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Abstract 

Background: Mitochondrial dysfunction is a key pathological trigger in the early stages of Alzheimer's disease (AD). 

Yizhi Qingxin Formula (YQF) improves mitochondrial dysfunction by regulating the PKA/CaN pathway to combat 

AD. However, the molecular mechanisms by which the active components of YQF treat AD remain unclear.  

 

Aim of the study: To investigate the interaction between the active components of YQF and proteins associated with 

the PKA/CaN pathway, and to validate the molecular mechanism by which its active components improve 

mitochondrial dysfunction in AD through in vitro experiments.  

 

Materials and methods: APP-PS1 double-gene transfected cells were set as the Model group, 293T cells as the 

Control group, and drug intervention groups were established based on the molecular docking results. APP-PS1 cells 

were intervened with the optimal drug concentration for 48 hours. The ultrastructure of cell mitochondria was 

observed using transmission electron microscopy (TEM); mitochondrial morphology was observed using PK Mito 

Orange staining; intracellular ATP concentration was determined using an ATP detection kit; mitochondrial 

membrane potential was detected using a TMRE detection kit; intracellular Ca²⁺ concentration was detected using 

the Fura Red AM Ca²⁺ probe; intramitochondrial Ca²⁺ concentration was detected using the Rhod-2 AM probe; and 

the expression of intracellular pathway target proteins and mRNA was detected using Western blot and Real-Time 

PCR.  

 

Results: Molecular docking results indicated that Ginsenoside Rg1, Ginsenoside Rb1, Ginsenoside Re, Coptisine, 

Berberine, Ferulic acid, and Ligustilide exhibited strong binding affinity with the target proteins CaN, CaM, MCU, 

and Drp1. The active components of YQF effectively improved mitochondrial morphology in APP-PS1 cells; 

ameliorated mitochondrial dysfunction by increasing ATP concentration and mitochondrial membrane potential in 

APP-PS1 cells (P < 0.05); simultaneously reduced excessively high calcium ion concentrations in both APP-PS1 

cells and mitochondria (P < 0.05); and inhibited the expression of CaN, CaM, MCU, and Drp1 proteins and mRNA 

in APP-PS1 cells (P < 0.05).  

 

Conclusion: The active components of YQF regulate intracellular Ca²⁺ homeostasis and mitochondrial dynamic 

equilibrium in APP-PS1 cells by downregulating the expression of CaN, CaM, MCU, and Drp1 proteins and their 

respective mRNAs, thereby improving mitochondrial function. This provides theoretical support for the therapeutic 

potential of individual components of YQF in the treatment of Alzheimer's disease.  

 

Keywords: Alzheimer's disease; Molecular docking; Calcium ion homeostasis; Mitochondrial dysfunction; Yizhi 

Qingxin Formula 

 

1 Introduction 

Alzheimer's disease (AD) is a progressive neurological condition that gradually deteriorates. The main 
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clinical manifestations of this condition are reduced social functioning, behavioral and psychological 

symptoms of dementia, and cognitive decline [1]. AD accounts for 60%-80% of dementia cases, 

representing the predominant form of dementia [2]. Global epidemiological data indicate approximately 

50 million AD patients worldwide in 2018, with projections exceeding 100 million by 2050 [3]. China’s 

AD patient population has approached 10 million, exhibiting a pronounced age-dependent increase in 

prevalence—doubling roughly every five years—imposing a heavy burden on families and society [4]. 

Current clinical treatments primarily rely on two classes of drugs: cholinesterase inhibitors and N-

methyl-D-aspartate (NMDA) receptor antagonists. However, existing therapeutic approaches only 

achieve symptom relief and cannot reverse the pathological process of neuronal degeneration [5]. Against 

this backdrop, unraveling the mechanisms underlying AD and developing novel therapeutic agents have 

become critical breakthroughs for addressing the health challenges of an aging society. 

The pathological mechanisms of AD exhibit multidimensional complexity, characterized by Aβ 

accumulation and tau protein neuronal tangles, accompanied by alterations in mitochondrial morphology 

and function [6]. Recent studies on AD pathogenesis have focused on inflammation, synaptic damage, 

oxidative stress, and mitochondrial autophagy [7,8]. Traditional Chinese medicine may improve AD by 

reducing Aβ deposition or neuroinflammation, modulating tau hyperphosphorylation, lowering oxidative 

stress levels, and regulating mitochondrial autophagy [9]. Mitochondrial dysfunction precedes Aβ 

deposition and serves as an initial trigger for AD [6]. Mitochondrial calcium homeostasis disruption and 

abnormal fission/fusion are hallmark manifestations of mitochondrial dysfunction, further accelerating 

AD progression [10]. An excess of Ca2+ activates dynamin-related protein 1 (Drp1), which causes a 

decrease in fusion and an increase in mitochondrial fission. 

The research team's previous series of studies have confirmed the efficacy of the Yizhi Qingxin 

Formula (YQF) in treating AD models [11,12]. By regulating the protein kinase A (PKA)/calcineurin (CaN) 

signaling pathway, which also alters mitochondrial Ca2+ homeostasis and kinetic balance and diminishes 

mitochondrial dysfunction, it enhances learning and memory in AD mice and reduces hippocampus-

related neuronal damage. This indicates that the YQF possesses therapeutic efficacy for AD, warranting 

further investigation into the mechanisms of action of its active ingredients [13]. Ginsenoside Rg1, 

Ginsenoside Re, Ginsenoside Rb1, Coptisine, Berberine, Ferulic acid, and Ligustilide were the main 

active ingredients of YQF, according to earlier research conducted by our team [12]. Therefore, to further 

investigate the binding between YQF's active ingredients and proteins related to the PKA/CaN pathway, 

this study employed molecular docking to screen for components with favorable docking profiles and 

protein targets. Cells transfected with the APP-PS1 double gene were designated as the Model group. 

The CCK8 assay was used to determine the optimal concentrations for each drug component, establishing 

the Donepezil group and YQF's individual active ingredients as drug intervention groups. Western blot, 

real-time PCR, Ca²⁺ fluorescent probes, and morphological analysis were employed to investigate the 

molecular mechanisms by which YQF's active ingredients improve mitochondrial dysfunction in AD. 

This study provides theoretical support for the clinical application of single-component Chinese herbal 

medicines in treating AD. 

2 Materials and Methods 

2.1 Cell Line 

The 293T cell line and APP-PS1 stably transfected cell line were purchased from Shanghai Yubo 

Biotechnology Co., Ltd. and cultured in a 37°C, 5% CO₂ incubator.  

