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Pantao Pill Improves the Learning and
Memory Abilities of APP/PS1 Mice by
Multiple Mechanisms
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Weihong Cong "?*

"Laboratory of Cardiovascular Diseases, Xiyuan Hospital of China Academy of Chinese Medical Sciences, Beiing, China,
2National Clinical Research Center for Chinese Medicine Cardiology, Xiyuan Hospital, China Academy of Chinese Medical
Sciences, Beijjing, China

Background: To explore the effect and mechanisms of Pantao Pill (PTP) on cognitive
impairment.

Methods: Network pharmacology was performed to analyze the mechanism of PTP treating
cognitive impairment. The targets of PTP and cognitive impairment were predicted and used
to construct protein-protein interaction (PPI) networks. The intersection network was selected,
and the core network was obtained through topological analysis. Enrichment analysis was
conducted to obtain the GOBP terms and KEGG pathways. We then performed experiments
to validate the results of the network pharmacology by using an APP/PS1 transgenic mouse
model. The APP/PS1 mice were divided into four groups: the model group, the high-dose PTP
(8.6 g/kg-d) group, the low-dose PTP (1.8 g/kg-d) group, and the positive control group
(donepezil hydrochloride, 2 mg/kg-d). Wild-type (WT) C57 mice served as a normal control
group. PTP and donepezil were administered by gavage for 8 weeks.

Results: Network pharmacology showed that PTP might improve cognitive impairment by
regulating autophagy, apoptosis, and oxidative stress. For the Morris water maze test, a
significant difference was shown in the total swimming distance among groups (o < 0.05) in the
positioning navigation experiment, and with training time extension, the swimming speed
increased (p < 0.01). In the space probe test, PTP administration significantly reduced the
swimming path length and the escape latency of APP/PS1 mice (p < 0.05 or p < 0.01),
whereas it had no effect on the swimming speed (p > 0.05). PTP (3.6 g/kg/d) rescued the
reduction of norepinephrine and acetylcholine levels (o < 0.05), and increased the
acetylcholinesterase concentration (o < 0.05) in the brain tissue. PTP (1.8 g/kg/d)
increased the norepinephrine level (o < 0.01). PTP rescued the activity reduction of
superoxide dismutase in the brain tissue (p < 0.01) and the neuron cell pyknosis in the
hippocampal CA region (p < 0.05). PTP reduced ATG12 and PS1 expression (o < 0.05 orp <
0.01), and increased Bcl-2 expression in the brain tissue (o < 0.05).

Conclusion: PTP can significantly improve the learning and memory abilities of APP/PS1
mice, and the mechanism may be related to the increase of neurotransmitter acetylcholine
and norepinephrine levels, the reduction of the excessive autophagic activation, and the
suppression of oxidative stress and excessive apoptotic activity.
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INTRODUCTION

Cognitive impairment is one of the characteristics of human
aging and often manifests as declines in attention, reasoning
ability, learning ability, short-term and long-term memory,
executive ability, and the perception of the surrounding
environment (Kennedy et al., 2017). In China, the incidence of
mild cognitive impairment alone is estimated to be as high as 15%
among people over 60 years of age (Xue et al., 2018). Alzheimer’s
disease (AD) is the most common cause of cognitive dysfunction,
which has been reported to cause 50-75% of dementia cases. The
number of AD patients in China is approaching 10 million.
According to the Alzheimer’s Association Report 2021, more
than 12 million people in the United States will suffer from
Alzheimer’s and other dementias by 2050 (Alzheimer’s and
association, 2021). The main pathological manifestations of
AD are the formation of senile plaques caused by the
deposition of amyloid B protein (AP) and the neurofibrillary
tangling caused by the hyperphosphorylation of tau protein. The
CA region of the hippocampus is a commonly affected area
(Morrone et al., 2020). The occurrence of AD is related to a
variety of pathological mechanisms. Mutations in the amyloid
precursor protein (APP) and presenilinl (PS1) genes can increase
the production and accumulation of Ap. The decrease in cellular
autophagy leads to the accumulation of misfolded proteins and
autophagosomes and further accelerate neurodegeneration
(Nobili et al., 2021). Excessive AP deposition inhibits the
activity of antioxidant enzymes, continuously enhances
intracellular oxidative stress, and ultimately induces neuronal
apoptosis (Chen et al., 2020).

Pantao Pill (PTP), is composed of traditional Chinese
medicines including Panax ginseng C. A. Mey. [Araliaceae;
Ginseng Radix et Rhizoma], Asparagus cochinchinensis (Lour.)
Merr. [Liliaceae; Asparagi Radix], Ophiopogon japonicus (L. f).
Ker-Gawl. [Liliaceae; Ophiopogonis Radix], Lycium barbarum L.
[Solanaceae; Lycii Fructus], Rehmannia glutinosa Libosch.
[Scrophulariaceae; Rehmanniae Radix], Angelica sinensis
(Oliv.) Diels [Umbelliferae; Angelicae Sinensis Radix], Alpinia
oxyphylla Miq. [Zingiberaceae; Alpiniae Oxyphyllae Fructus],
Ziziphus jujuba Mill. var. spinosa (Bunge) Hu ex H.F. Chou
[Rhamnaceae; Ziziphi Spinosae Semen], Bombyx mori Linnaeus
[Bombycidae; Bombyx Mori Faeces], and Juglans regia L.
[Juglandaceae; Juglandis Fructus Diaphragma]. PTP is an anti-
aging prescription used by Chinese Emperor Qianlong of the
Qing Dynasty and was previously awarded to officials who
performed great feats, which now has been developed as
Qinggong shoutao Pill. It can be used to treat dizziness,
fatigue, memory decline, tinnitus, deafness, nocturia, and other
diseases caused by aging. Clinical studies have shown that PTP
induces significant improvements in amnestic mild cognitive
impairment and can prevent 8.85% of amnestic mild CI
patients from progressing to AD (Tian et al,, 2019). PTP can
significantly alleviate fatigue, dizziness, tinnitus, deafness,
nocturia, and other clinical symptoms, reduce plasma lipid
peroxide level, increase plasma estradiol and testosterone
concentrations, and significantly improve transient and long-
term memory in patients (>45 years old) with manifestations of
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aging (Chen et al., 1984; Chen et al., 1985). PTP also inhibited the
formation of lipid peroxide in rat liver homogenate in vitro and
significantly increased the survival rate of quails (Chen et al,
1984; Chen et al., 1985). However, the mechanism by which PTP
improves cognitive impairment in elderly patients is not fully
understood. To further clarify the role and mechanism of PTP in
improving cognitive impairment, this study used network
pharmacology to predict its mechanism of action and further
used an APP/PS1 double transgenic mouse model to explore the
effect and mechanism of PTP on learning and memory abilities.

MATERIALS AND METHODS
Network Pharmacology

The ingredients of PTP were retrieved from the Traditional
Chinese Medicine Systems Pharmacology Database and
Analysis Platform (TCMSP, https://tcmspw.com/tcmsp.php)
and Traditional Chinese Medicines Integrated Database
(TCMID, http://119.3.41.228:8000/tcmid/search/)  databases
(Xue et al.,, 2013; Ru et al., 2014). The absorption, distribution,
metabolism, and excretion (ADME) system of the TCMSP
database was used to select the active ingredients. The oral
bioavailability >30%, drug-likeness > 0.18, and blood brain
barrier > —0.3 were chosen as the boundaries, and the targets
of the active ingredients were further predicted by the TCMSP
and the Encyclopedia of Traditional Chinese Medicine (ETCM,
http://www.tcmip.cn/ETCM/) databases (Xu et al., 2018). For
components not included in the TCMSP database, the
Bioinformatics Analysis Tool for Molecular mechanism of
TCM (BATMAN-TCM) database was used to predict their
active targets (Liu et al., 2016).

Effective targets of cognitive impairment were retrieved from
the Online Mendelian Inheritance in Man (OMIM, https://www.
omim.org/), the Pharmacogenomics knowledgebase
(PharmGKB,  https://www.pharmgkb.org/), the  Genetic
Association Database (GAD, https://geneticassociationdb.nih.
gov/), and the Therapeutic Target Database (TTD, https://db.
idrblab.org/ttd/) databases. Cytoscape 3.8 software was used to
construct the PTP-drug-ingredient-target network and cognitive
impairment-targets network. By using the Bisogenet plugin, the
protein-protein interaction (PPI) network of PTP and related
targets associated with cognitive impairment were further
constructed, and the intersection of the two PPI networks was
obtained. The intersection network was topologically analyzed
with the CytoNCA plugin (Tang et al., 2015), and a new network
was constructed by screening targets with a more than 2-fold
increase in the median degree. Topological analysis was
performed on the new network. The core network was built
based on six topological features, including “degree centrality
(DC)”, “betweenness centrality (BC)”, “closeness centrality
(CC)”, “eigenvector centrality (EC)”, “network centrality
(NC)”, and “local average connectivity-based method (LAC)”.
All six algorithms are calculated for centralities and used to
identify candidate targets. BC was calculated based on the
total number of shortest paths from a target node to another
node and the number of those paths that pass through a third
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node. CC determined a protein’s essentiality based on the
number of the target node’s neighbors and the distance of
the shortest path from the target node to another node. DC
value was calculated based on the number of the target node’s
neighbors and the weight of the edge connecting the node and
another node. EC was calculated based on the eigenvector
corresponding to the largest eigenvalue of the adjacency
LAC determined a protein’s essentiality by
evaluating the relationship between a protein and its
neighbors, which was calculated based on the node-set
containing all the neighbors of a target node. NC considered
both the centrality of a node and the relationship between it
and its neighbors, and a node’s essentiality was determined by
the sum of the edge clustering coefficients of interactions
connecting it and its neighbors.

