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Study on component-target-pathway multiple interactive network to reveal
mechanism of Salvia miltiorrhiza in treatment of microcirculation disturbance
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Abstract: Objective To explore the mechanism of Salvia miltiorrhiza in treatment of microcirculatory disturbance based on network
pharmacology. Methods The targets of S. miltiorrhiza’s active components for treatment of microcirculatory disturbance were
screened and predicted by utilizing TCMSP, PubChem Search, Genecards database and Swiss target prediction online tool. Cytoscape
3.3.0 software was adopted to construct an active component-microcirculatory disturbance target network. The protein-protein
interaction (PPI) network was established by using STRING database. DAVID database was used to analyze metabolism pathway in
target gene ontology (GO) biological process, Kyoto encyclopedia of genes and gnomes (KEGG). Results Totally 65 active
components of S. miltiorrhiza and nine related targets were screened. GO and KEGG pathway enrichment analysis revealed that active
components of S. miltiorrhiza participated in oxidation-reduction process, cellular calcium ion homeostasis and other biological
processes, and S. miltiorrhiza may regulate VEGF signaling pathway, cholinergic synapse signal transduction, oxytocin signaling
pathway, aldosterone-regulated sodium reabsorption pathway and so on. Conclusion This study reflects the characteristics of
multi-components, multi-targets, and multi-pathways of S. miltiorrhiza in the treatment of microcirculation disturbance, which may

provide new ideas and methodology for further research on the treatment of microcirculatory disturbance using S. miltiorrhiza.
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Table 1 Screened active ingredients of S. miltiorrhiza
A=) &Y OB/% DL TCMSP %i 5
S1 1,2,5,6-WUE 20 (1,2,5,6-tetrahydrotanshinone) 38.75 0.36 MOL001601
S2  ZALEEE (poriferasterol) 43.83 0.76 MOL001659
S3  y-#FEiEE (y-sitosterol) 36.91 0.75 MOL001771
S4  RBRAETHHE (isoimperatorin) 45.46 0.23 MOLO001942
S5  HiZEy (sugiol) 36.11 0.28 MOL002222
S6  KEJSFSM s (dehydrotanshinone ITa) 43.76 0.4 MOL002651
S7  HEXEFH (baicalin) 40.12 0.75 MOL002776
S8 [ W% & TR (digallate) 61.85 0.26 MOL000569
S9  AKBRHEZE (luteolin) 36.16 0.25 MOL000006
S10  a-FMEEF (a-amyrin) 39.51 0.76 MOL006824
S11  5,6- = F-7-F N -1,1- = H H-23- Z & 3 4-8 (5,6-dihydroxy-7- 33.77 0.29 MOL007036
isopropyl-1,1-dimethyl-2,3-dihydrophenanthren-4-one )
S12  2-SN3E-8-FAE3E-3,4- ] (2-isopropyl-8-methylphenanthrene-3,4-dione) 40.86 0.23 MOL007041
S13  (E)-3-[2-(34- ¥ HE IR I)-7- 32 4-ZK JE R IR I | R G R [(E)-3-[2-(3.4- 48.24 0.31 MOL007048
dihydroxyphenyl)-7-hydroxy-4-benzofuranyl]acrylic acid]
S14  4-TWHFFZHilli (4-methylenemiltirone) 34.35 0.23 MOL007049
S15  MEFHSEH (formyltanshinone) 73.44 0.42 MOL007058
S16  3-B-FREHILHE S SME (3-B-hydroxymethyllenetanshiquinone) 32.16 0.41 MOL007059