2.2 Medications 

Donepezil Hydrochloride (MCE Inc., Catalog No. HY-B0034); Ginsenoside Rg1 (Chengdu 

Herbpurify Co., Ltd., Catalog No. 22427-39-0), Ginsenoside Rb1 (Chengdu Herbpurify Co., Ltd., Cat. 

No. 41753-43-9), Ginsenoside Re (Chengdu Herbpurify Co., Ltd., Cat. No. 52286-59-6), Coptisine 

(Chengdu Herbpurify Co., Ltd., Cat. No. 3486-66-6); Berberine (Chengdu Herbpurify Co., Ltd., Cat. No. 

2086-83-1); Ferulic acid (Chengdu Herbpurify Co., Ltd., Cat. No. 1135-24-6); Ligustilide (Chengdu 

Herbpurify Co., Ltd., Catalog No. 4431-01-0).  

2.3 Reagents 

DMEM High Glucose Medium (Gibco, USA, Cat. No. C11995500BT), Fetal Bovine Serum (Gibco, 

USA, Cat. No. 10099141C), Penicillin-Streptomycin Dual Antibiotics (Gibco, USA, Cat. No. 15140122); 

Cell Counting Kit-8 (CCK8) Cell Proliferation and Cytotoxicity Assay Kit (Dojindo, Japan, CK04); Fura 

Red AM Calcium Ion Fluorescent Probe (Solaibao Technology Co., Ltd., Beijing, Catalog No. IF2800); 

Rhod-2 AM Calcium Ion Concentration Detection Kit (Solaibao Technology Co., Ltd., Beijing, Catalog 

No. IKA1012-1); ATP Detection Kit (Shanghai Biyun Tian Biotechnology Co., Ltd., Cat. No. S0026); 

TMRE Mitochondrial Membrane Potential Detection Kit (Shanghai Biyun Tian Biotechnology Co., Ltd., 

Cat. No. C2001S); PK Mito Mitochondrial Fluorescent Dye (Nanjing Puhai Jingshan Biotechnology Co., 
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Ltd., Catalog No. PKMO-2); Calcineurin (CaN) Antibody, Dynamin-related protein 1 (Drp1) Antibody 

(Abcam, UK, Batch Nos. Ab282104 and Ab184247, respectively); Mitochondrial calcium uniporter 

(MCU) antibody (NSJ Biologics, USA, Lot No. RQ5827); Ca²⁺/calmodulin (CaM) antibody (Proteintech, 

USA, Lot No. 10541-1-AP); Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) antibody 

(Immunoway, USA, Lot No. YM3029); BCA Protein Quantification Kit (Beijing Tiandeyue 

Biotechnology Co., Ltd., Lot No. WB); TRIzol Total RNA Extraction Reagent (Beijing Tiangen 

Biochemical Technology Co., Ltd., Lot No. DP424); cDNA Synthesis SuperMix (NovoScript® Plus All-

in-one 1st Strand cDNA Synthesis SuperMix) (Beijing Novobio Technology Co., Ltd., Lot No. E047-

01A); Real-time Fluorescent Quantitative PCR Mix (BlazeTaq™ SYBR® Green qPCR Mix 2.0) (Gene 

Copoeia, USA, Lot No. QP031-S); DL2,000 DNA Marker (Beijing Qingke Biotechnology Co., Ltd., Lot 

No. TSJ012-100).  

2.4 Instruments 

Cell incubator (Thermo Fisher Scientific, USA, Model 371); Multifunctional microplate reader 

(BioTek, USA, Model Synergy H1); Fluorescence microscope (Nikon Corporation, Japan, Model Ti2-

U); Ultracentrifuge (Thermo Scientific, USA, Model Fresco 21); Electrophoresis system (Bio-Rad, USA, 

Model Power Pac); High-speed electric tissue homogenizer (Fluka, Germany, Model T18); 

Chemiluminescence imager (Guangzhou Guangyi Biotechnology Co., Ltd., Model OI-X6 Touch); 

Fluorescent quantitative PCR instrument (Applied Biosystems, USA, Model QuantStudio 5); 

Transmission electron microscope (Hitachi, Japan, Model HT7700); Ultramicrotome (Leica, Germany, 

Model Leica UC7).  

2.5 Methods 

2.5.1 Molecular Docking of Key Active Components and Pathway-Related Proteins in YQF 

Previous experimental studies using high-performance liquid chromatography identified seven 

bioactive components in YQF: Ginsenoside Rg1, Ginsenoside Rb1, Ginsenoside Re, Coptisine, 

Berberine, Ferulic acid, and Ligustilide. The CAS numbers of these seven components were entered into 

the PubChem database to obtain their SMILES formulas. The 2D structures of these primary bioactive 

components were retrieved from the PubChem database (https://pubchem.ncbi.nlm.nih.gov/) and saved 

in SDF format. Using Chem3D software, the structural files of these seven components underwent energy 

minimization and were saved in mol2 format as ligands. Core target protein IDs were identified using 

the UniProt protein database. The 3D structures of these key target proteins were obtained from the PDB 

database (https://www.rcsb.org/) and saved in PDB format. PyMOL software was used to dehydrate the 

target proteins and remove irrelevant ligands, with the results saved in PDB format. AutoDock Tools 

software was used to add hydrogen atoms to the protein receptors. Both the receptor and ligand files were 

converted to PDBQT format and saved. Molecular docking was performed using AutoDock Vina to 

identify the binding site between the protein receptor and the small-molecule ligand, and the free binding 

energy at this site was calculated. A lower binding energy indicates a more stable ligand-receptor binding 

conformation and a stronger interaction between the molecule and the target protein.  

2.5.2 Cell Culture 

This experiment included the following groups: Control group (293T cells), Model group (APP-PS1 

cells), Donepezil group, Ginsenoside Rg1 group, Ginsenoside Rb1 group, Ginsenoside Re group, 

Coptisine group, Berberine group, Ferulic acid group, and Ligustilide group. Control 293T cells and 

Model APP-PS1 cells were cultured in 90% DMEM-H + 10% FBS + 1% P/S. All drug groups were 

cultured in complete medium containing the respective drug.  

