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Abstract: The study was designed to explore the active components and mechanism of Kai Xin San in the
treatment of Alzheimer’s disease (AD) based on network pharmacology. All targets related to AD were
researched in the Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCM SP)
and Therapeutic Targets Database (TTD). The common targets obtained by two databases were determined as
candidate proteinsinvolved in AD. All active components related to Kai Xin San were researched from ADME
(absorption, distribution, metabolism and excretion). PharmMapper was used to obtain the primary candidate
targets of Kai Xin San. The corresponding gene name of each target protein was obtained from the UniProt
database and selected human target proteins. Finally, the target proteins related to AD by Kai Xin San were
acquired; Cytoscape 3.5.1 was used to construct the topology analysis for the active ingredient-AD target
interaction network of Kai Xin San. According to STRING database and DAVID annotation databases, Gene
Ontology enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis of
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the targets was performed. The network pharmacology analysis results were verified by Discovery Studio
molecular docking software. There were 31 components meeting the conditions of ADME and 8 targets relating
to AD. Thirteen kinds of biological process, 7 related to molecular function and 11 related to cellar components,
were included in 31 GO entries. There were 5 KEGG pathways, involving the calcium signaling pathway and
PI3K-Akt signaling pathway. The docking results of Discovery Studio showed that active ingredients of Kai

Xin San and the positive controls all have good binding activity with important targets.

In conclusion, the

Kai Xin San as applied for treating AD has the advantages of multi-components and targets, to investigate the
active components and mechanism of Kai Xin San for treating AD based on network pharmacology to eludicate

possible studies of the mechanisms of action.
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Tablel Fourteen proteins relating to Alzheimer

TTD/TCMSP Uniprot
Acetylcholinesterase AchE
Muscarinic acetylcholine receptor M1 CHRM1
Muscarinic acetylcholine receptor M2 CHRM2
Gamma-aminobutyric acid receptor subunit alpha-5 GABRAS
Glycogen synthase kinase 3 beta GSK3p
Neuronal acetylcholine receptor subunit alpha-7 CHRNA7
Beta-secretase-1 BACE1
5-Hydroxytryptamine receptor 4 HTR4
Prostaglandin G/H synthase 2 COX2
Neuronal acetylcholine receptor subunit beta-2 CHRNB2
Neuronal acetylcholine receptor subunit alpha-4 CHRNA4
Histamine H3 receptor Hrh3
Amyloid betaA4 protein APP
Butyrycholinesterase BCHE
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Table 2 Information sheet of active compound of Kai Xin San. OB: Bioavailability; DL: Drug-likeness; BBB: Blood brain barrier

level

MOLNAME Ingredient Medicine OB% BBB DL

MOL002879 Diop Renshen 43.59 0.26 0.39
MOL 000449 Stigmasterol Renshen 43.83 1.00 0.76
MOL000358 Beta-sitosterol Renshen 36.91 0.99 0.75
MOL 003648 Inermin Renshen 65.83 0.36 0.54
MOL 005308 Aposiopolamine Renshen 66.65 0.40 0.22
MOL005314 Celabenzine Renshen 101.88 0.05 0.49
MOL005317 Deoxyharringtonine Renshen 39.27 -0.25 0.81
MOL005320 Arachidonate Renshen 45.57 0.58 0.20
MOL005321 Frutinone A Renshen 65.90 0.46 0.34
MOL 005348 Ginsenoside-Rh4_qt Renshen 31.11 -0.18 0.78
MOL 005356 Girinimbin Renshen 61.22 1.22 0.31
MOL005357 Gomisin B Renshen 31.99 0.18 0.83
MOL 005360 Malkangunin Renshen 57.71 -0.17 0.63
MOL005376 Panaxadiol Renshen 33.09 0.23 0.79
MOL005384 Suchilactone Renshen 57.52 0.28 0.56
MOL005399 Alexandrin_gt Renshen 36.91 0.88 0.75
MOL005401 Ginsenoside Rg5_qt Renshen 39.56 0.21 0.79
MOL000787 Fumarine Renshen 59.26 -0.13 0.83
MOL003370 Onjixanthone | Yuanzhi 79.16 0.04 03

