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Analysis of antithrombotic medication of traditional Chinese medicine based on
data mining and network pharmacology
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Abstract: Objective Deep venous thrombosis is an important cause of death and poor prognosis in critically ill patients with
COVID-19. This paper excavates the prescription rules of TCM in preventing and treating thrombosis, so as to provide reference for
Chinese medicine in preventing and treating deep venous thrombosis in critically ill patients with COVID-19. Methods Based on
the journal literature collected from CNKI and Wan-fang database, excel 2010 and Clementine 12.0 software were used to analyze
the association rules of the included standard traditional Chinese medicine, and analyze the enrichment of GO and KEGG in the core
drug groups with the method of network pharmacology. The mechanism of action was studied and verified by molecular docking.
Results A total of 356 antithrombotic prescriptions were screened from CNKI and Wan-fang database, 25 high-frequency herbs
were found, and seven high-frequency drug groups were obtained by further correlation analysis. Among them, there were 23
effective chemical components in the core drug group “Honghua (Carthami Flos)-Taoren (Persicae Semen)-Chishao (Paeoniae
Radix Rubra)-Chuanxiong (Chuanxiong Rhizoma)”, 41 intersection targets between core drug group and thrombus. PPI network
mainly involved key target proteins such as IL6, VEGFA, CASP3, ALB, EGFR, MAPKS, etc. Go functional enrichment analysis
revealed 971 biological process entries (P < 0.05), and 105 pathways (P < 0.05) were obtained from KEGG enrichment, which

mainly involved Kaposi's sarcoma herpes virus infection, human cytomegalovirus infection, fluid shear force, atherosclerosis,
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hepatitis B and other pathways. The results showed that luteolin, quercetin and baicalein were the active components with better

binding ability to IL-6. Conclusion The key active components in the core drug group can play an antithrombotic role by

regulating key targets such as IL-6, and by means of the pathways of Kaposi's sarcoma herpesvirus infection, human cytomegalovirus

infection, fluid shear force, atherosclerosis, hepatitis B, etc., with view to providing a reference for the prevention and treatment of

deep vein thrombosis in critically ill patients with COVID-19.

Key words: data mining; network pharmacology; molecular docking; antithrombotic; coronavirus disease 2019 (COVID-19); luteolin;

quercetin; baicalein
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Fig.1 Document retrieval process
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Table 1 Usage of single Chinese medicine (frequency=38)

7t 8 AR J5 750 o5 /% 2 fd AR J5 750 o /%
L= 224 62.92 AR 51 14.33
AR 205 57.58 SARTE 48 13.48
= 201 56.46 Bl 47 13.20
HAG 188 52.81 = 47 13.20
A= 173 48.60 Hth 48 13.48
A 165 46.35 Eis] 46 12.92
K 162 4551 HA] 46 12.92
e 134 37.64 FHR 42 11.80
& 132 37.08 BTA 40 11.24

Hh ke 96 26.97 W 41 11.52
K 94 26.40 pe 5 40 11.24
R 69 19.38 S 38 10.67
A 60 16.85

2.3 SINAHKERFN 53 #r B (R SRR T, 7 Clementine 12.0 %4

Apriori FFERBMINTZ IR 0%, HAE X gy (AR =38) BEAT RIA 734,
T2 PHRENBA, FAEHINEDETIEE A Apriori 1, BB RN 20, BN 90%.,
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Table 2 Association rule analysis among high frequency drugs

S LR % BIEE/% T
LAE- A=A )N 24.438 95.402 1.641
AR Y ISR E| 27.247 94.845 1.631
-1 35.674 93.701 1.611
2 Ae-4- B 23.315 92.771 1.595
LIAE-HRA--FRA 2415 20.506 91.781 1.578
A Ae-Pki--241H 34.270 90.984 1.565
AR Y] 30.056 90.654 1.559
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Fig. 2 Association networks among high frequency drugs
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S
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Table 3 Dosage of associated drugs

SR F&XE/g ARIK i Eb/% k4L Fl&IX [8/g BIR & /%
)= 5~9 15 7.81 BRI 6~9 20 15.63
10~15 142 73.96 10~18 93 72.66
20~30 35 18.23 20~30 15 11.72
EAR 2 20~30 13 7.47 iz 3~9 27 18.24
10~15 109 62.64 10~15 116 78.38
5~9 52 29.89 20~30 5 3.38
= 5~9 36 23.84 Pine] 6~9 22 14.10
10~15 109 72.19 10~15 121 77.56
20~30 6 3.97 20~30 13 8.33

(oral bioavailability, OB) =30%A ) 3524514 (drug-
likeness, DL) =0.18", &2 # & Wi A1 A A7ZLE (Hy e
WORAR, ikt 46 MU RS 109 AMER#E A

