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Abstract: Objective To construct a molecular prediction model for aspirin resistance (AR) based on bioinformatics technology and
to investigate the potential mechanism of Compound Danshen Dripping Pills (& 75 £+ £33 H.) for reliving AR. Methods Microarray
data of AR and aspirin sensitivity (AS) were obtained from the Gene Expression Omnibus (GEO) database. Differentially expressed
genes (DEGs) of AR and AS were screened by R software, and their functions were annotated by enrichment analysis. AR molecular
prediction models were constructed by machine learning methods. The fingerprint of Compound Danshen Dripping Pills were obtained
from CNKI, Wanfang database, VIP, PubMed and Web of Science databases; The active ingredient was predicted according to
Lipinski’s rule; The active ingredient targets were predicted using Swiss Target Prediction database; The DEGs and drug targets were
intersected to obtain the potential targets of Compound Danshen Dripping Pills for relieving AR. The functional annotation of target
genes was performed on the metascape platform; The molecular docking of core targets and active ingredients was performed using
Autodock software; The single sample gene set enrichment analysis (ssGSEA) algorithm was applied to analyze the pathway
enrichment of each target of Compound Danshen Dripping Pills for AR intervention, and finally the “component-target-pathway-
function” sankey diagram of Compound Danshen Dripping Pills for AR relieving was constructed. Results A total of 597 AR-related
DEGs were obtained, including 292 up-regulated genes and 305 down-regulated genes. The enrichment results of DEGs suggested that
AR-related genes were mainly localized in platelet o granules, secretory granule lumen, cytoplasmic vesicle lumen, and were involved
in many biological processes, such as blood coagulation, platelet activation, nuclear factor kappa-B (NF-«kB) transcription factor
activity, negative regulation of lipid metabolic process, leukocyte activation-related inflammatory response, adrenergic receptor
signaling pathway, oxidative stress response, and etc, by mediating arachidonic acid metabolism, oxidative phosphorylation, WNT
signaling pathway, interleukin-17 (IL-17) signaling pathway, steroid homologue biosynthesis and other signal pathways, thus playing
a role in regulating heparin binding, insulin receptor binding, platelet-derived growth factor receptor binding, adrenergic receptor
activity, growth factor receptor binding, phosphatidylinositol kinase activity, MHC class II receptor activity, and other functions. Nine
molecular markers of AR were obtained based on machine learning algorithms, and an accurate prediction model with area under curve
(AUC) = 1 was constructed. Ten active components, 14 action targets and three core targets of Compound Danshen Dropping Pills for
improving AR were obtained through network pharmacology. The molecular docking results showed that the core targets and all active
ingredients could bind spontaneously, and the enrichment analysis suggested that Compound Danshen Dripping Pills could improve
AR by regulating thrombosis, glucolipid metabolism, inflammatory response, oxidative stress, and hormone levels. Conclusion The
AR prediction model consisting of nine molecular markers of AR had accurate prediction performance.In addition to platelet activation
and aggregation, inflammatory response, hormone levels, oxidative stress, and glucolipid metabolism might also be involved in the
formation of AR, and Compound Danshen Dripping Pills can relieve AR through multi-targeted modulation of these pathways.
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A-Lasso regression analysis to screen characteristic genes of AR (number in top row represents number of cross-validations, that is, times of model is
selected as the best in each cross-validation for different logA values); B-construction of a nomogram to predict AR; C-evaluation of model predictive

performance using ROC curve.
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x1 EAASHILE ARFEEHRS
Table 1 Active ingredients of Compound Danshen Dropping Pills in relieving AR