The targets of the core network were enriched and analyzed by
the Database for Annotation, Visualization and Integrated
Discovery (DAVID, https://david.ncifcrf.gov/home.jsp)
database to obtain Gene Ontology Biological Process (GOBP)
and Kyoto Encyclopedia of Genes and Genomes (KEGG)
information. In GO and KEGG prediction, the rich factor
refers to the ratio of the number of target genes in the
pathway to the number of all genes annotated. The larger the
rich factor is, the greater the degree of enrichment. The p-value
represents the significance of the focus gene enrichment. The GO
and KEGG terms were considered for inclusion in outcomes as
long as the corresponding p value was less than 0.05 and
correlated to cognitive impairment pathology. The enrichment
analysis results were visualized by the OmicShare platform
(https://www.omicshare.com/tools/Home/Soft/getsoft) (Huang
da et al.,, 2009).

matrix.

Drugs and Reagents

PTP refined powder (batch number P004) was provided by
Darentang Pharmaceutical Factory (Tianjin, China). The
preparation process of PTP refined powder is as below: the
raw materials of the TCMs are mixed, dried, and crushed into
fine powders; then, the fine powders are sieved and sterilized
to be refined powder. The UPLC-LTQ-Orbitrap fingerprint
results of PTP are shown in the Supplementary material
(Supplementary Material S1). Donepezil hydrochloride
(Arricent, national drug approval number H20050978) was
purchased from Eisai Pharmaceutical Co., Ltd. (Shanghai,
China). Malondialdehyde (MDA), superoxide dismutase
(SOD), norepinephrine (NE), 5-hydroxytryptamine (5-HT),
acetylcholine (Ach), and acetylcholinesterase (AchE)
detection kits were purchased from Nanjing Jiancheng
Institute of Biological Engineering (Nanjing, China). B-cell
lymphoma 2 (Bcl-2) antibodies were purchased from Abcam
(Shanghai) Trading Co., Ltd. (Shanghai, China). Antibodies
against PS1, autophagy-related protein-12 (ATG12), beclin-1,
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were
purchased from CST (Shanghai) Biological Reagents Co., Ltd.
(Shanghai, China). Horseradish peroxidase-labeled goat anti-
mouse and goat anti-rabbit antibodies were purchased from
Shanghai Beyotime Biotechnology Co., Ltd. (Shanghai,
China).
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Instruments
The Morris water maze video tracking analysis system 2.0 was

purchased from Chengdu Taimeng Technology Co., Ltd. (Chengdu,
China). The automatic microplate reader was purchased from BioTek
Instruments, Inc. (Vermont, United States). The BH-2 optical
microscope was obtained from Olympus Corporation (Tokyo,
Japan). The HPIAS-1000 pathology image analyzer was obtained
from Zhongke Company (Beijing, China).

Animals and Groups

Mice were purchased from the Institute of Experimental Animals of
the Chinese Academy of Medical Sciences. Mice were assigned to
five groups, including the normal control group, the model group,
the low-dose PTP group, the high-dose PTP group, and the positive
control group. Nine-month-old APP/PS1 transgenic mice were used
in the model group, and C57BL/6 wild-type (WT) mice were used in
the control group. The low-dose PTP (1.8 g/kg/d), high-dose PTP
(3.6 g/lkg/d) and donepezil (2 mg/kg/d) groups were administered
the indicated treatments by intragastric gavage for 8 weeks. The
1.8 g/kg/d, and 3.6 g/kg/d dose of PTP are equivalent to the amount
of drug administered using the approved PTP 14 g/kg/d, and
28 g/kg/d dose in a 70-kg patient, respectively. The normal
control group and the model group were administered an equal
amount of normal saline.

Morris Water Maze

The Morris water maze test was designed to evaluate the spatial
learning and memory abilities of mice according to previous
studies and included a 4-day positioning navigation experiment
and a 1-day space probe test (Vorhees and Williams, 2006). The
Morris water maze test was conducted in a round white pool
120 cm in diameter and 40 cm deep. During the training and the
formal experiment, the references outside the maze remained
unchanged. In the first 4 days of the navigation experiments, a
platform with a diameter of 10 cm was placed in the target
quadrant and hidden 1 cm underwater. The mice were placed
in the water facing the wall of the pool. The time mice spent on
finding the platform was recorded as the escape latency. If the
platform was not found within 120 s, the mice were led to the
platform and made to stand on the platform for 30 s to generate
memory. On day 5, the space probe test was performed. Mice
were placed in water, the automatic video recording system
recorded the time (swimming duration) and swimming path
length each mouse took to find the platform, and the spatial
memory abilities of the mice were evaluated.

Measurement of Cholinergic and
Monoaminergic Neurotransmitters and
Related Enzymes in Brain Tissue

The brains were quickly removed on an ice platform after the
mice were sacrificed. The hippocampus and cerebral cortex
tissues were quickly frozen with liquid nitrogen and stored at
—-80°C. The concentrations of Ach, AchE, NE, and 5-HT were
determined according to the instructions of the Kkits.

The Ach content was determined by a colorimetric method.
The brain tissue was homogenized with the extraction reagent at a
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ratio of 1:9 and centrifuged at 2500 rpm for 10 min, and the
supernatant was retained. The substrate solution was added to the
supernatant and mixed. After being incubated at room
temperature for 15 min, the terminating solution was added to
stop the reaction, and the chromogenic solution was added and
mixed. After being incubated for 10 min, the absorbance value of
each tube was measured at a wavelength of 550 nm.

The activity of AchE was determined by an optical method.
The brain tissue was homogenized with normal saline at a ratio of
1:9 and centrifuged at 2500 rpm for 10 min, and the supernatant
was retained. The substrate buffer solution and color application
solution were added successively, mixed, and reacted at 37°C for
6 min. The inhibitor and transparent agent were added, mixed,
and incubated for 15 min, and the absorbance value of each tube
was measured at a wavelength of 412 nm.

The concentrations of NE and 5-HT were measured by
enzyme-linked immunoassay. Brain tissue samples were added
to enzyme-labeled wells that were precoated with NE or 5-HT
monoclonal antibodies. After incubation, biotin-labeled NE or 5-
HT antibodies was added, bound with streptomycin-HRP to form
an immune complex. After incubation and washing, the unbound
enzyme was removed, and the substrate was added to produce a
blue color, which was converted to yellow under the action of an
acid. The intensity of the color positively correlated with the
concentration of NE or 5-HT in the sample.

Measurement of the Oxidative Stress Index

in Brain Tissue

A 10% brain homogenate was prepared to measure the MDA
level and total SOD activity. The MDA level was detected by the
thiobarbituric acid method. Tissue homogenate supernatant was
transferred to the measuring tube, and equal amounts of standard
material, anhydrous ethanol and tissue supernatant were added to
the standard tube, blank tube and control tube, respectively.
Appropriate amounts of detection reagent were added to all
tubes successively and mixed well. The tubes were heated in a
water bath at 95°C for 40 min, then cooled to room temperature,
and centrifuged at 3000 rpm for 10 min. The absorbance of the
supernatant was measured at 532nm to calculate the
concentration of MDA. The activity of SOD was determined
by the hydroxylamine method. The supernatant of the tissue
homogenate and distilled water were added to the measuring tube
and the control tube, respectively, and the detection reagents were
added successively. After the solution was mixed following
incubated in a water bath at 37°C for 40 min, the absorbance
was measured at a wavelength of 550 nm, and the total SOD
activity was calculated.

HE Staining

Brain tissues were fixed in 10% formaldehyde, dehydrated, paraffin-
embedded, and sliced continuously at a thickness of 5pm. After
gradient dewaxing with xylene and ethanol, the paraffin sections
were stained with hematoxylin for 5 min, washed with distilled
water, differentiated with hydrochloric acid and ethanol for 30,
soaked in a warm water bath for 5 min, and redyed with eosin for
5 min. After conventional dehydration, the slices were sealed with
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transparent neutral resin. The sections were randomly selected,
observed, and photographed.