JH 3 GeneCards £ ¥ (https://www. genecards.org/)
SRR A OREERR, 433 798 MEREE A
252 PBIR-Za-IE PR -HE R 28 A PPT 45 70 A
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AR PG R AR R,
MY B 2 AR S AR R 1 (A BLAE G R
5, R I PSR BRI EE R ) Y RS E >25)

YA E-6 (intedeukin-6, 1L-6). I A R AEK
[A+ A (vascular endothelial growth factor A, VEGFA).
R EEE 3 (caspase-3, CASP3). IMiGHEH
(albumin, ALB). 3 & £ K [F 1521k (epithelial growth
factor receptor, EGFR). 22 %4 33 2 ¥l 8
(mitogen-activated protein kinase 8, MAPKS8).
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HHEEE (https://org. Hs.eg.db) X #ZO 2 2H A Hrilise
1EFHHEAREEAT GO #1 KEGG &40, @it RiES
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HAPIAILREX Ry, Wit GO A Hriga 971
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R L FRFIGEAREES . B AL R
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Fig.3 Disease-drug-active ingredient-target network

! i\[ /' PRSS1
A PCNA
eHRM1COL3A1

4 PPIMLE
Fig.4 PPI network
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Fig. 5 Barplot of target protein
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SHE VRS TR RN EAEY SR, B KEGG B Y. WARBTY A sh ksl RERAL . L BIAT K &5 5@
BRE A 105 XESEE (P<0.05), EEW B (FH6. 7).

x3 HRR-EMER D -FE R ML E s MR R SRR R S
Table 3 Active ingredient with most corresponding targets in disease-active ingredient-target network
D 2244 R Xof JSE B bR £ OB/% DL IR)EELY

MOL000098 A& S 34 46.43 0.28 RS

MOLO000358 B2 i W% 16 36.91 0.75 AW Y SN Yo
MOL002714 HWER 15 33.52 0.21 a6 ™A
MOL000006 ARRER 15 36.16 0.25 AR

MOLO000422 th M 15 41.88 0.24 w3

MOLO000449 I 9 43.83 0.76 AR Ao

response to oxidative stress &
anatomical structure homeostasis- ®

cellular response to oxidative stress-
response to lipopolysaccharide
response to acid chemical
response to molecule of bacterial origin-
response to oxygen levels:
regulation of DNA-binding transcription factor activity
response to radiation
multicellular organismal homeostasis
response to hypoxia.
response to metal ion
response to decreased oxygen levels
regulation of angiogenesis-
response to steroid hormone:

tissue homeostasis. ™

peptidyl-serine phosphorylation ™

response to ketone! ™
response to interleukin-1. .
response to amino acid:
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Fig. 6 Entry bubble diagram of biological process for GO enrichment analysis
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Fig. 7 KEGG pathway enrichment bubble diagram
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KA L 2 LA R AR P R 8 22 B S TR
oy PPL W28 ISR R H i 2 % L #E R
IL-6 BEAT /3T He (3R 4D, MNP 25 24 B 27 A5
LRSS, 2 TR G RN T 0 FoRiiik
SRR ARGEED, HEE GRS T A b
1%, NS TAEDSE AR AR AR,
AHIF UL £ i <20 kI/mol 1 Ny i 41,
XMHEGREIR, 6 Mgl YIRS IL-6 456, X
EIEOUILIE 8, HAPARRER. MER. HERL
EE TR

TS IL-6

x4 UHYEASERERRZIELERSS IL-6 BI%E
AHE
Table 4 Binding energy of active ingredient with most

target in core drug combination and IL-6

A SR i e/(kJ-mol )
1 LEZEN ~26.76

2 B-%+ S -23.00

3 WHER ~26.76

4 AR ~28.02

5 SR -25.93

—25.51

B-% i BEY IL-6

8 RUAMEAEMRD S IL-6 B9 FI =4 E

Fig. 8 3D image of molecular docking between active ingredient in core drug combination and IL-6

3 itie

H #1 P9 AMIF 5T CESE 2 B E SRR R G
ZEAETRIEEE (severe acute respiratory syndrome
coronavirus 2, SARS-CoV-2) 5+ ZENE 2 [A] Bk
RREY), AH A P B v AR 58 A ] B R A AL
A I EHE 2  COVID-19 &4 1y D- — BRI &
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COVID-19 5l R AER T KEA K, COVID-19
B I 2K IR R BB F--0. (tumor necrosis factor-a.,
TNF-0). IL-1B. IL-8 7KF¥ a3 e, Sfiim
AN PN R Dy e RS T R s T A A
A 2B AE COVID-19 3 W 4N bR LW R A7 12
IR, W — P oRE 2 I R ok R g 2
(angiotensin converting enzyme, ACE2) SZ{K{EWN
ANz %1k, SARS-CoV-2 Hx 454, T8
W R, BEMTER SN, ErikimaetY, thah,

