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Abstract

Objective: This study was to explore the potential molecular mechanism of Jiangzhi Tongmai Cap-
sules anti-atherosclerosis (AS) by using network pharmacology, providing a bioinformatics basis
for subsequent experimental research. Methods: The active ingredients and targets of Jiangzhi
Tongmai capsules were collected through TCMSP, HERB, CTD databases and literatures. Cytoscape
software was used to construct a “traditional Chinese medicine-active ingredient-target” network.
The atherosclerosis-related genes were collected through the Gene Cards database. Venny 2.1 was
used to obtain the overlapping targets. The overlapping targets were uploaded on the String 11.0
platform for protein-protein interaction analysis and graphical visualization. The GO function and
KEGG pathway enrichment analysis was performed on the OmicShare platform. Results: A total of
31 active ingredients were screened, and 248 corresponding targets were obtained. A total of 186
targets were overlapped between the targets for active ingredient and AS-related genes. GO enrich-
ment analysis obtained 6249 biological processes and 967 molecular functions. The results of KEGG
pathway analysis showed that the targets were enriched in 261 pathways, including PI3K-Akt sig-
naling pathway, fluid shear stress and atherosclerosis. Conclusion: Jiangzhi Tongmai Capsule con-
tains multiple active ingredients, which can resist atherosclerosis through multiple targets and
pathways, reflecting the multi target advantage of traditional Chinese medicine in anti-AS.
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1. 5|8

IRk FEAE AL (Atherosclerosis, AS)&— K F Bk B 2 EVEZ [ 1] AS AJ 5| Edh i O
HROXURI AR L0, 3K e SR g o LA A [ 2] 0 #F L Ca ML AE 0 YA AT 93 27 B — 1 B B ARRAIE A2 Bh ik
SERERE AL M O I 5 T E IR R4 N L H 23 G . 2016 FE2065 240 75 NFET 30 ks AR A0 0 155 59
O LR AT ANEE) 61%MNFT A FET N BRI 25% [2] SIBK AR AR Ak 1 O 1 8 0 995 60 35 e a2 o 75
gkt R HAT, 7 E A E RO AR B VE BIFR R R, SRR R A O I g XU VR Al LA
IRCFEE FEUAR T SR Co IR 1 XURSE PEAS , HCL T 2 R T IS PR SRR [3]. BBk OR R AL B ) A2 N B2
YIRS BTG, ARG 2 M BE T IR T HERR,  RRERIE RIE VIR 3240, DA B LA SRR A T B[ 4]
BT BIBKRAEREA A IR “HRBT” A “ORE” ARG, FERARTT 225 WAIHT 2 24 OB KSR AERE AL VR 7 1
(5] SR, HELLREXHRIT RN S ZE[6]. Bk, BhKEEFEREL BT IR R E R

H ARV IT KR FERE AL R R 2 (7] BRI B & AR 20 . RIS, =
. BB, ZIRBEAERARIEKT AT SR, . BRE R TE IR #E RIS AT
WEFDR, FAEAER, WEMENK8]. R T M A RS B 07 PR 1097 (9] [10]. F34h,
W VL T B AL s kR AR aEAL, Y697 S AEA[ 1170 PR I8 ik I 250 v PRSI BN Jhk 9 585, /b 315
KBRS ANFI R B, 72— e R b mT B TR T 2 S K SR A BREER, ARp il S AN AR E BEER (1210 H LA FH AT A7
EVFZ WM, o= ERHLHIA IR, XFERS T ARG PRIz A HANHE T [12].
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RIS FH X 4% 24 3 22 5 72 (Network pharmacology) [ 135 B i 38 fik i & A5 2800 14 1 2 R 20 Jik 5 g
R AR SR BT R R L TIE . AT, A PR Il Pk i FELE SRR SR RE R AL PP AR S ST AT SR AL Al (T
FOLRE W 1),
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Figure 1. Workflow of the study
B 1. HiRigE

