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Study on the Mechanism of Zhenwu Decoction in Treating Chronic Heart Failure Based on Network
Pharmacology

XU Hongbin'?, QI Xiangjun'®, FANG Caishan'®, DENG Jieyi'?, SHI Peiyu'®, MO Jiahao!?, LIANG Haorui'®,

YUAN Tianhui®*, WU Hui®"(1.Guangzhou University of Chinese Medicine, a.The Second Clinical Medical College, b.The
First Clinical Medical College, Guangzhou 510006, China; 2.The First Affiliated Hospital of Guangzhou University of Chinese
Medicine, Guangzhou 510405, China)

ABSTRACT: OBJECTIVE To explore the mechanism of Zhenwu decoction in treating chronic heart failure(CHF) through
network pharmacology. METHODS Candidate compounds in Zhenwu decoction were obtained through the Traditional
Chinese Medicine Systems Pharmacology Database and Analysis Platform(TCMSP). SwissTargetPrediction platform was used to
predict candidate targets, the targets of the corresponding compounds in TCMSP were supplemented. Uniprot database was used
to convert target proteins into gene names. Genes related to CHF were obtained by CTD and TTD databases, taking the
intersection of Zhenwu decoction target(gene) and CHF-related gene as the potential target of Zhenwu decoction in the
treatment of CHF. The intersection gene was submitted to STRING11.0 online database for protein interchange analysis, the
network diagram of protein interaction was drawn by using network visualization software Cytoscape 3.7.1. By using Excel, the
network of Zhenwu decoction-potential compound-potential target was constructed, Cytoscape 3.7.1 was used for visualization.
Path enrichment analysis was performed through RStudio’s clusterProfiler package. Molecular docking techniques were used to
validate the interactions between key targets and compounds. RESULTS There were 59 compounds of Zhenwu decoction
which were screened by setting OB and DL values. After 36 intersection genes were obtained and chemical components without
intersection genes (targets) were eliminated, 49 compounds were finally screened. A total of 36 articles were obtained by KEGG
enrichment analysis, 13 of which were related to CHF. The results of molecular docking showed that the main active ingredients
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of Zhenwu decoction had a good combination with the key targets of heart failure. Deoxyaconitine, 3 -acetoxyatractylone,

kaempferol, paeoniflorin, stigmasterol and f-sitosterol were the main active ingredients of Zhenwu decoction, interleukin 6,

nitric oxide synthase 3, heme oxygenase 1, prostaglandin G/H synthase 2 and catalase were the main targets, main control cyclic
guanylic acid-protein kinase G signaling pathway, renin secretion and calcium signaling pathway. CONCLUSION This study
preliminarily clarified the mechanism of Zhenwu decoction in treating CHF through multi-component, multi-target and multi-
pathway therapy, laying a foundation for further study on the pharmacodynamics basis and mechanism of Zhenwu decoction.

KEYWORDS: Zhenwu decoction; chronic heart failure; network pharmacology; active components; pathway analysis;

molecular docking
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Tab. 1 Basic information of the active ingredients of Zhenwu decoction

[asy/E e L EW AR OB/% DL eI
Mol01 11,14-eicosadienoic acid(11,14- 8% " HHR) 39.99 0.20 R
Mol02 delphin_qt( KIEETF qt) 57.76 0.28 i
Mol03 deltoin(f&/R Z ) 46.69 0.37 liEX
Mol04 demethyldelavaine A(Z FSERHD DLEEGE A) 34.52 0.18 liEx
Mol05 demethyldelavaine B(Z i 34510 DLEERL B) 34.52 0.18 M
Mol06 deoxyandrographolide(Z= % %0 34 P BiR) 56.30 0.31 (i
Mol07 karakoline(Z 4 % 3k fif) 51.73 0.73 (i
Mol08 karanjin(7K # i ) 69.56 0.34 i
Mol09 neokadsuranic acid BGHT g T T2 B) 43.10 0.85 i
Mol10 2,7-dideacetyl-2,7-dibenzoyl-taxayunnanine F(2,7- .2 Z Bt 5k-2,7- KBt — =M &2 T F) 39.43 0.38 i
Molll benzoylnapelline 34.06 0.53 (i
Mol12 6-demethyldesoline 51.87 0.66 iR
Mol13 deoxyaconitine(Z5 4 1% 3k k) 30.96 0.24 i
Mol14 (R)-norcoclaurine(Z B % 3k %) 82.54 0.21 B
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#gk1

lla=x//E TR [z B OB/% DL P
Moll15 ignavine(1f &) 84.08 025 KT
Moll6 isotalatizidine (5734 i 5E) 50.82 0.73 K+
Moll7 jesaconitine 33.41 0.19 [t
Mol18 (3R, 8S, 9R, 10R, 13R, 14S, 17R)-3-hydroxy-4,4,9,13,14-pentamethyl-17-[(E, 2R)-6-methyl-7- [2R, ~ 41.52 022  MTF