MOL002140 Perlolyrine Yuanzhi 65.95 0.15 0.27
MOLO004718 a-Spinasterol Yuanzhi 42.98 0.79 0.76
MOL008570 Harmine Yuanzhi 56.8 0.79 0.13
MOL000275 Trametenolic acid Fuling 38.71 -0.14 0.80
MOL 000282 Ergosta-7,22E-dien-3beta-ol Fuling 4351 0.91 0.72
MOL 000283 Ergosterol peroxide Fuling 40.36 0.34 0.81
MOL 000287 3Beta-hydroxy-24-methylene-8-lanostene-21-oic acid Fuling 38.70 -0.04 0.81
MOL000296 Hederagenin Fuling 36.91 0.96 0.75
MOL 000300 Dehydroeburicoic acid Fuling 44.17 -0.16 0.83
MOL003576 (1R 3aS 4R 6a9)-1,4-Bis(3,4-dimethoxyphenyl)- Shichangpu 52.35 0.05 0.62

1,3,3a,4,6,6a-hexahydrofuro[4,3-c] furan

MOL003578 Cycloartenol Shichangpu 38.69 133 0.78
MOL 002124 Beta-asarone Shichangpu 35.61 1.24 0.06
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Table 3 Information of protein targets from active ingredients of Kai Xin San. COX2: Prostaglandin G/H synthase 2; AchE: Acetyl-
cholinesterase;, CHRM1: Muscarinic acetylcholine receptor M1; CHRM2: Muscarinic acetylcholine receptor M2; GSK3p: Glycogen
synthase kinase-3 beta; BCHE: Bcetylcholinesterase; GABRAS: Gamma-aminobutyric-acid receptor alpha-5 subunit; CHRNAT:

Neuronal acetylcholine receptor protein, apha-7 chain

MOLNAME Ingredient Medicine Degree Target
MOLO000449  Stigmasterol Renshen 7 CHRM1, COX2, AchE, GABRAS5, CHRM2, GSK 35,
CHRNA7

MOLO000358 Beta-sitosterol Renshen 6 CHRM1, COX2, AchE, CHRM2, CHRNA7, GSK38

MOLO004718  a-Spinasterol Yuanzhi 4 BCHE, AchE, CHRM2, CHRM1

MOLO000296 Hederagenin Fuling 4 CHRM1, COX2, AchE, CHRM2

MOL005360 Malkangunin Renshen 4 AchE, BCHE, CHRM1, CHRM2

MOLO000787  Fumarine Renshen 4 CHRM1, COX2, AchE, GSK3ps

MOL005308 Aposiopolamine Renshen 4 CHRM1, AchE, BCHE, CHRM2

MOLO005321  Frutinone A Renshen 4 COX2, AchE, GSK38, CHRNA7

MOLO005356  Girinimbin Renshen 4 COX2, AchE, GSK38, CHRNA7

MOLO003576  (1R,3aS4R 6a9)-1,4-Bis(3,4-dimethoxyphenyl)- Shichangpu 3 COX2, AchE, GSK3p
1,3,3a,4,6,6a-hexahydrofuro[4,3-c]furan

MOLO002124 Beta-asarone Shichangpu 3 CHRM1, COX2, CHRM2

MOLO003370  Onjixanthone | Yuanzhi 3 COX2, AchE, BCHE

MOLO003648  Inermin Renshen 3 COX2, GSK3p, CHRNA7

MOL000283  Ergosterol peroxide Fuling 2 CHRM1, CHRM2

MOL000282  Ergosta-7,22E-dien-3beta-ol Fuling 2 CHRM1, CHRM2

MOLO005317  Deoxyharringtonine Renshen 2 BCHE, AchE

MOL002879 Diop Renshen 2 BCHE, AchE

MOLO005384  Suchilactone Renshen 2 COX2, GSK3p

MOLO005320 Arachidonate Renshen 2 COX2, AchE

MOL008570  Harmine Yuanzhi 1 COX2

MOL002140  Perlolyrine Yuanzhi 1 COX2

MOLO000300 Dehydroeburicoic acid Fuling 1 COX2

MOL005357 Gomisin B Renshen 1 COX2
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Figure 1 Components-targets-disease network. The size of
the graphic area indicates the importance of the nodes in the
network. () Main active ingredients of Renshen; (' ) Man
active ingredients of Fuling; () Main active ingredients of
Shichangpu; (M) Main active ingredients of Yuanzhi; (@) Targets;
(@) Disease
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Table 4 Targets of Kai Xin San related to Alzheimer in the
network characteristics