2.5.3 Screening of Drug Intervention Concentrations Using the CCK-8 Assay 

Preliminary experiments determined the concentration range to be 0-100 μM. APP-PS1 cells in the 

logarithmic growth phase were seeded into 96-well plates and divided into the following groups for the 

formal concentration gradient experiment: blank group (culture medium only), control group (cells + 

complete medium), and drug intervention groups at different concentrations (cells + drug-containing 

medium at varying concentrations). Each group included at least six replicate wells to ensure statistical 

power. After 48 hours of treatment, 10 μl of CCK-8 reagent was added to each well and incubated. A 

microplate reader was used to measure the absorbance (OD value) of each well at 450 nm. The cell 

survival rate (%) for each drug concentration group was calculated using the formula: [(drug group OD 

value - blank group OD value) / (control group OD value - blank group OD value)] × 100%, and a dose-

response curve was plotted.  

2.5.4 Experimental Groups and Treatments 

Experimental groups were established based on the optimal drug intervention concentrations identified 

through the CCK-8 assay. (1) Control group: 293T cells cultured under standard conditions; (2) Model 

group: APP-PS1 cells cultured under standard conditions; (3) Donepezil group: APP-PS1 cells + 
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Donepezil; (4) Ginsenoside Rg1 group: APP-PS1 cells + Ginsenoside Rg1; (5) Ginsenoside Rb1 group: 

APP-PS1 cells + Ginsenoside Rb1; (6) Ginsenoside Re group: APP-PS1 cells + Ginsenoside Re; (7) 

Coptisine group: APP-PS1 cells + Coptisine; (8) Berberine group: APP-PS1 cells + Berberine; (9) Ferulic 

acid group: APP-PS1 cells + Ferulic acid; (10) Ligustilide group: APP-PS1 cells + Ligustilide. Each 

group was cultured in drug-containing medium for 48 hours. 

2.5.5 ATP Concentration Detection 

After 48 hours of drug treatment, cells cultured in 6-well plates were lysed by adding 200 μL of lysis 

buffer per well on ice. The lysates were centrifuged at 4°C, 12,000×g for 5 minutes, and the supernatant 

was collected. To minimize variation, protein quantification kits were used to measure and equalize 

sample concentrations across groups, standardizing cell numbers. ATP assay working solutions and 

standard solutions were prepared. 100 μL of ATP assay working solution and 20 μL of standard or sample 

were added to each well. Luminescence was measured using a luminometer. The ATP concentration in 

samples was calculated based on the standard curve.  

2.5.6 Mitochondrial Membrane Potential Assay 

After 48 hours of drug treatment, cells cultured in 6-well plates were used for the assay. TMRE staining 

working solution was prepared. CCCP staining working solution was prepared and used to treat cells for 

20 minutes to completely eliminate mitochondrial membrane potential as a positive control. After 

washing the cells and aspirating the culture medium from the 6-well plate, 1 mL of TMRE staining 

working solution was added to each well. The cells were incubated at 37°C in a cell culture incubator for 

30 minutes. The supernatant was aspirated, and the cells were washed twice with 2 mL of pre-warmed 

cell culture medium, then observed under a fluorescence microscope.  

2.5.7 Detection of Intracellular and Mitochondrial Calcium Ion Concentrations 

2 mM Rhod-2 AM solution was mixed with 10% Pluronic F127 reagent at a 1:1 ratio to obtain the 

Rhod-2 mixture. The Rhod-2 mixture was diluted with Rhod-2 AM diluent to prepare a 5 µM Rhod-2 

AM working solution. The working solution was added to the cells, which were then incubated at 37°C 

for 60 minutes. Cells were washed twice with Rhod-2 AM cell wash buffer to remove excess fluorescent 

probes. 300 µl of buffer was added to prepare a cell suspension, and fluorescence values were measured 

using a flow cytometer.  

The Fura Red AM solution was diluted with HBSS to prepare a 5 µM Fura Red AM working solution. 

The working solution was added to the cells, which were then incubated at 37°C for 60 minutes. Cells 

were washed twice with HBSS buffer to remove excess fluorescent probes. 300 µl of HBSS was added 

to prepare a cell suspension, and fluorescence values were measured using a flow cytometer.  

2.5.8 PK Mito Mitochondrial Staining 

Cells were cultured in confocal microplates and subjected to drug intervention for 48 hours. 20 µL of 

DMSO was added to PK Mito Orange and mixed thoroughly to obtain a 250 µM stock solution. The 

medium was preheated to 37°C, and the PK Mito Orange stock solution was diluted 1:2000 to prepare 

the staining working solution. The original culture medium was aspirated from the cells. 2 ml of PK Mito 

Orange staining solution was added, and the cells were incubated in the incubator for 30 minutes. Cells 

were washed twice with pre-warmed medium. Mitochondrial imaging was observed using STED 

microscopy.  

2.5.9 TEM Observation of Cellular Mitochondrial Ultrastructure 

Cells were fixed in pre-chilled 2.5% glutaraldehyde solution at 4°C. Subsequently, the cell samples 

were washed three times with 0.1 M sodium phosphate buffer, then fixed with 1% osmium tetroxide 

(OsO₄) solution at 4°C for 2 hours to further stabilize lipid membranes and enhance electron density. 

Gradient alcohol dehydration was performed to ensure complete removal of water. Samples underwent 

gradient infiltration with a mixture of epoxy resin and acetone, followed by embedding in fresh resin. 

Polymerization was carried out at 60°C for 48 hours. Resin blocks were trimmed to expose target regions, 

and ultrathin sections (50-70 nm) were prepared and mounted on copper grids. Sections were stained 

with 2% uranyl acetate for 30 minutes to enhance nucleic acid and protein contrast, followed by further 

staining with lead citrate for 5–10 minutes to enhance membrane and organelle contrast. Stained copper 

grids were mounted on TEM sample holders for observation under high vacuum.  

2.5.10 Western Blot Analysis for Pathway-Related Protein Expression 

Protein quantification of test samples was performed using the BCA method. Separation gels were 

prepared based on the molecular weight of the target protein. After loading the test protein samples, 

electrophoresis and membrane transfer were conducted. The membrane was immersed in 3% BSA-TBST 

and blocked at room temperature for 30 minutes. Prepared primary antibodies were added: CaN (1:2000), 

MCU (1:2000), CaM (1:5000), and Drp1 (1:1000), and the membrane was incubated at room temperature 

for 10 minutes, then overnight at 4°C, followed by incubation at room temperature for 30 minutes the 
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next day. The membrane was washed with TBST. HRP-conjugated goat anti-rabbit/mouse secondary 

antibody was diluted 1:10,000, incubated at room temperature for 40 minutes, and the membrane was 

washed again. After ECL development, images were acquired and saved as "Sample," "Marker," and 

"Merge". ImageJ software was used to analyze the grayscale ratio of the target protein to the internal 

control and calculate relative expression levels.  