2. MRISHE
2.1. MEREE KRR RESMIRL Sy HOTHIE

DAPAPLER . R, FEE . =B AR TCMSP #45 JZ (https://old.tcmsp-e.com/index.php) -
S TS R4 3% OO RRAE R A OB > 30%. 2525 DL > 0.18 i T70ik, IEMaa &t rmsy. merok
FSCHER AR ZE PR F RE RN 25 AR AN A IS AR B R AR 7 /R P AT # 78 o AR I B R R A SCik
Xk 2 B 43 BEAT I B AN T i
2.2. FEBEIERKPE BRI S - R MEHE

I TCMSP 24 7  Herb 3040 2 F1 CTD 04 2 25 4 b4 N5 88 ik I F A R4 Rk 29 1O AE F A 250 R Uniprot
EAREIEE, REWFN “Homo Sapiens” , X3 M i 7 HOHE i AT S IR AL AL B . FI)F Cytoscape
3.7.1 AR Z5Y) - iE PR - B S NS

2.3. FNBKIEHERE AR R TFiE

PL “atherosclerosis” AJHEIA K2R Gene Cards U 22 K UL 20 ik ok A A5 A4 10 AH GBI AL (K], SRIS XS 3))
Jok SRR A0 AH 5B A5 o R Venny 2.1 K [ i 368 Rk e B4 FH BT 25 15 50 Mok 50 R A A 5808 i 1) 230 40 22 1) =5 L
B, £330 L R
2.4. PPI PR 55 R

TR I B A B RN STRING - 6, {8 H 1 3 multipleproteins 152 3, & 1% B 4“ Home sapiens”.
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AT 45 B B B AR B/ M “highest confidence (>0.900)” , network type A “physical subnetwork” ,
network display options & “hide disconnectednodes in the network” , HASHURFFERIN, 7259 - Fw
HEFR PPIAH BAR FH 25

2.5. GO TIREEE T X KEGG BREE ST

B 3RS B A HE 45 DL Ensembl ID S\ OmicShare = F &, #1417 GO IhEEM KEGG 15 518 %k
AT AL HT
2.6. RS - M - B AR AIE

¥ STRING “F & 3131 tsv X T Cytoscape 3.7.1 FfF, FIF AN E 7 b TR MCC V&7 704,
EHUSEAERT 10 AOVEFIRE R, (013 S HRIX LU 40 k(R PR I R i B, AR 25y - 4L - i
R

3. 58
3.1. PERSERKEEEER S

FIH TCMSP %4 22 45 & W 2 SCHikkr 22 B IR Bk IR e b il kb 2, B B, 238, P95, =
L. BREEL, #%ME OB >30%. DL > 0.18 LG E 31 MNMEVERLSy, HA e 73R 14 NSRS
LA 3 ANEYERSY, FRIEIRAS 10 MEMERY, =3RS 8 NSRSy, BRE RIS 1 NSRS,
BARNE 1,

Table 1. Active components of Jiangzhi Tongmai Capsules (OB > 30%, DL > 0.18)
1. [ERERBAKREEERD(OREDHBE >30%. L% >0.18)CE

Mol ID Molecule Name MW OB (%) DL
MOL002268 rhein 284.23 47.07 0.28
MOL002281 Toralactone 272.27 46.46 0.24
MOL000449 Stigmasterol 412.77 43.83 0.76
MOL000471 aloe-emodin 270.25 83.38 0.24
MOLO005043 campest-5-en-3beta-ol 400.76 37.58 0.71
MOL006465 Rubrofusarin-6-beta-gentiobioside 596.59 40.12 0.67
MOLO006466 Rubrofusarin 272.27 45.55 0.24

RUT MOL006472 Aurantio-obtusin 330.31 31.55 0.37
MOL006475 Obtusin 344.34 81.43 0.4
MOL006481 gluco-obtusifolin 446.44 42.41 0.81