MR/ Amzik ARtk S ToRAE

o : s
SEENE R IR (g-mol ) HE Wik MBS
1 CoHsOs  WHHEER (caffeic acid) 180.16 4 3 0.70
2 CisHiO7 JHEEE G (salvianolic acid G) 340.28 7 4 0.75
3 CisHieOs KiEFER (rosmarinic acid) 360.31 8 5 0.90
4 CuHis0s4 F+Z0 Il (tanshinone IIp) 310.34 4 1 1.39
5  CaH200s F}&¥ilE D (danshenxinkun D) 336.38 4 1 1.76
6 CisHi403 15,16- -5} S0ld 1 (15,16-dihydrotanshinone 1D 278.30 3 0 1.93
7 CioH2003 F[&ftZHi (cryptotanshinone) 296.36 3 0 2.36
8 CisHis03 W HESFSEE (methylenetanshinquinone) 278.30 3 0 1.93
9 CioHis03 F+Z0H Ila (tanshinone II4) 294.34 3 0 2.24
10 CioH2202 FFZ3¥i (miltirone) 282.38 2 0 3.24
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B positive regulation of MAPK cascade
I MFAPS effect on permeability and motility of endothel
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A-Venn diagram of common targets of Compound Danshen Dripping Pills and AR; B-enrichment analysis of targets alleviated by Compound Danshen

Dripping Pills in AR; C-disease prediction of targets alleviated by Compound Danshen Dripping Pills in AR; D-inference of core targets alleviated by

Compound Danshen Dripping Pills in AR.
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Fig. 4 Enrichment analysis of targets of Compound Danshen Dropping Pills in relieving AR
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F A 20 tH40 80 AF AR FLIE S H w4 0o it 1L 852 9
BEIRE UK, — B NE N AMUBEE FE L Se 4
R 25120220 RAFITAER LA Twilight AR 2549 BT
7] R ] DLARAE o Ji I8 05 — 2% F9i9)7 v (R AL
EHREREY, (H T A W AR R BRI, HLik
ZKIABE VT PR IEUESE , A 2 LA SRR IR 4 e 4
o [FEE CHIHTTY B 1 TR0 M7 250RN 22 4
P77 TP R BB W] UCARLE T AR VR T AN o] B
1, RRRRLE R AL O U ZE RN i i = 28 1 N RE
o, HEEA AR IBRRE R, SR AR B3 X LATS
FFA] =] FEAR 7S 3 (PR LRy, AR A R 11
OIIME LR . 1 N 35 MiEARIREH K& 19025
191l 568 O SR 1) Meta 73T 7R, AR B 450
T-[7.9% vs 2.5%, OR=2.42, 95% CI (1.86~3.15),
P<<0.000 011 % Ifiiz E 2 [ 4.5% vs 1.7%, OR=2.20,
95%CI (1.19~4.08), P=0.01] KT AS B
FL 51 BRI FEIAE SR AR B EEA



FED 2024478 $55% B 148 Chinese Traditional and Herbal Drugs 2024 July Vol. 55 No. 14 - 4831 -

NLRP3 inflammasome - - --
synthesis of prostaglandins and thromboxanes -- - --
&1

signaling by interleukins

response to elevated platelet cytosolic Ca*"

regulation of insulin secretion
*P<<0.001
*P<0.01

L p<005
A

W
I

- - I—O.S

platelet adhesion to exposed collagen

platelet activation, signaling and aggregation -
oxidative stress
mineralocorticoid biosynthesis
mineralocorticoid biosynthesis
JAK/STAT signaling after IL-12 simulation
insulin signaling pathway

HDL remodeling --

glycerophospholipid metabolism - - -
glucocorticoid biosynthesis -
estrogen biosynthesis -- -
DT B I B P EE T T . By
3 29 z ® = = & & =
E 6 ssGSEA &R
Fig. 6 GSEA results
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B BRI AR ) S A0, 455 19 n o] =] DT Ak
A&, EEEFERME. BEEPU/MRIGTT . 245
B FEHIIERE S, (HRCRRAER. LE T T2
FU AT BRI LA % rh 245 1) 7] ] 2 B R 0 ) 1 24
R AN AMRER A . BCE MRS, T N T
O 0 BB BT VR 1280 i PR P R IAE BT MRIB ST
Faih A E TP S AL B3 PEC ADP R AR
VU lE 75 3 B /MR B3, P8 AR BB il 5
A A 2 T ASEG T H XU U2), A B O B AR
EAE T %0 AR AR BIR AN AL THRZE
B, B UM RIBE 7T 2 SR AR TR w] LMK E R i1 A &
X AR BN Z RGP FI AR, MEDUAARA |
R AR MR . ARWPFRER LR, RAERPL. EH
R Bk BRI RILFENES S T AR 1
Wk ETiFZHAIEE AR FIFLEI AT 5e 4% LA
SR K.

