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Article history: Background: Kaixin San (KXS), a traditional Chinese herbal formula, is used to treat vascular dementia
Received 28 May 2025 (VaD), but its active ingredients and mechanisms remain unclear. This study combined animal experi-
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in VaD treatment.
Results: LC MS/MS identified 164 active ingredients in the KXS ethanol extract. In 2-vessel occlusion

Kef‘;’ordsi, A model rats, KXS significantly improved learning and memory (p < 0.05 or p < 0.01) and reduced hip-
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ulated Beclin-1, LC3A/B, and Bax (p < 0.05). Immunofluorescence confirmed increased Bcl-2 and
decreased Beclin-1 expression. Network pharmacology predicted 73 targets and 174 pathways, with
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TNF, AKT1, IL-1B, PTGS2, and ESR1 as key targets. Kyoto Encyclopedia of Genes and Genomes (KEGG)
analysis linked these targets to cancer, atherosclerosis, and AGE-RAGE signaling pathways.

Conclusions: KXS alleviates VaD by modulating autophagy and apoptosis via Bcl-2/Beclin-1/LC3A/B, with
multi-target, multi-pathway effects. These findings support further investigation of KXS as a potential

therapy for VaD.
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1. Introduction

Vascular dementia (VaD) is a syndrome of impaired cognitive
function caused by cerebrovascular disease, which usually presents
with symptoms such as memory loss, impaired cognitive capacity,
language impairment and movement impairment [1,2]. Owing to
the aging population of society, its incidence is increasing annually,
making it the second most common form of dementia after Alzhei-
mer’s disease [3,4]. At present, there is no specific drug for the
treatment of VaD in clinical practice, which has caused severe eco-
nomic burdens to patients and society [5].

Kaixin San (KXS) was first recorded in Sun Simiao’s Beiji Qianjin
Yao Fang, which has the functions of nourishing the heart and
calming the mind, benefiting the intellect and strengthening the
brain, dispelling phlegm and opening orifices. Poria, Ginseng Radix
et Rhizoma, Polygalae Radix and Acori Tatarinowii Rhizoma are
included in the medicine prescription [6]. In this formula, Poria is
used as the principal medicine, which can clear dampness and pro-
mote diuresis; Ginseng Radix et Rhizoma can calm the mind and
improve cognition; Polygalae Radix can eliminate phlegm and open
orifices; and the two are used as minister medicines. Acori Tatari-
nowii Rhizoma is used as an assistant medicine that benefits the
intellect and open orifices [7]. In Chinese medicine, VaD mainly
occurs in the brain, with blood stasis and phlegm turbidity as the
main pathogenic factors. Therefore, the main treatment for this
disease is tonifying the kidney and essence, arousing the brain
and nourishing marrow, reducing phlegm and activating blood cir-
culation to achieve the functions of opening orifices and strength-
ening the brain [8]. This study explored the effect and mechanism
of KXS on VabD.

Modern clinical applications and experimental studies have
proven the positive pharmacological effects of KXS on dementia
prevention and antioxidation [9]. However, the pathophysiology
of VaD is complex and is often thought to be associated with oxy-
gen radical damage, inflammatory responses and excitatory amino
acid toxicity [10]. Inhibiting autophagy and apoptosis in neuronal
cells is a key way to prevent and improve VaD [11]. Therefore, to
verify this hypothesis, a study was conducted to establish a VaD
model by applying 2-vessel occlusion to observe the improvement
effect of KXS and further explore its mechanism, with the goal of
providing an experimental basis for the prevention and treatment
of VaD in Chinese medicine as well as the clinical application of
KXS.

2. Materials and methods
2.1. Main reagents and instruments
Poria was purchased from Beijing Tongrentang Health Pharma-

ceutical (Fuzhou) Co., Ltd. (Hubei, China), Ginseng Radix et Rhizoma
was purchased from Beijing Bencaofangyuan Pharmacy Group Ltd.
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(Jilin, China), Polygalae Radix was purchased from Tianjin Shengshi
Pharmaceutical Co., Ltd. (Shanxi, China), and Acori Tatarinowii Rhi-
zoma was purchased from Beijing Bencaofangyuan (Bozhou) Phar-
maceutical Technology Co., Ltd. (Pingwu, Sichuan, China).
Piracetam tablets were purchased from Yichang Humanwell Phar-
maceutical Co., Ltd. (Hubei, China). An ultrasensitive ECL chemilu-
minescence kit was purchased from Beyotime Biotechnology
(Shanghai, China). A BCA protein assay kit, SDS PAGE loading buffer
(5 x ), prestained colored protein molecular weight marker and
SDS PAGE gel preparation kit were purchased from Jiangsu KeyGEN
Bio TECH Co., Ltd. (Jiangsu, China). GAPDH, LC3A/B, Beclin-1, Bcl-2,
Bax, Bcl-XL and goat anti-rabbit IgG (HRP) were purchased from
Abcam (Cambridge, UK).