Western Blotting

After the mice were sacrificed, the cerebral cortex was quickly
removed on an ice platform. Precooled RIPA protein extraction
reagent and a protease inhibitor were added to extract the proteins.
The slurry was homogenized with an electric homogenizer and
incubated on ice for 20 min, followed by ultrasonic oscillation and
centrifugation. After measuring the protein concentration by the
BCA method, RIPA buffer was used to adjust all samples to the lowest
sample concentration, and the samples were denatured in a 95°C
water bath for 5 min. An SDS-PAGE gel was prepared. After gelation
was complete, sample loading, electrophoresis, and membrane
transfer processes were performed. The membrane was blocked
with 5% bovine serum protein and incubated with primary and
secondary antibodies. An ECL luminescence kit was used for staining,
photos were taken, and gray values were calculated.

Statistical Analysis

The results are expressed as the mean + SD. The variance
among multiple groups was assessed by a one- or two-way
analysis of variance with/without repeated measures followed
by a post hoc test. SPSS 17.0 statistical software was used for
data analysis. p < 0.05 was considered statistically significant.

RESULTS

Network Pharmacological Analysis of the
Mechanism by Which PTP Improves

Cognitive Impairment
Sixty possible active components of PTP were identified
(Table 1), and a total of 151 targets were obtained through
prediction analysis (Figure 1). A total of 956 possible targets
associated with cognitive impairment were retrieved
(Supplementary Figure S2, Supplementary Material S3).
The PTP target PPI network and the cognitive impairment
target PPI network were constructed with the Bisogenet
plugin  (Supplementary Figure S3A, Supplementary
Material S4). Then, the intersection of the PTP and
cognitive impairment PPI networks was obtained
(Supplementary Figure S3B, Supplementary Material S5).
Topology analysis of the intersection PPI network was carried
out, and a new network was constructed after screening with a
DC > 48 as the threshold. Topology analysis of the new
network was performed to obtain the core PPI network.
Bounded by BC > 0.00021355, CC > 0.48908, DC > 124,
EC>0.013344, LAC >13.08955, NC > 14.446487, the core PPI
network was built, which contained a total of 275 targets
(Supplementary Figure S3C, Supplementary Material S5).
In GO and KEGG prediction, both p-value and the rich-
factor are essential indicators for possible mechanisms which
could reflect the significance and degree of the target genes
enriched in specific GO or KEGG terms. The GOBP
enrichment analysis of the core PPI network targets
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TABLE 1 | PTP active ingredient prediction.
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Drug Ingredient Drug Ingredient
Alpiniae Oxyphyllae Fructus sitosterol Lycii Fructus 4,24-methyllophenol
Stigmasterol Lophenol
Daucosterol 4alpha,14alpha,24-trimethylcholesta-8,24-dienol
Angelicae Sinensis Radix beta-sitosterol 4alpha,24-dimethylcholesta-7,24-dienol
Stigmasterol 4alpha-methyl-24-ethylcholesta-7,24-dienol
Asparagi Radix beta-sitosterol 6-Fluoroindole-7-Dehydrocholesterol
sitosterol (E,E)-1-ethyl octadeca-3,13-dienoate
Stigmasterol lanost-8-en-3beta-ol
diosgenin lanost-8-enol
7-Methoxy-2-methyl isoflavone Obtusifoliol
Bombyx Mori Faeces CLR Ginseng Radix et beta-sitosterol
beta-carotene Rhizoma Stigmasterol
Juglandis Fructus oleanolic acid Fumarine
Diaphragma dibutyl phthalate Diop
oleic acid Inermin
Lycii Fructus beta-sitosterol Aposiopolamine
Stigmasterol Deoxyharringtonine
CLR arachidonate
Sitosterol alphat Frutinone A
Mandenol Ginsenoside-Rh4_qgt
Ethyl linolenate Girinimbin
LAN Panaxadiol
Cycloartenol suchilactone
atropine alexandrin_at
campesterol Ophiopogonis Stigmasterol
cyanin Radix Ophiopogonanone A
24-methylidenelophenol Orchinol
daucosterol_gt Ophiopogonone B
glycitein Rehmanniae Radix sitosterol
14b-pregnane Stigmasterol
24-ethylcholest-22-enol Ziziphi Spinosae Mairin
24-ethylcholesta-5,22-dienol Semen (S)-Coclaurine
24-methyl-31-norlanost-9 (11)-enol Daucosterol
24-methylenelanost-8-enol phytosterol
Fucosterol sanjoinenine
31-norlanost-9 (11)-enol zizyphusine
31-norlanosterol
Alpiniae Angelicae Ginsenodgi@é-Rh4_qt  4alpha, 14alpha,24-trim@lylcholesta-8,24-dienol  alexafidfin_qt BAX CHRNA7 SEC14L2 CNR1 PDESA ADHIC
Oxyphyllae Sinénsis 24-methyl-31-ndff@nost-9(11)-enol Z Me:; ':e'hy‘ Viifin 'ﬁﬁ ,::::; zs;’: Cﬁ:zs CE;TI\: 5 (T:::::
Fructus, a’::.nm beta-llitens sitofircl ADRA1D SOAT1 CTRB1 OBA2 NGO1 CHEK1
ﬁne ‘;ﬁ 31-noriifiosterol PTBN1 PRKACA — MAPK14 CTNNB1 ESR1 CNR2
daucofiBrol_at iR aBitein KCNH2 ESR2 CHRM2 AKT1 PIGS2 MMR13
Rehiagaiiae Juglandis Moo - S KZ:’\Z1 CHRM4 PPARG PTPN4 CcoNA2 SOAT2
Radix D Cycldaitenol Ianost-8-§iiabeta-ol  dalpha 24-dimethy[golesta:7,24-dienol GABRA1 e = =4 il i
13| ph ragma SCNSA ADRA1B ALOX5 PGR OPRD1
4alpha-methyl-24-etifffloholesta-7,24-dienol tanosfiBenol Ordfiinol = = L NOS2 SOD1 GPR143 GABRAG TRE3
Girfiipbin g STl S;i:f Gsken NCOA2 DRDA YR AR
# ADRA2B NOs3 MTOR TOP2B RHO
Ophiopulgonis spifosae Deawz‘a.'?mnme suohiflite = e D;:rA MACB ADRA2C HMOX1 2 ABEC2
Radix o ﬁz‘m;:we Z'::/e‘.?':e Lopfignol — cYpaad PRKCA CHRM3 Fio SLaBAY
P! "G aﬁ AposioBBlamine e AP3D1 SECH4L3 MTTP NREC1 Ch2
phyt.erol 14b7p.nane dlo’nln GABRAS CASP3 PON1 CHRM1 PPPR2CB PiM1
Bombyx  Cnseng e A a ol s S SN
Mori Daudgterol wadﬁ‘f." _‘S,ﬁma(e atrgpine Senlani cok2 GUA1 ARP PTG MVR10
Faeces Rhizoma sanjolifienine = ;te Indffin NCOAT HRH1 HIF1A ADRA1TA ADRB1 SLGBA3
camiiterol Furiine 24-methyler@Binost-8-enol ADRA2A CRYZ PRSS1 PLA2G4A MMP2 VEGFA
AKR1B1 CYP1A2 HTR1B LTA4H NRAI2 VKORC1
Stigrigfero Panfidiol 3t-norlancfffe()-encl SECA4L4 PIK3CG ADRB2 ACHE CAV1 CASP9
Asparagi Fucgferol Obtuifoliol 6-Fluoroindole-7-B8hydrocholesterol AMY2A MWPE HTR3A RXRA GABRE3 PIAU
Radix (S)-CdBlaurine 24-ethylchole§f-5,22-dienol 4,24-metfifllophenol TGEB1 CHRINA2 BGL2 CAIM1 DEr Ju
FIGURE 1 | Drug-ingredient-target network of PTP. The orange nodes represent drugs, the blue nodes represent active ingredients, and the purple nodes
represent possible targets of the active ingredients.
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indicated that PTP might play a role in improving cognitive
impairment by acting on biological processes such as
oxidative stress, apoptotic process, autophagy, aging, and
neuron death (Figure 2A). The KEGG enrichment analysis
showed that PTP might exert its cognitive improvement
effects by regulating apoptosis, mTOR, PI3K-Akt, and
MAPK signaling pathways (Figure 2B). In the present
study, we verified some of the terms related to the
pathology of cognitive impairment as examples with animal
experiments.

Effects of PTP on the Spatial Learning and
Memory Abilities of APP/PS1 Transgenic
Mice

There was a significant difference in the total swimming
distance among groups (F = 3.287, p = 0.028) in the
positioning navigation experiment. However, no difference
was shown in swimming speed (F = 1.182, p = 0.344) or escape
latency (F = 0.976, p = 0.439). With training time extension,
the swimming speed showed an upward trend (F = 5.285, p =
0.009). The total swimming distance (F = 1.014, p = 0.409) and
escape latency (F = 2.890, p = 0.064) showed downward trend,
however, these trends were not statistically significant
(Figures 3A-C).