2.5.11 Real-Time PCR Detection of Pathway-Related Protein mRNA Expression 

Total RNA was extracted from samples using TRIzol® reagent. RNA quality was assessed via UV-vis 

spectrophotometry to determine absorbance, concentration, and purity, and denaturing agarose gel 

electrophoresis was performed for further analysis. Reverse transcription was conducted to synthesize 

cDNA. All cDNA samples were used to prepare Real-Time PCR reaction systems with the following 

parameters: pre-denaturation at 95°C for 5 minutes, denaturation at 95°C for 10 seconds, annealing at 

60°C for 30 seconds, and extension at 72°C for 20 seconds, repeated for 40 cycles. GAPDH served as 

the housekeeping gene. Each sample was tested in triplicate, and the relative expression levels of target 

mRNAs were analyzed using the 2⁻ΔΔCt method. Specific primers for the target genes were synthesized 

by Invitrogen (Beijing), and the primer sequences are listed in [Table 1]. 

Table 1. Primer sequences for the target genes 

Primer Sequence (5' to 3') Length/bp 

CaN 
Upstream GTCCCAACAGACTTCTGGT 

102 
Downstream CTGGACAGACGAGTTATTTGAC  

MCU 
Upstream GTTGCTATCTATTCACCAGATGG 

80 
Downstream CAGCTTAAAGTCATCAAGGAGG 

CaM 
Upstream GTCTGTAGTGAATCCAGTACTC 

80 
Downstream ACGTTCATCTAACCACTTATCC 

Drp1 
Upstream GGAAATAATAAGGTGCCTGTAGG 

80 
Downstream ACTGATGAACCGAAGAATGAG 

GAPDH 
Upstream CACCCACTCCTCCACCTTTGA 

188 
Downstream TCTCTCTTCCTCTTGTGCTCTTGC 

2.6 Statistical Methods 

Statistical analysis of data was performed using GraphPad Prism 10.1.2 software. All experimental 

data underwent normality and homogeneity of variance tests. Results are expressed as mean ± standard 

deviation (x±s）. Comparisons among multiple groups were conducted using one-way analysis of 

variance (One-way ANOVA), with P < 0.05 indicating statistically significant differences. 

3 Results 

3.1 Molecular Docking Results 

Using AutoDock Vina software, the active components of YQF—Ginsenoside Rg1, Ginsenoside Rb1, 

Ginsenoside Re, Coptisine, Berberine, Ferulic acid, and Ligustilide—were used as small-molecule 

ligands for molecular docking with the protein receptors PKA, CaN, CaM, MCU, NCLX, and Drp1. The 

default number of docking runs was set to 10. Generally, a binding energy of less than -5.0 kcal/mol 

indicates favorable binding between a target protein and a ligand, with lower binding energy signifying 

better docking. Docking results showed that Ginsenoside Rg1, Ginsenoside Rb1, Ginsenoside Re, 

Coptisine, Berberine, Ferulic acid, and Ligustilide all exhibited binding energies < -5.0 kcal/mol with 

CaN, CaM, MCU, and Drp1 proteins [Table 2], indicating strong binding potential between these seven 

herbal monomers and the proteins. Visualization of the docking results revealed: CaN and Drp1 proteins 

exhibited strong binding with Ginsenoside Rg1, Ginsenoside Rb1, Ginsenoside Re, Coptisine, Berberine, 

Ferulic acid, and Ligustilide, characterized by hydrogen bonds; CaM protein showed good binding with 

Ginsenoside Rg1, Ginsenoside Rb1, Ginsenoside Re, Coptisine, and Ferulic acid, also via hydrogen 

bonds; MCU exhibited good binding with Ginsenoside Rg1, Ginsenoside Rb1, Ginsenoside Re, 

Coptisine, Berberine, and Ferulic acid, similarly through hydrogen bonds [Fig.1]. 

Table 2. Molecular Docking Results of YQF Active Components with Target Proteins 

Binding energy CaN CaM MCU Drp1 

Ginsenoside Rg1 -9.2 -8.7 -7.8 -8.8 

Ginsenoside Rb1 -10.0 -9.1 -8.0 -8.9 

Ginsenoside Re -10.1 -9.2 -7.8 -8.8 

Coptisine -9.3 -8.9 -8.4 -9.4 
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Berberine -8.4 -8.4 -7.5 -7.7 

Ferulic acid -6.6 -5.0 -6.1 -6.5 

Ligustilide -6.6 -6.9 -6.5 -6.6 

 

Fig. 1. Visualization of the docking results of the active components of YQF with the target molecules related to the pathways. 

Note: (A-G) Visualization of the molecular docking of Ginsenoside Rg1, Ginsenoside Rb1, Ginsenoside Re, Coptisine, Ferulic 

acid, Berberine, and Ligustilide. 

3.2 Drug Intervention Concentration 

As shown in [Fig. 2], when APP-PS1 cells were treated with different concentrations of Donepezil for 

48 hours, cell viability was increased compared to the control group at concentrations ranging from 0 to 

1 μM. At a concentration of 1 μM, cell viability was significantly higher than that of the control group 

(P＜0.01). At concentrations above 1 μM, cell viability was suppressed compared to the control group, 

though the difference was not significant. Intervention of APP-PS1 cells with varying concentrations of 

Ginsenoside Rg1, Ginsenoside Rb1, and Ginsenoside Re for 48 hours showed increased cell viability 

compared to the control group at Ginsenoside Rg1 concentrations of 10–20 μM (P < 0.05, P < 0.01); at 

a Ginsenoside Rb1 concentration of 10 μM, cell viability was higher than that of the control group (P < 

0.05), while concentrations above 100 μM inhibited cell viability (P < 0.05); at a concentration of 10 μM, 

Ginsenoside Re increased cell viability compared to the control group (P＜0.05), while at 200 μM, cell 

viability was inhibited (P＜0.05). After 48 hours of treatment with varying concentrations of Coptisine 

and Berberine in APP-PS1 cells, at 5–10 μM Coptisine, cell viability was increased compared to the 

control group (P＜0.05, P＜0.001); Berberine concentrations above 100 μM resulted in lower cell 

viability than the normal control group (P < 0.01), while at a concentration of 5 μM, cell viability was 

higher than that of the control group, though the difference was not significant. After treating APP-PS1 

cells with Ferulic acid at various concentrations for 48 hours, concentrations exceeding 100 μM resulted 

in significantly lower cell viability than the normal control group (P < 0.01), while at a concentration of 

10 μM, cell viability was higher than that of the control group, but the difference was not significant. 

