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Abstract

Objective: This study investigates the mechanism of traditional Chinese medicine in preventing and
treating Alzheimer’s disease through network pharmacology combined with molecular docking
technology. Methods: Classical famous prescriptions were collected from databases such as CNKI
and VIP, and the top ten herbs with the highest frequency of occurrence were statistically analyzed.
Then, active ingredient targets and potential targets of Alzheimer’s disease were obtained from the
SwissTargetPrediction, GeneCards, and OMIM databases, respectively. Intersection targets were
identified using a Venny diagram, a PPI network was constructed using the String database and vis-
ualized with Cytoscape, enrichment analysis was performed using DAVID, and molecular docking
and visualization were carried out using Autodock and PyMol. Results: A total of 117 Chinese arti-
cles and 24 English articles were screened, containing 74 prescriptions and 105 Chinese herbs. The
top ten herbs with the highest frequency of occurrence were selected. The key active ingredients
included quercetin, kaempferol, f-sitosterol, cerevisterol, cycloartenol, etc.,, which acted on the
MAPK and NF-xB pathways. Molecular docking results showed that the key active ingredients could
bind stably to the core targets. Conclusion: Quercetin and other traditional Chinese medicine com-
ponents may prevent and treat Alzheimer’s disease through a synergistic mechanism of “multi-tar-
get, multi-pathway”.
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1. 5|

B /R 7% 76 2R 9% (Alzheimer’s Disease, AD)J& — Pl iR T PR, SBF WA SR E . BiE N DEw
IR IR, AD BFIZFENIN, M™HEEFEDEFEME, FHFAESMERERRIIE MM, FEHCAHITR,
Ak 30 4, FRIE AD B AECK R . TR o, F 2050 45, 423k AD B AEIEGL) 500
JiN. BiEENS, AD BEHETIT 2030 G444 2000 J3, 2050 K58 3000 Ji[1], 80 % UL L
i Heke I 50%. H AT, AD RIRHLHIRUAZ, HETEE R, Wz RIAMESTIE2]. EIRIK 1[3], AD
TBIT AN 2 2RSS 5 G NS BE SR ARRER , TV el 0 B AL 5 IR 7S o 7R R 40Uk, AD JE iR |
LRI . CRIX <Rk H “BRAR, WESRE, A ETO, SokSEEt” KRR /RK
R[4, CGREEAT « JMFED W “WUIERR” TR, =: “HRRIE----SHEE, FHAE, 82
i, 8RR, HAFWT#AER, LHAZE” [5]. HEIN AD ZRSIMAER 7 M, BBERIE. Mok
F[6]. AN EL, WITHR R LIS 2. ZEEIEFEEARSR, RAEMNR— .,
KT KRG AT L. HE T, WS 2582 o HURF AR 2, B mT LR Guth iR 2 0k o 2 5 500
Z IR BIARSHE7], HFim it b L T A AR T A . AR, R R 4 24 H A A MR
(RIRFF 7CRBOR AR 22 o AT 7 38 3k B di P24 A 5 TR 29677 AD FI I 25004, 32 4% 25 3 24 A T oAz 0 2 24
F BEE N L BT S R ?ﬁ‘{ﬁlhnﬁ AD [ 5 EE S, FEXHAZ% OB S B R AT
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REREF 253077 AD TGRS S AR ML ER LT AR o
2. HRIKIR B EEFRE
2.1. FiFEEIE

4R 2015 & 2025 4F k3T A B HA T4 SO e | AR SCRHS BT P2 A [ 2R B TR L NCBI
ANSCER SRR I L 5% RO R B P22 45 A FRRCHE e v O T b R 2598 97 BT R SRR (1) SCik . e A b SO
JEERSE 28 AR D BT IR ORI BRI 7« “CORIOR T CIRIRIE 7 o JESCEE RS 2 OCEEA N “AD” . “ Alzheimer’s
disease” -

2.2. CEREYAIN SHERR AR

ENNARIE:  H P AL WE T T B S Am RERR 22, FRBR T AR SC SRR (AR R ER 253077« AR R
B« ZRIR | BRI AN K b 245 55) FF 070 L DA R R 2 R 18 A% 0 B SR (B 5 o R 24 2 RBURH SR D i PR 2
BURIBETE . 2557 B RZG M IE 7T);  PRAGLZR I 8] 9 2015~2025 4.