For the space probe test, the escape latency (p < 0.01) and
total swimming distance (p < 0.01) of the APP/PS1 group were
significantly longer than those of the WT group. Compared
with the model group, PTP (3.6 g/kg/d) administration for
8 weeks significantly reduced the swimming path length (p =
0.014) and escape latency (p = 0.006) of APP/PS1 mice. The
escape latency (p = 0.006) and swimming path length (p =
0.012) in the PTP (1.8 g/kg) group were significantly reduced
(Figure 3). Donepezil reduced both the swimming path length
(p < 0.01) and escape latency (p < 0.01) significantly (Figures
3D,E). All treatment groups had no effect on the swimming
speed (F = 0.279, p = 0.890) (Figure 3F).

Effects of PTP on Neurotransmitters and

Related Enzymes in the Brain

Compared with WT mice, APP/PS1 mice exhibited no significant
changes in the brain 5-HT levels. PTP treatment for 8 weeks
showed no effect on the 5-HT concentrations (p > 0.05)
(Figure 4A). NE levels were decreased in APP/PS1 mice (p <
0.05), which were significantly improved by PTP and donepezil
treatment (p < 0.05 or p < 0.01) (Figure 4B). Compared with that
in the WT group, the Ach level in APP/PS1 mice was significantly
decreased (p < 0.05), but AchE activity was not significantly
changed (p = 0.801). After 8 weeks of treatment, the level of Ach
and the activity of AchE in the brain tissue in the high-dose PTP
group were significantly increased compared with those in the
APP/PS1 group (p < 0.05). There were no significant changes in
Ach levels (p = 0.622) or AchE activity (p = 0.766) in the
low-dose PTP group. Donepezil significantly increased the Ach
level (p < 0.05) but showed no effects on AchE activity
(Figures 4C,D).

PTP Protect Cognitive Function

Effects of PTP on Oxidative Stress in Brain

Tissue

There were no differences between the WT group and the APP/
PS1 group on the MDA level. After 8 weeks of treatment, there
was no significant change in the MDA level in the positive control
group or PTP group compared with the APP/PS1 group (F =
1.256, p = 0.307) (Figure 5A).

Compared with that in WT mice, the activity of SOD in APP/
PS1 mice was significantly decreased (p < 0.01). After 8 weeks of
treatment, compared with that in APP/PS1 mice, the activity of
SOD in the PTP groups was significantly increased (p < 0.01),
while there was no change in the donepezil group (p = 0.392)
(Figure 5B).

Effects of PTP on the Pathological
Manifestations in the Hippocampal CA
Region

Under a microscope, pyramidal cells in the hippocampal CA
region of WT mice were densely arranged, with neat and plump
cells. The nuclear membrane was smooth and uninterrupted, and
the nucleoli were visible. In the APP/PS1 transgenic mouse group,
pyramidal cells in the hippocampal CA region were loosely
arranged. A small fraction of cells showed signs of
neurodegeneration, such as wrinkled nuclei, hyperchromatic,
and shrunken triangulated neuronal bodies. Some cells
appeared structurally less intact, and a few cells were lost.
Compared with those in the model group, the pyramidal cells
in the donepezil and PTP groups were regularly arranged, the
cytoplasmic and nuclear membranes appeared to be smooth and
uninterrupted, and the nuclear pyknosis and deep staining were
reduced (Figure 6A).

Quantitative analysis showed that the number of pyknotic cells
per field was significantly higher in the APP/PS1 group than in
the WT group (p < 0.05). PTP (1.8 g/kg and 3.6 g/kg) (p < 0.05)
and donepezil (p < 0.01) treatment could rescue the cell pyknosis
(Figure 6B).

Effects of PTP on Autophagy and Apoptosis
Compared with those in the WT group, the protein level of
Bcl-2 was significantly decreased (p = 0.002), and the beclin-1
(p = 0.004), PS1 (p = 0.011), and ATG12 (p = 0.028) protein
levels were significantly increased in the APP/PS1 transgenic
mice. After 8weeks of PTP (3.6 g/kg) treatment, the
expression of Bcl-2 (p = 0.018) increased, and the
expression of ATG12 (p = 0.027) and PS1 (p = 0.005)
decreased significantly. PTP (1.8 g/kg) increased Bcl-2 (p =
0.049) expression, reduced PS1 (p = 0.011) expression, and
whereas has no significant effect on ATG12 (p = 0.178)
expression. Donepezil treatment increased the level of Bcl-2
(p = 0.027), reduced the expression of ATG12 (p = 0.002),
whereas showed no significant effect on PS1 (p = 0.139)
expression. The protein expression of beclin-1 decreased
slightly in the PTP groups (PTP 3.6 g/kg, p = 0.111; PTP
1.8 g/kg, p = 0.202) and donepezil group (p = 0.209), but this
reduction was not statistically significant (Figure 7).
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DISCUSSION

This study showed that PTP could significantly improve the
learning and memory abilities of APP/PS1 mice. The PTP
groups showed increased neurotransmitters Ach and NE
levels, reduced excessive autophagic activation, and suppressed
oxidative stress and apoptotic activity.

Given the complexity of active components in PTP, it is
difficult to characterize the pharmacological mechanisms of
PTP for cognitive impairment by conventional methods.
Therefore, we utilized a network pharmacological approach to
analyze the active compounds and therapeutic targets of PTP.
Having identified candidate targets, we further annotated their
functions by GO and KEGG functional analysis with the DAVID
database. This analysis highlighted that PTP might rescue
cognitive impairment by several mechanisms, such as
regulating apoptosis, autophagy, oxidative stress biological
processes, and modulating apoptotic pathway, PI3K-Akt,
signaling pathway, and MAPK signaling pathway. Since the
number of GO and KEGG terms that meet the inclusion
criteria is large and even up to several hundred, it is
impossible to verify all the terms with pharmacology
experiments. In the present study, we confirmed some of the
terms related to the pathology of cognitive impairment as
examples with animal experiments, including apoptosis,
autophagy, and oxidative stress.

The APP/PS1 transgenic mouse model was used in this study.
APP/PS1 transgenic mice express a mutated fusion of human
presenilin (DeltaE9) and human amyloid precursor protein
(AppSwe), leading to cognitive impairment. APP/PS1
transgenic mice showed cognitive-behavioral changes at
3 months of age, plaques at 5months of age, and a large

number of plaques at 12months of age. In APP/PSI
transgenic mice, the distribution of AP protein deposition is
largely similar to that of human AD and senile cognitive
impairment. APP/PS1 transgenic mouse model can be used to
simulate cognitive impairment in AD (Zha et al., 2020).

The Morris water maze is an important tool for testing the
memory abilities of animals (Mifflin et al., 2021). The classic
Morris water maze test evaluates the ability of mice trained to
find a hidden platform in a fixed position and achieve stable
spatial recognition. This kind of memory is a type of spatial
reference memory, and its storage location mainly involves
the limbic system, and related cerebral cortex regions. In this
study, APP/PS1 transgenic mice were used as models, and the
swimming duration and swimming path length of mice in the
water maze within 2 min were used as the main indexes to
observe the effects of PTP on the swimming performance of
the mice. The results showed that after treatment with PTP for
8 weeks, the swimming performance of APP/PS1 transgenic
mice in the water maze was significantly improved, suggesting
that PTP could improve the spatial learning and memory
abilities of APP/PS1 mice. The escape latency and distance
were evoked on day 4 in the APP/PS1 group, which is different
from the other groups. Researchers still do not have a clear
explanation on the candidate reasons for this issue, although a
similar phenomenon has also been reported by several other
studies (D’Agostino et al., 2013; Lu et al,, 2014; Zhou et al,,
2016; Banks et al., 2018). Theoretically and empirically, it
might be related to the pathological processes of cognitive
impairment and the specific characteristics of the APP/PS1
transgenic mouse model.

Brain monoamine neurotransmitters are closely related to
mental activity, emotion, behavior, and body movement, and
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there is also a certain correlation with learning and memory
(Bekdash, 2021). Abnormal NE and 5-HT levels can lead to
decreased brain excitability, resulting in memory loss and
depressive symptoms. The lesions associated with AD often
involve the locus ceruleus and dorsal raphe nucleus and are
characterized by abnormal levels of NE and 5-HT in the
corresponding brain regions and decreased learning and
memory abilities (Trillo et al., 2013; Simi¢ et al, 2017).
Modulating the levels of monoamine transmitters in the
brain may help improve learning and memory abilities. In
this study, APP/PS1 transgenic mice showed no reduction in
5-HT levels, and PTP failed to regulate the 5-HT level, which
still needs to be further explored. APP/PS1 mice showed
significantly decreased NE levels, and after 8 weeks of PTP
administration, the level of NE in the brain tissue increased
significantly, suggesting that PTP may play a role in regulating
certain monoamine neurotransmitters. The NE level of the
PTP (1.8 g/kg) group increased more than that of the PTP
(3.6 g/kg) group. Such phenomenon shown in this study was
probably due to the complex composition of PTP. Unlike the
pharmacological characterization of an individual compound,
complex compound preparations often do not show a dose-
effect relationship and sometimes even show reversed dose-
effect relationships. Results showed that donepezil also evokes
the NE level. NE and Ach belong to different neurotransmitter
systems. Although donepezil is well known as the AchE
inhibitor, evidence from animals (Sakr et al., 2014; Kaundal
et al., 2018), and humans (Ma et al., 2020) showed donepezil
could also enhance the NE level in cognitive impairments.
However, the underlying mechanisms have not yet been fully
elucidated.