Rotary Evaporator (Shanghai Ailang Instruments Co., Ltd., N-
1300); MORRIS water maze video analyser system (ShangHai
Biowill Co., Ltd., BW-MWM101); automatic dehydrator, Tissue
Embedding Machine, Otary Wheel Slicer (Leica, ASP300S, ASP300S,
HM355S); ultrahigh sensitivity chemiluminescence imaging sys-
tem (B6 Lé Life Medical Products (Shanghai) Co., Ltd., Chemi
DocTM XRS+); microplate readers (TECAN, INFINITE 200 PRO);
inverted microscope (OLYMPUS CORPORATION, BX30053F); and
QTOF mass spectrometer (SCIEX, X500R).

2.2. Ethanol extraction of KXS ingredients

KXS was recorded in Beiji Qianjin Yaofang by the Tang Dynasty
physician Sun Simiao [6]. The formula composition in this study uses
the modern dosage of: Poria (Fuling) 60 g, Ginseng Radix et Rhizoma
(Renshen) 1.2 g, Polygalae Radix (Yuanzhi) 1.2 g and Acori Tatarinowii
Rhizoma (Shichangpu) 30 g. The nine packets of herbal powder were
uniformly mixed using the geometric dilution method. Subse-
quently, 60% ethanol was added at a 1:10 solid-liquid ratio. Ultra-
sonic extraction (Elma, Germany) was then performed for 30 min
daily. After the preceding steps were finished, the liquid and residue
were separated through filtration, the liquid was stored at 4°C, and
the residue was mixed with 60% ethanol at a 1:8 ratio and steeped
for 24 h. Next, all the liquid and residue were extracted for 4 h via
the reduced pressure reflux method and then filtered via a vacuum
pump (Zhengzhou Greatwall Scientific Industrial and Trade Co.,
Ltd., Henan, China). The liquid was concentrated under reduced pres-
sure to 3 L in a rotary evaporator (Shanghai Ailang Instrument Co.,
Ltd., Shanghai, China), evaporated in a 60°C constant-temperature
water bath (Shanghai Yiheng Technology Instrument Co., Ltd.,
Shanghai, China), and finally, a KXS ethanol extract was obtained.
The resulting extract weighed 61.53 g.

2.3. Preliminary screening of the chemical constituents of the ethanol
extract of KXS

A total of 10 mg of the KXS ethanol extract was accurately
weighed and deposited in a 50 ml centrifuge tube. Ten milliliters
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of 50% methanol aqueous solution was added to the centrifuge
tube, ultrasonic extraction was performed for 30 min, and the tube
was centrifuged for 5 min at 8000 rpm. The resulting solution was
filtered through a 0.22 pm nylon microporous membrane and
transferred to a 1.5 mL sample bottle for machine analysis. The
chemical constituents of the KXS ethanol extract were screened
and analyzed via a SCIEX high-resolution X500R QTOF LC/MS
instrument. Gradient elution was performed with analytically pure
methanol (A) and 0.1% (v/v) formic acid aqueous solution (B) with
the following elution procedure: 5%A 0-0.5 min, 5-7%A 0.5-2 min,
7-25%A 2-4 min, 25-25%A 4-6 min, 25-30%A 6-8 min, 0-35%A 8-
10 min, 35-40%A 10-14 min, 40-40%A 14-16 min, 40-50%A
16-17 min, 50-55%A 17-18 min, 55-60%A18-20 min, 60-70%A
20-24 min, 70-70%A 24-26 min, 70-75%A 26-31 min,
75-80%A 31-33 min, 80-85%A 33-35 min, 85-95%A 35-36 min,
95%-5%A 36-36.5 min, and 5%-5%A 36.5-40 min. The flow rate
was 0.3 mL/min, and the injection volume was 5 pL [12].