BBt B o~ R S e S K RN R B 2
COVID-19 [MATE A R Filja (vl ReJsi K, e
B, H T EREUbR A ) & B R 2 AT P
PLEHRTT, HIARTE R KSR IR IR =, HPTsEm)
R AR T, IR B R Ay R IR D-— 54k
AT 2 LA bR B, R, KPR 25T
I ) 51456 3a 1 31 COVID-19 B34 AR G )7
BN O FUORE R R R TR KA A
KIS XS FIN 5 T B R b A A
K 356 A FIBHATIZIE 4, KIL 25 BRE A
724, 7 NRIRAGMAS, IR RIAGMA S %
HZGHERL, LSRR B COVID-19 fitlfifeia
JTIRMIESH . H AP 20 -BhAT- 7R AT - )1 AT 55 P
BZOAMAE. TEE DVT @RI, Bk
W, RHLN SN B ZE 2 K0, A% 024
AT, e TG MALE, ARATE S, N5
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PRI, JEZEd . TR 2T, i
TE BRI AT HUAR) G o G W0 245 25 3524 1) 43 AT 45
B, ATERZ O A G OB S R T EEE 1L-6.
VEGFA. CASP3. ALB. EGFR. MAPKS 2%, M.
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JEPEA I C- MR AR A RS Ak e B R
[, gt R T8, Rt R VEGF
A BE 4 R LA P R A 4 A 2, R B /R
fEHIPY, T VEGFA 2 H EHK A, CASP3 £
Caspase FKIRM I, TS S KT &R,
ALB B FBERERERI R, 75 NO 454, #i|
SR, AN AR ZE K /MR ) SR, T R A3 e
TERIPY, EGFR A2 B AT B IR IR I M 1 5 RS 2
H, S5A 2RI A b . T S U B AR
SR R PEAE RS, MAPKS 7E 28 9k 40 i 38 3
otk AnEE A R R e M A, DLERIR,
NSk EAE R e =29 G BN 712 71 (14 Y QN el N8
WA KPR AR .

SAZ O AR AT GO B4, &
B 5 2 AR 25 R N S AR S, F 5T R IR
COVID-19 5 2 ik P G 8 I B 2 AFATLAA 7= A K =
B 3, SEERE- B hAEERPY, SUELER
S AR, SR N B A5, B
AF S MR KEGG @ik & EBHBZ 1
BRI AR R R . AN B4
Y. ARETY) RSN BK R SE E, (E A E
B, X 4 MEER K2 & VEGF 5 IL-6. VEGF
BE eI n i S @, XA I P R 4 A2 AR
SRS, (R I P R A oy RGBT I
CERla Y oL e S N =S a7 1B N~ N
M | 4 R SR AEDS. BF R R B, TL-6 AERR T
W IE A COVID-19 5 i s A B 5 HLA 3y w]
BEIGIT KE s, mE AR 3 KA E
FhiEr, XA RERMNARTEX BT SARS-CoV-2 [,
B “anp 7 )R BT, IL-6 BESRMLA R RE(R R %
SR PR, SR 2 P A K R K g I R
VI MR HLAPH T (tissue factor, TF), JiE#&E
M43, 0 A] ARt BG40 i G 5 5 ek, SEX
ML/ NBR B B

H AT VF 2 0 2HES: COVID-19 #3% 1iE
H) IL-6 22 Ty, HRIBKT-5 COVID-19 Jilh
(7 S AR B 2 OEA G, BhAh, TL-6 nliEId BE N
FEANA, 5T v R S 3 0 i A P 5 9 kAR R

W, A BRI A% SCos R IL-6 s ik, TB eIt
IEFR, W TL-6 T 2 B I 9 708 I 9% fes SR A4 1
PTG VRO IS 5 SR AR AR T #E . R 22
oA RMEIR IL-6 R OAWAEE KIEYUL
MR E A, T H D TR R IR R R
. MR B RS IL-6 oy, Haok
BREEAE IL-6 A A 5 EH Glulo6. Glud2.
Aspl60 JEREREIE, WARTE IL-6 &2H A
L) Thra3\ Glu42. Glul06 JEREEIEM, %%
Al 5 IL-6 HHA A # Ef) Glul06. Thr43. Aspl60
TERESEE . AR, AR 2 e A0
{2 R AR 7 TL-6 950, RARBLR AR, itk
ENTBTRVEN AN -2 XNk c AP e K )iy
JERIAE A VI R 75 5 B /MR AR, STt i g 55

SEYER A R4 E O AL, RAESTENL. ST

T B .
gi b, AW TCHE T B A0 0 2% 24 B 20

P 24 70 M 14 26 077 24 B0 e LA PR DL R AT 4R

o, R OAMBE (DA-RA-7545-)11ED

BRI P B o) A L TR % TL-6 SR A, D

599 B G b JOE LB PR AR DRI B, X PTAa AL

RN, B MLE A B AR AT, S MRS

REPUmMARER, A COVID-19 f& HEiE H#H H I

DVT [ EsAa T e e S S BB TR 2 .
ABAFR PFIAEH ARG EAZTR

&30k
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