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Abstract: Xiaoshuan Tongluo formula is effective in treating mental retardation and speech astringency
caused by cerebral thrombosis, but its mechanism remains unclear. In this investigation, by collecting the chemical
constituents from Xiaoshuan Tongluo formula and the targets related to stroke, we obtained 1 251 constituents from
the formula and 10 drug targets related with stroke. We established 18 prediction models of compound-target inter-
action for 10 stroke-related targets, using molecular docking method and machine learning methods includes Naive
Bayesian and recursive partitioning based on the input of molecular fingerprints and molecular descriptors. Using
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these models, we predicted the active chemical constituents from Xiaoshuan Tongluo formula and their drug targets,
153 potential active constituents were discovered, 22 among them could interact with at least two drug targets
related with stroke. On this basis, the chemical constituent-target network was constructed using network construc-
tion software, and then the important metabolic pathways of the targets were identified by using Gene-Ontology
(GO) enrichment analysis, such as blood coagulation, positive regulation of angiogenesis, positive regulation of
ion transport and so on. On this basis, a target-pathway network was constructed. In conclusion, using machine
learning, molecular docking, virtual screening, data mining and network construction, this study explored and
partially revealed the active chemical constituents and chemical constituent-target-pathway network action mechanism
of Xiaoshuan Tongluo formula against stroke, which will provide important information for its further study.

Key words: Xiaoshuan Tongluo formula; stroke; drug target; machine learning; molecular docking; virtual

screening; network pharmacology
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Figurel Workflow of the construction of machine learning models
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Table 1 The name and classification of stroke related targets
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Target symbol Target name UniProt accession Function
Tissue factor F3 P13726 Coagulation system
Coagulation factor X F10 P00742 Coagulation system
Coagulation factor XI F11 P03951 Coagulation system
Matrix metalloproteinase-9 MMP9 P14780 Vascular endothelium
P2Y purinoceptor 1 P2RY1 P47900 Platelet-related target
Thromboxane A2 receptor TBXA2R p21731 Platelet-related target
Vascular endothelial growth factor A VEGFA P15692 Vascular endothelium
Plasminogen activator inhibitor 1 SERPINE1 P05121 Fibrinolytic system
Thrombomodulin THBD P07204 Coagulation system
P2Y purinoceptor 12 P2RY12 Q9H244 Platelet-related target
Table 2 Diversity analysis of compounds datasets
Target _ Training set . _ _ Test set . .
Inhibitor Decoy Total Tanimoto index Inhibitor Decoy Total Tanimoto index
F3 65 195 260 0.098 21 63 84 0.097
F10 351 1053 1404 0.120 117 351 468 0.107
F11 58 168 226 0.124 19 57 76 0.114
P2Y1R 569 1707 2276 0.127 190 570 760 0.121
SERPINE1 235 705 940 0.121 78 234 312 0.112
TBXAZ2R 377 1131 1508 0.134 125 375 500 0.125
VEGFA 65 195 260 0.089 22 66 88 0.069
MMP9 1400 4200 5600 0.150 466 1398 1864 0.133




- 260 - 222224 Acta Pharmaceutica Sinica 2020, 55(2): 256 —264

Table 3 Performance of NB (ECFP_6) model's training set by 5-
fold cross-validation. TP: True positive; FN: False negative; FP:
False positive; TN: True negative; SE: Sensitivity; SP: Specificity;
MCC: Matthews correlation coefficient; AUC: The area under the
receiver operating characteristic curve

Target TP FN FP TN SE SP MCC AUC

F3 65 0 195 1.000 1.000 1.000 1.000
F10 351 0 1051 1.000 0.998 0.996 0.999
F11 58 0 166 1.000 0.988 0.977 0.996
MMP9 1389 11 4197 0.992 0.999 0.993 0.999

P2RY1 561 8

SERPINE1 235 O 704 1.000 0.999 0.997 1.000
1 1130 0.997 0.999 0.996 1.000
0

195 1.000 1.000 1.000 0.998

TBXA2R 376

0
2
2
3
0 1707 0.986 1.000 0.991 0.999
1
1
VEGFA 65 0

Table 4 Performance of NB (ECFP_6) model's test set validation

Target TP FN FP TN SE SP MCC AUC
F3 18 3 0 63 0.857 1.000 0.905 0.995
F10 116 1 8 343 0.991 0.977 0.950 0.999
F11 19 0 8 49 1.000 0.860 0.778 1.000
MMP9 465 1 17 1381 0.998 0.988 0.975 1.000
P2RY1 190 0 3 567 1.000 0.995 0.990 0.999
SERPINE1 77 1 2 232 0987 0.991 0.975 1.000
TBXAZ2R 119 6 0 375 0.952 1.000 0.968 0.992
VEGFA 22 0 0 66 1.000 1.000 1.000 1.000

Table 5 Performance of RP (MACCS) model's training set by 5
fold cross-validation
Target TP FN  FP TN SE SP  MCC AUC

