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Abstract: Objective To analyze biological process network and key component groups of the synergistic anti-thrombotic effect of
the components in Taohong Siwu Decoction (#k 4L JU477%, TSD) using the random walk with restart (RWR) algorithm, revealing its
“multi-component, multi-target, and multi-pathway” anti-thrombotic mechanisms. Methods Integrating literature and previous
research, active ingredients of TSD, ingredient groups, and corresponding target genes were obtained from four databases including
Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP) and HERB. Thrombosis-related genes
were collected from four databases such as GeneCards and OMIM. Initially, thrombosis-related genes, Chinese herbal medicine, and
component group target genes were imported into the Metascape platform for biological process enrichment. Cytoscape 3.9.1 software

was used for clustering thrombosis biological processes, and the synergistic anti-thrombotic effect of Chinese herbal medicine
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combinations and ingredient groups was preliminarily analyzed. Further, RWR algorithm, Pearson correlation analysis, and Z-score
significance analysis were integrated to quantitatively analyze the correlation and significance of compound, single herbal medicine,
and component group effects on thrombosis biological process networks, screening key biological processes and ingredient groups
synergistically combating thrombosis. Finally, the key biological process network of TSD anti-thrombosis was constructed, and
molecular docking was used to screen core components and core targets. Results The study included nine categories of ingredient
groups in TSD, clustering of thrombotic biological processes into four categories. The significance of TSD impact on thrombotic
biological processes is as follows: oxidative stress > inflammatory response > intracellular signaling > cell activation. Oxidative stress
and inflammation were identified as key biological processes in its anti-thrombotic action. Flavonoids, organic acids, alkaloids,
phenylethanoid glycosides, terpenes, coumarins, and phenanthrenes were identified as key ingredient groups in its synergistic anti-
thrombotic effect. The biological network construction and molecular docking identified 10 core targets (TNF, HMGB1, NLRP3,
PARP1, PPARA, GAPDH, MMP9, IFNG, IL17A, HRAS) and six core components (ligustilide, catechin, chlorogenic acid,
verbascoside, hydroxysafflor yellow A, paeoniflorin). Conclusion In this paper, the key biological processes, core components and
targets of the synergistic antithrombotic combination of the component groups of TSD were quantitatively analyzed by integrating
bioprocess networks and machine learning algorithms, so as to provide a reference for its clinical application and basic research.
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Table 1 Active ingredients and ingredient group in Taohong Siwu Decoction

5 EMER AR CAS 5 TRy A4 TR DN T RIR
1 linolenic acid 463-40-1 T FRER EEDINIvES ETENEARIA
2 ferulic acid 1135-24-6 el SR AR EEDINIES HH I
3 chlorogenic acid 327-97-9 R R RN ES M. NE L afe. B
4 caffeic acid 331-39-5 I3 BIERSE HWE. HE. )1
5 gallic acid 149-91-7 BETR BIERSE SR
6 p-coumaric acid 501-98-4 N TR BIERSE ANi2
7 bergapten 484-20-8 T M B BEERE A
8  ammidin 482-44-0 W 2% BFE R =Y
9 isoimperatorin 482-45-1 SERRHTEA R FERE 4

10 albiflorin 39011-90-0 SESTElEES [ES Sio]
11 paconiflorin 23180-57-6 A (e B4
12 benzoylpaeoniflorin 38642-49-8 R HBEAT 251 (e HAS
13 oxypaeoniflorin 39011-91-1 AAAT L) (e HAS
14 tetramethylpyrazine 1124-11-4 N E g G/ TS e
15 perlolyrine 29700-20-7 J1 W G/ RS e
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16  amygdalin 29883-15-6 A EHE BeA=
17 prunasin 99-18-3 T PREF MEHE BeA=
18 quercetin 117-39-5 Wit & BUTES AW Y
19  catechin 154-23-4 ILEE LB A2 B
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24 rehmannioside D 81720-08-3 EHE D AN RS g
25 verbascoside 61276-17-3 BT R OPEE R 2
26  isoacteoside 61303-13-7 S BSTER ROPEE R 2
27  echinacoside 82854-37-3 P RAG R OPEE R 2
28 ligustilide 4431-01-0 AN PRIeS EVENIIE=
29  senkyunolide I 94596-28-8 ) BRI RBEE E V=N
30 levistolide A 88182-33-6 WU A RBEE SV ENIES)
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Fig. 1 Relationship circle diagram of “ingredient group-ingredient” of Taohong Siwu Decoction
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Color-coded lines and clustering nodes represent the synergistic biological processes of traditional Chinese medicines; numbers in parentheses indicate

