzheimer’s

disease patients,” China Journal of Traditional Chinese Medicine

and Pharmacy, vol. 33, no. 11, pp. 4948-4952, 2018.

D. Butterfield and H. Poon, “The senescence-accelerated

prone mouse (SAMPS8): a model of age-related cognitive

decline with relevance to alterations of the gene expression
and protein abnormalities in Alzheimer’s disease,” Experi-

mental Gerontology, vol. 40, no. 10, pp. 774-783, 2005.

[13] W. Pan, S. Han, L. Kang, S. Li, J. Du, and H. Cui, “Effects of
dihydrotestosterone on synaptic plasticity of the hippocam-
pus in mild cognitive impairment male SAMP8 mice,” Ex-
perimental and Therapeutic Medicine, vol. 12, no. 3,
pp. 1455-1463, 2016.

[14] Q. Fu,J. Wu, X.-Y. Zhou et al., “NLRP3/Caspase-1 pathway-
induced pyroptosis mediated cognitive deficits in a mouse
model of sepsis-associated encephalopathy,” Inflammation,
vol. 42, no. 1, pp. 306-318, 2019.

[15] L. Yin, F. Bao, J. Wu, and K. Li, “NLRP3 inflammasome-
dependent pyroptosis is proposed to be involved in the
mechanism of age-dependent isoflurane-induced cognitive
impairment,” Journal of Neuroinflammation, vol. 15, no. 1,
p. 266, 2018.

[16] E. Scaricamazza, I. Colonna, G. M. Sancesario et al., “Neu-
ropsychiatric symptoms differently affect mild cognitive
impairment and Alzheimer’s disease patients: a retrospective
observational study,” Neurological Sciences, vol. 40, no. 7,
pp. 1377-1382, 2019.

[17] Z. Zhang, ]. Yang, C. Liu et al., “Pseudoginsenoside-F11 al-
leviates cognitive deficits and Alzheimer’s disease-type pa-
thologies in SAMP8 mice,” Pharmacological Research,
vol. 139, no. 1, pp. 512-523, 2019.

[18] L. Hoeijmakers, S. R. Ruigrok, A. Amelianchik et al., “Early-
life stress lastingly alters the neuroinflammatory response to
amyloid pathology in an Alzheimer’s disease mouse model,”
Brain, Behavior, and Immunity, vol. 63, no. 1, pp. 160-175,
2017.

[19] J. Li, P.-Y. Wen, W.-W. Li, and J. Zhou, “Upregulation effects
of Tanshinone ITA on the expressions of NeuN, Nissl body,
and IxB and downregulation effects on the expressions of
GFAP and NF-«B in the brain tissues of rat models of Alz-
heimer’s disease,” NeuroReport, vol. 26, no. 13, pp. 758-766,
2015.

[20] E.Dursun, D. Gezen-Ak, H. Hanagasi et al., “The interleukin 1
alpha, interleukin 1 beta, interleukin 6 and alpha-2-macro-
globulin serum levels in patients with early or late onset
Alzheimer’s disease, mild cognitive impairment or Parkin-
son’s disease,” Journal of Neuroimmunology, vol. 283, no. 1,
pp. 50-57, 2015.

[21] Y. Yu, M. Tamai, and Y.-1. Tagawa, “Nitric oxide is critical for
avoiding hepatic lipid overloading via IL-6 induction during
liver regeneration after partial hepatectomy in mice,” Ex-
perimental Animals, vol. 66, no. 4, pp. 293-302, 2017.

[12

13

[22] Y. Nariai, H. Kamino, E. Obayashi et al., “Generation and
characterization of antagonistic anti-human interleukin
(IL)-18 monoclonal antibodies with high affinity: two types
of monoclonal antibodies against full-length IL-18 and the
neoepitope of inflammatory caspase-cleaved active IL-18,”
Archives of Biochemistry and Biophysics, vol. 663, no. 1,
pp. 71-82, 2019.

[23] A. M. El-Tantawy, A. E. El-Sayed, B. A. Kora, and
R. T. Amin, “Psychiatric morbidity associated with some
cytokines (IL-1beta, IL-12, IL-18 and TNF-alpha) among
rheumatoid arthritis patients,” Egyptian Journal of Immu-
nology, vol. 15, no. 1, pp. 1-11, 2008.

[24] Y. Fan, L. Du, Q. Fu et al,, “Inhibiting the NLRP3 inflam-
masome with MCC950 ameliorates isoflurane-induced
pyroptosis and cognitive impairment in aged mice,” Frontiers
in Cellular Neuroscience, vol. 12, no. 1, p. 426, 2018.

[25] F. Martinon, K. Burns, and J. Tschopp, “The inflammasome,”

Molecular Cell, vol. 10, no. 2, pp. 417-426, 2002.

D. Zhang, J. Qian, P. Zhang et al., “Gasdermin D serves as a

key executioner of pyroptosis in experimental cerebral is-

chemia and reperfusion model both in vivo and in vitro,”

Journal of Neuroscience Research, vol. 97, no. 6, pp. 645-660,

2019.

[27] J. Yin, F. Zhao, J. E. Chojnacki et al., “NLRP3 inflammasome
inhibitor ameliorates amyloid pathology in a mouse model of
Alzheimer’s disease,” Molecular Neurobiology, vol. 55, no. 3,
pp. 1977-1987, 2018.

[28] Z. Zhang, Y. Lei, C. Yan et al., “Probenecid relieves cerebral
dysfunction of sepsis by inhibiting pannexin 1-dependent
ATP release,” Inflammation, vol. 42, no. 3, pp. 1082-1092,
2019.

[29] J. Jiang, N. Ding, K. Wang, and Z. Li, “Electroacupuncture
could influence the expression of IL-lbeta and NLRP3
inflammasome in Hippocampus of alzheimer’s disease animal
model,” Evidence-Based Complementary and Alternative
Medicine, vol. 2018, Article ID 8296824, 7 pages, 2018.

[26