3R, 48, 58, 6R)-3,4,5-trihydroxy-6-[[(2R, 3R, 4S, 58, 6R)-3,4,5-trihydroxy-6-(hydroxymethyl)
oxan-2-ylJoxymethyl]oxan-2-ylJoxyhept-5-en-2-yl]-1,2,3,7,8,10,12,15,16,17-decahydr

Moll19 carnosifloside I_qt 38.16 0.80 [t
Mol20 sitosterol (4 {55 i) 36.91 075 MtF. AAS
Mol21 hypaconitine(¥X 3 %) 31.39 0.26 [t
Mol22 (2R)-2-[(3S, 5R, 10S, 13R, 14R, 16R, 17R)-3,16-dihydroxy-4,4,10,13,14-pentamethyl-2,3,5,6,12,  30.93  0.81 k%
15,16,17-octahydro-1H-cyclopenta[a]phenanthren-17-yl]-6-methylhept-5-enoic acid
Mol23 trametenolic acid( LA X R) 38.71 0.80 gz
Mol24 7,9(11)-dehydropachymic acid(7,9(11)- % &R EHR) 35.11 081
Mol25 cerevisterol (75 fi# - {55 %) 37.96 0.77 R
Mol26 (2R)-2-[(3S, 5R, 108, 13R, 14R, 16R, 17R)-3,16-dihydroxy-4,4,10,13,14-pentamethyl- 31.07 082 %
2,3,5,6,12,15,16,17-octahydro-1H-cyclopenta[a]phenanthren-17-yl]-5-isopropyl-hex-5-enoic acid
Mol27 ergosta-7,22E-dien-3beta-ol 43.51 0.72 K%
Mol28 ergosterol peroxide(id AL 27 £ {5 F) 40.36 0.81 %
Mol29 (2R)-2-[(5R, 10, 13R, 14R, 16R, 17R)-16-hydroxy-3-keto-4,4,10,13,14-pentamethyl- 3826 0.82 &
1,2,5,6,12,15,16,17-octahydrocyclopenta[a]Jphenanthren-17-yl]-5-isopropyl-hex-5-enoic acid
Mol30 3B-Hydroxy-24-methylene-8-lanostene-21-oic acid 38.70 0.81 Vi3
Mol31 pachymic acid(fR % fiR) 33.63 0.81 K%
Mol32 poricoic acid A(IRZ R A) 30.61 076 K%
Mol33 poricoic acid B(fK% & B) 30.52 075 %
Mol34 poricoic acid C(fR% R C) 38.15 0.75 %
Mol35 hederagenin(h & S HIC) 3691 0.75 %
Mol36 dehydroeburicoic acid(Z & K fLIR) 44.17 0.83 %
Mol37 12-senecioyl-2E,8E,10E-atractylentriol (12- T L Y6t E-8- 52 2 A AR =) 62.40 022 HA
Mol38 14-acetyl-12-senecioyl-2E,8E, 10E-atractylentriol (14- Z, B K 4% B VG MR HE-8- 52 28 R = %) 60.31 031 #{AR
Mol39 14-acetyl-12-senecioyl-2E,8Z,10E-atractylentriol(14-Z, Bt &-12-F HLBEIE-8- X4 A =) 63.37 030  FAR
Mol40 a-amyrin(a-AH ) 3951 076 A
Mol41 (38, 85, 95, 10R, 13R, 148, 17R)-10,13-dimethyl-17-[(2R,5S)-5-propan-2-yloctan-2-yl]- 3623 078 A
2,3,4,7,8,9,11,12,14,15,16,17-dodecahydro-1H-cyclopenta[a]phenanthren-3-ol
Mol42 3B-acetoxyatractylone(34-Z Bt A 345 A ) 54.07 022 HA
Mol43 8-ethoxy atractylenolide ITI(84-Z FILE A R 1IT) 35.95 021 HA
Mol44 B-sitosterol(B-4+ 55 ) 36.91 075  AE. AN
Mol45 6-methylgingediacetate2(F 5 223 B Z IR 2) 48.73 032 A3
Mol46 stigmasterol (57 f$ %) 43.83 0.76 3%
Mol47 poriferast-5-en-3beta-ol 36.91 0.75 A2
Mol48 dihydrocapsaicin( . Z UK 47.07 0.19 /2%
Mol49 11alpha, 12alpha-epoxy-3beta-23-dihydroxy-30-norolean-20-en-28, 12beta-olide 64.77 0.38 A
Mol50 paeoniflorgenone(~j 25 1 JT) 87.59 037 B[4
Mols1 (35, 5R, 8R, 9R, 108, 145)-3,17-dihydroxy-4,4,8,10,14-pentamethyl- 4356 053 [
2,3,5,6,7,9-hexahydro-1H-cyclopenta[a]phenanthrene-15,16-dione
Mol52 lactiflorin(A 28 1) 49.12 080 [%y
Mol53 paconiflorin(%] 257F) 5387 079 94
Mol54 paeoniflorin_qt(Aj 254 _qt) 68.18 040 Ay
Mol55 albiflorin_qt(*j 25 N ER T _qt) 66.64 033  PH{Ay
Mol56 benzoyl paeoniflorin(# it AT 251K 31.27 075  H#Aj
Mol57 mairin( ] T &) 55.38 0.78 H*y
Mol58 kaempferol(LLI 7% ) 41.88 024 A
Mol59 (+)-catechin[(+)-LZE Z] 5483 024 A
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Fig. 3 HB-pC-pT network diagram of Zhenwu decoction
Triangle, square and circle represent traditional Chinese medicine, compound and target respectively.
£2 WS MCAME 2 4B O E - T
Tab.2 Two centrality indexes of top 5 compounds _ \ -
NOX4 AR
U=l E = 3 B MeEwHmS  ORIE btk '
ﬁ‘gj ﬁ‘gj PRARA NOS2
Mol02  [ff+ 9 Mol02  FffF 0.072 364 ‘
Mol0g [+ 6 Moll4  [ft+ 0.067 547 @Rz (REN)
Moll4 [+ 6 Mol05 it 0.044 688 ravA
Mol03 mﬂ'? 5 Mol03 W? 0.044 602 ERHX2 PPARG TNF PTES1
Mol06 [+ 5 Mol06 [t 0.039 217
[Fizh izl @ NOS3 CAT AORB3
Mol35 1% 7 Mol35 % 0.049 087
Mol42  HA 7 Mol42  HA 0.048 990 IL6 PTGS2
Mol29 fE% 5 Mol25 % 0.023 991 & HMOX &
Mol22 1% 5 Mol28 K% 0.012 122
Mol40 A& 4 Mol29  IR%E 0.011 716 L= a4
) )
Mol58 (4% 15 Mol58 (4% 0.173 783 @ . 4
Mol44 A HA] 10 Mold4 A AT 0.076 963 ADBRAT powt
Mol46 3% 9 Mol46 A% 0.068 549 NP e
Mol53  HAj 5 Mol53 Elﬁ 0.039 338 4 PPI W% @
Mols9  Firj 4 Mol20  FI%) 0.027 186 Fig.4 PPI network diagram
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*3 CHFHXWSEHEEMENR
Tab. 3 Genes enriched in the top 5 pathways related to CHF