corresponding quantities and frequencies.
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Fig. 3 Synergistic anti-thrombotic biological processes of traditional Chinese medicines compatibility in Taohong Siwu
Decoction (top 20)
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Color-coded lines and clustering nodes represent the synergistic biological processes of ingredient groups; numbers indicate corresponding quantities and
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Fig. 4 Synergistic anti-thrombotic biological processes of ingredient groups in Tachong Siwu Decoction (top 20)

F2 HAmWF. BRA. KON AEEYIIIZERAE Pearson HHX RIS
Table 2 Pearson correlation coefficient scores of effect of Tachong Siwu Decoction, single herbal medicines and ingredient

groups on different biological processes

Pearson 734} (Cor)

24/ R A

Bl RERE RIE RV EREADR MPNESES
o YanutLyy 0.284™ 0.349™ 0.388™ 0.345™
i 0.240™ 0.310™ 0.387** 0.286™
Sk 0.271%" 0.327* 0.372™ 0.324™
AW 2 0.262™" 0.329* 0.309™ 0.271*
) 0.211* 0.244™ 0.289™ 0.239**
EVE 0.176™ 0.226™ 0.273* 0.236™
b8 0.189** 0.208™ 0.216 0.200*
FEES 0.249** 0.325™ 0.395™ 0.316*
HHLER 0.259* 0.311* 0.288™ 0.264*
AWK 0217 0.218™ 0.280™ 0.248"
K OEH KR 0.197* 0.205™ 0.209™ 0.217*
e 0.139** 0.165™ 0.167** 0.191*
HEEERIE 0.046 0.126™ 0.166™ 0.142*
NS 0.120* 0.147* 0.166"* 0.168"
FHHEE 0.076* 0.088™ 0.140™ 0.081*
IR ki 2 0.076" 0.080* 0.131** 0.075*

“P<0.05 "P<0.01.
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Table 3  Zscore of effects of Taohong Siwu Decoction, single herbal medicines and ingredient groups on different biological

processes
E’];"/Eiﬁﬁ Zscure
7 : ; N g
IS AL JENE M. EaRAAR HMMHNE ST
=il 8.387 9.985 11.465 9.952
A= 6.949 8.774 11.438 8.088
HAj 7.975 9.292 10.972 9.284
A2 7.684 9.342 8.963 7.603
& 5.998 6.702 8.315 6.570
| 4.844 6.162 7.815 6.488
Mg 5.269 5.580 5.997 5.317
L TES 7.232 9.217 11.704 9.048
AR 7.579 8.781 8.285 7.357
EEU/NEES 6.180 5.915 8.036 6.857
KO 5.536 5.510 5.779 5.864
[ 3.618 4.245 4.438 5.025
HEEERHE 0.556 3.049 4.390 3.461
e 3.006 3.681 4.390 4.285
FHE 1.529 1.856 3.549 1.511
PRI Bk il 1 2k 1.555 1.598 3.290 1.323
- — 12 = 12
i —_—— N
A B 10 I s 10
1 (1 8 ko g
& Bl 6 ko 6
] i a1 4 (RO
o e Iz b ;
Lt 25 0 oty I2
L] S ‘ LU 0
S 2 = | IR
H o 2 0 i Y = =
g @« F K T e H
x P oE B X
= mooR = W
g z
2
PR W Z 340 . g
Redder the color, the higher the Zcore. Bl £ Z 155 .

Bl 5 HELLmYiA. BRAN Z 135 BERE
Fig. 5 Cluster heatmap of Zscore for Taochong Siwu

Decoction and single herbal medicines
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5 7 R A CLPIRYE “2.47 TAE Rk
RIS BRI B AA MR B, #
TFRAE GRS HRERIES AR PPT 34T 70
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Redder the color, the higher the Zcore.