After 48 hours of treatment with different concentrations of Ligustilide in APP-PS1 cells, the 50 μM 

concentration resulted in significantly higher cell viability than the control group (P＜0.0001), with a 

statistically significant difference. Therefore, the intervention concentrations for each drug were 

determined as follows: Donepezil (1 μM), Ginsenoside Rg1 (20 μM), Ginsenoside Rb1 (10 μM), 

Ginsenoside Re (10 μM), Coptisine (5 μM), Berberine (5 μM), Ferulic acid (10 μM), Ligustilide (50 μM).  
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Fig. 2. The effect of different concentrations of YQF active components on the viability of APP-PS1 cells (n=6). Note: 

Compared with the control group (with drug concentration of 0), *P＜0.05；**P＜0.01；***P＜0.001；****P＜0.0001.  

3.3 ATP Content Detection 

Intracellular ATP concentrations were measured using an ATP assay kit. Results [Fig. 3A-B] showed 

that compared to the Control group, intracellular ATP concentrations were significantly reduced in the 

APP-PS1 Model group (P＜0.001), indicating mitochondrial dysfunction in AD model cells. Compared 

to the Model group, the Donepezil, Ginsenoside Rg1, Ginsenoside Rb1, Ginsenoside Re, Ferulic acid, 

and Ligustilide groups showed significantly increased intracellular ATP concentrations (P＜0.05, P＜
0.01), indicating that Donepezil and the active components of YQF effectively improved the reduced 

ATP concentration caused by mitochondrial dysfunction in APP-PS1 model cells.  

3.4 Mitochondrial Membrane Potential Detection 

Mitochondrial membrane potential was measured using the TMRE assay kit. Results showed [Fig. 

3C-D] that compared to the Control group, cells in the APP-PS1 Model group exhibited reduced 

fluorescence intensity and significantly decreased mitochondrial membrane potential (P ＜ 0.01), 

indicating impaired energy metabolism in AD model cells. Compared to the Model group, mitochondrial 

membrane potential was increased in the Donepezil, Ginsenoside Rg1, Ginsenoside Re, Ferulic acid, and 

Ligustilide groups (P＜0.05, P＜0.01). This demonstrates that Donepezil and the active components of 

YQF effectively improve the reduced mitochondrial membrane potential caused by mitochondrial 

dysfunction in APP-PS1 model cells.  

3.5 Detection of Intracellular and Mitochondrial Ca²⁺ Concentrations 

Intracellular Ca²⁺ concentrations were measured using the Fura Red AM calcium fluorescent probe, 

while mitochondrial Ca²⁺ concentrations were detected with the Rhod-2 AM fluorescent probe. Results 

showed [Fig. 3E-H] that compared with the Control group, both intracellular and mitochondrial Ca²⁺ 

fluorescence intensity was significantly increased in the APP-PS1 Model group (P＜0.001, P＜0.0001), 

indicating Ca²⁺ overload in both cytoplasmic and mitochondrial compartments of AD model cells. 

Compared with the Model group, Ca²⁺ levels in both cytoplasmic and mitochondrial compartments were 

reduced in the Donepezil group (P < 0.01, P < 0.0001). Additionally, the Ginsenoside Rg1, Ginsenoside 

Rb1, Ginsenoside Re, Berberine, Ferulic acid, and Ligustilide groups showed significantly lower 

intracellular and mitochondrial Ca²⁺ levels than the Model group (P < 0.05, P < 0.01). This indicates that 

Donepezil and the active components of YQF effectively mitigate Ca²⁺ overload caused by mitochondrial 

dysfunction in APP-PS1 model cells.  
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Fig. 3. The effect of active components in YQF on mitochondrial function in APP-PS1 cells (n=5). Note: (A) ATP concentration 

standard curve; (B) The ATP concentrations of each group of cell samples; (C) Quantitative analysis of mitochondrial membrane 

potential fluorescence in each group of cells; (D) The typical image of TMRE staining; (E) Rhod-2 AM Fluorescent Probe Detection 

of Mitochondrial Ca²⁺ Concentration Flow Cytometry Stacked Graph; (F) Fura Red AM Fluorescent Probe Detection of 

Intracellular Ca²⁺ Concentration Flow Cytometry Stacked Graph; (G) Quantitative analysis of mitochondrial Ca²⁺ levels; (H) 

Quantitative analysis of intracellular Ca²⁺ levels. Data were expressed as the Mean ± SEM. *P < 0.05, **P < 0.01, ***P < 0.001, 

vs. Model group. 

3.6 PK Mito Mitochondrial Staining 

Cells were stained with PK Mito Orange to visualize mitochondria, and mitochondrial morphology 

was observed using STED imaging. As shown in [Fig. 4A], the results indicated that mitochondria in the 

Control group 293T cells predominantly exhibited elliptical or rod-like shapes with relatively regular 

alignment, showing no obvious swelling or vacuolation. In contrast, mitochondria in the Model group 

APP-PS1 cells demonstrated altered structural morphology, characterized by swollen and deformed 

shapes, shortened lengths, fragmentation, irregular sizes, and abnormal spatial distribution. Following 

treatment with Donepezil and the active components of YQF, mitochondrial morphology was improved 

in the Donepezil, Ginsenoside Rg1, Ginsenoside Rb1, Ginsenoside Re, Coptisine, Berberine, Ferulic acid, 

and Ligustilide groups compared to the Model group. Mitochondrial swelling was reduced, with cells 

predominantly exhibiting rod-shaped morphology and relatively regular arrangement. Analysis of Mean 

Branch Length (μm) using ImageJ's Mitochondria Analyzer plugin revealed [Fig. 4B] that compared to 

the Control group, cells in the APP-PS1 Model group exhibited significantly shorter Mean Branch Length 

(P＜0.0001). This indicates pronounced mitochondrial damage in AD model cells, characterized by 

altered morphology, fragmentation, shortening, and swelling. Compared to the Model group, cells treated 

with Donepezil, Ginsenoside Rg1, Ginsenoside Rb1, Ginsenoside Re, Coptisine, Berberine, Ferulic acid, 

and Ligustilide exhibited significantly longer Mean Branch Length (P＜0.0001), with statistically 
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significant differences. This indicates that Donepezil and the active components of YQF effectively 

improve mitochondrial dysfunction-induced morphological alterations, swelling, and fragmentation in 

APP-PS1 model cells. 