FEbrpRiE: FESCHR. M E R RERXB R, 280830, B A EFHEREA RS TR

(RISZHR -
2.3. BURASEH R AL TR
S 2025 fFhR (PAE NRICANEZGHL) | 2023 4F58 5 il (R 255D » ST A brdE R SOk ) 254 44

BRHEAT G AL A — R R MR G 4, RS — 2.
3. MG E 4R
3.1. BYIRSTREE

it TCMSP %t#E & (https://tcmsp-e.com/tcmsp.php) M B & % SCiik, #6258 5 R &m0 b 25 4 i Ak
Ry, LA Excel R, MIEAIAE R BE 5 o 25 18 3 i i 57 B 2 v BE I BV A RS
WAL RV E N T (e . EIER)ME, KW WER L4 T8/ T 500 Da. HAG—EE
fEtE B 2 7y ar e gE i . DRt ERIREARE T, S DIREYF A E (0B > 30%). K214 (DL >
0.18) & 43+ Jii £ (MW < 500 Da) =T Z %, ik i [FBH# 2 “OB >30%. DL>0.18. MW <500” 1)
PERLAY s VBN B TR o

3.2. ZHYIRR ¥ RAIREL

FIF TCMSP. PubChem. ChemicalBook %4 /2 & SCRRIRE & /AL 24 4544, ORA7 N Smiles #% 5.
F4 0 MR Z> Smiles SN SwissTargetPrediction ¥ /%, ¥R E A, A “submit” SREUA
R AT AR OVE FHEE A5 S [10], FRE T 228, MG RN E S EE 4.

3.3. AT &R A TEIE

FFH GeneCards ¥z R Z& “Alzheimer disease” F-i%£HL Score > 20 HU%E 5, F454 OMIM i E
A [ ] (B, Ao S A5 3] AD TSR A, A4 s I A A B4

3.4. ZEMEAMIKE

¥ AD P HE 215 250 RS BB S BN Venny 2.1 W3 2] 35 L P, S A JRk DRI A gt v 24 1 4% I 4%
BEAT R L0 HT
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3.5. #3i& PPl %%

PRSI 3N STRING ##5 %, L “ 2 & F (Multiple Proteins)” #5250, B & ## 4 8 A (Homo
sapiens), HARZHIRFFEIN, WEEHAMR - HEFUHEAEHMZ(PP). Fi)5{EH Cytoscape 3.8.2 X}
PPI 2% 3EAT P AIAL 2L B, FFid it H: “ Analyze Network” ZHAS T R 3R 04T, FRELIL [F14E A1) Degree {f .
A Degree {E MK HE AT B P HE 7, e BUHE 44 1 T 0038 SUVE R A G B 55

3.6. I8 GO, KEGG BN

K H DAVID % FEM i GO KEGG #H70 M. ¥ UL EHS A2 LRS- N\ DAVID B 2, XS
MRS VAR TT B R P BRI AR S HEAT GO Al KEGG &4 0#r, 418 P AEHEF[12]. GO 43 bkl 2y i Bl
+%%, KEGG - HTit B AT 20 4@ 172 . M AMAE F & (https://www.bioinformatics.com.cn) 3174
K.

4. R

AT e I S 2R O 2 H S A AR B 117 R R SCSCHR, 24 RSk, & 74 MY . &g,
74 ANabJT AL 105 BRI 2. Hh 2SI 2 N IRZE(27) A ENE(25). 11E(20). IH(17). dEa&
17). HE. A=, i, M7, AR,

4.1 FEENER W EEE

I A B SR PR B T S B 2 I B TR 2 Ry, I 1 B

Table 1. Recurrent active constituents in traditional Chinese medicines

* 1 EEHIKPAIEERS

G TEERY

R RERR . WHEIR C. AL, RELH
AE MR S T A M L R
N= NEBe VENES B MR p-A i
E1E| BIBERR . SRR MR, LEEm
& TSR AR R R
HE JeHEE . HEERM. RHER. LRD
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k¥ KL MR W - WP - O LERm
Hugg BIZRRR . WIMERR. M13ER D

AA BIERIR . IR

4.2. TR 5 ER R R TRk

W L SCHRICERN TCSMP R0 3l 25 1 A 7B AE 3 M 0 TR HEA T O e, HEBR IS 20 . R BT, MW
J S » W TR R A TEPERL T HEAT Smiles 548 2, FIG 45145 N SwissTargetPrediction (4% £ #1 TargetNet
BifE, KmEEH LS, 33 248 METERE PR HE A

4.3. R R R RTEE
ifid GeneCards A1 OMIM /%2, L “Alzheimer disease” Ny5ctiinl, AL R & 325, 55 1576
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Figure 1. Venn diagram of intersecting targets between active ingredients and Alzheimer’s disease
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Figure 2. PPI network diagram of intersecting targets
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IhEext & A HAE BT R AN, 15 FIFLF S 5 Degree B IFHET . RS FHEZ AT FLAGHE A, X LLsp
BN RESCEERE S, B TNF. AKT1. EGFR. ESR1. STATS3.