The brain cholinergic system is closely related to cognitive
function and is usually damaged in AD patients (Cheng et al.,
2021). As an essential transmitter in the human and mammalian
brain, Ach is involved in the physiological and pathological
processes of learning and memory, sleep and wake, as well as
a variety of nervous system diseases, such as AD, and Parkinson’s
disease. One of the main clinical manifestations of AD is
decreased Ach synthesis in the brain. The Ach concentration
becomes an important parameter to measure learning and
memory abilities (Dineley et al., 2015). A change in the Ach
level before and after medication can reflect the effect of drugs on
the cholinergic system more intuitively than AchE activity. The
low levels of Ach in the brains of APP/PS1 transgenic mice were
similar to those seen in AD patients. The prominent pathological
manifestations of AD are abnormalities in the cholinergic system,
including AchE hyperactivity and decreased Ach levels. The
administration of an AchE inhibitor is an effective method to
increase the level of Ach in the brains of patients. In this study,
compared with WT mice, APP/PS1 transgenic mice showed
significant decreases in brain Ach levels and no significant
changes in AchE activity. The results might indicate the
reduced brain Ach synthesis but not the enhancement of brain
Ach degradation, which led to a decrease in cholinergic system
function. This finding is consistent with the reduction in Ach
synthesis in AD patients. After 8 weeks of PTP administration,
the levels of Ach and the activity of AchE in the brains of the APP/
PS1 transgenic mice were significantly increased, suggesting that
PTP may increase the level of Ach by increasing its synthesis. It
implies that PTP may improve the abnormal function of the brain
cholinergic system in AD by regulating the abnormal metabolic
state of Ach, thus improving the learning and memory abilities.
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Although it seems unreasonable that the AchE activity didn’t
change in the donepezil treatment group, previous studies of the
effect of donepezil on AchE activity in APP/PS1 showed
controversial results (Ye et al, 2015; Shi et al, 2018). As
shown in the previous study (Abe et al, 2003), the maximal
AchE inhibition of donepezil occurs at about 1 hour after drug
administration in mice, and the inhibition diminishes with time

passing. The above finding of the inhibitory effect of donepezil on
AchE may be associated with its pharmacodynamic
characteristics, as donepezil was reported to have a half-life of
about 3 hours in rats (Goh et al,, 2011; Nirogi et al., 2012). The
results showed that PTP modulated the function of the brain
cholinergic system via a mechanism distinct from that of
donepezil which maintains Ach levels by inhibiting Ach
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degradation rather than increasing Ach synthesis, whereas this
effect has been shown to be time-limited in clinical practice. The
high dose PTP increased the AchE activity as well as Ach level.
Since PTP is a complex compound preparation, it might have the
effect of increasing both the concentrations of Ach and AchE, and
the elevated AchE was not sufficient to completely degrade the
increased Ach.

The toxic effects of oxidative stress and free radical damage
on nerve cells have been well established (Mattson and
Arumugam, 2018). Previous studies have shown that
oxidative stress and free radical damage significantly
increase with aging (Cochemé et al,, 2011; Upadhyay et al,
2020). The nervous system is particularly sensitive to free
radical damage due to its rich lipid composition, relative
lack of antioxidant enzymes, and high oxygen consumption.
Mitochondrial function declines during aging, and excessive
free radicals accumulate, attacking the body, causing oxidative
stress, resulting in the peroxidation of lipids, proteins, and
DNA and eventually leading to nerve cell death. SOD and
MDA are two classical indexes reflecting systemic redox
homeostasis. SOD is the most important antioxidant
enzyme, and MDA is an oxidative product produced when
reactive oxygen species attack fat tissue. The level of MDA can
reflect the degree of lipid peroxidation and reflect the degree of
cell damage better than reactive oxygen species. The activity of
SOD in the brains of APP/PS1 transgenic mice was
significantly decreased, indicating decreased antioxidant
capacity, and which was consistent with the clinical lesions
of aging and senile patients with cognitive impairment. After
the administration of PTP, the activity of SOD in brain tissue
was significantly increased. The results showed an opposite
trend for the MDA and SOD results, although some of the
results did not show significant differences, indicating that
PTP may significantly improve free radical scavenging in the
brain, which may be helpful in anti-aging by preventing or
delaying age-related pathological processes.

The integrity of the brain tissue structure is the basis of normal
function. Physical or pathological factors, such as aging and AD,
lead to morphological and functional abnormalities of the brain
tissue. The hippocampal CA region is a common brain region
affected by aging and AD (Zeier et al,, 2011). In this study, APP/
PS1 transgenic mice exhibited neuronal loss, apoptosis, and
disordered arrangement in the hippocampal CA area,
indicating functional impairment of the corresponding region.
PTP and donepezil rescued the apoptosis and neuron loss,
suggesting their protective effects on cognitive impairment.

Autophagy is a lysosomal-dependent physiological process
that helps the body remove and degrade damaged and
denatured proteins, aging and dysfunctional cells and
organelles to maintain the balance of protein metabolism and
the stability of the intracellular environment (Cai et al., 2016).
The autophagic activity of APP/PS1 mice is various at different
age. At 4-5 months old, the autophagy process is initiated in the
brain tissue; at 6-8 months old, the autophagic activity was
excessively activated; at 10 months old, large amounts of
autophagic vacuoles and lysosome were observed in the brain
of APP/PS1 mice. The formation of autophagosomes is a complex

PTP Protect Cognitive Function

biological process. Beclin-1 and ATGI12 are involved in the
formation of autophagosomes. Once the autophagosome fuses
with the lysosome, the autophagosome can be degraded by the
lysosome. This study showed that compared with that in WT
mice, the protein expression of beclin-1 and ATG12 in APP/PS1
transgenic mice was significantly increased, which indicated that
autophagic activity of APP/PS1 transgenic mice was excessively
increased and reflected the increased pathology severity
indirectly. After 8 weeks of PTP administration, the protein
expression of beclin-1 and ATGI12 decreased. Although it is
unclear the cause-and-effect relationship between the effect of
PTP on autophagy and the other pathology changes, the results
suggest that PTP may effectively alleviate the pathology severity
of the brain tissue, and suppress the hyperactivated autophagy
levels in the brain. Furthermore, since the autophagy flow is the
primary indicator in determining the autophagy activity, which is
a dynamic process, further research on the effect of PTP in
regulating autophagy flow-related proteins is needed. For the
issue of donepezil’s effect on ATG12, no relevant literature has
been reported so far. The effect of donepezil on autophagy is
rarely reported in APP/PS1 mouse model. A rat model of vascular
dementia showed that donepezil could inhibit autophagy,
whereas evidence from a cardiac ischemia/reperfusion injury
gave opposite conclusions (Jiang et al., 2019; Khuanjing et al,,
2021). Thus, the effect and mechanism of donepezil on autophagy
still require further investigation.

Apoptosis is one of the main pathogeneses of
neurodegenerative diseases. A decrease in apoptosis is related
to the stability of cognitive function (Friedlander, 2003; Wingo
et al,, 2019). Inhibiting brain cell apoptosis may be beneficial in
ameliorating age-related cognitive decline (Ramos-Miguel et al.,
2017). Bcl-2 is an anti-apoptotic protein that can significantly
inhibit apoptosis. Abnormal PS1 can induce neuronal apoptosis,
resulting in neuronal loss. This study showed that the expression
of Bcl-2 in APP/PS1 mice was decreased, and the expression of
PS1 was increased, suggesting that apoptosis was up-regulated in
brain cells. PTP up-regulated the expression of the anti-apoptotic
protein Bcl-2 and downregulated the expression of the apoptosis-
related proteins PS1 in APP/PS1 mice, suggesting that PTP could
inhibit neuronal apoptosis in the brain. Multiple studies have
documented donepezil could enhance the Bcl-2 level (Takada-
Takatori et al., 2006; He et al., 2018; Zaitone et al., 2020). The
possible mechanism may be that donepezil inhibited apoptosis by
activating the PI3K/Akt/Bcl-2 pathway (Zaitone et al., 2020).
Donepezil affords excess Ach, which binds to a7 nicotinic
acetylcholine receptor and then activates its channels,
permitting sodium and calcium influx. Then, calcium binds to
calcium reliant enzymatic reactions that elicit the PI3K/Akt/Bcl-2
pathway.