S17  WHESZE (methylenetanshinquinone) 37.07 0.36 MOL007061
S18  #FFZuEEK A (przewalskin A) 37.11 0.65 MOL007063
S19  #J}ZEBE B (przewalskin B) 110.32 0.44 MOL007064
S20 #F+Z=E B (przewaquinone B) 62.24 0.41 MOL007068
S21 P+ E C (przewaquinone C) 55.74 0.40 MOL007069
S22 f}Z g C (tanshinodiol C) 41.31 0.45 MOLO007070
S23  #J}ZHEF (przewaquinone F) 40.31 0.46 MOL007071
S24  FHEHIIEE (sclareol) 43.67 0.21 MOL007077
S25  J}ZMWE (tanshinaldehyde) 52.47 0.45 MOL007079
S26  f}ZWE B (danshenol B) 57.95 0.56 MOL007081
S27  J}ZWE A (danshenol A) 56.97 0.52 MOL007082
S28  BEBEMZECR (salvilenone) 30.38 0.38 MOLO007085
S29  BRFFZHR (cryptotanshinone) 52.34 0.40 MOLO007088
S30  fFZ¥ilit d (dan-shexinkum d) 38.88 0.55 MOL007093
S31  FFZIBNE4HER NTE (danshenspiroketallactone) 50.43 0.31 MOL007094
S32 i EEHTRESH 2 (deoxyneocryptotanshinone) 49.40 0.29 MOL007098
S33  Z&J+Zli 1 (dihydrotanshinone I 45.04 0.36 MOL007101
S34  RFISBHEEINES (epidanshenspiroketallactone) 68.27 0.31 MOLO007105
S35  RIHAW (ferruginol) 36.07 0.25 MOL007107
S36  FFafHZEH (isocryptotanshi-none) 54.98 0.39 MOL007108
S37  RFFZHR I (isotanshinone 11D 49.92 0.40 MOL007111
S38  JHAZEE (manool) 45.04 0.20 MOL007115
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S39  fHEEE (microstegiol) 39.61 0.28 MOL007118
S40  FISHPE=IAEIEA (miltipolone) 36.56 0.37 MOL007121
S41  FFZHEA (miltirone) 38.76 0.25 MOL007122
S42 k&SI ZW (neocryptotanshinone) 52.49 0.32 MOL007125
S43  1-F3E-8,9-31 F 3 -7 H-25 W[ 5,6-g] 2K WK I -6,10,11- =8 (1-methyl-8,9- 34.72 0.37 MOL007127
dihydro-7H-naphtho[5,6-g]benzofuran-6,10,11-trione)
S44  JREERR (prolithospermic acid) 64.37 0.31 MOL007130
S45  HIEFEM (rosmarinic acid) 109.38 0.35 MOL007132
S46  FFZMIR G (salvianolic acid G) 45.56 0.61 MOLO007141
S47 SIS T (salvianolic acid ) 43.38 0.72 MOL007142
S48 FUEEMIMA (salviolone) 31.72 0.24 MOLO007145
S49  12-FF F B KA F -8(14),9(11),12- = 2 VU & -7- B [12-hydroxyabieta-8(14), 34.49 0.28 MOLO007149
9(11),12-trien-7-one]
S50 & B (tanshindiol B) 42.67 0.45 MOL007151
S51  #EMAZSHE (przewaquinone E) 42.85 0.45 MOL007152
S52  F+ZiH lla (tanshinone 11a) 49.89 0.40 MOL007154
S53  F}ZH lIs (tanshinone Ils) 65.26 0.45 MOL007155
S54  FFZEAVI (tanshinone VI) 45.64 0.30 MOL007156
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Table 2 Common targets of components and diseases
F%5  UniprotID  #PJER 4K U AR degree
1 P15121 AKRI1BI P4 )5 (aldo-keto reductase family 1 member B1) 19
2 P14550 AKRI1A1 EE NS (aldo-keto reductase family 1 member A1) 15
3 P22303 ACHE ZIREFREEES Cacetylcholinesterase) 9
4 P35354 PTGS2 AIFI IR G/H & /il 2 (prostaglandin G/H synthase 2) 8
5 P08246 ELANE FR YRR s 2R FTEE  (neutrophil elastase) 5
6 P47989 XDH IS AN/ A LES  (xanthine dehydrogenase/oxidase) 3
7 P17252 PRKCa EHEEE C-a ! (protein kinase C alpha type) 1
8 P05771 PRKCpB B AW C-B B (protein kinase C beta type) 1
9 P04150 NR3C1 B 7 R %8 (glucocorticoid receptor) 1
#3 GO I#EfI KEGG BEESE S
Table 3 Enrichment analysis results of GO and KEGG pathway