2.4. Animals and subgrouping

All the animal experiments were reviewed and approved by the
Guangxi University of Chinese Medicine Institutional Welfare and
Ethical Committee, and all the studies were conducted in accor-
dance with the United States Public Health Service’s Policy on
Humane Care and Use of Laboratory Animals. A total of 80 male
Sprague-Dawley rats at 6 weeks of age weighing 180-220 g were
purchased from Hunan Silaikejingda Experimental Animal Co.,
Ltd. (Animal Use Licence No. SYXK Gui 2019-0001, Laboratory Ani-
mal Production Licence No. SCXK Xiang 2019-0004, Approval No.
DW20211210-205). The rats were housed at the Laboratory Ani-
mal Center of the Institute of Guangxi University of Chinese Med-
icine with free access to water and lab chow and were maintained
under a 12 h light/dark cycle. Twenty rats were randomly selected
for the control and sham groups (n = 10) via a randomized numer-
ical table. In the sham group, the same surgical procedure was used
as in the VaD model group, but neither of the bilateral common
carotid arteries were occluded. In the VaD model group, the bilat-
eral common carotid arteries were permanently occluded with
nylon filaments [13]. Surgical exclusion criteria: animals were
excluded if they failed to exhibit contralateral forelimb flexion or
circling behavior 2 h post-modeling, or if they failed to regain con-
sciousness. The survival rate of the surgery is approximately 70%.
Successfully established rats were randomly divided into the VaD
model group (n = 10), KXS group (n = 10), piracetam group
(n =11) and KXS combined with KCP group (n = 11).

2.5. Drug treatment

On the basis of the extraction rate and dose conversion relation-
ship between humans and rats, the dosage of the KXS group was
0.06154 g/mL. The dosage for adults in the piracetam group was
0.0072 g/mL. The KCP group was gavaged with both drugs at the
above doses. The rest of the samples were gavaged with equal
amounts of 0.9% sodium chloride solution. The treatments were
administered once daily for 4 weeks.

2.6. Morris water maze test

The test involves a circular water tank divided into four quad-
rants. An escape platform was placed in the center of the target
quadrant and submerged approximately 1 cm below the water sur-
face. The test lasted for 6 d, and the water temperature was main-
tained at 20 + 5°C before training. During training, the rats were
placed on the platform for 20 s to learn its location, after which
they were gently released into the water facing the wall and then
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permitted to swim freely to find the hidden platform. The time
necessary for rats to locate the escape platform within 120 s was
recorded. If a rat failed to find the platform within 120 s, it was
guided to the platform and allowed to stay there for 20 s. Each
rat was tested twice a day starting from different quadrants, and
the average value was used as the evaluation index. On the last
day of the test, the escape platform was removed, and each rat
was permitted to swim freely in the tank for 120 s. The time spent
in the target quadrant and the number of times the rat crossed the
original platform were recorded via a camera above the pool and
calculated via a computer with a tracking system [14,15,16].

2.7. Sample collection and preparation

After the Morris water maze experiment, each rat was injected
with 0.9% sodium chloride solution. Perfusion was completed
when the rats’ forelimbs and eyes were white. Half of the rats in
each group were selected and decapitated for Western blotting,
and the brain was immediately dissected via surgery on ice and
frozen in liquid nitrogen at —80°C. The remaining rats were per-
fused with 4% paraformaldehyde as previously described for
Hematoxylin and Eosin (HE) staining. When the limbs of the rats
became stiff, the entire brain was removed and submerged in a
paraformaldehyde solution for fixation.

2.8. HE staining

The brain tissue submerged in 4% paraformaldehyde solution
was removed, cut into blocks, and then dehydrated with a Leica
ASP300S fully enclosed tissue processor (Leica Biosystems Nuss-
loch GmbH, Germany) for 15 h. After dehydration, paraffin embed-
ding was conducted, and the sections were cut with a Leica
Biosystems RM2245 semi-motorized rotary microtome (Leica
Biosystems Nussloch GmbH, Germany) after they were frozen to
a suitable hardness level. Finally, HE staining was applied to
observe the morphological changes in the hippocampal CA1 cells
in each group under a microscope (Olympus Corporation, Japan).