In this study, the existing positive results could support the
conclusion effectively, including the efficacy indicators, such as
behavioral parameters, neurotransmitters, and HE staining result,
and those related to the key mechanisms, including autophagy
oxidative stress, and apoptosis. However, this study also had some
limitations. Firstly, AR accumulation is one of the most important
hypothetical pathologies for AD, and there are several key fragments
of AP peptides concerning AD pathology hypothetically. However,
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from an alternative perspective, although AP has been the prime
suspect for driving pathology in AD, its effect on AD treatment is still
controversial. Recently, a meta-analysis showed anti-Ap interventions
are unlikely to have an important impact on slowing cognitive or
functional decline (Lu et al., 2020). Basic research also indicates that
these proteins have been highly conserved throughout evolution and
may have crucial physiological roles, and Ap-targeting therapies may
unintentionally disrupt such functions. A balanced consideration of
both the physiological and pathological roles of Ap will be essential
for designing safe and effective therapeutics (Kent et al., 2020). This
study investigated the effect of PTP on PS1 protein but did not
further verify whether PTP regulated the production of APP
and AP or tau protein phosphorylation. Future studies still
need to examine the regulatory effect of PTP on biological
markers related to AP and its mechanism. Secondly, autophagy
is another critical mechanism of AD. We found the autophagy-
related protein ATG12 was down-regulated in the PTP group.
However, since the autophagy flow is the primary indicator in
determining the autophagy activity, which is a dynamic
process, and further research on the effect of PTP in
regulating autophagy flow-related proteins is needed.

CONCLUSION

The present work showed that PTP could improve the cognitive
function of APP/PS1 mice. The mechanism may be related to the
improvement of neurotransmitter Ach and NE levels; the
reduction of the excessive autophagic activation, which
manifests as ATGI12 decrease; the suppression of oxidative
stress by increasing SOD level; and inhibiting apoptosis
process by up-regulating Bcl-2 and down-regulating PS1.

The present study is the first systematic research of the effect of
PTP in treating cognitive impairment by network pharmacology
approach and verified by conducting a wide range of animal
experiments. This work effectively confirmed the effect and
mechanisms of PTP on cognitive impairment and provided an
exemplar for similar studies in pharmacological research of
traditional Chinese medicine compound preparations.

Despite these important discoveries, this study has limitations.
The AP accumulation and tau protein phosphorylation are
important hypothetical pathologies for AD. However, the
effect of PTP on the production of AP or tau protein
phosphorylation was not verified in the present study, which
needs to be further explored in the future. Autophagy is another
critical mechanism of AD, and the autophagy flow is the primary
indicator in determining autophagy activity. We only observed
the effect of PTP on some particular autophagy-related proteins
but did not verify the effect of PTP on the whole autophagy flow.

REFERENCES

Abe, Y., Aoyagi, A., Hara, T., Abe, K., Yamazaki, R., Kumagae, Y., et al. (2003).
Pharmacological Characterization of RS-1259, an Orally Active Dual Inhibitor
of Acetylcholinesterase and Serotonin Transporter, in Rodents: Possible

PTP Protect Cognitive Function

Thus, further research on the effect of PTP in regulating more
autophagy flow-related proteins is needed.

The effect of PTP on cognitive impairment has been confirmed in
clinical and basic studies. However, the composition of PTP is
complex. How to simplify its components to obtain effective and
relatively low-cost alternative formulas or compound preparations

will be the focus of future work.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be
directed to the corresponding authors.

ETHICS STATEMENT

The animal study was reviewed and approved by the Ethics
Committee of Xiyuan Hospital of China Academy of Chinese
Medical Sciences.

AUTHOR CONTRIBUTIONS

WC, KC, and QX contributed to study design, trial. WS, YW,
RY, and YM contributed to the trial. WC and QX wrote the
original draft. All the authors read and approved the final
version.

FUNDING

This work was partially supported by the National Natural Science
Foundation of China (81373821); China Postdoctoral Science
Foundation (2015T80206); Merit-based Funding Program for
Returned Overseas Researchers supported by Ministry of Human
Resources and Social Security (WC). National Natural Science
Foundation of China (81373821), project director: WC; China
Postdoctoral Science Foundation (2015T80206), project director:
WC; Merit-based Funding Program for Returned Overseas
Researchers supported by Ministry of Human Resources and
Social Security (WC), project director: WC.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphar.2022.729605/
full#supplementary-material

Treatment of Alzheimer’s Disease. J. Pharmacol. Sci. 93 (1), 95-105. doi:10.
1254/jphs.93.95

Alzheimer’s and association (2021). 2021 Alzheimer’s Disease Facts and Figures.
Alzheimers. Dement. 17 (3), 327-406. doi:10.1002/alz.12328

Banks, G., Lassi, G., Hoerder-Suabedissen, A., Tinarelli, F., Simon, M. M., Wilcox,
A, et al. (2018). A Missense Mutation in Katnall Underlies Behavioural,

Frontiers in Pharmacology | www.frontiersin.org

February 2022 | Volume 13 | Article 729605


https://www.frontiersin.org/articles/10.3389/fphar.2022.729605/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2022.729605/full#supplementary-material
https://doi.org/10.1254/jphs.93.95
https://doi.org/10.1254/jphs.93.95
https://doi.org/10.1002/alz.12328
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Xin et al.

Neurological and Ciliary Anomalies. Mol. Psychiatry 23 (3), 713-722. doi:10.
1038/mp.2017.54

Bekdash, R. A. (2021). The Cholinergic System, the Adrenergic System and the
Neuropathology of Alzheimer’s Disease. Int. J. Mol. Sci. 22 (3), 1273. doi:10.
3390/ijms22031273

Cai, Y., Arikkath, J., Yang, L., Guo, M. L., Periyasamy, P., and Buch, S. (2016).
Interplay of Endoplasmic Reticulum Stress and Autophagy in
Neurodegenerative Disorders. Autophagy 12 (2), 225-244. doi:10.1080/
15548627.2015.1121360

Chen, K. J., Zhou, W. Q,, Li, C. S., Shi, T.R,, Lei, S. P, Li, X. H., et al. (1984). Clinical
Study of Qinggong Shoutao Pill on Delaying Senility - Clinical Effect and Effect
on Plasma Lipid Peroxidation Level. Chin. J. Integr. Trad. West. Med. 4 (11),
658-659+642.

Chen, K. J., Zhou, W. Q,, Li, C. S,, Shi, T. R, Wang, W., Wang, J. S, et al. (1985).
Clinical and Experimental Study of Qinggong Shoutao Pill on Delaying Senility.
J. Trad. Chin. Med. 26 (7), 25-28.

Chen, S. Y., Gao, Y., Sun, J. Y., Meng, X. L,, Yang, D., Fan, L. H,, et al. (2020).
Traditional Chinese Medicine: Role in Reducing (-Amyloid, Apoptosis,
Autophagy, Neuroinflammation, Oxidative Stress, and Mitochondrial
Dysfunction of Alzheimer’s Disease. Front. Pharmacol. 11, 497. doi:10.3389/
fphar.2020.00497

Cheng, Y. J., Lin, C. H,, and Lane, H. Y. (2021). Involvement of Cholinergic,
Adrenergic, and Glutamatergic Network Modulation with Cognitive
Dysfunction in Alzheimer’s Disease. Int. J. Mol. Sci. 22 (5), 2283. doi:10.
3390/ijms22052283

Cochemé, H. M., Quin, C., McQuaker, S. J., Cabreiro, F., Logan, A., Prime, T.
A, et al. (2011). Measurement of H,O, within Living Drosophila during
Aging Using a Ratiometric Mass Spectrometry Probe Targeted to the
Mitochondrial Matrix. Cell Metab. 13 (3), 340-350. doi:10.1016/j.cmet.
2011.02.003

D’Agostino, G., Kim, J. D., Liu, Z. W., Jeong, J. K., Suyama, S., Calignano, A., et al.
(2013). Prolyl Endopeptidase-Deficient Mice Have Reduced Synaptic Spine
Density in the CA1 Region of the hippocampus, Impaired LTP, and Spatial
Learning and Memory. Cereb. Cortex 23 (8), 2007-2014. doi:10.1093/cercor/
bhs199

Dineley, K. T., Pandya, A. A,, and Yakel, J. L. (2015). Nicotinic ACh Receptors as
Therapeutic Targets in CNS Disorders. Trends. Pharmacol. Sci. 36 (2), 96-108.
doi:10.1016/j.tips.2014.12.002

Friedlander, R. M. (2003). Apoptosis and Caspases in Neurodegenerative Diseases.
N. Engl. J. Med. 348 (14), 1365-1375. doi:10.1056/NEJMra022366