F3 62 3 0 195 0.954 1.000 0.969 0.976
F10 339 12 62 991 0.966 0.941 0.869 0.988
F11 57 1 8 160 0.983 0.952 0.902 0.995

MMP9 1379 21 65 2635 0.985 0.976 0.954 0.996
P2RY1 563 61 1646 0.989 0.964 0.926 0.995
SERPINE1 226 22 683 0.962 0.969 0.914 0.992
TBXAZ2R 374 30 1101 0.992 0.973 0.944 0.996
VEGFA 65 9 186 1.000 0.954 0.915 0.998

o w o o

Table 6 Performance of RP (MACCS) model's test set validation

Target TP FN FP TN SE SP MCC AUC
F3 18 3 0 63 0.857 1.000 0.905 0.928
F10 110 7 26 325 0.940 0.926 0.826 0.960
F11 10 9 2 55 0.526 0.965 0.583 0.746
MMP9 457 9 32 1366 0.981 0.977 0.943 0.992
P2RY1 183 7 19 551 0.963 0.967 0.911 0.981
SERPINE1 73 5 36 198 0.936 0.846 0.710 0.961
TBXAZR 120 5 10 365 0.960 0.973 0.921 0.973
VEGFA 22 0 8 58 1.000 0.879 0.803 0.943
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Figure 3 The chemical constituent-target network. The rectangle means active constituents from Radix Salviae, and the oval means stroke
related targets. Danshen01: (2R)-3-(3,4-Dihydroxyphenyl)-2-[(Z)-3-(3,4-dihydroxyphenyl)acryloyl]oxy-propionic acid; Danshen02: (2S)-2-
Amino-3-[(2R)-2-amino-3-hydroxy-3-oxopropyl]disulfanylpropanoic acid; Danshen03: (2S)-3-(3,4-Dihydroxyphenyl)-2-hydroxypropanoic
acid; Danshen04: (2S, 3S)-2- (3, 4-Dihydroxyphenyl) -7-hydroxy-4- [(E) -3-hydroxy-3-oxoprop-1-enyl] -2, 3-dihydrobenzofuran-3-carboxylic
acid; Danshen05: (E)-3-[2-(3,4-Dihydroxyphenyl)-7-hydroxy-benzofuran-4-yllacrylicacid; Danshen06: (Z)-3-[2-[(E)-2-(3,4-Dihydroxyphenyl)
vinyl]-3,4-dihydroxy-phenyl]acrylic acid; Danshen07: 1-(3,4-Dihydroxyphenyl)-2-hydroxyethanone; Danshen08: 6-O-Syringyl-8-O-acetyl

shanzhiside methyl ester; Danshen09: (2S)-2-Amino-5-(diaminomethylideneamino) pentanoic acid

Figure 4 The target-pathway network based on the enrichment analysis of Gene-Ontology (GO) biological pathway
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Table 7 The typical examples of active constituents

Fo R AT T 4 SR, 2 BRI BR NG, L HE ST R
A.B.C.D.E.G.J.N Ml 7 J} By B C, 3t [ {E | T
MMP9. SERPINEL. F11 #1 P2RY12 Y 4™ ¥ 25, 32 7 )
Ty 5 0] fii A5 AT BEFRYRITAE FH . BT A VR 28 7Tk
T8 PF Moy BT i 43 495 ) DR B, LI IR b & 8 FH
B VRS T 2 R RA YT . Hodr, Mahmood S5
FoR, PHER R A L0 H1 eNOS f# {5 B F1 ONOO &
AR ML RIERT . 5340, FPHIBR A W] 59 I 5 2
{1 R TR Ao 0 B TR G 1) 4 AR, DT ER 4 DK e 52 SR 1L/
FRE RS, 1Tk B YE 9T MK AR B AE . Fan 2564
5T 2w, FHY IR B nf LLiE i F£ 4% GFAP. Ibal. IL-15.
IL-6. TNF-a Fi cleaved-caspase 3 ) 3 ik, 411 & ¥ ik
O 290 L 0 /N R 00 L ) aek B A, a2k ) A 2R R g T
X o A ) R VE o BRI Rl R, 2 R P R AL
VIFBAEAE IR TT I 2 P R TE R 77, TOOIAS 21 (19 2 FloPF
Ty B8 A S D (B A5 R R DG T

B 52 B G R 9T B AR 2 Ay A, TR0 BT A5
PEAL 52 070 ol A 7 At — 26 i B AL 52 B oy S5 1),
BEHT, MERTR.

Name Source Structure Target
" Oy
Caffeic acid Chuanxiong ’ SERPINE1
M'(.’l
(
¢
Senkyunolide-L Chuanxiong &\Q F11
N
o
Xiongterpene Chuanxiong T [ ]\/"‘- F11
jj:‘ _— oM
R
Cyanidol Danshen el e SERPINEL
)@
P iy G R -
. e S e L,_. i
Tannin Danshen . ) | I F11, SERPINE1




H—FA HT R G R B - HE ROR ELAT SO TR £ Vi 108 5 7 0 i A e ) 2% 245 1 2 * 263

Continued

Name Source

Structure Target

H.O
(-)-Taxifolin Guizhi \@\ o o, SERPINE1

Soyasaponin | Huaihua Ho A0
ol
H

Ambrosin Muxiang

Ginsenoside Rg3 Sangqi

ot

i F11

N
. \Q TBXA2R
b
o

THBD

L L, AW FE R LA 5 2] S %, A B 4%
LELEWT ST IR EOR, M T AR g~ T T i
W 5%, X 1 R 2% 5 FR) 245 20 T R it A ) 2% 4 T AL
BEAT T HBONIRAN BB T . AR TR TR ZIBAEN 2
A I T PR 8 I A PR AT e e DR 2 A s R T
i 2 P DN T A 3 45 5 FRD e A S P AT 2R T B fik R
FE R, IR R I TV 2 W AE I 2 B8 R0 1R B H
TGN A o BRRE AR I IR T AR o, O )R ST R
hE T U A P R S % .
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