2.9. Western blot

The protein concentration was determined with a BCA protein
assay kit. Protein samples were separated by 8-12% SDS-PAGE
and transferred to polyvinylidene fluoride membranes. The mem-
branes were blocked with 5% nonfat milk in Tris-buffered saline
with Tween-20 for 1 h at room temperature and then co-
incubated with primary antibodies separately at 4°C overnight.
The antibodies used included anti-GAPDH (1:10,000; ab181602),
anti-LC3A/B  (1:1,000; ab128025), anti-Beclin-1 (1:1,000;
ab210498), anti-Bcl-2 (1:2,000; ab182858), anti-Bax (1:1,000;
ab32503), and anti-Bcl-XL (1:1,000; ab32370) antibodies. After
being washed 3 times (10 min each time) with TBST, the mem-
branes were incubated with horseradish peroxidase-conjugated
secondary antibody (1:2,000, ab6721) at room temperature for
1 h. The protein bands were detected via an ultrasensitive ECL
chemiluminescence kit and quantified via Image] software.

2.10. Immunofluorescence

Hippocampal tissue sections from each group of rats were pro-
cessed as follows: After antigen retrieval, the sections were
blocked for 1 h and subsequently incubated with Bcl-2 (1:200 dilu-
tion) and Beclin-1 (1:50 dilution) antibodies at 4°C overnight. Fol-
lowing primary antibody incubation, IgG secondary antibody (1:50
dilution) was applied and incubated at room temperature for 1 h
under light-protected conditions. Nuclei were counterstained with
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4',6-diamidino-2-phenylindole (DAPI). Fluorescence microscopy
was employed for image acquisition, and quantitative analysis of
mean fluorescence intensity in the hippocampal neuronal cells
was performed using Image] software.

2.11. Data analysis

Statistical visualization and analysis were carried out with
GraphPad Prism software version 9.0 and SPSS software version
26. One-way ANOVA and the least significant difference (LSD) test
were performed for comparisons of means between groups. p-
values < 0.05 were considered statistically significant.

2.12. Identification of active ingredients and action targets

The parameters of oral bioavailability >30% and drug likeness
>0.18 were set [17], and the ingredients and targets of Poria, gin-
seng, Polygalae Radix, and Acori tatararinowii Rhizoma were
searched in the Traditional Chinese Medicine Systems Pharmacol-
ogy Database (TCMSP) https://old.tcmsp-e.com/tcmsp.php).
Finally, the UniProt database was used (https://www.uniprot.org)
to obtain the short name of the gene corresponding to the target.

2.13. Collection of the VaD gene and crossing targets

Genes related to VaD diseases were collected from the Gene-
Cards database (https://www.genecards.org) by inputting “vascu-
lar dementia” and setting the relevance score >4.35. The active
ingredient action target set and VaD disease gene set were crossed
to identify the potential target set of KXS for the treatment of VaD.
Finally, the ingredient-target data of KXS for the treatment of VaD
were obtained via bioinformatics and evolutionary genomics
(https://bioinformatics.psb.ugent.be/webtools/Venn/).

2.14. Construction of the active ingredient-target network

The above ingredient target data were imported into Cytoscape
(version 3.10.0) to construct the “active ingredient target” net-
work. The higher the degree is, the larger the node of the com-
pound and the darker the color of the target; at the same time,
the greater the degree of association with other network nodes
is, the more important that node in the network.

2.15. Construction of protein protein interaction (PPI) networks

First, the crossing targets were imported into the STRING data-
base (https://string-db.org), the species was set as “Homo sapiens”,
the protein interaction threshold was set as “Highest confidence
(0.900)", the discrete nodes were removed, and a PPl was con-
structed. The protein interaction information was subsequently
imported into Cytoscape (version 3.10.0) for visualization and
topological analysis.

2.16. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis of targets

The Metascape database (https://metascape.org/gp/index.html) was
used for the GO and KEGG analyses on crossing targets, with the spe-
cies set to “Homo sapiens”. The GO enrichment analysis included three
aspects: biological processes, cellular ingredients, and molecular func-
tions. The KEGG analysis screening conditions were set to a p-value
<0.01. Weishenxin (https://www.bioinformatics.com.cn/) was used to
visualize the results of the above analysis to screen the biological func-
tions and signaling pathways of KXS in VaD.
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3. Results
3.1. Chemical composition analysis of KXS

The chemical composition of KXS was analyzed using Exion LC
AC liquid chromatography coupled with X500R QTOF mass spec-
trometry. A total of 164 compounds were tentatively identified,
with the total ion chromatogram presented in Fig. 1. By cross-
referencing MS/MS fragmentation patterns with relevant tradi-
tional Chinese medicine chemical constituent database resources,
representative compounds including betulin, kaempferol, gin-
senoside Rf, ginsenoside Rg1, rhein, purpurin, and ginsenoside
Rh1 were characterized. The complete results are systematically
compiled in Table S1.