Number Gene name Dgree
1 COX2 16
2 AchE 14
3 CHRM1 10
4 CHRM2 9
5 GSK3p 7
6 BCHE 6
7 CHRNA7 5
8 GABRAS 1
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discovery rate, FDR) ffiiE 31 1~ GO &£ irgi R
(FDR<0.05, % 5). HH IR MEREZ, G



DR T 4% 24 LA T OR T BT R SR BN A4 P AL 23

+ 1463 -

Table5 List of GO enrichment results to target network of Kai Xin San related to Alzheimer. BP: Biological process; MF: Molecular
function; CC: Cellular component; FDR: False discovery rate

Count in

Category GOID Description gene set FDR

BP 0050890 Cognition 5 0.000 126
0007271 Synaptic transmission, cholinergic 3 0.000 308
0007611 Learning or memory 4 0.002 28
0050805 Neurological system process 6 0.002 28
0007197 Negative regulation of synaptic transmission 3 0.002 37
0007207 Adenylate cyclase-inhibiting G-protein coupled acetylcholine receptor signaling pathway 2 0.003 07
0009820 Phospholipase C-activating G-protein coupled acetylcholine receptor signaling pathway 2 0.003 95
0051222 Alkaloid metabolic process 2 0.0113
0007399 Positive regulation of protein transport 4 0.0113
0007399 Nervous system devel opment 6 0.0119
0007612 Learning 3 0.0119
0007268 Synaptic transmission 4 0.026 4
0090257 Regulation of muscle system process 3 0.034

MF 0015464 Acetylcholine receptor activity 3 0.000 11
0001540 Beta-amyloid binding 3 0.000 219
0003990 Acetylcholinesterase activity 2 0.000 219
0050997 Quaternary ammonium group binding 3 0.000 219
0070405 Ammonium ion binding 3 0.000 739
0016907 G-protein coupled acetylcholine receptor activity 2 0.000 786
0042166 Acetylcholine binding 2 0.004 76

cC 0044456 Synapse part 5 0.000 483
0045211 Postsynaptic membrane 4 0.000 483
0032279 Asymmetric synapse 2 0.001 26
0043005 Neuron projection 5 0.001 26
0098590 Plasma membrane region 5 0.001 26
0098794 Postsynapse 4 0.001 26
0030425 Dendrite 4 0.002 14
0030054 Cell junction 5 0.002 36
0036477 Somatodendritic compartment 4 0.0055
0098805 Whole membrane 5 0.0231
0043025 Neuronal cell body 3 0.0388
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Table6 List of pathway enrichment results to target network of
Kai Xin San related to azheimer

Category Gene P-Value
Cholinergic synapse 4 7.8x10°
Neuroactive ligand-receptor interaction 4 1.2x10°3
Calcium signaling pathway 3 9.3x102
PI3K-Akt signaling pathway 3 3.3x102
Nicotine addiction 2 3.4x1072
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Figure 2 Chemical structures of beta-sitosterol (A), stigma-
sterol (B), donepezil (C) and GSK 3/ inhibitor (D)

Table 7 Results of ligand-receptor protein molecular docking

Ligand Receptor LibDockscore
Donepezil AchE (4EY7) 156.845
Stigmasterol AchE (4EY7) 152.551
Beta-sitosterol AchE (4EY7) 149.007
GSK3g inhibitor GSK3p (3MVH) 137.723
Stigmasterol GSK3p (3MVH) 122.658
Beta-sitosterol GSK3p (3MVH) 119.696
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AT EENE o HR T O BOE R 7) 5 B Ik 24 SR 2 2%
RS+ F1 GSK3B il FIAHLL, 707X W& A W
T BRI 25 O GT

