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Abstract

Objective: To explore the mechanism of action of ginseng active ingredient in the treatment of Alz-
heimer’s disease (AD) through network pharmacology and molecular docking technology. Methods:
The active ingredients and targets of ginseng were screened by the Traditional Chinese Medicine
Systems Pharmacology Database and Analysis Platform (TCMSP), and combined with the Gene Ex-
pression Omnibus (TCMSP, GEO) and the Online Mendelian In-heritance in Man (OMIM) to obtain AD-
related targets. The DAD database was used to analyze the functional enrichment of Gene Ontology
(GO) and the enrichment analysis of Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway, and
the potential biological functions and signaling pathways of ginseng in the treatment of AD were re-
vealed. Finally, the interaction between ginseng active ingredients and key AD targets was verified
by molecular docking technology. Results: A total of 53 potential ginseng targets for the treatment of
AD were screened, and GO enrichment analysis showed that these targets were mainly involved in
biological processes, such as nerve signaling, cell migration, and mitochondrial function. KEGG path-
way analysis showed that the active ingredients of ginseng were significantly enriched in the inflam-
matory and metabolic regulatory pathways related to AD, such as TNF signaling pathway, IL-17 sig-
naling pathway and AGE-RAGE pathway. The results of molecular docking showed that the active in-
gredients such as ginsenoside Rg2 and f-sitosterol had strong affinity (binding energy of <-6.0
kcal/mol) with key targets such as AKT1, TNF and IL1B, suggesting that they may play a therapeutic
role by inhibiting inflammatory response, regulating apoptosis and improving energy metabolism.
Conclusion: This study reveals the potential mechanism of ginseng intervention in AD through multi-
target and multi-pathway regulation of inflammatory response, mitochondrial function and nerve
signaling, and provides a new theoretical basis for ginseng in the treatment of AD. The results of this
study support the potential application of ginseng active ingredients in the treatment of AD, and pro-
vide a technical route for the mechanism analysis of TCM compounds.
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1. 318

Bi] 7R 2K W3 ER 5 (Alzheimer’s disease, AD){E IR AT PR I 2 R, 2520 65 % DL 1AMk
[1]. FEZHT FRR EE &2 MEK, AD FHAh k% (Alzheimer’s Disease and Other Dementias, ADOD)
rerp E 58 OSBRI 2] [3]. H-EkaEE A DS A EoR, KE60 2 ALY 18.7%, 65 % 1
PAL BN 13.5%, 3L 2.67 12 A\[4] [5]. AD K AMB R FRHIE, RIAA AL p-JE ¥ #F 5 H (amyloid
B-protein, ARBEHUR R KA, LA AN P 1 4 Jif £ 4 28 45 (neurofibrillary tangles, NFT)5R4E, X% NFT
i FE R R AL Tau SR I 41a[6]. IR I AD Sidi2 )1 FREFEDG, WA RIE. RiIN. ASAIRE )12 40
A e o] R, DA AS AT AR [7]. IRAERTE AD IR, BINAR S 28 ias7 5ng, 2R
A A Ay B Y B R, T R AR R A R R

NS R—MELRIE S, 16 BRI HEAD AR W E RAE L b 2R g & i)z [8]. ASTE
W EE N — R R 256 DA T 30T4F, B nT UGN FOIE . BHEO R L 538 [9]. ASE & AS 2R,
ZhE BERER D, NS EEFEYCIAS BT, i AS 21 Ryl (ginsenoside Rgl). AZ 2+ Rg3
(ginsenoside Rg3)F1 A\ Z =1 Rg2 (ginsenoside Rg2)%[9] [10]. G225, NSRRI L misr-
RS IE R R, ERRE RGPIRIRIT R I T ROR E B e s s, ORI 1R IT
HEFE[11].

AR E 22T TR, NS B Ro2 fEMEA RS BAA BRI FEYE, XS4 B A R 1EH,
REE IR im0 ph T ARG ), ARG s & eiE 15 [12]. NS H Ryl BRI EAE IR 1
W71, ROl fETRIHE RGP, JCH R R AIERE 7 T 518 1T 2 K3E[9]. Bt stiEss, AZ2
H B > A REHERRA Tau & O FERERR L R EGE AD B3 IRERIF ] AD ik, NS R2H
WFEFABLEIET LR, NS 21 rT§m AD M2 il 72, W] AB SRR Tau B A FERERRAL . 1
Hl 9 SN AT AR B T . B 278 R TR0 . DO AR R T AE PR RS 45 [13] [14]. SULRIN, AB R
T AR 1A F 1 S E P MR e B, X AE— e PR PR T FLm PR B