5 %H bl FE R AR P1H
1 GO: 0006874 #Hff45 B FF4 (cellular calcium ion homeostasis) ELANE. PRKCB 0.043
2 GO:0007077 A4 ERHRE (mitotic nuclear envelope disassembly) PRKCA. PRKCB 0.021
3 GO: 0035408 #H& [ H3-T6 BER{k (histone H3-T6 phosphorylation) PRKCA. PRKCB 9.50X 107
4 GO: 0048661 “FIENAUBAYEHTS (positive regulation of smooth muscle cell) ~ PTGS2. AKRIBI. ELANE 3.50X107
5 GO0: 0055114 EMIEJFEEFE (oxidation-reduction process) XDH. PTGS2. AKRIAl. AKRIBI 0.044
6 hsa00040 TRRERVE R 2h 4k (pentose and glucuronate interconversions) AKR1AI. AKRIBI 0.038
7 hsa04370 I P Rz A R P55 8% (VEGF signaling pathway ) PRKCA. PTGS2. PRKCB 2.10X1073
8 hsa04723 WATMARIES (retrograde endocannabinoid signaling) PRKCA. PTGS2. PRKCB 5.60X107
9  hsa04725 JEB%BE il (cholinergic synapse) PRKCA. ACHE. PRKCB 6.80%X 107
10 hsa04726 5-HT MM 5%l (serotonergic synapse) PRKCA. PTGS2. PRKCB 6.80X 107
11 hsa04921 7= £ {5 5 (oxytocin signaling pathway ) PRKCA. PTGS2. PRKCB 2.10X1073
12 hsa04960 % [ -1 5 M B LU (aldosterone-regulated sodium reabsorption) PRKCA. PRKCB 0.012
13 hsa05143 AEIH4E FUF  (African trypanosomiasis) PRKCA. PRKCB 0.038
14 hsa05206  JEEP/NFT RNA (microRNAs in cancer) PRKCA. PTGS2. PRKCB 0.041
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Fig. 2 Targets and related pathways of S. miltiorrhiza in treatment of microcirculatory disturbance
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1T A0 3 P O P 0L/ P RE 9 PRI AR MBS R F 5 rp R I
PKC ZFHHiE B fEZEER . FHREE B il
PKC X} Ser368 fi sifdil@ft, NiHEK A}
TG IEIE N, HO0 SR R TR o A A Y i
FATP B ISR BEE s 2R 1EH . Fei
SEBATE R AME R ARG AR SD K ER BN 5558
w2 15 B R SIEEIN E 1f /MR PKC R ER IR 7K
PRI, PKC 2P EERIAEN; FHS
REAZHIHI PKC RIMAR 2R 2 MRS 0, A4
/BRGS0 T, k2 Ao A 7 T R it
KM . Zhou FFB@ ARSI IE , FFZ % ACHE
BAEBEWNIMEIER, R/ IemEEEA-B IS
SRR, A ERT O B b R % 4 iR
PC-12 #fiffl. Tang SFBSUH| 40t ) /124
A MITHIE IR, KIPHREE A DURE T4 =]
W] ACHE, AfF2idid ACHE SR /RIKIFERTR
(AD) HIAHEAER$RME 7 244 . AR, KEs
WIFL R IR, PTGS2 S rhikih R, MmHERR .
FHZZANFHRIR B O A, @5 COX-2 15
SR, T PTGS2 Mk, KRIEEFIRIEHE.
[RIL,  ACHIFFEam Ik o 25 24 2 2 F00 HH 29097
TUAEPRBEAS PTGV Sy, 5 H AT K & 24 B 2% SR IR R
FEEFMVIE, 5 BRI AR e R 125 30085y
AT — DRI, PSR YT RIS (1
ROy T pe it 2%
3.3 FERTHIEIRRERS 5 FHLE
3.3.1 VEGF 558 MmENEERKEFS5Y
% I AR ORI 1508 () o S FLadk e, g b R
93 JL IO FEL S AR 1421 i /[N I A5 9 AR I1. g i 144] g sk
RYES . VEGF {55 BEE M &4 Atz
ORI AT B ARTIVE o 2% i ) ORI il 2E K
B 2&AF T VEGF B F 2R &R K EH LRI,
VEGF A5 (12 135 15 380 328 11 358 1« &40 i &/ 32 i A3 12k
M P R A ME RS . SE5E AN LA T ). k4h,
VEGFR-2 &N Z4ifid VEGF 3Kzl I b f) 32 B4
Ji, WA AR B R BRI A A il R SRR (T S A
S [, VEGF 5 VEGFR-2 45 & S8R FAGE S
& FIBE RPN TN A AT, (2
338 HL PR A9 R L 3 A ) S R L el
FH R 73 -8 55 -5 5 @ B I 48 T AT, PRKCas
PRKCB 1 PTGS2 25T VEGF {551 #%. AW
W A KSR PH0R G BRI

JRERHES . JHAZEE N PTGS2 WM & sy s T
Ziifi kN PRKCa. PRKCB Fl PTGS2 3 AN 5 1) 3t
HiGMERSY . BT KEGG i@ #4347, PKC (PRKCa.
