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Abstract: Objective This study was designed to predict the main targets of Alzheimer’s disease (AD) in Achyranthis Bidentatae Radix based
on network pharmacology and molecular docking methods, and to explore its “multi-component, multi-target, and multi- pathway”
mechanism. Methods According to the Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP),
the library of chemical constituents of Achyranthis Bidentatae Radix was established by referring to Chinese and foreign literature reports and
collecting targets for treating AD in DrugBank. The Discovery Studio 3.5 software was used to carry out molecular docking, virtual screening
of the chemical composition set of Achyranthis Bidentatae Radix combined with AD target, and KEGG database was used to enrich and
analyze the key target of virtual screening. The active compounds of Achyranthis Bidentatae Radix with anti-AD activities were yielded to
Discovery Studio 3.5 software and molecular docking to predict the poteneial proteins and carry out related KEGG pathways notation
separately. Finally, the network of “active compound-target proteins-pathway” was built and analyzed using the Cytoscape 3.2.1 software.
Results The 58 active compounds were selected from Achyranthis Bidentatae Radix, of which were mostly small alkanes, esters, and
carboxylic acids followed by flavonoids and terpenoids. These active ingredients may regulate 36 potential target proteins such as CaMK-Ila.,
CaMK-IIB, CaMK-IIy, Aktl, and TNF-a to play a role in the pathogenesis of AD. The results also suggested that 12 signaling pathways
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were involved in the pathogenesis of AD, such as MAPK signaling pathway, Wnt signaling pathways and so on. Conclusion This

research method initially revealed that the active ingredients of flavonoids and glycosides in Achyranthis Bidentatae Radix are the

material basis for the treatment of AD. Its mechanism of action involved anti-inflammatory, anti-apoptosis and so on.

Key words: network pharmacology; molecular docking; Achyranthis Bidentatae Radix; Alzheimer’s disease; anti-inflammatory;

quercetin; wogonin; kaempferol; crysophanol; baicalein; inophyllum E
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Table 1 Target proteins associated with AD pathogenesis and their RMSD values and gene name

EASE EA e PDBID RMSD{&/nm UniprotID  ZE[X
BT AE ZSiThRERRRG  AChE acetylcholinesterase 4EY5 0.019 P22303  ACHE
BChE butyrylcholinesterase 4B0O 0.112 P06276 BCHE
AB R APP amyloid beta A4 precursor binding protein 5W3P 0.068 P05067 APP
y Secretase  gamma secretase 5A63 0.086 P49768 PSEN1
BACE1 [-secretase-1 3UFL 0.027 P56817 BACE1
Tau A IR Cdks cyclin-dependent kinase 5 300G 0.021 Q00535  CDKS5
GABA R4 Thfef=rs GABAA  gamma-aminobuyrict acid A receptor 508F 0.123 P28472  GABRB3
AMPA1 glutamate receptor ionotropic AMPAL receptor 3SAJ 0.174 P19490 Grial
AMPA2 glutamate receptor ionotropic AMPA2 receptor 3H5V 0.127 P19491 Gria2
MG RBIGRART) 5HT4 5-hydroxytryptamine 4 5EM9 0.146 Q12639  HTR4
AR A
AR MAO B monoamine oxidase B 1GOS 0.127 P27338  MAOB
HO-1 heme oxygenase-1 3HOK 0.041 P09601 HMOX1
PPARy peroxisome proliferator-activated receptor gamma  3HOA 0.021 P37231 PPARG
M Caspase-3  cysteine aspartic protease 3 1GFW 0.031 P42574  CASP3
Caspase-7  cysteine aspartic protease 7 1SHL 0.037 P55210 CASP7
Bel-2 apoptosis regulator bel-2 2W3L 0.038 P10415 BCL2
Aktl RAC-alpha serine/threonine-protein kinase 4EKL 0.030 P31749  AKT1
GSK-3p glycogen synthase kinase-3 beta 314B 0.038 P49841 GSK3B
RIE iNOS nitric oxide synthase, inducible 4ANOS 0.015 P35228 NOS2
COX-2 cyclooxygenase-2/prostaglandin G/H synthase 2 6COX 0.024 Q05769  Ptgs2
PDE4A phosphodiesterase type 4A 318V 0.153 p27815 PDE4A
PDE4B phosphodiesterase type 4B 1IXMU 0.131 Q07343  PDE4B
TNF-a. tumor necrosis factor-a 2AZ5 0.039 P01275 TNF
IDO indoleamine 2,3-dioxygenase 2D0T 0.016 P14902 IDO1
RS ATP ATP synthase subunit alpha, mitochondrial 2W6E 0.049 P00829  ATP5F1B
GLP-1R glucagon-like peptide-1 receptor 3CH9 0.041 P43220 GLP1R
GPI glucose-6-phosphate isomerase 1UOF 0.036 P06745 Gpi
oAt COMT catechol O-methyltransferase 3BWM 0.058 P21964  COMT
PGC-1a peroxisome proliferator-activated receptor gamma  3V9V 0.024 p37231 PPARG
coactivator 1-alpha
calcium/calmodulin-dependent protein kinase type 3BHH 0.022 Q12554  CAMK2B
11 subunit beta
CaMK-IIy  calcium/calmodulin-dependent protein kinase type 2V70 0.036 Q12555  CAMK2G
11 subunit gamma
CaMK-II3  calcium/calmodulin-dependent protein kinase type 2VN9 0.045 Q12557  CAMK2D
11 subunit delta
CaMK-IIo  calcium/calmodulin-dependent protein kinase type 3SOA 0.050 QoUQM7 CAMK2A
11 subunit alpha
HSP70 heat shock protein 70 1XQS 0.018 PODMV8 HSPA1A
mTOR serine/threonine-protein kinase mtor 1FAP 0.027 P42345 MTOR
ERa estrogen receptor o 2QXS 0.016 P03372 ESR1
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232 MEE N ARYE Lipinski 28250 117
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Table 2 Fifty-eight compounds with their TCMSP number successfully docked with five or more targets and —cdocker energy >0