2. R %
21. NS ERRBRIRE

FET W2 2B 2 5T U7k, AR eIl b 2 R 4 24 3 A 50 P S 5 7 A & (Traditional Chinese
Medicine Systems Pharmacology Database and Analysis Platform, TCMSP, https://www.tcmsp-e.com)f& & “ A
27, @i FRAE YR B2 (OB > 30%) A2 24 14 (DL > 0.18) i 12t bi i SR I S35 PR R o> S LR S5A5 ., B
J 83Z UniProt 2 H 5 3048 1 (https://www. uniprot.org/) 47 “Human” #)F R & F1 “Gene name” 7 B BLYS
56 R A AL PR B AR AE AL e, TR ORI 5 A DGR A 5 o

2.2. PR ERRREL R IREN

3 5L i (R 2 ik 25 4 %09 % (Gene Expression Omnibus, GEO, https://www.ncbi.nlm.nih.gov/)fl7E £&
KT R 38 A% 0305 % (Online Mendelian Inheritance in Man, OMIM, https://www.omim.org/), 7EXdE & b
L “Alzheimer’s disease” Ay BRI 2R, 45 215 21 P9 A48 e (1B 7R S BR 3 A DG EE KT 22 UniProt 1D
Wbt A Venn 23 Hr L E 5, K H] Cytoscape3.10.0 Bk & 3 PP JE K /2% B (L1 1).

2.3. BEEST
AR DAVID 7E 28504 B 5 NS 9697 AD WL FE 5 HE 47 35 K A4A (Gene Ontology, GO)IhRE &
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£E 3 T AN S 3 R 5 L R 4H 1 B4 45 (Kyoto Encyclopedia of Genes and Genomes, KEGG)il % & #50#T,
ARG OB AE ARV DhRE A Sl ik . %G, Rk ) 9 NS ISR R P AE /R I BE AR R 51 32 2
A DAVID ¥ 7E, &8RN “Homo sapiens” , 737l T GO That & £ Ml KEGG &g & £ 01T
GO IhfEE 0 il o5 4 WL F2 (Biological Process, BP). 4 fiti4H %3 (Cellular Component, CC) 14y Zh g
(Molecular Function, MF) =/NZIk, il 38 o] LA T AT A SE AL S 2 5 1 A5 ad 72 . gl e 6 2
HorFIhReetE, BNt e T RARAT BT FAL R A& o T % . KEGG @
B T A TR ASHE R A R E RS S, Wi Fnl seRERINLE], iR L P
6 <0.05 AHEEERME, Wikt AD RN EFEEEKH, HiBd RIBEFLHIFEEEBAEE, U
EZNE S

Figure 1. Intersection target PPI

1. REH S PPl EE LK E

2.4. SrFXHE

IS 7 FRHERARIR TSI S 5 AD AHCHE SRR BAE R, B 5 M\ PubChem 7E 4 25045 e R 4%
ANZEME RS 1) 2D 2548, 748 A OpenBabel 44 HAL A6y mol2 # X BUME fF2E 70 4 B S R E1 B8k
45 £ (Protein Data Bank, PDB) T %, H A5 4 55 1 f AR 2544, i ORI Ie 45 44 1) 20 R e i v AL S SRR S5 611
TEIEAL S B BRI 2 T4 & CB-Dock? (http://cadd.labshare.cn/ch-dock2/php/index.php) #4743 - %F
Bt B, B ASIEYER I mol2 #g XU E NIk, SESE A1) PDB & X OSCHE AR, A% CB-
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Dock2 P& HATX M, BEMKSESIBAT AR, RIS 2 AR 45 SR 25 G e
T RARGR A, WA SRR G REBAL, RYIHSE WSS, MM REMER, JHH 24
Zi4rfE < —5.0 keal/mol i, YONRLHA S SR 2 18] BAT RAFIKIZEAN J), W] BEAFAE R AR LA A s JEad 7y
P HRai R, g 5 G R IR HE S MERE MR &Y, #— Pt M AR, AANSE R
Jri677 AD HIFE PSR B 77K P IO BRI A4 -

3. DGR
3.1. ASMP/RIGRAFHE SR IREL

M TCMSP il FEAS RGBS AR 5, B RIRAHSCHE S 101 4. M GEO A1 OMIM ¥ ¥ 246
R AD, 15345 AD 1) 2136 P2 kLA, @ik Venn EmE 53] N S1697 AD I/ F#E & 53
AMOLE 2)o NSTELEG R 1 RARE B ILE 1.