Goh, C. W., Aw, C. C, Lee, J. H., Chen, C. P, and Browne, E. R. (2011).
Pharmacokinetic and Pharmacodynamic Properties
Inhibitors Donepezil, Tacrine, and Galantamine in Aged and Young Lister
Hooded Rats. Drug Metab. Dispos. 39 (3), 402-411. doi:10.1124/dmd.110.
035964

He, L., Deng, Y., Gao, J., Zeng, L., and Gong, Q. (2018). Icariside IT Ameliorates
Ibotenic Acid-Induced Cognitive Impairment and Apoptotic Response via
Modulation of MAPK Pathway in Rats. Phytomedicine 41, 74-81. doi:10.
1016/j.phymed.2018.01.025

Huang, da. W., Sherman, B. T., and Lempicki, R. A. (2009). Systematic and
Integrative Analysis of Large Gene Lists Using DAVID Bioinformatics
Resources. Nat. Protoc. 4 (1), 44-57. doi:10.1038/nprot.2008.211

Jiang, X., Niu, X., Guo, Q., Dong, Y., Xu, ], Yin, N,, et al. (2019). FoxO1-mediated
Autophagy Plays an Important Role in the Neuroprotective Effects of Hydrogen
in a Rat Model of Vascular Dementia. Behav. Brain Res. 356, 98-106. doi:10.
1016/j.bbr.2018.05.023

Kaundal, M., Deshmukh, R., and Akhtar, M. (2018). Protective Effect of Betulinic
Acid against Intracerebroventricular Streptozotocin Induced Cognitive
Impairment and Neuronal Damage in Rats: Possible Neurotransmitters and
Neuroinflammatory Mechanism. Pharmacol. Rep. 70 (3), 540-548. d0i:10.1016/
j.pharep.2017.11.020

Kennedy, G., Hardman, R. J., Macpherson, H., Scholey, A. B., and Pipingas, A.
(2017). How Does Exercise Reduce the Rate of Age-Associated Cognitive
Decline? A Review of Potential Mechanisms. J. Alzheimers. Dis. 55 (1),
1-18. doi:10.3233/JAD-160665

Kent, S. A., Spires-Jones, T. L., and Durrant, C. S. (2020). The Physiological Roles of
Tau and A: Implications for Alzheimer’s Disease Pathology and Therapeutics.
Acta Neuropathol. 140 (4), 417-447. doi:10.1007/s00401-020-02196-w

of Cholinesterase

PTP Protect Cognitive Function

Khuanjing, T., Palee, S., Kerdphoo, S., Jaiwongkam, T., Anomasiri, A,
Chattipakorn, S. C., et al. (2021). Donepezil Attenuated Cardiac Ischemia/
reperfusion Injury through Balancing Mitochondrial Dynamics, Mitophagy,
and Autophagy. Transl. Res. 230, 82-97. d0i:10.1016/j.trs.2020.10.010

Liu, Z., Guo, F,, Wang, Y., Li, C,, Zhang, X., Li, H,, et al. (2016). BATMAN-TCM: a
Bioinformatics Analysis Tool for Molecular Mechanism of Traditional Chinese
Medicine. Sci. Rep. 6, 21146. doi:10.1038/srep21146

Lu, C. L, Tang, S., Meng, Z. ]., He, Y. Y., Song, L. Y., Liu, Y. P, et al. (2014).
Taurine Improves the Spatial Learning and Memory Ability Impaired by
Sub-chronic Manganese Exposure. J. Biomed. Sci. 21 (1), 51. doi:10.1186/
1423-0127-21-51

Lu, L., Zheng, X., Wang, S., Tang, C., Zhang, Y., Yao, G,, et al. (2020). Anti-Ap
Agents for Mild to Moderate Alzheimer’s Disease: Systematic Review and Meta-
Analysis. J. Neurol. Neurosurg. Psychiatry 91 (12), 1316-1324. doi:10.1136/
jnnp-2020-323497

Ma, X. X,, Quan, Q. K, Tian, Y., Zhang, H., and Guo, L. Y. (2020). Effects of
Paroxetine on Alzheimer’s Disease Combined with Depression on Serum NE
and 5-HT Expression. Prog. Mod. Biomed. 20 (21), 4080-4083. doi:10.13241/j.
cnki.pmb.2020.21.017

Mattson, M. P., and Arumugam, T. V. (2018). Hallmarks of Brain Aging: Adaptive
and Pathological Modification by Metabolic States. Cell Metab. 27 (6),
1176-1199. doi:10.1016/j.cmet.2018.05.011

Mifflin, M. A., Winslow, W., Surendra, L., Tallino, S., Vural, A., and Velazquez, R.
(2021). Sex Differences in the IntelliCage and the Morris Water Maze in the
APP/PS1 Mouse Model of Amyloidosis. Neurobiol. Aging 101, 130-140. doi:10.
1016/j.neurobiolaging.2021.01.018

Morrone, C. D., Bazzigaluppi, P., Beckett, T. L., Hill, M. E., Koletar, M. M.,
Stefanovic, B., et al. (2020). Regional Differences in Alzheimer’s Disease
Pathology Confound Behavioural rescue after Amyloid-B Attenuation. Brain
143 (1), 359-373. doi:10.1093/brain/awz371

Nirogi, R, Bhyrapuneni, G., Kandikere, V., Benade, V., Muddana, N,, Saralaya, R.,
et al. (2012). Concurrent Administration of Atypical Antipsychotics and
Donepezil: Drug Interaction Study in Rats. Eur. J. Drug Metab.
Pharmacokinet. 37, 155-161. doi:10.1007/s13318-012-0081-1

Nobili, A., La Barbera, L., and D’Amelio, M. (2021). Targeting Autophagy as a
Therapeutic Strategy to Prevent Dopamine Neuron Loss in Early Stages of
Alzheimer Disease. Autophagy 17 (5), 1278-1280. doi:10.1080/15548627.2021.
1909409

Ramos-Miguel, A., Garcia-Sevilla, J. A., Barr, A. M., Bayer, T. A, Falkai, P,,
Leurgans, S. E,, et al. (2017). Decreased Cortical FADD Protein Is Associated
with Clinical Dementia and Cognitive Decline in an Elderly Community
Sample. Mol. Neurodegener. 12 (1), 26. doi:10.1186/s13024-017-0168-x

Ru, ], Li, P., Wang, J., Zhou, W, Li, B., Huang, C., et al. (2014). TCMSP: a Database
of Systems Pharmacology for Drug Discovery from Herbal Medicines.
J. Cheminform. 6, 13. doi:10.1186/1758-2946-6-13

Sakr, H. F., Khalil, K. I, Hussein, A. M., Zaki, M. S, Eid, R. A,, and Alkhateeb, M.
(2014). Effect of Dehydroepiandrosterone (DHEA) on Memory and Brain
Derived Neurotrophic Factor (BDNF) in a Rat Model of Vascular Dementia.
J. Physiol. Pharmacol. 65 (1), 41-53.

Shi, Y., Huang, W., Wang, Y., Zhang, R., Hou, L., Xu, ], et al. (2018). Bis(9)-
(-)-Meptazinol, a Novel Dual-Binding AChE Inhibitor, Rescues Cognitive
Deficits and Pathological Changes in APP/PS1 Transgenic Mice. Transl.
Neurodegener. 7, 21. doi:10.1186/s40035-018-0126-8

Simi¢, G., Babi¢ Leko, M., Wray, S., Harrington, C. R., Delalle, L, Jovanov-Milosevi¢, N.,
et al. (2017). Monoaminergic Neuropathology in Alzheimer’s Disease. Prog.
Neurobiol. 151, 101-138. doi:10.1016/j.pneurobio.2016.04.001

Takada-Takatori, Y., Kume, T., Sugimoto, M., Katsuki, H., Sugimoto, H., and
Akaike, A. (2006). Acetylcholinesterase Inhibitors Used in Treatment of
Alzheimer’s Disease Prevent Glutamate Neurotoxicity via Nicotinic
Acetylcholine  Receptors and Phosphatidylinositol ~ 3-kinase cascade.
Neuropharmacology 51 (3), 474-486. doi:10.1016/j.neuropharm.2006.04.007

Tang, Y., Li, M., Wang, J., Pan, Y., and Wy, F. X. (2015). CytoNCA: a Cytoscape
Plugin for Centrality Analysis and Evaluation of Protein Interaction Networks.
Biosystems 127, 67-72. doi:10.1016/j.biosystems.2014.11.005

Tian, J., Shi, J., Wei, M., Ni, J., Fang, Z., Gao, J., et al. (2019). Chinese Herbal
Medicine Qinggongshoutao for the Treatment of Amnestic Mild Cognitive
Impairment: A 52-week Randomized Controlled Trial. Alzheimers Dement (N
Y) 5, 441-449. doi:10.1016/j.trci.2019.03.001