in Achyranthes Bidentata Radix

TCMSP %i 5 GA=EY TCMSP %i 5 A=Y
MOLO000057 DIBP MOL001314 azelex
MOL000069 palmitic acid MOL001393 myristic acid
MOL000098 quercetin MOL001394 oktadekan
MOL000172 furol MOL001399 TWT

MOL000173 wogonin MOL001619 UPL

MOL000303 caprylic acid MOL001729 crysophanol
MOL000346 succinic acid MOL001747 tetracosane
MOL000383 D-galacturonic acid, homopolymer MOL001836 n-butyl-B-D-fructopyronoside
MOL000422 kaempferol MOL002046 hexanoic acid
MOL000666  hexanal MOL002347 (R)-allantoin
MOL000667 1-hexanol MOL002379 PTL

MOL000676  DBP MOLO002714 baicalein
MOL000703 2-heptanone MOL003040 amylol
MOL000708 WLN: VHR MOL003091 pent-3-en-2-one
MOL000713 (E)-oct-3-en-2-one MOL003507 heptanol
MOLO000748 HMF MOL003847 inophyllum E
MOLO000775 EEE MOL004664 heptanoic acid
MOL000776 ~ OXA MOL004686 nonenone
MOLO000860 stearic acid MOL006731 areginal
MOL000863  dekan MOL007891 2,6-dimethylpiazine
MOL000865 hexadecane MOL008279 amy| ketone
MOL000867 heptadekan MOL008653 acetylfuran
MOL000869 henicosane MOL008671 PRz

MOL000876 (6R,10R)-6,10,14-trimethylpentadecan-2-one MOL008680 acetaldehyde
MOL000879 methyl palmitate MOL011944 IPZ

MOL000880 tricosane MOL012455 oct-1-en-2-ol
MOL000885 dodekan MOL012462 2-octenal, 2-butyl-
MOL000886 tetradecane MOL012470 6-dodecanone
MOL001285 octanol MOL012524 hmp-hmpep
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Table 3 Basic properties of molecular-target protein network and target protein-signal pathway network

X 4% W ABHE SESFAARY p A DX 4% i DX &% HpC ] &% S5 ok e
- E 94 37.766 0.406 0.222 0.328
B (-0 P 34 3.471 0.105 0.178 0.614
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. INEm. BER. BEE CKEBR). 8%
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FiE Coral bioavailability, OB) =30%, Zj#AH{
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Biih AD A 258 Il 6 NG EAE B L
4.
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af