3.2. Effects of KXS on the learning and memory ability of rats

As shown in Fig. 2A-E, the experimental results of directional
navigation revealed that the escape latency of the rats in each
group tended to decrease daily, and the escape latency of the
VaD model group was longer than that of the other groups. On
the first day of the experiment, the escape latency of the other
groups was significantly shorter than that of the VaD model group
(p < 0.05 or p < 0.01). As shown in Fig. 2F-G in the space explo-
ration experiments, compared with the control group, the VaD
model group spent less time in the target quadrant and crossed
the platform (p < 0.05). Compared with those in the VaD model
group, the rats in each treatment group stayed in the target quad-
rant longer and crossed the platform more often, and the difference
was statistically significant (p < 0.05 or p < 0.01).

3.3. Effects of KXS on hippocampal neurons in rats

The morphology and structure of the neurons in the control
group were normal. The shape of the neurons in the sham group
was slightly deformed, and the degree of fullness and filling was
weaker than that in the control group, but it was better than that
in the VaD model group. Although the neurons in the VaD model
group were tightly arranged, the morphology of the neurons was
deformed, and the nuclei had shrunk. Compared with those in
the VaD model group, the neurons in the KXS, piracetam and KCP
groups were normal in morphology, structurally intact and tightly
arranged, and improved (Fig. 3).

3.4. Effects of KXS on the expression of autophagy and apoptosis-
related proteins in rat brain

As shown in Fig. 4, the expression levels of the autophagy-
related proteins LC3A/B and Beclin-1 were elevated in the VaD
model group compared with those in the control and sham groups,
indicating that autophagy was increased in the brains of VaD
model group rats. Compared with those in the VaD model group,
the LC3A/B and Beclin-1 protein expression levels were signifi-
cantly lower in each treatment group (p < 0.05 or p < 0.01), indicat-
ing that the drug inhibited the occurrence of autophagy in the
brains of the rats. Compared with those in the control group and
sham group, the expression levels of Bcl-2 and Bcl-XL in the VaD
model group were decreased, whereas the expression levels of
Bax were increased, suggesting increased levels of apoptosis in
the brains of the VaD model group. Compared with those in the
VaD model group, the expression levels of Bcl-2 and Bcl-XL in all
the administration groups tended to increase, and the expression
level of Bcl-XL in the KXS group significantly increased (p < 0.05),
whereas the expression level of Bax in all the administration
groups significantly decreased, and the difference was statistically
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Fig. 1. Chemical compositions analysis of KXS. (A) Total ion flow diagram in positive ion mode; (B) Total ion flow diagram in negative ion mode.

significant (p < 0.05 or p < 0.01), which indicated that the drug was
able to inhibit apoptosis in the rat brain.

3.5. Effect of KXS on expression of Bcl-2 and Beclin-1 in rat brain

Compared with the blank control group, the model group
showed reduced fluorescence intensity of Bcl-2 and enhanced flu-
orescence intensity of Beclin-1 in rat hippocampal tissues. In com-
parison to the model group, all treatment groups demonstrated
increased Bcl-2 fluorescence intensity accompanied by decreased
Beclin-1 fluorescence intensity in the hippocampal tissues (Fig. 5).

3.6. Screening of the active ingredients and targets of KXS

The TCMSP database was used for screening, and 3 active ingre-
dients and 25 targets for Poria, 22 active ingredients and 112 tar-
gets for ginseng, 2 active ingredients and 13 targets for Polygalae
Radix, and four active ingredients and 77 targets for Acori Tatari-

100

nowii Rhizoma were obtained. After deleting repetitive ingredients,
targets and those without therapeutic targets, 26 active ingredi-
ents and 127 targets of KXS were obtained. The basic information
of the active ingredients is shown in Table 1. The GeneCards data-
base was used to screen 1462 disease targets by setting the median
relevance score > 4.35. The intersection of the active ingredient
target and the VaD disease-related target was used to obtain a total
of 73 targets (Fig. 6).