9,10-dihydroxy-7-methoxy-3-methylene

MOLO006482 4H-benzolg]isochromen- 1-one 27227 63.25 0.24
MOLO006486 obtusin 344.34 31.24 0.4
MOL006489 Quinizarin 240.22 47.34 0.19
MOL000953 CLR 386.73 37.87 0.68
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MOL000449 Stigmasterol 412.77 43.83 0.76
Sy MOL000493 campesterol 400.76 37.58 0.71
MOLO000953 CLR 386.73 37.87 0.68
MOLO000359 sitosterol 414.79 3691 0.75
MOLO000830 Alisol B 472.78 34.47 0.82
MOLO000831 Alisol B monoacetate 514.82 35.58 0.81
MOL000832 alisol,b,23-acetate 446.74 32.52 0.82
MOL000849 16B-methoxyalisol B monoacetate 544.85 3243 0.77
MOLO000853 alisol B 444.72 36.76 0.82
VB MOLO000854 alisol C 486.76 32.7 0.82
MOLO000856 alisol C monoacetate 514.77 33.06 0.83
MOL002464 1-Monolinolein 354.59 37.18 0.3

[(1S,3R)-1-[(2R)-3,3-dimethyloxiran

2-yl]-3-[(5R,85,9S,108,11S,14R)-11
MOL000862 'hyd_r;’;g_'ﬁ ’z‘t;’f%{g:;j‘l'{’irgir‘;‘ffgyl'3 514.82 35.58 0.81

-decahydrocyclopenta[a]phenanthren

-17-yl]butyl] acetate

MOL001494 Mandenol 308.56 42 0.19
MOLO001792 DFV 256.27 32.76 0.18
MOL002879 Diop 390.62 43.59 0.39
B MOLO000358 beta-sitosterol 414.79 3691 0.75
-t MOL000449 Stigmasterol 412.77 43.83 0.76
MOLO005344 ginsenoside rh2 622.98 36.32 0.56
MOLO007475 ginsenoside f2 785.14 36.43 0.25
MOLO000098 quercetin 302.25 46.43 0.28
Bk MOLO000006 luteolin 286.25 36.16 0.25

3.2. BEREEBKE BB S - R

FIH TCMSP. Herb ## FEF1 CTD H# Fe U 5 2 i i Jik I e vh 25 s Vel oy VR R A, R E R L
133 248 NMEAESE s FIH Cytoscape BAFRIE M) - WG - BRI . Wik 2 Fros, LaE
287 NI, A JE T 2% (average number of neighbors)y 3.422.

3.3. P - SRAREERULER

it GeneCards HH i 15 SRk BE BEAL A M0 25 4848 /. B3t Venny 2.1 K 24 4 ik e e 1
PSS O 255 0 R TR 11 B RIS () 3), A BUSE A 186 A, AR 501D 3.8%.
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Figure 2. A network of Jiangzhi Tongmai Capsules active compounds and the corresponding targets. Pink nodes stand for
herbs of Jiangzhi Tongmai Capsules, green nodes stand for active compounds, yellow nodes represent the targets

2. FEREIEAKIRFEIE A - MR MEE . MERRTHRR, FEAFBELRT, REARIERLER

R i e fli AS

4662
(94. 9%)

Figure 3. The Venn diagram of overlapped targets between Jiangzhi
Tongmai Capsules active targets and atherosclerosis-related targets

B 3. BB iE Rk AR 280 1 B 9 $E AR X B BKR AE E AL AR K ERAR Y
Venn [&

3.4. B EEEEMEMERAIN T

Rt DR R B BB RS AS AT KRR, BHELARER FAR
STRING “¥- 53453 PPI M 4%, £it “highest confidence (>0.900)” F1J: [ BT 55 )5, JLAS 2005 215 4,
PR EE N 1.81, P AR R RECH 0.374, WLIE 4. ¥ B3 1) short TSV U F A cytoscape FfF,
FIF cytohubba T3k hubgene, A 10 {7 hubgenes & VEGFA. AKT1. MMP9. TNF. IL6. PTGS2. CASP3.
EGF. IL1B. IL10 (.3 2).
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Figure 4. PPI network diagram of the targets of Jiangzhi Tongmai Capsules and atherosclerosis