il N
c¢GMP-PKG signaling pathway ADRBI, ADRAID, ADRAIA,
(A R-5 MM G 55 ADRB3, PIK3CG EDNRA, NPPA,
NOS3, ADORAI, PDE3A
ADRBI, ADRB3, REN, EDNRA,

Renin secretion

(B R) NPPA, ADORAI, PDE34

Calcium signaling pathway ADRBI, ADRAID, ADRAIA,

G515 5 1) ADRB3, CHRM2, EDNRA, NOS3,
NOS2, AVPRIA

cAMP signaling pathway DRD2, ADRBI, PPARA, CHRM?2,

A S RERER ) EDNRA, NPPA, ADORAI, PDE3A

Vascular smooth muscle
contraction(F- ¥ JULYL 4i)

ADRAID, ADRAIA, EDNRA,
NPPA, AVPRIA

KEGG
CGMP-PKG signaling pathway °
Renin secretion .
. . . Gene counts
Calcium signaling pathway ° A
CAMP signaling pathway ° °
Vascular smooth muscle contraction . : ?0
Peroxisome
Insulin resistance . —log,(P value)
Platelet activation . 8
Arachidonic acid metabolism . I 2
Adrenergic signaling in cardiomyocytes .
PI3K-Akt signaling pathway °
Hypertrophic cardiomyopathy (HCM) .
Dilated cardiomyopathy (DCM)