3.7. Construction of the active ingredient-target network

Cytoscape 3.10.0 software was used to construct the “active
ingredient target” network of KXS for the treatment of VaD, as
shown in Fig. 7. In the network, the diamond node represents the
active ingredients, the purple square node represents the target,
and each edge represents the interaction between the active ingre-
dients and the VaD-related target. There are interactions between
active ingredients and multiple targets in the network, as well as
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Fig. 2. Morris water maze test. (A-E). Time to escape the incubation period. (F) Time spent in the target quadrant. (G) Number of crossings the target platform. (Compared
with the control group,  indicates p < 0.05; compared with the VaD group, * indicates p < 0.05 and ** indicates p < 0.01).

different active ingredients interacting with the same target,
reflecting the mechanism of action of the multi-ingredient and
multitarget treatment of VaD by KXS.

3.8. PPI network construction and core target screening

The intersecting targets were uploaded to the STRING database,
and the PPI network was constructed in “highest confidence

(0.900)” mode with 123 nodes, 201 edges, an average node degree
of 3.27, and a PPI enrichment p-value < 1.0e-16, as shown in Fig. 8.
The network files obtained from STRING were input into Cytoscape
3.10.0 software and visualized according to their degree. The larger
the graph is and the darker the color is, the larger the degree value is,
which means that it is more important to the network. Among them,
TNF, ATK1, IL-1B, PTGS2, ESR1, CASP3, PPARG, BCL2, JUN, TGFB1, etc.,
are the core targets of KXS for VaD treatment, as shown in Fig. 9.
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Fig. 3. Histopathological morphology of hippocampal neuronal cells.

3.9. Gene ontology enrichment analysis

A p-value < 0.05 was used as the filtering condition, and the top
10 results are displayed in Fig. 10. Biological process terms are as
follows: response to xenobiotic stimulus, positive regulation of
gene expression, positive regulation of apoptotic process, and so
on. The cellular components (CCs) included mainly the plasma
membrane, cytosol, and neuronal cell body. The molecular func-
tions (MFs) included mainly protein binding, identical protein
binding, and enzyme binding.

3.10. KEGG pathway enrichment analysis

A p-value < 0.05 was used as the filtering condition, 174 KEGG
pathways were obtained, and the top ten pathways are listed in
Fig. 11. The larger and darker color of the bubble map in the figure
indicates that it is more important, which reveals that lipids and
atherosclerosis, fluid shear stress and atherosclerosis, and path-
ways in cancer may be important for the treatment of VaD.

4. Discussion

Ginsenosides, the main active ingredients of ginseng, have been
widely used in the study of nervous system diseases, myocardial
ischemia reperfusion injury and other diseases [18,19]. It functions
to protect neurons, regulate neurotransmitters and promote the
apoptosis of tumor cells [20,21]. He et al. [22] confirmed that gin-
senoside Rb1 treatment alleviated CIRI-induced behavioral defects,
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reduced pathological damage to brain tissue, and had neuroprotec-
tive effects. Similarly, kaempferol in ginseng has pharmacological
effects, such as antioxidant, anti-inflammatory and antiapoptotic
effects, and has high medicinal value, showing protective effects
on brain injury-related diseases [23]. Yuan et al. [24] reported that
kaempferol inhibits neuronal apoptosis, improves neuronal injury,
and protects against brain injury in cerebral ischemia reperfusion
rats. Betulin is a pentacyclic triterpenoid with pharmacological
uses, such as anti-inflammatory and antioxidant effects. Studies
have shown that betulin significantly improves learning memory
and spatial cognition in rats and has antiapoptotic and hippocam-
pal neuron protection effects in a dementia model in rats [25,26].
Notably, in this study, the above chemical ingredients were
screened from the alcohol extract of KXS, which revealed the
chemical basis of KXS in the treatment of VaD.