 

Fig. 4. The effect of YQF active components on mitochondrial morphology and ultrastructure of APP-PS1 cells (n=5). Note: 

(A) PK Mito Orange Mitochondrial Staining Typical Image (STED, Scale bar = 5 µm); (B) Quantitative Analysis of Mitochondrial 

Mean Branch Length; (C) Mitochondrial Subcellular Structure (40,000×, bar=500 nm). Data were expressed as the Mean ± SEM. 

*P < 0.05, **P < 0.01, ***P < 0.001, vs. Model group. 

3.7 TEM Observation of Cellular Mitochondrial Ultrastructure 

Transmission electron microscopy (TEM) was used to observe alterations in the subcellular structure 

of mitochondria in cells from various drug treatment groups. Results showed [Fig. 4C] that mitochondria 

in Control group 293T cells predominantly exhibited oval or elongated rod-like shapes with intact, 

continuous inner and outer membrane structures. They displayed uniform morphology and size with 

regular distribution. Mitochondrial cristae were neatly arranged in typical layered or tubular patterns, 

with no swelling or vacuolation observed. Mitochondrial matrix density was uniform, with only a few 

lysosomes and autophagosomes visible. In contrast, mitochondria in APP-PS1 model cells exhibited 

pathological alterations: swollen and deformed morphology, blurred outer membrane structure, irregular 

size, and abnormal spatial distribution. Mitochondrial cristae showed fragmentation, dissolution, or 

disorganized arrangement, with reduced layered features and accompanying vacuolization. Following 

treatment with Donepezil and the active components of YQF, mitochondrial ultrastructure was improved 
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in the Donepezil, Ginsenoside Rg1, Ginsenoside Rb1, Ginsenoside Re, Coptisine, Berberine, Ferulic acid, 

and Ligustilide groups compared to the model group. This improvement was characterized by enhanced 

membrane clarity and relatively intact cristae structures. These results indicate that the active components 

of YQF exert a reparative effect on mitochondrial structural damage in AD model cells 

3.8 Western Blot Analysis for Detection of Pathway-Related Protein Expression 

Western blot analysis was performed to detect the expression of CaN, CaM, MCU, and Drp1 proteins 

in cells. Compared with the Control group, the APP-PS1 Model group exhibited increased expression of 

CaN, CaM, MCU, and Drp1 (P＜0.05, P＜0.01). Compared with the Model group, the Donepezil group 

showed decreased expression of CaN, CaM, MCU, and Drp1 proteins (P < 0.05). The Ginsenoside Rg1 

group exhibited decreased expression of CaN, CaM, and MCU proteins (P < 0.05), while the Ginsenoside 

Rb1 group demonstrated decreased CaN protein expression (P < 0.05). Cells in the Ginsenoside Re group 

showed decreased CaN and Drp1 protein expression (P＜0.05), cells in the Berberine group exhibited 

decreased CaN, CaM, MCU, and Drp1 protein expression (P＜0.05), cells in the Ferulic acid group 

showed decreased expression of CaN, CaM, and Drp1 proteins (P＜0.05, P＜0.01), cells in the 

Ligustilide group exhibited decreased expression of CaN, CaM, MCU, and Drp1 proteins (P＜0.05, P＜
0.01), while cells in the Coptisine group showed no significant differences in protein expression [Fig. 

5A-E]. 

 

Fig. 5. The effect of YQF active components on the expression of CaN, CaM, MCU, Drp1 proteins and mRNA in APP-PS1 

cells (n=5). Note: (A) Representative Western blot patterns of CaN, CaM, MCU, and Drp1 proteins in cells; (B-E) Quantitative 

analysis of CaN, CaM, MCU, and Drp1 protein expression in cells. (F-I) Quantitative analysis of CaN, CaM, MCU, and Drp1 

mRNA expression in cells. Data were expressed as the Mean ± SEM. *P < 0.05, **P < 0.01, ***P < 0.001, vs. Model group.  

3.9 Real-Time PCR Detection of Pathway-Related Protein mRNA Expression 

Real-time PCR was used to detect the expression levels of PKA, CaN, CaM, MCU, NCLX, and Drp1 

mRNA in each group of cells. Compared with the Control group, the APP-PS1 Model group showed 
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increased expression of CaN, CaM, MCU, and Drp1 mRNA (P＜0.0001). Compared with the Model 

group, the Donepezil and Ginsenoside Rg1 groups showed decreased mRNA expression of CaN, CaM, 

MCU, and Drp1 (P < 0.05, P < 0.01), while the Ginsenoside Rb1 group exhibited reduced CaN and Drp1 

mRNA expression (P < 0.05). The Ginsenoside Re group showed decreased MCU and Drp1 mRNA 

expression (P＜0.05), the Coptisine group exhibited decreased CaM mRNA expression (P＜0.05), the 

Berberine group showed decreased CaM, MCU, and Drp1 mRNA expression (P＜0.05), the Ferulic acid 

group exhibited decreased CaN, CaM, MCU, and Drp1 mRNA expression (P＜0.05), and the Ligustilide 

group demonstrated decreased CaN, CaM, MCU, and Drp1 mRNA expression (P＜0.05, P＜0.001) [Fig. 

5F-I]. 

4 Discussion 

4.1 Pathogenesis of AD 

An essential biological characteristic of cellular aging is mitochondrial dysfunction, a degenerative 

change that affects many different cells in the central nervous system, such as neurons, astrocytes, and 

microglia [14]. Ca²⁺ regulates neuronal growth, synaptic plasticity, and cognitive function. According to 

Khachaturian's hypothesis, Ca²⁺ homeostasis imbalance can impair neuronal function and lead to the 

onset of Alzheimer's disease (AD) [15]. Mitochondria, serving as dual functional hubs for ATP synthesis 

and Ca²⁺ storage, dynamically respond to cellular energy demands and apoptotic signals by regulating 

Ca²⁺ uptake, storage, and efflux mechanisms. Mitochondrial dysfunction impairs ATP synthesis, inhibits 

Na⁺-Ca²⁺ exchange, and causes intracellular Ca²⁺ overload, disrupting Ca²⁺ homeostasis [16]. Elevated 

intracellular Ca²⁺ levels in neurons alter mitochondrial membrane potential, affecting mitochondrial 

metabolism, ATP production, and neurotransmitter release at the synaptic level, thereby exacerbating 

neurodegeneration [16]. Chronic Ca²⁺ overload triggers expression of apoptosis-related proteins in the 

brain [17], further impairing cognitive function. Ca²⁺ fluorescence detection revealed significantly 

enhanced intracellular and mitochondrial Ca²⁺ fluorescence intensity in the APP-PS1 Model group 

compared to the Control group, indicating Ca²⁺ overload in both cellular and mitochondrial 

compartments of the AD model. Following intervention with Donepezil, Ginsenoside Rg1, Ginsenoside 

Rb1, Ginsenoside Re, Berberine, Ferulic acid, and Ligustilide, Ca²⁺ levels in both APP-PS1 cells and 

mitochondria decreased. This demonstrates that the active ingredients of YQF can effectively regulate 

calcium homeostasis, improve mitochondrial dysfunction, and thereby exert anti-AD effects. 