4.6. EERIHH

k3R TE R 2G5 B VR T BT R SR HE BRI (AD) AR R ML, SHETER > 5 AD A8 SR 55 3 (1]
JeITE 0. il DAVID $dE k4T GO B4, LLP < 0.01 fiiikth 1609 1 GO 2 H, 4nl 3 fir
TRGEREE], Hrh A3t 5 (Biological Process, BP)5 AD EL#%AH5<EX {4 Cellular Response to Lipid (4H
J s AR 5 i ) Regulation of Reactive Oxygen Species (ROS) Metabolic Process (75 P %4 f$%) . Reg-
ulation of Establishment of Protein Localization (& /i i€ 7 #4%); /140 73 (Cellular Component, CC)5 AD
ARG A #1287 a4 (Neuronal Cell Body) 41 2 #hJ£ 5 (Extracellular Matrix, ECM). 52 &5 £ %) (Receptor
Complex); 4> Ihfig(Molecular Function, MF)tj AD #H5CEX {1 P KBS 14 (Endopeptidase Activity). 44k
M JR I 14 (Oxidoreductase Activity) . & [ 14 (Protein Kinase Activity) . 1% 5% #3514 (Nuclear Receptor
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Figure 3. Results of GO enrichment analysis
[ 3. GO E&E A ER

KEGG &HESMH4 R 4, hegimtElriasr AD T8 5] T Alzheimer Disease (/R 7 iEER
J%)+ MAPK Signaling Pathway (MAPK {5 5 i@ ). NF-Kappa B Signaling Pathway (NF-K {55 i #). Com-
plement and Coagulation Cascades (#MA L5 #&E Il 4L {5 S %) Calcium Signaling Pathway (£515 5 18 )
Dopaminergic Synapse (2 [l AE #2258 fik). Serotonergic Synapse (& LIS & M4 5 fih) . X 1 B rh 2538
2L ZEKIBST AD.

A7. FIHEER
Pt 5 HAZORE ST TR, BRI SR, SGRWNE 2 .
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Figure 4. Results of KEGG enrichment analysis
E 4. KEGG EESITER
Table 2. Statistical table of binding energies between active substances and core targets
F2 EMYRSZUEBRESREGITR
2545 B (keal/mol )/ & 8 5
TEPERSY
TNF AKT1 EGFR ESR1 STAT3
LE LR —7.29/2 —6.01/2 —7.78/1 —4.54/0 —6.72/3
LY EEN -6.77/1 ~5.92/2 ~6.64/2 ~5.41/2 -5.72/1
Hit B 2= —6.49/2 ~7.89/5 -8.39/1 —4.95/1 ~7.35/2
B -9/1 -7.4211 -9.78/1 -6.88/0 -7.51/1
LRy -8.51/2 —6.53/3 -8.11/4 —6.5/0 -8.12/3
PR o B —8.63/1 —-7.07/0 —8.74/1 -5.96/0 —9.18/0
1 2%y —6.57/3 —6.66/4 ~7.24/4 -5.29/1 ~7.71/3
RE1% B —5.96/3 —-7.32/0 —5.74/0 —3.42/0 —6.04/1
R%EWR C —6.02/1 —8.29/3 -5.71/2 —5.39/1 —8.38/3
SR -8.11/0 ~7.03/2 ~9.95/2 ~5.45/1 ~7.7312
L ~7.3712 ~7.13/2 -6.4/1 -5.51/1 —6.72/3
TS ~7.48/2 —6.42/3 ~7.65/2 —4.79/1 ~7.81/1
HEIRR ~7.80/0 ~7.04/2 -8.86/1 —6.93/0 ~7.86/2
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WRAE S X R, EHERR AR T B M R S [13], iS5 TNF. AKT1. EGFR.
ESR1. STAT3 FLAMZ Bl &5 (1 45 & it V- 218 N—6.78 keal/mol,  HAFME s 45 S iR B kg B0 — M
Tk, FALE A MBS 5 R RSN e R e . L2 R T3 B2E /N, T S RS R =
T (o7 KT 400 Da) Atk . 5 5 Bl bE g o S A AR st b, BRI L 2%
R AT R %O 8 S ——EGFR. STAT3—— T rl AL #T, Wl 5 R 6 s, 1L Zsmks itk
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Figure 5. Kaempferol-EGFR
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Figure 6. Kaempferol-STAT3
6. LUZEE}-STAT3