Table 1. Potential active ingredients of ginseng

® 1 ASRBEBYURS

Mol ID Molecule Name OB (%) DL
MOL002879 Diop 43.59 0.39
MOL000449 Stigmasterol 43.83 0.76
MOL000358 beta-sitosterol 36.91 0.75
MOL003648 Inermin 65.83 0.54
MOL000422 kaempferol 41.88 0.24
MOL004492 Chrysanthemaxanthin 38.72 0.58
MOL005308 Aposiopolamine 66.65 0.22
MOL005314 Celabenzine 101.88 0.49
MOL005317 Deoxyharringtonine 39.27 0.81
MOL005318 Dianthramine 40.45 0.2
MOL005320 arachidonate 45.57 0.2
MOLO005321 Frutinone A 65.9 0.34
MOL005344 ginsenoside rh2 36.32 0.56
MOL005348 Ginsenoside-Rh4_qt 31.11 0.78
MOL005356 Girinimbin 61.22 0.31
MOL005357 Gomisin B 31.99 0.83
MOL005360 malkangunin 57.71 0.63
MOL005376 Panaxadiol 33.09 0.79
MOL005384 suchilactone 57.52 0.56
MOL005399 alexandrin_qt 36.91 0.75
MOL005401 ginsenoside Rg5_qt 39.56 0.79
MOL000787 Fumarine 59.26 0.83
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Figure 2. Venn diagram of the intersection target between ginseng and AD
E 2. A& AD &SR Venn E

3.2. ASiafT AD BHEHERK GO TheEEE ST
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Figure 3. GO functional enrichment analysis bar chart of potential targets for ginseng treatment of AD
3. ABIBTT AD BEH SN GO R EE S MEHE

BP &AM HPTEE “4iT A IETE" (positive regulation of cell migration). %t ZBEA B ”
(response to ethanol). “G 2 A {8 524415 5 1@ % ” (G protein-coupled receptor signaling pathway, GPCR)%% .
SITEE R, BAREER T RES 5 AT A% I AAE 545 T DL AOOHL 220 5 (W 2 BE) 1) S 2S5 AR ) 2 i 7
4H B £H 53 (Cellular Component) & 4 73 #T H HFA77E “ 2 kifA ” (mitochondrion). “Fifi” (plasma membrane)

“HhE K (axon terminus).  “HHZETCHES” (neuron projection)&. SubIFIRT, H AR AT REEEALT
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bR, AR, WA T RMEM AT, SRR S A AR ThREFN S B VI G . 71 Dfe
(Molecular Function) & S/ AT H R AFAE “ sk LIS 1455 (transcription coactivator binding).  “G &
PRI 2B RE B 32 78351 7 (G protein-coupled acetylcholine receptor activity).  “H§45 47 (enzyme binding)
S HRMARU, BRSSO ZRES LT AR RIS T IhEE. A GO
PR BRI KR, JEFEIA O B 20 A5, JENEER S MIEBn “BR” ARk F)n] Ree it
FOH IR O I REEEE R . p fH 75 A 0.00025 £ 0.00075, FRUHIX L E L4 R AT M E L HE B E ME(E
pfE <0.05 #INHRE). p El/), HELGRREE. BEEEN GO @ WH “GPCR” . “Xf LB
ISR “HIT B R RS &, REREEERY, BiERNTREES 5MAE 545, 40T
FE T3 DL LSS 57 (0 2B I S B2 AR FE . RS GO Sl i) 35 (K L 3 (Gene Ratio), i FEIM 10
P 50, FEH LGB, RUZEMHSE BN E SRR . iR R EESEME RSN
Dhae s, QM S 5% 30 GPCR). M JuAs M (W A S M2 ToHe i) DA S 4 I A% S5 2 .

H AR RIE AT e SZRRR TR . RS2 A4 LA R B s P T 1 2 DA O, $on AR A pe AR MRS 5 1% 04
Pl EZEEH. GO BESITAREY, HIENWREES SMERZN IR IAE, BFMEE 5L
T QTR LRARIhRES A FL AR . XL TR A S TG S0 AD HITGRTT1F R (it
TEELRA 3).