Mitochondria maintain their normal structure and physiological functions through continuous 

processes of fission and fusion, a dynamic phenomenon defined as mitochondrial dynamics. Under 

physiological conditions, mitochondria sustain their normal morphology, function, and distribution via a 

fission-fusion equilibrium. Excessive fission causes mitochondrial fragmentation and malfunction when 

this balance is upset. Mitochondrial fragmentation is observed in brain tissues of AD patients and animal 

models [18], indicating a kinetic imbalance characterized by enhanced fission and impaired fusion during 

AD pathogenesis [19]. This imbalance may serve as an initiating factor for mitochondrial dysfunction and 

neuronal injury. Drp1, a key regulator of mitochondrial fission, interacts with Aβ and p-Tau to induce 

mitochondrial dysfunction [20]. Encoded by the DNM1L gene, Drp1 contracts and cleaves mitochondria 

in a GTPase-dependent manner [21] and is highly enriched in the central nervous system. Both clinical 

and basic studies have revealed significantly elevated Drp1 activity in cortical tissues from both AD 

patients and AD mouse models [22]. The biological activity of Drp1 protein is finely regulated by multiple 

post-translational modification mechanisms, with phosphorylation being the most prevalent. Ser637 

serves as a critical phosphorylation site. The phosphorylation and dephosphorylation states at Ser637 

determine the activation and inactivation of Drp1, constituting a core molecular mechanism regulating 

the balance between mitochondrial fission and fusion. Western blot and real-time PCR analyses revealed 

increased Drp1 protein and mRNA expression in Model group cells compared to the Control group, 

indicating enhanced mitochondrial fission in AD cells. Following intervention with Donepezil and the 

active ingredients of YQF, Drp1 protein and mRNA expression decreased in Model group cells. This 

demonstrates that the active ingredients of YQF can suppress Drp1 protein expression, inhibit 

mitochondrial fission, and thereby improve mitochondrial dysfunction. 

4.2 Pharmacological Mechanism of YQF in Treating Alzheimer's Disease 

The pathogenesis of Alzheimer's disease (AD) is multifaceted, with deficiency-depletion serving as 

the fundamental basis for disease onset. During disease progression, pathological products such as blood 

stasis and phlegm-turbidity accumulate, with stasis-toxin damaging the cerebral collaterals [23]. Based on 

an in-depth understanding of AD's “deficiency-depletion and stasis-toxin” pathogenesis, Professor Zhou 

Wenquan, drawing upon extensive clinical experience, proposed the therapeutic principle of tonifying 

deficiency-depletion while promoting blood circulation, resolving stasis, and detoxifying. Guided by this 

therapeutic principle, the “Yizhi Qingxin Formula” was developed. This decoction combines three 
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Chinese herbs—Ginseng, Coptis, and Ligusticum—in a 9:5:6 ratio. Ginseng fortifies qi, consolidates the 

foundation, nourishes the five viscera, calms the spirit, and enhances cognition; Coptis rhizome clears 

heat, purges fire, detoxifies, and strengthens the spleen and stomach; Ligusticum root promotes blood 

circulation and removes blood stasis while also transporting the formula upward to deliver the herbs 

directly to the cerebral lesion [24]. Active ingredients in ginseng, such as ginsenosides, exhibit significant 

neuroprotective effects. By regulating neuroimmune inflammatory responses, mitigating oxidative stress 

damage, enhancing synaptic plasticity, and safeguarding mitochondrial functional integrity, these 

compounds effectively alleviate neurological symptoms including cognitive decline [25]. Berberine, the 

primary component of Coptis, has been demonstrated to intervene in the pathological deposition of β-

amyloid and exhibit neuroprotective functions [25]. The active component ligustilide in Chuanxiong 

inhibits neuroinflammatory cascades by downregulating inflammatory factor expression, while ferulic 

acid significantly antagonizes β-amyloid-induced neuronal toxicity [26]. Consequently, the Yizhi Qingxin 

Formula exhibits neuroprotective effects and demonstrates efficacy against AD. 

Previous studies have demonstrated that the Yizhi Qingxin Formula improves AD by regulating the 

PKA/CaN pathway [13]. High-performance liquid chromatography identified the primary active 

ingredients of the formula as ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, berberine, palmatine, 

ligustilide, and ferulic acid [12]. Integrating modern pharmacological research, ginsenoside Rb1 can 

upregulate PKA expression [26], inhibit CaN signaling [27], and influence elevated Drp1 protein levels to 

suppress mitochondrial fission abnormalities [28]; Ginsenoside Re inhibits L-type Ca²⁺ channels, 

suppressing excessive Ca²⁺ influx [26]; Berberine downregulates PKA protein levels by inhibiting the PKA 

signaling pathway [28] while simultaneously suppressing the transcriptional activity of CaN pathway-

related genes [29], effectively inhibiting Drp1-induced abnormal mitochondrial fission and thereby 

exerting an anti-apoptotic effect; Ferulic acid targets PKA to reduce CaN expression in brain tissue of 

AD model mice and maintains the dynamic equilibrium of mitochondrial fission and fusion by regulating 

Drp1 phosphorylation status [30]. 

4.3 Mechanism of Action of YQF Active Ingredients in Treating AD 

In Alzheimer's disease (AD) models, ginsenoside Rg1 has multi-target neuroprotective benefits [31]. It 

reduces Aβ production and deposition by lowering APP levels and BACE1 expression, while also 

inhibiting tau hyperphosphorylation, thereby improving learning and memory functions. Its mechanism 

of action involves attenuating oxidative stress, suppressing inflammatory responses, promoting 

autophagy and microglia-mediated Aβ clearance, and exerting protective effects by regulating signaling 

pathways such as BDNF-TrkB and Akt/ERK [32]. Structurally, Rg1 belongs to the protopanaxatriol (PPT) 

type of ginsenosides, while Rb1 is a protopanaxadiol (PPD) type. Both enhance synaptic plasticity and 

exhibit neuroprotective properties including anti-inflammatory, antioxidant, and anti-apoptotic effects 
[33,34]. Furthermore, ginsenoside Re demonstrates inhibitory effects on Aβ production and neuroprotective 

actions in AD models by activating PPARγ, inhibiting BACE1, and regulating ROS-dependent ASK-

1/JNK/Bax and NRF2 antioxidant pathways [35,36]. 