Bl 6 mMOBH ZISHRERE
Fig. 6 Cluster heatmap of Zscore for ingredient groups
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R4 HEAOImYA AR KRE YIS IR R KRS S

Table 4 Key targets and key ingredients with anti-thrombotic key biological processes in Taohong Siwu Decoction

S R

AL

FEERL R

ES L%

SRR R ES L%

NFKB1. CASP9. AKTI1. RELA. BCL2. JLFEZR.¥EFM. NFKB1.CASP9. AKT1.RELA.BCL2. JLAX.&ET

TNF. MYDS88. IL10. IL6. CASPS8. INS.
HIF1A. GAPDH, IL1B., CREBI1. STAT1,
IL17A. NLRP3, MMP9, CASP1. TLR2,

HMGBI1. TGFB1. GSK3B IFNG ISEZRzs

SRIEIR . N E W
MAEEIR . fodk
AEHEER AL

TNF. MYDS88. IL10. IL6. CASP8.  [&. JI|=Wk,

INS. HIF1A. STAT3. TP53. ATM. [i#ifg. )5
CASP3, CCNDI. HRAS, MAPK14, . TRkEZ.
CHUK . EGFR. PPARA. TERT. B

CDKNI1A. CDKNI1B. PARP1. CDHI1

TIHELEE A2 R SR B AR FE SRS A M AR P O L A

Bold targets are common targets for key components in key biological processes.

FILALEATA
Hydroxysafflor Yellow A

g TR
p-Cg‘ifjﬁéeﬁénacid Linolenic Acid

BETR SIERR
Gallic Acid Chlorogenic Acid

I
phtilyie N

R At
Verbascoside Paeoniflorin
LR

Catechin

NLRP3 CREB1 GAPDH MMP9 CASP1 HRAS

EGFR HIF1A AKT1 TNF IL6 STAT3
STAT1 NFKB1 RELA MYD88 CASP8 TERT
IL1B CASP9 BCL2 IL10 INS CDKN1B
HMGB1 IL17A IFNG ATM CDKN1A  MAPK14
GSK3B CCND1 TGFB1 CDH1 PARP1 PPARA
TLR2 CHUK TP53 CASP3

- AR
Oxidative stress

9 JiE SN
Inflammatory reaction

TTRESS S S 7 55 A R A
Orange boxes represent inflammation response targets; green boxes
represent oxidative stress targets; yellow box represents targets shared

between inflammation response and oxidative stress.

B 7 thIm¥naiimg X5 EYid iR W g iE
Fig. 7 Construction of key biological process network for

anti-thrombotic effects of Taochong Siwu Decoction

2.6 DT XHE

WIRIEAF RN 10 DRI 5 40 AR
BEAT 400 IR TR, 231 Eeal A RE I JR R A
W 8 Frzm, 10 AR A 40 AN SCHEEE s RIS
Be4h A8 <0 keal/mol (1 kcal/mol=4.2 kJ/mol),
U A B O B B A3 BE e ) O M S O B B A4

B M, JIIEB, JLRER SRR, BELRETE .
FREAMATOER A NAHE 40 DRSS
HREFI<-5 keal/mol, HEREMEEGEMT), H
MNP, JLRE. AR BEARTE . Rika
e R AL A2 R PR VU2 B 0 3 03 [R) e I
P RS JOE S A% G ey s PRI BB
(tumor necrosis factor, TNF). #% DNA 256 & H &
EFEH A 1 Chigh mobility group box 1 protein,
HMGBD). % HRE & H RS W2 AER 3
( nucleotide-binding oligomerization domain-like
receptor protein 3, NLRP3). %% ADP ¥ 5 Al
1 (poly ADP-ribose polymerase-1, PARP1). T4 1t
VIR R FE YOS 52 o (peroxisome proliferator-
activated receptor alpha, PPARA). PR H i it &
(reduced glyceraldehyde-phosphate dehydrogenase,
GAPDH ) . # it & J&8 & 1 B 9 ( matrix
metalloproteinase 9, MMP9). F# % C(interferon
gamma, IFNG). H4H/fi/1 2 17A (interleukin 17A,
IL17A). JiJE Ras 2K (harvey Ras, HRAS) I
Bk, LR GEER. BRI, REaE
R A AT B REEI<-6 keal/mol, HEN'E
ATRBRLL D37 1 o B e TR A A S AR R S A E
SN BIAZ DR R (R 5.