4. PEREIEBAKAR XS ENAKIOAERR (L EE B PPI 4%

Table 2. The top 10 hub genes
2 2. B 10 {3 hub genes

Rank Name Closeness Degree MCC
1 VEGFA 143 206 9.22E+13
2 AKTI1 154.83333 252 9.22E+13
3 MMP9 136 180 9.22E+13
4 TNF 151.5 240 9.22E+13
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5 IL6 151.16667 238 9.22E+13
6 PTGS2 137.83333 186 9.22E+13
7 CASP3 140.5 196 9.22E+13
8 EGF 136 180 9.22E+13
9 IL1B 141.66667 200 9.22E+13
IL10 126.5 142 9.22E+13

3.5. RSB B RE GO ThEES KEGG BN EE ST

iz OmicShare 21 & X i e 21 5L fU2E AT GO R 1T, 3R15 GO-BP A:4id #2 (biological process,
BP) 6249 />, GO-CC 4t 41 /f(cellular component, CC) 534 1, GO-MF 4 F I (molecular function, MF)
967 NI 5). ik, S5 WA IRV RO BB RN . AR FE R AR/ SR R g R gt
2 AU ARG dHR SRS dEMZE R T A XA B PR . AN XL 4H S
g Ko TEEY. dMER:. B 7455, 41 Iine £ ERIER SIE RS H0E . Mg, 1
PR d g I A FIIRE A BrEAIETE . B RS

Level2 GO terms of out

200

150

100

Number of Genes

50
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Figure 5. GO enrichment analyses of potential targets of Jiangzhi Tongmai Capsules against atherosclerosis

5. FERRIRAKE BXIBNBKRFERE LB ERE S Y GO B R

KEGG il & 4 R o, T AE ) P I K A JE 50 50 ok s RE AR P B U SR AE 261 Rk IdRg b ikl
HEA4 T 25 381%, 321 OmicShare V-G )RR, Ho U RNRRIEEEH , Btz URER &%
M. K6 aTLUE H, BRI ik i BEpi sh ks AR AL I AH DG IE 8 PI3K-Akt signaling pathway (37
L&) AGE-RAGE signaling pathway in diabetic complications (30 {~#55). Fluid shear stress and athe-
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rosclerosis (30 M &)+ IL-17 signaling pathway (23 M1 5). TNF signaling pathway (23 M8 &5)%%, 2R
5 T 108 P Flo T P 7% 1 ol 70 2 B 0 e Ok e 6 7 20 Fk s A R A 3t R FEAE I o

Top 25 of KEGG Enrichment

Pathways in cancer
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Figure 6. Bubble chart of KEGG pathway potential analysis of targets of Jiangzhi Tongmai Capsules against atherosclerosis
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3.6. BEREERMKECEESY) - B - BIRMEE

KH Cytoscape At X i 26 H A1E P4 Bl 4 hubgenes. Al B AT AT ALAL M (K] 7)o
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Figure 7. Network of herb-compound-target-pathway
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4. i1ig

BN FERE Ak A2 — P 5 5 R R AIBE T A SRS M S PR [ 14] . BEAE TR IE 2 WAL RE, B ko
FERRE A, 51 762 14700 100 I3 05 A R I3 2R3 AF o, BRI 3E U) 75 B2 NS va o7 Sk AR RE AL I 25 W A . Bk
SRR BB I8 AT AR TT 28259 BT RIUCAR, IR H i 55 28 Y AT 1R YT [15]. My T 28254 £ 2 A
T 1 = S B RERE AL, B ] DT AR 32 B R B MR A, AR H IR T I S L RA St 16]
{HIX L2783, KHAMRAH S ECOWIBEZERI X 4, 7™ B 52 R A E T2 7). HIERZIEIT
KRR A 2T, B FUN SRR I — 2 v 24 R TR P A BL T R YR T B o R R A ) SRR
[17]e FFAR 24 R 2 88 mIR T SRR AR REAL I 25T 2 24 55 2 B ARSI I 48 24 B2 (R 7V, X B
I K PR HEAE B K SR AR AL AR A HLREAT T T, DUIHOA 5 it e I et