5. Wig

AT GG 4 W26 2532 54 T B 730, RGRTH T 36T SCikdS 4 745 b 25 52 07 ¥ 97 Bl R K R
(Y LE TR HE B o SR B A LA

BT 74 A AD VRTTAL T I B2 AT, R I 2GR I T 2RSS . L IS A,
T HEL AZ. MRRT AR, X4 RS AD “AmARse” MMALRE R A . ik,
FAR. AZ . HEERUE FH2E, @I AL R ZE14]; 409, Ffd 7. Mgy e, BN
WELLTEREIE[5): B, EERPITS, BOEI6]: NEEmAT R, BTk E . e, T
PREE A, AR, TRESERI AD Holiavt. BURZEERIIMES:, FREIZmE BahAk.
PR T 2335 57 (A o 2 7T S E

Bt IR ARG A A AT I, SRS TR B (L A S BTERR
JIES R AN 25 8RR . AR, MR SIS Y. EE. L AS.
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T2 2R 2 R 35 A, NI B 5 T BB AR AL T R B R K VR F R S RISt A% 0 0 HE
RS S S, 1 93 ANILFHE AT, A E PPI IIZE . SR M i id B A RZ BB AT TNFL AKTL,
EGFR. ESR1. STAT3 7t AD I BLBERE i B/ (1. TNF-o A RAEIZ LIRS 1, Wi S
M2 TG TZ IR AB ITAR[17]: AKTL BN PISK/AKT 15 5B Bk 1) 5515 £i[18], HBMmib/KT 504
TOAFE KA ZE VIO EGFR MFHIES A8 T IS Ald 1 K[19]; ESRL /SR
155 BB AR SN T Be B R4 ME I [20]: 10 STAT3 7E 9 JAK/STAT & e K 17 [21], & 5%
IV AN IG A e RIE S o S TR R R, Tk s SO R I B R IF S A iE e, P
P44 Reik £10-6.78 keal/mol, Ay W2 25 31 2% (1) 73 BT $ 4 T i .

GO & &I MTHm7R T A 253 1 13 4 T8 Tk 8 42 4 PR ko R ol P el I o i P SR AR B 0 v DA B
W22 T A AR S GV MRA KR IEIRITE R o« ISR h 2AOGE S & L B A RIB(ROS) i
2, 30T Be a5 e 4 A I P A 2 B AR A SR AESE AD g . KEGG g & it — 2R, h
ZHEYER TP AD B ZIm B  RIRRAE . BR T BHE B3 Alzheimer disease i@ 7, MAPK 15 5 il
% NF-xB {5 58 7515 518 % DL 2 UL AR/ 25 AE 0 40 58 fil il % 35 2. 3 = 52 . MAPK AT NF-xB i#
PRI S EIOAE T Hp 2GR SRE . FEPL AB FRIETE SR T RAZ OMLEI[22]; A5 15 510 R IR TR 4 0 5 4
FREETC NS B FARES « B IR A5 R A A0 B 0 A D [23] s T % 25 EEL i R R LIS 2= e SR kP 7 =4 47
fRRE T TR ZGTE LGS AD BB PEBE IS RS . AT N R BEAR S 2L U T A A [24].

g5 L PTIR, A FUIE B A BRI AR T T VR AD I TR AT R R L LB B
WA gy, TTREE I FEIVE R T TNF. AKTL. STAT3 &5 CHESE 5, #EMTT MAPK. NF-«B J45
GRS KIEM, BASTIPIR . DAL T RANTT M R A TG 2 ERN, N RN R
tZiht AD B2 R TR KA LR SRS I T AEME B AR . SR, AR S AE A SR PR A
IR 285 245 L 27 T A0 50 T 40l 2 e B 1k 5 B R I, AR IR R R TR AR LV E R R AR 2, I A
5 25 PR P9 A1 S 36 o T 45 SRR AT 3 — 2B IRIE

6. &it

AW TR M AP E 5 0 7045, KRG SCEkFiaIT AD IR 255 75 2008 S8 fEpLH] . 45
BR, EAHZRE. FEWE. NE. LA, mESARI T EEES . RIS G M@ AD 0
1B THIEIRTFIOM L 2 (L 25 p-1 S RS M e o) Tl I A FH T TNFL AKT1. EGFR. ESR1., STAT3
SEOCHEEL AT, HE MAPK {5 58 NF-xB {5 58 4515 518 & 2 CZAE/ILIE & AErh 4 5 il 25 2 %
B, RIREPIE SORE . PUEACRIE. 1T S Ak aT R FR R I T0 . o TS BRIE A% O o 5 6
BEAL S RS B ARV R TSR TIRIT AD “L o - 2 - 2B R RMERA, N
Ji5 B SIS IGIE JL 4T AD 2GR AR T BRI KA .
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