BRI R R, /MR OC 1) AR T B2
BH PSR AEEE AR OS], B ITGB3.
PRKCA. PTK2 4 BH ML MR AR KB e B 7
FEZ AT AR (%080 £ ITGB3 & 4wl />
i BB 85 (1 1Ha (glycoprotein Illa, GPIa) [I3E[H,
I F /R R AR AR, B2 SR R Rk nT
75 R Bl =] L AR 24 34 2 A2 B 1 SRR ) e, &
St 100 89 7% S 39 i AR ] ] DT AR B 0t A% T BOVE FH 52
P20, K2 R Rk R vT B BT P S AL
FHOEE G T AR WIEEERNLE .. EEEE C
(protein kinase C, PKC) x&—2RREME IR FRIA
T oA 2 B RE FE AN 98 1 e S 1) R W SR,
VAT I /NEOE PSR A T R 4 A P L 130321
Horpr PRKCA T & A5 i/ MR o B0k 2
ERURL A W S IR SR B R 1, m S
LA AR AN Y AR TR 32331, PRKCA ) o 5K
WARTRZ A A E BB I IT I — A B 2450
B RB3), AR ZH SRR A tAIESE | PRKCA 576
RBKIREHICEREBY . B 7 ADP S5AEYNEEY)
Gh, VG ZR allbB3 AR B MM /)52
&5 FRIFERE TR AL /AR, (R A PRI 4, 78
MR 725 TR RBERH B /RN ollbB3 F
T RS 2 F PTK2 SARAERAN 1T A&
B AL B, e AERIEEBMEES VI
(glycoprotein VI, GPVID) f&K#iP% ML /Mi &4k, 7Rk
AR A T R R R AR B AR T, Ak, &
LR B RE TSR AT M2 D. 2