Wit

I P 2% 25 32 4p A R, COX2 Fl AchE & it
g3 — BB R~ I 2% v I 2 R A O I BE L, U0
COX2 Fl AchE 7] B8 &% 0ol 1o 7E B SE36 o R I
BRUBE 28 i (1) COX 2 3 Ik n] {3k AB IR A= AT
HIELCAZ fE /IR, Z ARG (Ach) A& RHH AE AL
SIEEEE BRI, AchE /& Ach KA, B 7T
R AD BE KM Ach SR, WRIA
AchE JhVEsE & . 2 Il 77 il i BRI A AchE
15 BRI T B R 2R BRI . JF 0 it T DL I
i GSK 34 By 1L tau £ 3 BE R 16, if i CHRNA7
20 25 1 R Y SR fh T Ao 4 348 J5 PR R ORI JIE L i ok A%
HEEZIBRIRIT AD. A 2R AIILRC 45 R K W betar
asarone. onjixanthone | perlolyrine. dehydroeburicoic
acid. beta-sitosterol %5 16 NG PE 45 COX2 Xt
B, TOZ 16 AN PR ko) 8 i g COX2 R,
VR SR RMIEIT AD; a-spinasterol . onjixanthone |
ergosterol peroxide. deoxyharringtonine. stigmasterol
EEMER TS5 AchE FIHTR B8 52 A A ELAE A, Flil
AJ e E I I B RE S 5 I8 %5 9T AD; beta-sitosterol |
suchilactone. fumarine. inermin. frutinone A.
girinimbin 25 /%4> 5 GSK3p X4, I Ay &8 90 i
tau & Fd FERERR AL, 9> AB UTRIAYT AD.

it GO LRl KEGG & &4t KB, FHLia
97 BT R R B A L 0 E B A R {5 S ad g, W]
RE B AR B0 JIH B e i 1%, 1T REAE A T- CHRM L 1

Figure 3 Results of molecular docking. A: Donepezil and AchE; B: Stigmasterol and AchE; C: Beta-sitosterol and AchE; D: GSK3f
inhibitor and GSK34; E: Stigmasterol and GSK 34; F: Beta-sitosterol and GSK34



I PAE T R4 2 2 2 0 T 0 BRI T TR i B A LR 20

+ 1465 -

CHRM?2 JHTSREZ AR CHRNA7 KiGJ7 AD. [A
GSK3p 5 PI3K-Akt %%ﬁﬁ%ﬁ?‘%, Qi 2L, ]
AR3%E Sl PIBK-Akt 15 53f K, [ AD BRI/
BRI A tau %Eﬁ”&@af&ﬁﬁ# AD 1973k, [Hitk, FF
OVEAT REIE T PISK-AKt {5 518 40 tau &5 (it &
WML VAT AD. #5145 5@ AD KRitE b H E
FER, ABUTIL S B & 08 B TR BT s, 51 R
2RI (1 T VAR N P 12 o o ¢ TR RS9 e
T AD BA BT P,

&g

AT T HE T X 4% 24 B 25 5 VR I O B0 T BT R
IR BRI (35 M o FOAE R LI REAT T 20 b, I8
1t Discovery Studio 73X 452 3 {1 56 UF 0o Bl 1 B
o35 LR 2 A AR T B 4 A TR I, SRR T
2% 20 TR 2 TR B A5 AT FE MR o ST R A
W2 BRI, TR0 =R A TR R &
VI AR IR A PR S 2R A 1 55 2 R0k 4y T g Tl
IR SR IO, B A 2 T TR R I R A, E
PI3K-AKt {5 538 P tau & (1L FEREER 1L, FRE S
TR YD M ST IR T R HE R YT AD IIER, U
B o 24 2 Gy — 2 B0 -2 BB VR T RN, N R AL
1l 52 4% (R BRT IR g BRI B A T B AT 1
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