Frontiers in Pharmacology | www.frontiersin.org

13

February 2022 | Volume 13 | Article 729605


https://doi.org/10.1038/mp.2017.54
https://doi.org/10.1038/mp.2017.54
https://doi.org/10.3390/ijms22031273
https://doi.org/10.3390/ijms22031273
https://doi.org/10.1080/15548627.2015.1121360
https://doi.org/10.1080/15548627.2015.1121360
https://doi.org/10.3389/fphar.2020.00497
https://doi.org/10.3389/fphar.2020.00497
https://doi.org/10.3390/ijms22052283
https://doi.org/10.3390/ijms22052283
https://doi.org/10.1016/j.cmet.2011.02.003
https://doi.org/10.1016/j.cmet.2011.02.003
https://doi.org/10.1093/cercor/bhs199
https://doi.org/10.1093/cercor/bhs199
https://doi.org/10.1016/j.tips.2014.12.002
https://doi.org/10.1056/NEJMra022366
https://doi.org/10.1124/dmd.110.035964
https://doi.org/10.1124/dmd.110.035964
https://doi.org/10.1016/j.phymed.2018.01.025
https://doi.org/10.1016/j.phymed.2018.01.025
https://doi.org/10.1038/nprot.2008.211
https://doi.org/10.1016/j.bbr.2018.05.023
https://doi.org/10.1016/j.bbr.2018.05.023
https://doi.org/10.1016/j.pharep.2017.11.020
https://doi.org/10.1016/j.pharep.2017.11.020
https://doi.org/10.3233/JAD-160665
https://doi.org/10.1007/s00401-020-02196-w
https://doi.org/10.1016/j.trsl.2020.10.010
https://doi.org/10.1038/srep21146
https://doi.org/10.1186/1423-0127-21-51
https://doi.org/10.1186/1423-0127-21-51
https://doi.org/10.1136/jnnp-2020-323497
https://doi.org/10.1136/jnnp-2020-323497
https://doi.org/10.13241/j.cnki.pmb.2020.21.017
https://doi.org/10.13241/j.cnki.pmb.2020.21.017
https://doi.org/10.1016/j.cmet.2018.05.011
https://doi.org/10.1016/j.neurobiolaging.2021.01.018
https://doi.org/10.1016/j.neurobiolaging.2021.01.018
https://doi.org/10.1093/brain/awz371
https://doi.org/10.1007/s13318-012-0081-1
https://doi.org/10.1080/15548627.2021.1909409
https://doi.org/10.1080/15548627.2021.1909409
https://doi.org/10.1186/s13024-017-0168-x
https://doi.org/10.1186/1758-2946-6-13
https://doi.org/10.1186/s40035-018-0126-8
https://doi.org/10.1016/j.pneurobio.2016.04.001
https://doi.org/10.1016/j.neuropharm.2006.04.007
https://doi.org/10.1016/j.biosystems.2014.11.005
https://doi.org/10.1016/j.trci.2019.03.001
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Xin et al.

Trillo, L., Das, D., Hsieh, W., Medina, B., Moghadam, S., Lin, B., et al. (2013).
Ascending Monoaminergic Systems Alterations in Alzheimer’s Disease.
Translating Basic Science into Clinical Care. Neurosci. Biobehav. Rev. 37 (8),
1363-1379. doi:10.1016/j.neubiorev.2013.05.008

Upadhyay, M., Milliner, C., Bell, B. A., and Bonilha, V. L. (2020). Oxidative Stress
in the Retina and Retinal Pigment Epithelium (RPE): Role of Aging, and DJ-1.
Redox Biol. 37, 101623. doi:10.1016/j.redox.2020.101623

Vorhees, C. V., and Williams, M. T. (2006). Morris Water Maze: Procedures for
Assessing Spatial and Related Forms of Learning and Memory. Nat. Protoc. 1
(2), 848-858. doi:10.1038/nprot.2006.116

Wingo, A. P, Dammer, E. B., Breen, M. S., Logsdon, B. A.,, Duong, D. M.,
Troncosco, J. C., et al. (2019). Large-scale Proteomic Analysis of Human
Brain Identifies Proteins Associated with Cognitive Trajectory in Advanced
Age. Nat. Commun. 10 (1), 1619. doi:10.1038/s41467-019-09613-z

Xu, H. Y, Zhang, Y. Q, Liu, Z. M, Chen, T, Lv, C. Y., Tang, S. H,, et al. (2018).
ETCM: an Encyclopaedia of Traditional Chinese Medicine. Nucleic Acids Res.
47 (D1), D976-D982. doi:10.1093/nar/gky987

Xue, J., Li, J., Liang, J., and Chen, S. (2018). The Prevalence of Mild Cognitive
Impairment in China: A Systematic Review. Aging Dis. 9 (4), 706-715. doi:10.
14336/AD.2017.0928

Xue, R, Fang, Z., Zhang, M., Yi, Z., Wen, C, and Shi, T. (2013). TCMID:
Traditional Chinese Medicine Integrative Database for Herb Molecular
Mechanism Analysis. Nucleic Acids Res. 41 (Database issue), D1089-D1095.
doi:10.1093/nar/gks1100

Ye, C. Y., Lei, Y., Tang, X. C., and Zhang, H. Y. (2015). Donepezil Attenuates Ap-
Associated Mitochondrial Dysfunction and Reduces Mitochondrial Af
Accumulation In Vivo and In Vitro. Neuropharmacology 95, 29-36. doi:10.
1016/j.neuropharm.2015.02.020

Zaitone, S. A., Alshaman, R., Alattar, A, Elsherbiny, N. M., Abogresha, N. M., El-
Kherbetawy, M. K., et al. (2020). Retinoprotective Effect of Donepezil in

PTP Protect Cognitive Function

Diabetic Mice Involves Mitigation of Excitotoxicity and Activation of PI3K/
mTOR/BCI2 Pathway. Life Sci. 262, 118467. doi:10.1016/j.1f5.2020.118467
Zeier, Z., Madorsky, I, Xu, Y., Ogle, W. O., Notterpek, L., and Foster, T. C. (2011). Gene
Expression in the hippocampus: Regionally Specific Effects of Aging and Caloric
Restriction. Mech. Ageing. Dev. 132 (1-2), 8-19. doi:10.1016/j.mad.2010.10.006
Zha, L., Yu, Z., Fang, J., Zhou, L., Guo, W, and Zhou, J. (2020). NLRC3 Delays the
Progression of AD in APP/PS1 Mice via Inhibiting PI3K Activation. Oxid. Med.
Cell. Longev. 2020, 5328031. doi:10.1155/2020/5328031

Zhou, D., Zhou, W, Song, J. K,, Feng, Z. Y., Yang, R. Y., Wu, S,, et al. (2016).
DL0410, a Novel Dual Cholinesterase Inhibitor, Protects Mouse Brains against
AB-Induced Neuronal Damage via the Akt/JNK Signaling Pathway. Acta
Pharmacol. Sin. 37 (11), 1401-1412. doi:10.1038/aps.2016.87

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commerecial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Xin, Shi, Wang, Yuan, Miao, Chen and Cong. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Pharmacology | www.frontiersin.org

14

February 2022 | Volume 13 | Article 729605


https://doi.org/10.1016/j.neubiorev.2013.05.008
https://doi.org/10.1016/j.redox.2020.101623
https://doi.org/10.1038/nprot.2006.116
https://doi.org/10.1038/s41467-019-09613-z
https://doi.org/10.1093/nar/gky987
https://doi.org/10.14336/AD.2017.0928
https://doi.org/10.14336/AD.2017.0928
https://doi.org/10.1093/nar/gks1100
https://doi.org/10.1016/j.neuropharm.2015.02.020
https://doi.org/10.1016/j.neuropharm.2015.02.020
https://doi.org/10.1016/j.lfs.2020.118467
https://doi.org/10.1016/j.mad.2010.10.006
https://doi.org/10.1155/2020/5328031
https://doi.org/10.1038/aps.2016.87
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Pantao Pill Improves the Learning and Memory Abilities of APP/PS1 Mice by Multiple Mechanisms
	Introduction
	Materials and Methods
	Network Pharmacology
	Drugs and Reagents
	Instruments
	Animals and Groups
	Morris Water Maze
	Measurement of Cholinergic and Monoaminergic Neurotransmitters and Related Enzymes in Brain Tissue
	Measurement of the Oxidative Stress Index in Brain Tissue
	HE Staining
	Western Blotting
	Statistical Analysis

	Results
	Network Pharmacological Analysis of the Mechanism by Which PTP Improves Cognitive Impairment
	Effects of PTP on the Spatial Learning and Memory Abilities of APP/PS1 Transgenic Mice
	Effects of PTP on Neurotransmitters and Related Enzymes in the Brain
	Effects of PTP on Oxidative Stress in Brain Tissue
	Effects of PTP on the Pathological Manifestations in the Hippocampal CA Region
	Effects of PTP on Autophagy and Apoptosis

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