In traditional Chinese medicine theory, Coptis chinensis is used to treat dementia due to its efficacy in 

clearing heat, drying dampness, purging fire, and detoxifying, thereby mitigating damage to cerebral 

vessels caused by internal toxins and heat pathogens [37]. Modern research confirms that its primary active 

component, berberine (BBR), exhibits antioxidant, anti-inflammatory, and neuroprotective effects. It can 

improve memory and learning in AD mice by penetrating the blood-brain barrier. Its mechanisms of 

action include promoting mitochondrial autophagy to reduce Aβ production, inhibiting excessive 

phosphorylation of tau protein [38], regulating Aβ-induced neuroinflammation and oxidative stress via the 

PI3K/AKT and NFκB pathways [39], and alleviating mitochondrial dysfunction by maintaining 

mitochondrial membrane potential and increasing mitochondrial density and length [40]. Animal studies 

further demonstrate that BBR inhibits amyloid plaque deposition and neurofibrillary tangle formation, 

significantly improving memory and cognitive impairments [41]. 

The active component ligustilide in Chuanxiong (Ligusticum chuanxiong) exerts protective effects 

against Aβ25-35-induced neurotoxicity, offering a novel therapeutic strategy for AD [42]. Ligustilide can 

cross the blood-brain barrier, regulate mitochondrial homeostasis, reduce intracerebral Aβ levels in 

APP/PS1 animal models, and restore synaptic structure, thereby improving memory deficits [43]. 

Furthermore, LIG exhibits antioxidant activity and improves mitochondrial and neurological function in 

SAMP8 mice, suggesting its potential as an anti-dementia agent [44]. Another active component, ferulic 

acid (FA), reduces Aβ deposition and IL-1β levels in the frontal cortex of APP/PS1 transgenic mice while 

enhancing novel object recognition, providing theoretical support for its therapeutic application in AD 
[45]. 

4.4 The active ingredients of YQF treat AD by regulating CaN, CaM, MCU and Drp1 
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A major pathogenic characteristic in the early stages of Alzheimer's disease (AD) is mitochondrial 

malfunction, which is primarily caused by disruption of mitochondrial Ca2+ homeostasis and kinetic 

imbalance. Therefore, improving mitochondrial dysfunction can reduce synaptic and neuronal damage, 

thereby inhibiting AD progression. The mitochondrial calcium uncoupler (MCU) primarily mediates 

Ca²⁺ influx, and intracellular Ca²⁺ overload activates calcium-activated nucleoside synthase (CaN) [46]. 

CaN is a Ca²⁺-sensitive serine/threonine phosphatase highly enriched in neurons, activated by CaM-

formed complexes. Abnormal CaN activation leads to dendritic spine loss and synaptic damage, 

ultimately causing neuronal process degeneration and reduced synapse numbers [47]. Inhibiting CaN 

activity improves mitochondrial function. When PKA catalyzes the phosphorylation of Drp1, it 

significantly inhibits its GTPase activity, suppressing Drp1 function, hindering mitochondrial fission, 

and promoting mitochondrial fusion. Conversely, the dephosphorylation reaction mediated by CaN 

activates Drp1 activity, enhancing mitochondrial fission and leading to mitochondrial fragmentation [48]. 

Our findings reveal that the active ingredients of Yizhi Qingxin Formula—Ginsenoside Rg1, 

Ginsenoside Rb1, Ginsenoside Re, Coptisine, Berberine, Ferulic acid, and Ligustilide—improve 

mitochondrial dysfunction in AD models by regulating the expression of CaN, CaM, MCU, and Drp1 

proteins. Morphological observations indicate that treatment with YQF's active ingredients improves 

mitochondrial morphology compared to AD model cells, characterized by enhanced membrane structure 

clarity and relatively intact cristae architecture. Concurrently, ATP content and mitochondrial membrane 

potential are both restored. These components exert their effects by downregulating CaN, CaM, MCU, 

and Drp1 protein expression to modulate calcium homeostasis and mitochondrial dynamic homeostasis, 

thereby improving mitochondrial dysfunction. This finding is consistent with previous studies [49]. The 

concurrent downregulation of CaN, MCU, and Drp1 mRNA expression aligns with pathway protein 

expression patterns. Elevated Drp1 protein levels in model group cells indicate enhanced mitochondrial 

fission. The active ingredients of YQF regulate mitochondrial fission by inhibiting Drp1 protein, thereby 

maintaining mitochondrial dynamic equilibrium. Concurrently, increased expression of MCU, CaN, and 

CaM proteins in model group cells suggests mitochondrial calcium overload in AD model cells. The 

active ingredients of YQF modulate calcium homeostasis by downregulating CaN, CaM, and MCU 

proteins. 

5 Conclusion 

In summary, the active ingredients of YQF regulate mitochondrial Ca²⁺ homeostasis and mitochondrial 

dynamics in APP-PS1 cells by downregulating the expression of CaN, CaM, MCU, Drp1 proteins and 

their corresponding mRNAs. This improves mitochondrial function and alleviates mitochondrial 

pathological damage in AD cells. This indicates that the active ingredients of YQF—Ginsenoside Rg1, 

Ginsenoside Rb1, Ginsenoside Re, Coptisine, Berberine, Ferulic acid, and Ligustilide—exhibit 

therapeutic efficacy in treating AD, providing a theoretical basis for developing AD treatment strategies 

based on traditional Chinese medicine components. 

Abbreviations 

Aβ          β-amyloid 

AD          Alzheimer’s disease 

APP-PS1    Amyloid Precursor Protein- Presenilin 1 

YQF       Yizhi Qingxin Formula  

PKA       Protein Kinase A 

CaN        Calcineurin  

CaM      Calmodulin 

MCU      Mitochondrial calcium uniporter  

NCLX      Sodium/Calcium/Lithium Exchanger 

Drp1       Dynamin-related protein 1 

TEM       Transmission Electron Microscopy 

NMDA      N-methyl-D-aspartate  

CCK8      Cell Counting Kit-8 
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