PRKCB) L= ZEE 5 @K HE, TiEsS
MAPK 15 ‘5 i@ g e A DY IR AR (AA); PTGS2
i COX-2 MRy & (PGL), 5 PKC
HEEm AA R, AMG VEGF 5 i
VEGFR-2 455, WG R e LI iR i C
(PLC). fEES(E 5@, LUpisus ) PLC @it
Hh —ls (DAG) 3% PKC. PKC i#id MAPK &
5 IR PO 22 SRR/ R IR (Raf-1) 20 R
JRENRET A2 (cPLA2), FFidit AA Qi a3
EAT PGLy. Chu W FE KL, PGL A I
Ay MEREFER, Rt PPAR/14-3-3 1844
PRI N B 4 A7 080 &P AP E T A
A VUIHIRVE N PGLay PGE, 25 98 E A i i) ELEZ T,
SRR AR 2 ISR . /NS A IR B AR
KA T HEMETER . I, PKC.PTGS2 1 PGL,
FETE VEGF 13 5 8 i H 1 55 B 2 5 5
332 MAERME T4 FEKE MG RXKRS-RE
e (5-HT), @&—Fhil sk, Begssm & mhds
B RGN . 4 R Al AT AR B 5-HT 456
Sl 5 ity 5-HT SZARGERS S PLC A cPLA2. PLC
RERZ T DAG Ml PKC, [)3Ei@T 22 24 5351 B A
BABEVE TR RIA; cPLA2 3T 3 2484 DUMS IR
S MY IR AR 450, TEEAREM COX
BI— RIVIEN TR, BFEMAR R, AP RS
5-HT £ 2 #=Z2fk SHT2A fl 5-HT1B; 5-HT2A &%
MAE MY 5Kk57), 1 S-HT1B W78 24 i & e 4i 71 »
AP EAR B KL RG24 2 Pk e IR FH I,
Robich S50 L, it 5-HT 5 Ath 52 AR ¥0E
1) cPLA2 A Bl T o538 O kA5 0RO il 3 AR 5
I A WA 448 A I A T e A

WIEMERIFRE (eCBs) s2—RKEr7, B
20 5 FPAEAE UG ERAT AR, TR R Al 1 A mT
IEPE BT R o R A AT BRI A R IR A E
T 5 f v AR M R 2 A, PLC-B B,
JfiEid DAG #% PRKCo 1 PRKCB, [HEEiET
PTGS2 1EH FHIFIIRE G. Araque 25O 58 K HHL,
eCBs i #2518 5 . SORARFE Kz Joit 55 ML 289 fii [X 1)
eCBs 15 5 Ref s KA\ 18 4% il Fl 1 26 2h
Bt AR, eCBs RGHIKFHHE S FEINAGLE . JIUM
EFT AD 54 20 ph I 7
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CIERETE (Ach) J&4h & FI X IR AE R 4t
HEMPEIE T2 —, RefrF /R T %5 25 AR5,
AR 1 P 4 I A R RE R ) AR 4K 32 R R R e
PR TCIE Bl , B JE A TS X ) ACh FE ZRIE
TR AT ARG BE 2 T AT SRS AD S/
MEREZ AFEEEVIR. KEZHAD B85S
L AB VERAEIME A B E IR AT AR LA
BRPESE S, T AESE AT L ThREREAS & AD
EE MR EA R I EER RS, SR, B BRI
5 AD MR RIRRRS 2 R B RIAHDEM:, RE6
REAMNE T I 2B R I RE I B R R 2, JF H
ACh AEf% 2 8 AD BHE IRREER . Fik, JH
Tl B8 SR A {5 5 1) EACRR e A% S LU /S L83 A2 AR R
(IR A B R o B T S A RO T 9 L
333 HAGAYIERAGESEE ST MG
PRSI GO A5 i 12 & ARV S B AIE 5. A1 A
BTRRA. A s iin)ire . HE A H3-T6 5
FRAL . ~TIE L2 B BE A 1 55 22 b AR i R . it
EIIReRRAT R A I R, BRETEEA
(ROS) [HF=E AR RS 542 SRR MBS,
NADPH % /b (Noxs) A& IME ZGH ROS () F %
KR, 7RO LA R E EEH . Nox1/Nox2 fig
i 51 L PN S ThREMERS . 5 I A A E « Nox4 ] RETE
JE i R B ORI E RGERIER o 5 AR
Nox5 SalkslFERE AL H R A AL 3 45 47 54, Noxs
FREEE A2 /MR KR 7 REAEKET. 4
MIEEF (TNF. IL-1. H/MRERER T WEER.