s FHOEE G SFFZE. RPN P2
1A AEWE 32 WERR —ENG SA (phosphodiesterase 5A,
PDESA)~ MYLK F1 DYRK 1A ¥R FRI%, i i /MK
R EIE 5 SN RAN 7 16 e e A W= L) AN
A i 2R A LA e ) - RS T A A0 o KL AR T2 o
AR AW TR S T RS RAE . /MR BEAT
BRG] AS B RHE, 2RI B8 ) 7 PO £
MR T R 4R F A5 202 RSB, fildn, HrA
TR EEMN 4 (corona virus disease 2019, COVID-
19) BEUERAMEXGREER, ™ EAEFHR LR
EAERDIRIEEE 2 (severe acute respiratory syndrome
coronavirus 2, SARS-CoV-2) 7| & B9k K+ R %
WO WUBESE L ik 2 v R A% S 1 R A X
BBV, ek, ASE ST 2 15 A RIR B Bk s 2
ML /NR I A 28 iR R ] DL ARATE I NSRRI 2R 1401
DL+ 8 B fe b % I A2 45 /% ( Canakinumab  anti-
inflammatory thrombosis outcomes study, CANTOS)
W7 AR MG ARG UE S T P A IR 7T 7O LA IR
T IR AR VDT AL, SO [ 9 9 £E TR L
1= S Sl S B i < DAV S I 16 S A 11 R4 Y e
NLRP3 #SE/NMAREH IRE) IL-1B 5540 K1 1AL
5oy, MRS RS, TEAH LR
S FIRARAS JREAT AN AR B R 5 70 WA t42), 4 A
RS RIE SOV BB R . E TSR AL RS2
i, FHZ00 s MFHZ58R D AE/EH T PTK2.
PRKCA. KFRZES/K 1 (cannabinoid receptor 1,
CNR1) Figuffa A A A (cyclinA, CCNA) %
TR & FE R MIRFEZ A EA 3 (nucleotide-
binding oligomerization domain-like receptor protein
3, NLRP3) e /MA I 4H i A 258 26 1) S5 5 4
T, Z5RIER AR RERI T . 1Ak,
SR D BRSFSE AT PSRBT R ]
DL i S8 7] BEBR I8 9A (phosphodiesterase 9A,
PDE9A) #1 PDESA 17 FH 4 g% is Al — AL & -4
57 (nitric oxide—cyclic guanosine monophosphate,
NO-cGMP) 155 I 8L, Hfi] I /MO A A
T RRL-451, S (M AU T R AR L /S ABOX ] ] DL
MRE UM, Ttk kSR SR 3 42 11 DNA HY
FAE D HTIRR B S R P TR S S T
AR HPRAET, RSN FUIRIRER ] B A B R 40
Rl =] ULARXT NO/cGMP/& H I G (protein kinase
G, PKG) BAFMBEIE*, ssGSEA 3 # e n & 5t
S AP ZEER P2 s FHRR G %5 7 A
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TEPES> TR ML MYLK. ITGB3. ITGA2B.
DYRKIA. PDESA. CNRI1 %558 i 25085 J3 i 35 43 Wb »
A IEREACH R . BBAh, A S EL thrT Lo
P ML A R 4 A 2020 3k 45 7 =X 95 6] ]
DUARIE PR YT 241497, L] e I /MR Pt A R
SRR NIRRT B AL P v % FE IR
S A MHE EE Chigh density lipoprotein cholesterol,
HDL-C) Al Wix —id e, $27+ 30 fif =] DLARF
BURMEDY, FES5HR D FFSHR. Rk E R AR
P2 WA %5 52 77 FF 2 5 R0 Y R T RE S o - TR
PDE9A. M&-Filit )5l X% 1 Bift C3 (aldo-keto
reductase family 1 member C3, AKRI1C3). & FJIRZ&
AES2 1K a2A (adrenoceptor alpha2A, ADRA2A) 4§
5y 7335, $&F+ HDL-C Dfe, i i sk =] UL Ak
MR o 3 v B BB K AR B S i 1t 2
i — B AN 0 8- R AT VIR F2o £,
R A i AT ISR AL . 8- AT AR 2 F2a 1
MR ] AR R MR AR S A, Tz
FEEREEEE (cyclooxygenase, COX) Pk,
XA HANRZ R =] UL AR SEm Y, R, BIAEAE
M ZE A, (thromboxane Ay, TXAz) #Ba =] UL AR
HilJE, MR AT Dhd i HAtR AR iE AL AR AR
BEIM 38 AR KB, ME 2RI RS2
i HEEFHZER P20 A PHRER G S5 1R
4y Al fEiE L T 7 PDESA.MYLK. ITGB3.DYRKIA
L FRIKW X —1I 2. LIRS )G e 2
ATk LB PR RS S N A5 B 78 3RS, HAALA
AJ Re S ME R FEIR AT T IR R RS R3], A%
WEFE 45 R Bos 207 PE20 RUR] Rednd 8 5 e R /K
AL AR SR, SR THILAAO Bi] W] DL ARABURRAE
Nakano S54RI FE R FE A LR B AR YT AT I sk
DA PR ] L/ INEORE 28 [ Tb/ITTa (glycoprotein
b/Illa, GP Ib/lla) S2AREEE . AR IR
(cyclic adenosine monophosphate, cAMP) HJF=4E K
W LN DI BE -

KA FEETAEYE R FRTTE, BONR S
B T AR RAEBNEFENLS]: RV G 2 5%,
W€ 7 94 AR M THrEY, JFE T AUC=
1 FRRS AE RO , A B T AEHT LM 97 1 PR A%
AR KA, RAGIGIRYLSE, BT b 2558 i
S, BN HIHREE, A5 KA — 2%
UE o [P 25 3 2 48 B W B ML /NSRS A R R B4
57 PY 2 AL Re FHE RAE RN ER KT EAL

i BEARARISE 2 182 00E AR, RMH T 6k=

LA S I0UEHE P, DA b g AN S JE SR A

K%, AU ZiRHLEIR R KGR &

A 23R LI s S K . BB R R BT R

FI O3 DR R R O T8 B E I PR AR R R il S

e 0t 47 B D 39T T 5 o D 2 AR 4T
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