0 01 02 03
Gene Ratio

E5 CHF HxEHEEEHE
Fig. 5 CHF related pathway enrichment diagram
2.6 S FXTiREER

B 92,407 T GG A0 OB TE 1R B (TR
FOH_qt. EH L. RN KA 0EN
Bk WEBERT I, 30OBASEEART ., 1438 .
ARSI B ATEY )RR EAE R g
{H (Degree)HE4 il 5 MIEH(IL6 . NOS3 . HMOXI |
PTGS2. CAT)#ATHy FXI 505, Bk HoAH B A
FHWEME . o SCHEBE PR ) B0 2 11 17 8 B it e A4 )
TAEBLILE 4, TEPEAEY 5508 A R4S
W% 5, AutoDock Vina TFf/INrT 5 AL &
PR FELE S A Rek KR, BtEEIS
BN AG H, 456 <0 UEHIRCIR S ZARFT LLH &
i, HEB/NRRGGRBS, W8
Oy GRZARGE G, ORISR TR 5 A HE AR X
A RE AR G Y, JFXTHOCHE R SRR ]
T, I S AR, 4R ILE 65 HE
EIFTH, BRSSO S 5 O 4%
L ARG WHEA TR, I SR A S
KHFRIFE I 1~4 D EHE(CAT S H 5 H F RS
TCARIE ) ; Hrok BIRE LS Y Bk e
1705 CAT M A #E5%HE Phel98 AL 2 41

R E BN F 255 2020 4 8 A4S 37 H55 15 1)

Pi-Sigma f#, 533 Tyr215. Phed46. His305,

Prol51. Val302. Pro304. Ala445. Val450. Arg203
e bR s Pi-be A EAE T R A AT G
AjZ5HE 5 HMOX1 #H A #E5kHE Argl36. Thrl35
BIE 1 NEEE, 5 Leuld7 JE Sk 1 > Pi-Sigma A
HAEH; 5 Leus4. Ala28. His25 JEMiAr el
Pi-fi BAH BAEI; kARG U HBEES

R4 REOGRAMERAMELER
Tab.4 Target protein information and original ligand
docking results

SN #L&EH PDBID JE LA ZiGe
IL6 1ALU N/A(Andrographolide)® —6.2 kcal-mol™!
NOS3 4D1P Ql6 —8.1 kcal-mol™!
HMOXI IN45 HEM —9.6 kcal mol™!
PTGS2 SIKQ IMS -9.1 kcal-mol™!
CAT IDGF NDP -8.9 keal mol™!

e *IL6 HE [ 1ALU EJEEC A, M DrugBank [ ¥ (https:/www.
drugbank.ca/){# & 5 HA M EAEFH 1/ NrF25%) Andrographolide 1ER
FHAE X R

Note: “IL6 protein 1ALU had no original ligand and was searched from

the DrugBank website (https://www.drugbank.ca/) for the small molecule
drug Andrographolide that interacted with it as a positive control.

R"S RRUAUMERREONNEER

Tab. 5 Docking results of key compounds and key proteins

oy BN
ST s TIOT
i 6 Noss VO prGs? car

Mol02 delphin_qt + + - - -
Mol03 deltoin + +[-8.7] - - +
Mol06 deoxyandrographolide - - - - -
Mol14 (R)-norcoclaurine + + - - -
Mol35 hederagenin + - - - +[-9.7]
Mol42 3p-acetoxyatractylone + - - - -
Mol44 p-sitosterol + + - - +
Mol46 stigmasterol +[-7.6]" - - - +
Mol53 paeoniflorin + +  —[-9.1] - +
Mol58 kaempferol + - - -[-84] -

[ PEFRX AR Y SRS SRR T A e Y SREALSS
Hbﬂzﬂ( M —T; “+” FoRARALAY SIS A EMTF?EEM 5l
HEYSS G RE; R AL & 95 H R 45 5 R T AU B A S i
A

Note: [ ] meant the binding energy of the corresponding compound to the
target was the lowest binding energy of all the compounds to the target
protein; “+” indicated that the binding energy of the corresponding
compound to the target was lower than that of the original ligand to the
target protein; “—” indicated that the binding energy of the corresponding
compound to the target was higher than that of the original ligand to the
target protein.
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Fig. 6 Interaction of active components and key target molecules combined diagram and combined action analysis in Zhenwu

decoction

A-CAT and hederagenin; B-HMOX1 and paconiflorin; C—IL6 and stigmasterol; D-NOS3 and deltoin; E-PTGS2 and stigmasterol.
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