1A E ok AR R = sz Bssl, ok, C-sre.
p21Ras. PKC. Wiflgfg D Akl A2 7F Noxs i
TS Sl RO E DY, £ (S S A%
S WERETAERENEES T, S54R401
WASEFHads. AR Ca  NEERMIMEs) 11, 2
PR I HE A 5 DR M 7E i s b 5 HL a8 DI AH 7, A
FLAR IS, 23S i Yyl i 45 (5 5% F A AL
LT BN B Rk R 4R 545059, A Rk R 11
SZARRENE AT I N AN RAS Fads . R, AR5
RIVESE 585 VEGF (5 5@/ %), HEAT
KT B F RS TE UG A ek A R/ E F ML A T 45
b, IR NG RERS ORI 7T 7 RIS T R R

fHEF=& (OT) & HALT T M A= 55 %
W BN TG A B IR, AR 5 16 4 18]
(1) e e 4 e LA A LR, SR SO i 7
P75 . Gutkowska Z5OVR T, OT Aefgif it —% b &

FLC 55 RN G O A i RN IO RS, GBS
INFEAS, D J I SN R S, T I AR

Pt 1] T - )0 0 A R Y 4 L A 2 B A
FL AR T AT O B IR A%, AR S i A a2
BRI [ R 1) 2 3 B A7 B R - I Tk R A
RETIIR RN 2 N R L N B s = i
I, AT O Na FoK i IR oE g, K HE
BN, PAR4ERE K ERAREI AP . Romero 516U
TR SE R I, TS L I A8 B 9K 3R 1T R T IR
INE B NER BB (CTGF). CTGF BEfS &R /N
AN B B NER L3 ) AR S S, =& — ok
B IE G R T LH] . CTGF [Bh = 2 (it i &
FtiE, CTGF gL Re 2 S EUE /NSRS 15 A 2
FIPR . BRIk, T -5 5 ARG B0 1) o6 J AR
T B A 0T v I R /N ER 3 497 PRI E R AL A A A
HE— R

gi L, AWFICE MK T7E, RIS
I EEARES RERR . SR HHIR G.
FHHER I« FHSH Uas BFHSERZEA/ER T PRKCa
PRKCB. PTGS2. ACHE 1 ELANE %% M4 4,
Z 55400 R 5 T RS A2, 7T VEGF
TG METRALME SIE T RS T
LS 5 - 85 BN R U S5 5 E I, AT R VR 9T
TEIRBERS AR, Nk — D 501 5 25 38 24 3L
RO T BB AR .

AW TR LR E . 15, BT
BE R PRIREE FE AN TR, X2 24 B 2 R TR £
RF B —PIE. HiX, Ll OB {EM DL {Hifik
AR RS (0 7 VE TG A T BTE VR R S HAE 24
H S EHEEEN, ARSI, #iE.
BEMTR, £ CRE LRR TN R.
TEREERT LT 5 & RAEREAFEE FVIR R,
AN [F) 28 B BB P B b 1 R 2 TR 3 [ BT L]
A=K FIHARALH S RIME RS D ILE R
AR S 25, FEON TG PR Y 5 e AH
P BRI 0 RIIE ROV 2% S B AR R R . BR1 Ut
2 VUK G R RS AN R AR . ORI A8
AT X3,y HAUHIR R BT A 5 A R 1
Tt 5 Bt
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