3.3. ASiafT AD BEHRH KEGG BRESR S

KEGG it % 2. 35 & 46 1) KEGG ilEs, . S 5R GG : W45 (Tuberculosis). 57
1% (Toxoplasmosis). 7511 FG 14 J& 4k (Salmonella infection) 2% . 485 5402 4258 % 40 TNF 15 S8 B (TNF
signaling pathway)- IL-17 {& 5@ % (1L-17 signaling pathway) NF-xB {5 5 i % (NF-kappa B signaling pathway)
S5, EREA SR /BT (Small cell lung cancer). i 3iE i 2% (Pathways in cancer)%%. AU 5 5%
FESCIE M. AnAETEAS 1 5 5 9% (Noon-alcoholic fatty liver disease). JIg /5 5 5 ik i REfE1L (Lipid and athero-
sclerosis) § /R H & IE 7 Y AGE-RAGE 15 5 i 4 (AGE-RAGE signaling pathway in diabetic complications)
5. p {EVEHIM 5.0e-08 F| 2.0e—07, XWX LLIH K & R 45 RAA S EZL T REEGEY p B <0.05 #
INARE). pEB/DN, EEEGRBEZE . B EHN N SERHEE 10.0 £ 20.0 Z 0], 301X L@ % 17E
HARFE N E PG R ENE . SR EBITERE M 25 3 35, XL #AE HbrIE Kb 1) & B R
o LREHT: AR EE SR T R 5EGs. RS G i SR DLARH S5 5 S5 AH O Im K
F UK B I R W] REAE X se b 2t R PR R . B, TNF {5 5385, NF-«B 15 SIEEA IL-17 15
5 I I SRR N HARE R T B8 2 5 SO0 S S B RS o R RE AH DR I8 % (A /N0 Bt | R I R ) 1 ' AR
7~ H bR R R 0] R 5 I R AR AR R B DA G o AR5 003 A DG s e (W RS T B 7 o IR 2 S5 3 ko
FEREAL) (1) & B4 B AR o] ReAEARUI MR il 2R . KEGG BB & s K, ANZF3E
EHERAD T REF B S 50 5Ky RIS R, ik DA 55 S e St i . XL BN
RN FNSIE T S D Re S AD RRITERR UL T AR . WK, TNF 15 Sl 2 R
NIRRT, HAE AD BENALN T RIERET S, TGS/, (R SOE s
JCHR[15]0 IL-17 {55l 2 — PR RANMHE T, 75 AD B PR HF/K-FAt a5 I e B i bR Fn
St VI K[16]. £ AD ¥ AGE-RAGE {5 Sl Bk RENE 5 AB I HAEHIHERE AB UTRAIE AL
L A S IG PR TR 7E R B, RAGE 5 A M EAE 2R To AN Ag AR &, 5 id 12 % 2],
FEIMRIRRZE JOIE . X LR IR RAGE FIREN T T APGIRAT PP i W 2l B [17].  SEER A F &b
RIR I GARSLIGH T B R AR 8 FINESE T EESHTEI AD 5 TNF 55, 1L-17
{5518 . AGE-RAGE {5 518 B I AH OCHE (I ] 4).
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Figure 4. Bar graph of KEGG pathway enrichment analysis of potential targets for ginseng treatment of AD

KEGG Pathways Enrichment

o
o

4. ANBIRTT AD B R KEGG BERERE T FME

3.4. SFXEER
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Figure 5. (a) Dougesterol AKT1; (b) g-sitosterol AKT1

& 5. (a) E&EE

AKT1; (b) p-BEEE—AKTL
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IR LN AKTL. TNF. IL1B. PTGS2 #1 BCL2 {5 5@k /e N Zi597 AD HICHIEK, sk
TG R (AT TRHE . AR AL )\ PDB ¥ A T HE 5 K ( (AKT1: PDB ID 3096; TNF-
a: PDB ID 2AZ5; IL1B: PDB ID 91L1; PTGS2: PDB ID 5F19; BCL2: PDB ID 2W3L) ik g5t 4» #ig 1
<25 A, TCfRAbHE: M PubChem TEAZHEMERSIN (W -4 8B NS BT Rh2 %) 2D 454, FIH
OpenBabel 3.1.1 ##ly 3D Z5#4, AL ARG (EH 7.4) (L& 2). 455Xt 466/ T-6.0
kcal-mol™t, #E/R KBS S AURA RIFE S 1, #E—BEsE 7 NS SRR S BRI A JGHE 552 1]
FIA EAE (LA 5(a) & 5(b)). 2R ALLFE: M PDB i1 T %k 4E 55 25 1 (AKT1: PDB ID 3096; TNF-
a: PDB ID 2AZ5; IL1B: PDB ID 9IL1; PTGS2: PDB ID 5F19; BCL2: PDB ID 2W3L)[¥) ik 4htt), 43 ity
<25 A. /] CB-Dock2 *F- & (J& T AutoDock Vina HiE) BTt x #2 (WL 5(a). [ 5(b)).