Table 4 Six compounds validated in Achyranthes Bidentata
Radix through OB and DL

TCMSP %5 &Y OB/% DL [
MOL000098 Wl & 4643 028 26
MOL000173 WA R 3068 023 26
MOL000422 1l 2% 4188 024 28
MOL001729 N1 1864 021 28
MOL002714 WE R 3352 021 28
MOL003847 MR E 3881 085 15
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(MAO B) . i % ) il 14 38 58 W) W0E 52 4K -y
(PPARY), y-& 3 TR (GABA) RAThREREH -
AT ABZE (GABAA) 4.
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Caspase-7. Bcl-2. Aktl. GSK-3p %) REfsmi 5
1BIT AD FHICH) 12 ZidpgH, RS 5 a4
AL SR AN 64%. X 12 2% Bk 135 i 5
F{5 58I Cinsulin signaling pathway). Wnt {55
B (Wnt signaling pathway ). 7 2273 24 JE 05 1)
1 IR % (MAPK signaling pathway) . PI3K-Akt
S5 (PI3K-Akt signaling pathway ) %5, {5 B¢
RUEE ELE /A (R 8 2% [) EL AR Y AT S k.

3 Wig

GEE TR R ARSI IRk 58 MR
b2y, #E—PARYE OB Ml OL HEATHfE, Tl
HARR 6 ANRYT AD BTG 53 e A B A S CH
R DUHE R ISR BmER) . B (KK
W) AV A SCIRIRIE , B TR S
P, SRR E B SRR, A RE S
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WRYE “HEW-FEER” 7 FAHERSGRER, 5
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Fig. 1 Network diagram of “component-target protein-pathway” in Achyranthes Bidentata Radix

FHUSI, 12K 80 2 11 GSK-3B 76 AD 5 HIL & g th (i
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FH L 1 A ORI 5 L E A B RV 1, 50 A e
RN T N TEVE, HIH] £ 15 AH B e e M 2%,
HEMA 26T AD.

MAPK & — AR R B, 257
A EARE TS 2 R AR F T REDS. MAPK
signaling pathway 7E M 7374 2 41 ff 3= %2t p38
signaling pathway. ERK signaling pathway #1 INK

signaling pathway ZH fi. FH I s -5 5 38 2 9 26 [ ]
X1, 5 MAPK signaling pathway M4 EAH
Aktl. Caspase-3. HSP70 fl TNF-a, =% 5 p38 5
INK I 2% AH 5% . p38 15 INK #8200 2 (1
TNF-o 22305 p38.p38 A& 148 S REHL I i B 2242
B, 15 AB AT BB w] {232 28 5E K11
AR, INIEE S tau B AREERIL, 5] AR
PFT08, BEFRERE, M R R RP, E%
FPURI 2P n] @ i p38MAPK BERRIL, I
DRSO, A AR T

Wnt signaling pathway 7F FF X2 R St 5 4H A
[F1) 285 B RH R oA 7 THI A 143 B B2 P,
# A CaMK-llo. CaMK-IIB. CaMK-IIy. vy secretase
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B-catenin >4 Wnt i IV R, A 7R B Wint/B-
catenin signaling pathway FJ {3 # £ e, F£1M
TR P B IR R, B LA B R S gk —
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B BE CaMK 33 Tau & H I EERERR AL, HiphLe
JCANRR TR TR, PEdkE, AR R R
Mt Bz 2% 27VRA 1L 2% Wy P8V R Gl L VS Wnt/B-catenin
signaling pathway i 41 fitd F5- 4 .

PI3K-Akt signaling pathway 5 mTOR signaling
pathway HEAZ X, £ # mTOR signaling pathway
i PI3K-Akt-mTOR signaling pathway £ 2 /X & 5 ##
ZIuLMBEEE . FA5I07. EikEgE, Akt K
PR CEEIIMER, Akt BEER 10T DL IE 2 15 b il i
mTOR signaling pathway ¥%t, mTOR signaling
pathway FIEALXT Akt A 7 i/ RS, & Fh
M DR 7 AT DA PIBK R AL, BETIHE 2 > Akt i
MWL, 5k Akt iEL SIS & . mTOR &
e IR IR/ 2 Z IR M R B, 12 Akt TR
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Tau 2 AN 3 MEERALAL 55425 Tau 25 F1 & oAl
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A0 S B
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