AW FCT el i g 2GR Tk, IR T R IR E R R A Uy, RS KB R (thein), 2%
K35 & (aloe-emodin). it JZ 2 (quercetin). A B 2 (luteolin) 283G Ml 43 K 3R IR AJ I Ik 2hoar A4 44 5t 1A 40
FLJE T4 TNF-a 353 E K- ARG 5E, 1 BT CR4 N R 40 i o 2 Sk 1, B Bush kol
FERIE 18] [19]0 Y2 RBEE A58 AMBRAL /5101 B2 A W 7= A8 PUsh Bk FERE AL /E I [20]. #iti 2
AR SRR 4 B A TR0 2 KRR RE AL, R e A1 v I [ R MR SR B B KR FE R AL KR TLR A1
TNF-a )Ty, S0 NS0 A% 4 e 20 B DR FRORE IS, o Ty 30 Ik s A5 B4 PR A I ) 2440 21
[22]0 ARELE T B 2O 5 F A RO DB KR AR AL (1 FH (23]

ANHI SO AL WX 2 232 7R B, B AR IE K B T e JE I 2 B R 22 R X B ko R R A R A R
fEF . PPIZ3Hr KBl RXRA. CDK1. GABRAl. GABRA4. GABRAG6. NR3C1 5Lk A [ i 8 bk ik 28 7
SR RERE Ak P ) S BE T R . RXRA P I FE (6] [X 35k SNP 22 8] F AR FL AT FH 2= 40 af Jig o 50 5 e 32 AR
ERIATT JG 1) apoB I8/ (240 B e Rk F5 2 %o 122 25 DR (0 48 o kA G B B AR AV T 2R 2038 7. GO &
B 53T 45 SR S 7 I T 1 Kk PR B A 1) 50 IO S A A ) i 1 D e = S AR EILAE X B S B o A i R ) TR £
FEEE . AR, dUMIRAE . S5 EENEE . ALTE . AT HaeRE . AT IhRe AR PrEALTE
PSS X LTS BNk AR AL B i R B DA ¢ . KEGG Mg 7 Mt 29 J PI3K-Akt {5 5 5
AGE-RAGE {5 5%, IL-17 {5 518, TNF {5 5@%5. H PBK-Akt 5 5 @B A A HERZ .
PI3K-Akt 8@ EE7E B RELH M 17730« AT R ke s SO BMME R, Romnsh kR REREAL (1) Kk B [25].
AGE-RAGE 15 5 38 8 /2 = JJEL [ B I RE W R0 51 S 2 Jik ks 1 Al ) B 42 [26] [27]. IL-17 BNk ORFE
TR TR 77, 75/ BRABARY rb ] BE S M0 Bl ks RE AR AL BEBR /N[ 28] TNF 38 B H01 ) 350 0T BRAEK 3 Jok ks e A
FA R A2 [29]0 DR, BRI K R E AR A AT R Id I A 5 I T 2 B0 K O R RE A A F

AT FEAANASE FH X 4 24 B 22 R ) 1 8 g e ok Jie B AE BN K RERE AL T R mT RE ML o 5 2275 B0 2 (14
PRI P S8 56 UF 1K L AL .

ARSI X 2 23 e oy AR W 2%, 405 TR0 R4 IR T8k P B 1 A oy S FLAE BN Bk o AR R Ak 1)
PER A R AR IR P RERE A, 25 R R P IR E ki T il i 2 jigr . 280, 2l i 7 UK S Nik
SRR A1 o AW 90 R 5 S i S0 560 U ot s e ik P B e ) Ik o A AL ML AR T 7 25 5 Bkt R BN
TR P O PR I R R it — e I S B

SRk
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