The hippocampus is an important brain region for learning and
memory and plays an irreplaceable role in the processing pathway
of memory information [27]. It has been shown that mice with
damaged hippocampi have cured atrophy of neuronal cells in the
CA1 area and low learning memory function [28]. Similarly, we
observed that the hippocampal CA1 area of the model rats was
severely damaged, with fewer neuronal cells and a sparsely disor-
ganized arrangement compared with those of the control group.
After KXS intervention, pathological damage in the hippocampal
CA1 region of rats was significantly increased, the number of neu-
rons was significantly increased, and the arrangement was tight
and orderly, indicating that KXS could alleviate pathological dam-
age in the hippocampal CA1 region of VaD rats. The Morris water
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Fig. 4. Effects of KXS on LC3A/B, Beclin-1, Bax, Bcl-2 and Bcl-XL levels in rat brain tissue. (Compared with the control group, #2 indicates p < 0.01; compared with the VaD

group, * indicates p < 0.05 and ** indicates p < 0.01).

maze test is mainly used to test the learning and memory ability of
animals. The results of this study revealed that the escape latency
of the VaD model group was significantly greater than that of the
control group, and the time spent in the target quadrant and the
number of platform crossings were significantly lower. These find-

ings indicate that

103

the learning and memory ability of the VaD

model group was significantly shorter than that of the VaD model
group, whereas the escape latency of the KXS group was signifi-
cantly shorter than that of the VaD model group. The time spent
in the target quadrant and the number of platform crossings
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Fig. 5. The fluorescence expression of Bcl-2 and Beclin-1 in rat brain tissue. (Compared with the control group, 22 indicates p < 0.01; compared with the VaD group, **

indicates p < 0.01).

increased significantly, indicating that KXS can improve the learn-
ing and memory ability of VaD rats.

Autophagy is a process in which some proteins and organelles
in cells are encapsulated and dissolved by autolysosomes, and it
is a programmed cell death mode [29]. Inhibition of autophagy is
a potential target for the treatment of VaD, and it has been
reported that inhibition of autophagy may favor synaptic remodel-
ing in the CA1 area of the hippocampus of vascular dementia rats,
promote neuronal survival, and thus improve the symptoms of
dementia [30]. LC3A/B and Beclin-1 are often used as the main
indicators for detecting the level of autophagy [31]. Our study
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showed that the protein expression levels of LC3A/B and Beclin-1
were elevated in the brains of VaD rats, which is consistent with
the results of previous studies. After administration, the proteins
expression levels of LC3A/B and Beclin-1 significantly decrease.
Further, it was proved through immunofluorescence that Kaixin
San can inhibit autophagy in cells. This can be explained by the
mechanism of Kaixin San in treating VaD.

Our network pharmacology analysis demonstrated that active
components in Kaixin San, including quercetin and kaempferol,
exert therapeutic effects on VaD through critical targets such as
Bcl-2. Furthermore, GO enrichment analysis revealed that positive
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Table 1
KXS active ingredients screened from TCMSP database.
Source Mol ID Mol name ID
Poria MOL000282 ergosta-7,22E-dien-3beta-ol FL1
MOL000283 Ergosterol peroxide FL2
MOL000296 Hederagenin FL3
Ginseng MOL002879 Diop RS1
MOL000449 Stigmasterol RS2
MOL000358 beta-sitosterol RS3
MOL003648 Inermin RS4
MOL000422 Kaempferol RS5
MOL005308 Aposiopolamine RS6
MOL005317 Deoxyharringtonine RS7
MOL005318 Dianthramine RS8
MOL005320 Arachidonate RS9
MOL005321 Frutinone A RS10
MOL005344 ginsenoside rh2 RS11
MOL005348  Ginsenoside-Rh4_qt RS12
MOL005356  Girinimbin RS13
MOL005376 Panaxadiol RS14
MOL005384  Suchilactone RS15
MOL005399 alexandrin_qt RS16
MOL000787 Fumarine RS17
Polygalae Radix MOL005321 Frutinone A YZ1
MOL009622  Fucosterol YZ2
Acori Tatarinowii MOLO003542  8-Isopentenyl-kaempferol SCP1
Rhizoma MOL003576  (1R,3aS,4R,6aS)-1,4-bis(3,4- SCP2
dimethoxyphenyl)-1,3,3a,4,6,6a-
hexahydrofuro[4,3-c]furan
MOL003578 Cycloartenol SCP3
MOL000422 Kaempferol SCP4

VaD

Fig. 6. Venn diagram of KXS active ingredient targets and VaD disease targets.