Table 2. Molecular docking binding energy
F 2. DFXEEARE

AKT1 TNF IL1B PTGS2 BCL2

kaempferol =17 -8 —6.2 -9.2 —6.5
ginsenoside rh2 -8 -8.3 -6 -85 -74
Stigmasterol -11.5 -8.4 —6.8 -95 -7.6
beta-sitosterol -111 -85 -6.5 -9.6 -7.2

4. 7ig

NS 2 B T J1I RAR AP AR50 [18], 232 Rl k] AB IR &EM Tau & (A 10 B
Bt A SORE IR N PP PR TR T (R B IR T I 20 . S ZRRAA ) BR B A DA K A T
AL RN R IE M2 AR E I [13] [19]. SRS, BT AZI6IT AD 78 L2 . 28GR
ZIEER T AN G, AR G 2 B TV DL A T R G AR s AR FA AL DRk, A S i X 45 24
LT PR, N ANSIRIT AD 2GR AR TR B Ak e b7, #E— Dz T2
AR SRR J

W T Y 53 AN CHERE &, ¥ % GPCR {5 5@ TNFINF-xB JREHh M 2Rk A Th g 4. Hoh,
AKTL1. TNF. IL1B S#% O LS AL R BIR, NS BT R2. -4 BB S0 s A
SRR ) (45668 <—6.0kcal/mol), $&7 3L AT fe i i # i) 28 RE S IDE S N« TR 1T 4T O T AN 250 e AR K
TR X SRR e NS A A A Tau BERRILIISE 16— 50, BRAIE 1 4R 24 2 T A ] 52
.

KEGG /it iion, ZFHEREEEET TNFE5IEE. IL-17 {5 585 & AGE-RAGE il % . X4
FEAE AD FRIFREE JERE S8 BRI S 5 T AL SCBREAE FH o 1T, TNF-o (193 2 20 T B0 /N IR S 40 i
SHEML N, AGE-RAGE B 5 N5 A YU Tau REAI IS, NS iH M 43 AT A HL X 2458
PRI RO, 1EZE AD 3B . KEGG ZhbT & IL-17 MR B3 54, $on NSl feilid $ ) 1L-17 ik
BRI IL-17RA) FIUZ B . O FFFEiRIE AN S B8 nl ] 1L-17 (97=4E[20]. NS4 Rh2 Fl g-
B S TNF #E S BH SRR (45868 <—6.0 keal/mol), 47~ H AT fg il B340 TNF-o (035 5T
WMHE RIS, IWTIRERAREE SORE R teAk, AU D (U SR 1 A5 D5 AT s < g AR 1) &
IR AD SRELEAIERNETEREL, NSRRI THA

BB EEMNFRSES Arg25. Asp274 FEREBEFE S 8 2.1 AL 23 A). BiK{EA: Vall7. Leu210
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Phe438 (B /K e 0 FEBO A B 0% . m-le A 9% Tyr272 BIPRE AL n-be B HER(K] 5(a) . AS R
1F Rh2 5 TNF-a (K] 5(b)) 25 &0 s TNF-o = SARSFLI (5L Tyr59. Leul20. Ser60). XHEAHHAEH: &
. NSRRI Ser60 FH AR TR A QOA). hifF: BEHNRMREM S Argl2l NI
HFFE5A). BKMOES: Leul20 Al Valol #MGIK 148, RAVBHIBEIR(K 5(b)). ©H8EES PTGS2 4
AL PTGS2 (B /KIEIE (5% Tyr385. Ser530). XBEM A SH: HMEFRES Tyr3ss Mzt
FEREELIA). nn HERL: §4Z%5 His90 HIKMEIATE A n-n AH EAEH (3.8 A). BiZKAEH: Val349. Leu352
A AlaS27 MIBEEL ALK . 4558800 p-AEEES AKTL 1456 RERK(-11.5 kcal/mol), FHHHATHE
T AKTL A5 40 A T20d B R FE AR A AR VR - B RO B e NS R B AL FR P S 45 5 5
B, ANZRAF Rh2 (FFAHEE) L RgL (7 =ANHEE) BE SR N TNF-a BTG T 48 B0 Rl 0
TN PTGS2 145 & fE(—9.5 keal/mol) &t 25 5 1~ ZE K HA1i (—8.1 keal/mol), $27 AT géid e #ii] COX-2
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