Oy TR AL “ OSBRI - S E R R
filt b3 — B MR B e R R E L “ R0
BT -1 0B R MR DY )
W LA R GERR. BRI, BREaEA
R AL MW 6 Mz I RVER T TNE,
HMGBI1.NLRP3.PARP1.PPARA.GAPDH.MMP9,
IFNG. IL17A. HRAS 10 #%0HER, S5 RIESH
PRI 2 ANV R IESTILAETER- . 6 MZO R
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Redder the color, the more stable the molecular binding.
B8 XEHANSKEESIRES RS HRE
Fig. 8 Heatmap of docking binding energy scores between key ingredients and key targets

®5 UMD SZUERIIERESRE
Table 5 Docking binding energy of core ingredients with

core targets

2488/ (keal mol 1)

e NIEW kR SRR RO RRAR A AT
TNF -12 14 -85 87 -85 8.1
HMGBI -84 -89 -92  -lIl6 18 8.1
NLRP3 ~ -91 90 -87  -108 95 95
PARPI  -99 97 94 9.6 92 8.1
PPARA -84 -81 78 =11 6.0 8.1
ILI7A -79 -85 82 -0l 87 838
GAPDH -88 91 99  -I13 9.6 -10.2
MMP9 94 97 83 -85 =76 9.1
IFNG  -79 -83 83 -84 -10.2 8.1
HRAS ~ -93 92 92 -85 -84 8.4

535 10 AMZOE 555 X4 A e A% ELRT 10 19
SZAR-BLAR A ) E B EREF A HMGB1. B
TEWEE 1 GAPDH. EEEEHEH Al NLRP3. F2HE4T
T2 A A IFNG. Aj25H 1 GAPDH. EE8{eh#
A IL17A. 485 A1 GAPDH. )| WEA1 PARP1 .
JLZEZEF MMP9. JLASZE AT PARPL (] 9).
3 itig

MARTE e — P W B R, B RG
AR I R -3 A 5| AL sl I R e [ B, A B4
P MRS S A s RIS 2 175 R AR TR R =

KIFZEW, H AR B0 iAs 2454 3 BRI
250, PUEEZGN. DU/ MR 23V AIMTT 25254,
{RIX LLZ WA AE LRSS I 29T 2. 254
HEPT BT R — S ), PRI R A 167 2728,
HE R sy ZHA . ZREUARE N T4
(PIRE AL, AR AT, BARIE PR 2 Al
W I, & MAGIR A A E T A 7 TH T 3%
T A 25 502 2 G P AR yR T D o
VG 5 45 A DU AR TS S IR R Bt dne o 2 35 1 4
. BRELVUYDZ A2 Im PR Hh PG DR 45 & Bl A 206
I 300, H L I Ak RS I AR ) 2T BRI A
THAE, AR e A B

RN IS A S V=E 20N VI E (s S BN IV & B )
IR T, PR S R BE R 0T, 454
RWR 5% 7€ &7 M i e pk 21 VU 4037 Pt A 1 O et
AV SRR, JBEEEE, BRIRNENT
PR VUMb AR IR 22 R . BFF 745 At Bk 41
VUi E @ 6 MZORY JINEE, JLRE.
SRR . BEICHET . BEAEEER AL AJATD
P EERT 10 AMZ0#E S (TNFLHMGB1.NLRP3,
PARP1. PPARA. GAPDH. MMP9. IFNG. IL17A.
HRAS) 5 RIESAMNEL 2 MEE R IEDT
MmFVER (B 10), NG AL 7 B2 Wiz e &
A 2E 2 AR A TR T 17

P2 [ KSR T AZ 0o iy« A% O HE 5 i A
ZIAHRFR, KA T I T 6 MZ Lk
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Fig. 9 Receptor-ligand with top 10 absolute binding energies for molecular docking
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Fig. 10 Schematic diagram of network mechanism of synergistic anti-thrombotic biological processes of ingredient groups in

Taohong Siwu Decoction
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