regulation of apoptotic processes plays a pivotal role in the anti-
VaD mechanisms. Neuroapoptosis is a process of programmed cell
death regulated by genes, and several studies have found that neu-
roapoptosis is closely related to the occurrence and development
of VaD, so protection of neuronal cells and inhibition of neuroapop-
tosis are expected to be an important means of preventing and
controlling VaD [32,33]. Pro-apoptotic proteins such as Bax and
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anti-apoptotic proteins such as Bcl-2 and Bcl-XL are apoptotic
genes of cells, and studies have shown that the high and low levels
of Bcl-2 and Bax expression are directly correlated with cell apop-
tosis [34]. Our study showed that vascular dementia rats had ele-
vated levels of Bax expression and decreased levels of Bcl-2 and
Bcl-XL expression in the brain, while after administration, the level
of Bax expression in the brain of the rats was significantly reduced,
and the levels of Bcl-2 and Bcl-XL expression were elevated. In
addition, the fluorescence intensity of Bcl-2 demonstrated a signif-
icant elevation. These findings suggest that Kaixin San exerts inhi-
bitory effects on apoptosis.

Both Bcl-2 and Beclinl are recognized as regulatory genes
involved in the modulation of apoptosis and autophagy, and their
interaction is understood to influence autophagic function [35].
Bcl-2, a key apoptotic regulatory protein, directly regulates autop-
hagic activity through its binding state with the autophagy protein
Beclin-1. Under physiological conditions, the induction of autop-
hagy by Beclin1 is inhibited by the binding of Bcl-2 to its BH3
domain [36,37]. Conversely, under ischemic stress, dissociation of
phosphorylated Bcl-2 from Beclin-1 is observed. The released
Beclin-1 then recruits ATG proteins to form complexes, promoting
the conversion of LC3-I to LC3-II and initiating autophagosome for-
mation [38]. In this study, Bcl-2 expression was significantly
upregulated and LC3A/B expression was downregulated by KXS.
This suggests that the Bcl-2/Beclin-1 interaction may be enhanced
by KXS, thereby inhibiting excessive autophagy and apoptosis. This
mechanism is supported by the findings of Dong et al. [39], where
in a brain injury model, neuronal death caused by excessive autop-
hagy activation was blocked by the Bcl-2/Beclin-1 interaction. Fur-
thermore, a reduction in LC3 puncta formation and an
improvement in cognitive function were demonstrated with the
autophagy inhibitor 3-MA.

Moreover, pathways identified through network pharmacology
screening - namely, 'Lipid and atherosclerosis’, 'Fluid shear stress
and atherosclerosis’, 'AGE-RAGE signaling pathway in diabetic
complications’, 'IL-17 signaling pathway’, and 'TNF signaling path-
way’ - are clearly associated with vascular dysfunction, chronic
inflammation, and metabolic disturbances. These factors are con-
sidered the core drivers of VaD pathogenesis [40]. Neuronal dam-
age and cognitive impairment in VaD are caused by
cerebrovascular pathologies (including atherosclerosis, endothelial
damage, and chronic hypoperfusion) and concomitant systemic/lo-
cal inflammatory responses. These core pathological factors are
potent inducers of excessive neuronal autophagy and apoptosis
[41]. It was predicted by our network pharmacology approach that
KXS improves vascular function and suppresses inflammatory
responses through modulation of the relevant pathways men-
tioned above, representing regulation of upstream drivers. Further-
more, the observations from our animal experiments, where KXS
significantly up-regulated Bcl-2 and down-regulated Beclin-1 and
LC3A/B, thereby inhibiting neuronal hyperautophagy and apopto-
sis and improving cognitive function, provide direct evidence of
the downstream protective effects resulting from intervention in
these upstream pathways.

5. Conclusions

KXS has certain therapeutic effects on VaD model rats, and its
possible mechanism of action is related to the regulation of
LC3A/B, Beclin-1, Bax, Bcl-2, and Bcl-XL signaling factors to inhibit
autophagy and delay apoptosis, improve the morphology of hip-
pocampal tissues, repair the neural damage caused by VaD, and
thus protect brain tissues. This study investigated the active ingre-
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Fig. 9. Protein-protein interaction core targets diagram.

dients, target genes and related signaling pathways associated
with VaD treatment via Happy dispersal through a network phar-
macology approach, providing a theoretical basis for more in-
depth experimental studies. However, there are still some short-
comings in this study. For example, the composition of KXS is com-
plex, so further exploration of the material basis of its treatment of
VaD is necessary. Network pharmacology is a prediction method
that is based on big data and has limitations. The exact mechanism
of KXS in the treatment of VaD needs to be further studied to better
guide its clinical application.
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